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Abstract

Background and goal: Walnut tree (Juglans regia L.) are cultivated in many countries in
Asia, Europe and United States. This tree wood has high strength with excellent texture and are
used in furniture industry, building panels, flooring and covering. Iran ranks third in the world in
the production of walnut fruit after China and US. Thus, with considering high potential of this
tree in Iran and its wood diverse application in different wood industries, a comprehensive
studding for physical and mechanical properties of this wood in different regions of Iran seems
necessary.

Materials and methods: Walnut tree (Juglans regia L.) from two different regions, one from
northeast (Mashhad) and the other from northwest (Maku) of Iran was selected for this study.
Three trees from each region were selected randomly and felled with almost with the same
diameter for physical and mechanical experiments. Samples were cut from 2-4 meter from the
ground. ISO 3129 and ASTM (D143-14) were used for physical and mechanical properties
measurements, respectively. Specimens were conditioned to reach 12% moisture content before
testing. Statistical analysis of data was performed using Graphpad prism version 8 and t-Test was
used for the significant difference of walnut resistance in two regions.

Results: The average dry density of both Mashhad and Maku walnut wood was 0.625 and
0.579 g/cm? respectively. There was a significant difference for both tangential shrinkage with
values of 9.77 and 8.78 and volumetric shrinkage with measurement of 16.26 and 15.42 in
Mashhad and Maku respectively. However, there was no significant difference for longitudinal
and radial shrinkage in walnut woods of the two regions. Walnut wood cut from Mashhad region
showed higher physical and mechanical properties. The results of the mechanical characteristics
of walnuts from two regions showed bending strength 100.54 and 87.61N/mm? and modulus of
elasticity 10049.59 and 7504.21 N/ mm?for Mashhad and Maku regions respectively. Results also
showed not significant difference for compression parallel to the grain with values of 37.91 and
33.88N/mm?, shear parallel to the grain with values of 9.15 and 8.95N/mm?, Tensile strength
parallel to the grain with 127.97 and 125.83 N/mm?, for Screw withdrawal strength in tangential
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values of 4031.01 and 3685.97N and Screw withdrawal strength in radial values of 4218.63
and 3915.03N for Mashhad and Maku regions respectively. Results also showed that the density
of walnut wood in the two regions of Iran was similar to the those in Italy and eastern Europe but
the mechanical properties of walnut tree wood such as bending strength and modulus of elasticity
measured from Mashhad region was similar to the wone in turkey.

Conclusion: The results showed that the physical and mechanical strength of walnut wood
from Mashhad is higher than Maku, which was attributed to the higher dry density and the
difference in weather conditions. Considering the appropriate mechanical strength of walnut
wood from both regions of Iran, this wood can be used in veneer and furniture industries, building
panels and flooring.
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Table 1- Main features of the two walnut trees in Iran from where samples were taken

Characteristics

walnut wood from Mashhad

walnut wood from Maku

Height from sea surface (m)
Soil
Mean tree age (years)

Mean DHB(cm)

1813

Loam soil

345

315

1555

Loam soil

305

29.5

1: DBH: diameter at breast height
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Table 2- Experimental tests methods for walnut woods

Standard Test Method Direction Specimen size(mm)  Loading rate (mm/min)
IS1 3129 (2012) Physics - 20x20x 25 -
Bending - 25 x 25 x 410 1/3
Compression Parallel to the grain 50 x 50 x 200 0/3
Shear Parallel to the grain 25x25x 63 0/6
ASTM D143
Tensile Parallel to the grain 25 x 25 x 460 0/9
Screw Tangential
withdrawal 2
strength Radial 50 x 50 x 150
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Figure 1. a) aerial photo of Iran and places where walnut trees were cut, b, b*) MOR and MOE, C, C*) the
samples after compression parallel to the grain test, d, d*) shearing parallel to the grain test, e) the samples
after tensile parallel to the grain test, f, f*) Screw withdrawal strength in tangential & radial
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Table 3- physical properties of walnut woods from two sites
Propert walnut wood from Mashhad walnut wood from Maku T test result
perty Mean SD Mean SD P-value
Dry density 0.625(120)* 0.021 0.579(120) 0.02 <0.01
(@/lcm®)
Axial shrinkage 0.223(120) 0.083 0.216(120) 0.101 0.52"
%
Radial shrinkage 6.225(120) 0.408 5.813(120) 0.455 0.23"
%
Tangential shrinkage 9.779(120) 0.726 8.781(120) 0.714 <0.01
%
Volumetric shrinkage 16.263(120) 1.061 15.422(120) 0.712 <0.01
%
1: The numbers in parentheses indicate the number of samples used
2: ns: not significant
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Table 4 - mechanical properties of walnut woods from two sites

walnut wood from Mashhad

walnut wood from Maku

T test results

Property Mean SD Mean SD P-value
Static bending 100.54(12)* 7.101 87.61(12) 5.061 <0.01
(N/mm?)
Modulus of elasticity 10049.59(12) 8.701 7504.21(12) 5.946 <0.01
(N/mm?)
Compression parallel to the 37.91(9) 4.582 33.88(9) 4.252 0.087™
grain (N/mm?)
Shear parallel strength to the grain 9.15(9) 0.414 8.95(9) 0.708 0491
(N/mm?) '
Tensile strength parallel to the 127.97 (9) 8.346 125.83(9) 4.658 0.093™
grain (N/mm?) '
Screw withdrawal strength in 4031.01(9) 3.861 3685.97 (9) 4.227 0.089"
tangential (N)
Screw withdrawal strength in 4218.63(9) 2.631 3915.03(9) 3.981 0.074™

radial (N)

1: The numbers in parentheses indicate the number of samples used

2: ns: not significant
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Table 5 - Physical and mechanical properties of walnut woods from this study (first two columns) and from the

literature
(A 5 m
~—~~ w -
& & 2 =
» 2 = <
2 5 2 N g
Property Mashhad Maku o > ol E e
2 e =78
IS 2 S o
o L & =3
e = :
Dry density 0.625 0.579 0.72 0.506 0.65 0.647
(g/cm?)
Axial shrinkage 0.223 0.216 - 0.51 - -
%
Radial shrinkage 6.225 5.813 - 6.41 - -
%
Tangential shrinkage 9.779 8.781 - 11.11 - -
%
Volumetric shrinkage 16.263 15.422 - 17.57 - -
%
Static bending 100.43 87.61 99.03 -
(N/mm?)
Modulus of elasticity 10049.5 7504.21 10062.7 - 10217
(Nmm?)
Compression parallel 37.91 33.88 - - 47.0 -
(N/mm?)
Shear strength 9.15 8.95 - - - -
(N/mm?)
Tensile parallel 132.53 125.83 - - 89.0 -
(N/mm?)
Screw in tangential 4031.01 3685.97 - - - -
(N)
Screw in radial 4218.63 3915.03 - - -
(N)
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