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ABSTRACT

This study investigated mechanical characteristics of pine trees in Yeongdong (Goseong-gun), Yeongseo (Hongcheon-
gun), and Yeongnam (Bonghwa-gun) to define differences in the material quality among pine trees of the three regions.
The compressive strength, hardness and shear strength of pine trees of each region were measured. There were no
differences in the compressive strength of the juvenile woods among the regions, while the heartwood and sapwood
in Bongwha generally showed the highest compressive strength followed by those in Hongcheon and in Goseong. The
hardness of the cross-section of pines in Bonghwa was the highest, and in terms of the hardness of the radial and
tangential sections, pines in Goseong topped the list.. There were no difference among heartwoods of each region in
terms of the shear strength, but, but sapwood from Bonghwa had higher shear strength than those of the other two
regions, which may be attributed to differences in tracheid length and microfibril angle among pines in each region.
This study identifies the quality differences among pines of different region, and therefore, is expected to add value
by helping choose the domestic pine tree material effectively and selectively, and also select a plus tree.

Keywords: Korean red pine (pinus densiflora), different provinces (areas, regions), compressive strength, hardness,
shear strength

1. INTRODUCTION

Even the same tree species show regional differences
in anatomical and physical properties due to various
factors such as climate, growth area and environment,
and genetic inheritance (Koch, 1985). These regional
differences in quality should be taken into account and
effectively utilized to use wood and serve as indica-
tors to select genetically superior wood. Many experts

who deal with Korean woods say that pine trees
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show different qualities depending on regions, and
in a survey on quality difference, 70% of respondents
mentioned that there exist differences among trees
(Han, 2015). Wood has an internal resistance force
against any external force, and the maximum resistible
stress, which is the stress at the moment of breakage,
is called strength. The strength properties of wood is
affected by a number of factors including internal
factors such as cell wall structure and microstructure,

fiber strike, moisture content, specific gravity, annual
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ring width, and knots and external factors such as
temperature, load conditions, and growth environment
(Kang et al., 2008). Jeong and Kim (2015) reported
that alnus glutinosa from Yugoslavia had two times
wider diameter at breast height than those in other
origins and showed superior mechanical properties in
a study that determined sources of superior seeds in
terms of material quality through an analysis of
correlation between growth speed and mechanical
properties of alnus glutinosa from four different seed
origins (Yugoslavia, Italy, Britain, and Bulgaria). Han
et al. (2014) also concluded that the better the growth
and development of a tree is, the better its mechanical
characteristics in a study that investigated relation-
ships between growth speed and material quality of 5
Quercus rubra trees from the US and Canada. Han et
al. (2016) reports that the differences in average com-
pressive and bending strength of pine trees that grew
in Anmyeon-do and Sogwang-ri were mainly caused
by differences in annual ring width and latewood pro-
portion depending on age group in addition to the
differences caused by regional factors in his study on
correlation of physical and mechanical properties of
pine wood from different growth areas. According to the
precedent studies on anatomical features (Kim et al.,
2018), physical features (Kim and Kim, 2018), and
microfibril angles (Kim et al., 2020) of Korean pine
trees, pine trees show different qualities depending
on regions and the features are associated with one
another. Therefore, the purpose of this study is to
define mechanical characteristics by regions by in-

vestigating mechanical features of pine trees from

Table 1. Information on experimental samples

different regions and analyzing its relationship with

genetic, physical, and microfibril angle features.

2. MATERIALS and METHODS

2.1. Testing materials

The subjects are pine trees from Yeongdong (Goseong-
gun), Yeongseo (Hongcheon-gun), and Yeongnam
(Bonghwa-gun) that were owned by the East Sea Wood
Distribution Center under the National Forestry Coope-
rative Federation and were granted for in 2015. At the
time of grant, the trees were in the form of about 20
cm-thick disks and their age, DBH (diameter of basal
height), average tree-ring width, latewood proportion,

and tree trimming year are shown in Table 1.

2.2. Methodology

2.2.1. Compressive strength

Compressive strength was tested based on the com-
pression test method of KS F 2206 wood. The dimen-
sions of the specimens were set as 2 cm (T) X 2 cm
(R) x 4 cm (L), and four to seven specimens were
created for each of juvenile wood, heartwood, and
sapwood. They were humidified at 20C and relative
humidity of 65% in a thermo-hygrostat (DAIHAN
labtech LHT- 2250C) and then measured by a universal
strength tester (INSTRON, Model 4206).

2.2.2. Hardness
Hardness was tested based on the hardness test
method of KS F 2212 wood. The dimensions of the

specimens were 4 cm (T) x 4 cm (R) x 4 cm (L),

Province No. (?f Diameter AAver.age of LateYVOOd Tree trimming
Tree ring (cm) ring width (mm) proportion (%) year
Goseong-gun 85 48 3.1 22.87 2013
Hongcheon-gun 82 42 2.6 20.19 2012
Bonghwa-gun 76 46 3.1 18.57 2014
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and three specimens were created for each part of
wood. They were humidified at 20°C and relative
humidity of 65% in a thermo-hygrostat (DAIHAN
labtech LHT-2250C) and then measured by a uni-
versal strength tester (INSTRON, Model 4206).

2.2.3. Shear strength

Shear strength was tested based on the shear test
method of KS F 2209 wood. The dimensions of the
specimens were 2 cm (T) x 2 cm (R) x 3 c¢cm (L),
and one to six specimens were created for each part
of wood to be measured on the tangential section.
They were humidified at 207C and relative humidity
of 65% in a thermo-hygrostat (DAIHAN labtech
LHT-2250C) and then measured by a universal strength
tester (INSTRON, Model 4206).

For the statistical analysis of the data, Duncan test
was conducted using IBM SPSS Statistics 24, and

the significance level was set at 0.05 for analysis.

3. RESULTS and DISCUSSION

3.1. Compressive strength

Table 2 shows the compressive strength of pine
wood from Goseong, Hongcheon, and Bonghwa: Strength
of juvenile wood was 46.24 N/mi* for Goseong, 42.12
N/mr for Bonghwa, and 37.79 N/mr* for Hongcheon;
strength of heartwood was 51.37 N/mr for Bonghwa,
38.97 N/mr for Hongcheon, and 38.17 N/mm? for
Goseong; and strength of sapwood was 51.19 N/mr
for Bonghwa, 34.50 N/mr for Hongcheon, and 29.86

N/ for Goseong. The Duncan test which was conducted
to examine differences in compressive strength among
regions showed that there was no difference in
compressive strength among juvenile wood, but the
wood from Bonghwa had higher compressive strength
than those from Goseong and Hongcheon. Oh (1997)
reported that the longer the tracheid length is, the
higher the compressive strength. In the precedent
study conducted by Kim et al. (2018), there was no
difference intracheid length among juvenile wood,
but heartwood and sapwood in Bongwha had the
longest tracheid, followed by those in Hongcheon,
and those in Goseong. The compressive strength in
this study was the highest among trees in the order
of Bonghwa, Hongcheon, and Goseong, and it seems
that the wood from Bonghwa showed higher strength
than those of other regions because the tracheid in
Bonghwa is longer than the ones in Goseong and
Hongcheon. As for the relationship between microfibril
angle and tracheid, it was reported that micro fibril
angle decreases when the tracheid increases and vice
versa (Watanabe, 1963; Hiller, 1964; Kim and Min,
1999; Rlee and Kim, 2005). The precedent study by
Kim et al. (2020) showed that the microfibril angle
of pine tree in Goseong was the highest, followed by
that in Hongcheon, and that the in Bonghwa. The
relationship between the tracheid lengths in the study
by Kim et al. (2018) and the microfibril angles in the
study by Kim er al. (2020) was consistent with the
results of existing studies. Therefore, the compressive

strength which was the highest in the order of trees

Table 2. Compressive strength of each province (N/mf)
Province
Position Goseong-gun Hongcheon-gun Bonghwa-gun
Juvenile wood 46.24 + 0.74 A* 37.79 £ 1.60 A 42,12 £ 358 A
Heartwood 3817 £ 727 b 3897 £ 216 b 5137 + 231 a
Sapwood 29.86 = 5.81 B 34.50 + 4.55 B 51.19 + 2.52 a

* Duncan's, significance level: 0.05, +: standard deviation.

Juvenilewood = Capital letter, Heartwood = Small letter, Sapwood = Greek.
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in Bonghwa, Hongcheon, and Goseong is attributed
to the relationship between tracheid length and
microfibril angle. In comparison with compressive
strength of pine wood in another report, Cho (1994)
found compressive strength of pine wood at 42.14 N/
m and compare this result with the overall figures in
this study, the figures in Goseong and Hongcheon
were lower and those in Bonghwa were higher. Kang
et al. (2008) reported that strength of wood highly
relies on specific gravity; the higher the specific gra-
vity is, the stronger the wood is. Given that the pre-
cedent study by Kim and Kim (2018), the wood from
Bonghwa had the highest specific gravity, therefore
specific gravity seems to be one of factors contri-
buting to higher compressive strength. As the heart-
wood and sapwood from Goseong and Hongcheon
showed significant differences in terms of compressive
strength, but the those from Bonghwa did not (51.37
N/mrt for heartwood and 51.19 N/m* for sapwood),
which means that the wood from Bonghwa may be
determined to possess superior material quality with

uniform and high compressive strength.

Table 3 shows proportional limits for each of the
regions: juvenile wood was measured at 21.77 N/mif
in Goseong, 20.17 N/mr' in Bonghwa, and 18.96 N/mr
in Hongcheon; heartwood was measured at 27.86 N/
m in Bonghwa, 19.76 N/mi* in Hongcheon, and 16.13
N/mr in Goseong; and sapwood at 27.19 N/mr in
Bonghwa, 17.10 N/mr’ in Hongcheon, and 13.72 N/muf
in Goseong. The Duncan test which was conducted
to examine difference of trees among showed that the
juvenile wood did not display any differences in
qualities. Any, but there were quality differences among
heartwood and sapwood. The proportional limits of
trees in Bongwha also had the highest value just like
compressive strength. It seems that the difference in
the proportional limits of trees between the regions

may be explained by the compressive strength.

3.2. Hardness

Table 4 shows hardness of the wood from Goseong,
Hongcheon, and Bonghwa: the cross sections of trees
in Bongwha showed 53.68 N/mr, 39.68 N/mr in
Hongcheon, 39.15 N/mr’ in Goseong; the radial sec-

Table 3. Proportional limit stress of each province (N/mf)
Province

Position Goseong-gun Hongcheon-gun Bonghwa-gun

Juvenile wood 21.77 + 1.18 A* 18.96 = 1.75 A 20.17 £ 3.39 A
Heartwood 16.13 = 3.37 ¢ 19.76 + 0.82 b 27.86 = 2.54 a
Sapwood 1372 £ 1.85 B 17.10 = 2.73 B 27.19 £ 2.14

* Duncan's, significance level: 0.05, +: standard deviation.

Juvenilewood = Capital letter, Heartwood = Small letter, Sapwood = Greek.

Table 4. Hardness of each province (N/mif)

Province Goseon N
. -gul
Section e

Hongcheon-gun Bonghwa-gun

39.15 + 8.40 B*
19.05 + 9.13 a
20.61 + 7.06 o

Cross section
Radial section

Tangential section

39.68 + 5.14 B 53.68 + 1033 A
1503 = 2.74 b 1694 + 2.95 ab
14.15 + 3.00 B 18.84 = 1033 B

* Duncan's, significance level: 0.05, +: standard deviation.

Cross section = Capital letter, Radial section = Small letter, Tangential section = Greek.
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tions of trees in Goseong showed 19.05 N/mr’, 16.94
N/mr* in Bonghwa, and 15.03 N/mr in Hongcheon; and
the tangential sections of trees in Goseong showed
20.61 N/mr, 18.84 N/mr’ in Bonghwa, and 14.15 N/mr
in Hongcheon, all of which proved to be statistically
significant. The cross section of wood from Bonghwa
was the hardest and the one from Goseong was the
hardest in terms of tangential and radial section. It is
because the wood from Bonghwa had longer tracheid
and smaller microfibril angle, leading to higher
hardness on cross sections and lower hardness on
tangential and radial sections. On the contrary, the
wood from Goseong had shorter tracheid and bigger
microfibril angle, reducing hardness on cross sections
and enhancing hardness on tangential and radial sec-
tions (Kim et al., 2018; Kim et al., 2020). According
to the report by Cho (1994), pine wood showed
hardness of 44.10 N/mr’ on cross sections, 10.88 N/mm
on radial sections, 11.76 N/mr and tangential sections.
Comparing these values with the results of study,
wood from Goseong showed higher values in terms
of radial and tangential sections, but lower value on
cross sections, and wood from Hongcheon showed
higher values in terms of tangential and radial sec-
tions except for cross sections. Wood from Bonghwa

showed higher values in all the sections.

3.3. Shear strength

Table 5 shows shear strength of wood from each
of the regions. The shear strength of heartwood in
Bonghwa was 11.52 N/mr, 10.75 N/mr* in Hongcheon,

Table 5. Shearing strength of each province

and 10.63 N/mr’ in Goseong. Sapwood in Bonghwa
showed 11.48 N/mr, 8.72 N/mr' in Goseong, and 7.14
N/mrr in Hongcheon. The Duncan test which was
conducted to examine any regional differences did
not show any difference in heartwood, but wood
from Bonghwa showed higher values than the ones
from Goseong and Hongcheon. As it seems that
lignin content, which is associated with adhesion
strength, affects the results of the shear strength,
additional chemical analysis is required. Cho (1994)
reported that the shear strength of radial sections of
pine wood was 9.51 N/mrrand of cross sections 10.19
N/mrr. Like compressive strength, shear strength was
different by heartwood and sapwood between Goseong
and Hongcheon, but heartwood and sapwood from
Bonghwa did not show a significant difference in
terms of shear strength (11.52 N/mr* for heartwood,
11.48 N/mr for sapwood), making it a superior ma-
terial with consistent and high shear strength. Park
et al. (2006) stated that there is no definitive cause
for the difference in the strength of heartwood and
sapwood, but the actual difference is caused by dif-
ferences in special materials deposited within the

tissues.

4, CONCLUSION

This study investigated mechanical characteristics
of pine wood from different regions. The relationship
with existing anatomical, physical and microfibril

angle properties were analyzed to determine mechani-

(N/mir)

Province
Position Goseong-gun Hongcheon-gun Bonghwa-gun
Heartwood 10.63 + 0 A* 10.75 = 1.05 A 1152 + 1.32 A
Sapwood 872 £ 135 Db 7.14 £ 133 b 1148 + 0.88 a

* Duncan's, significance level: 0.05, +: standard deviation.

Heartwood = Capital letter, Sapwood = Small letter.
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cal characteristics by regions. Wood from Bonghwa
showed higher compressive and shear strength in
categories of both heartwood and sapwood, and wood
from Goseong and Hongcheon showed significant
differences in categories of heartwood and sapwood,
however, wood from Bonghwa did not. Wood from
Bonghwa had higher hardness on cross sections and
the one from Goseong had higher values on radial
and tangential sections. It is thought that these values
resulted from the difference such as tracheid and
microfibril angles by regions. This study’s verification
of the differences in the material characteristics is
expected to help choose the domestic pine wood more

effectively and selectively thereby adding more values.
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APPENDIX

(Korean Version)
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(51.37 N/mf)} |A(51.19 N/} po|7} 2A| Uepha] e ng #Ystil, w8 AFAER 903 QAR ddd 7F
Ak

Table 3 11/, S, 53t A v|Ed=eF g vehd 208 u]dsaie A 21.77 N/, g3k 20.17 N/,
FTAL 1896 N 0.8 ZA T 1, AR|Ho| A Ealt 27.86 N/, THL 19.76 N, AL 16,13 N/mi 0.2 ZA5]o]
T, WO ERE 27.19 N/, SAF 1710 Niw, AT 1372 Ninf 0.2 245git). 2t Ae] 2jo] §5.8 otoju]
Sfs) HABAES 3 A3t 0ol Gl Holx] glokAle, ARjel WAL GolE Belth vt
o oAb Bokgo] 7 2 k8 malch uATEAROIN Aol 7h Ho|B mel RS JFAES AYOR U o
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Mechanical Characteristics of Korean Red Pines according to Provinces (Goseong, Hongcheon and Bonghwa-gun)

AT AE AT 20.61 N/, B3}t 18.84 N/, FA - 14.15 N/ <2 0.2 SAE 1Y, BAX R Folgt o=z
bt whel 8 A Srhuolx 2aio] 21 A, MANHe A Aio] A UERdTh ol Bslzo] FhE vl
731 vo| 2z el Azto] Ko} uid Awr} i, HA W WAlEE AEsl WA et Aow AztEn, e niee
Fhgo] BT vlolazn neAzto] AA Yehwe] AEL 2Ant AT HAfwe] Al 27 et o Azkw
(Kim et al., 2018; Kim et al., 2020). Cho (1994)7} K113t AFg oA AU A% Zhe 3jthyo] 44.10 N/, BPAlch o]
10.88 N/, FAIEo] 11,76 Nmigich. 2 A0} u]i A A2E walel AARHEolA e Zhe Hole Yue
WO 2re moli, FATLS TS Aofsh QAT HATHo] £ ¢S Belrh Bolrl RE RN £E S
Hech

3.3, AgH=

Table 5= 114, 34, B3 A9 AP EE Yepd 202 AR B3t 11.52 N/, 3 10.75 N/, 11/t
10.63 N/mif ¢20 2 ZAE]| Q1 HA A= B3 11.48 N/, 1A - 8.72 N/mif, EH - 7.14 N/mrf 4202 ZAE| 9]}
7} A9 9] zto] RS dopiy] el AUHAEE AT A3} AAjol A= 2to)7t GIAARE MR oA = B3lto] 1wt}
ST w2 2 Ve Agi oA olgdt Auke Bl AL BAe] Fateel wEo] Qle g kgl 2%
Aog F5Eo] FletAo] BAd A0R FohE T Cho (1994)7F B gt Aol A AU AR eE AR 9.51
N/mi, 455 10.19 N2 Yepdich, Agde e o7 et o] A-HAf Atojo A iAdHtd} ST Zol& AT
BEE2 AAH(11.52 N/m) 2 $Z)(11.48 N/mn) 2] zpo]7h IA] UehA] ko B g U8t w2 A es 43 2=
Test =71 Sk AL WAL e 3] Zpololl thalj A Park et al. (2006) 4l-HA L] FEAfolof el £33 o]f=
AT AAR Zol7} Y= o= 23 W A E= St S22 Aolof 7IH AL 3¢t

L apre] oo] W2 ojsta 4AS 2AT 71 SEEA, BeA 9 olo|azuuez Ast
WAS BAstol Aol W2 A5pH BAS FUSAT ASYES ARPEL 4, WA BEOA ¥ohio] £ S
veRon] 4, ¥ Ziolis 1T FHEY A9 FEAZL Fspl ebtA e B2 39 2 Holg Bl ekstrh
7 RS

o 4% FEe BokL, wpleh HATAS 14| £ AR ehyiek. olefdt Akt Ay, volazu N Y
& 2t Zoo] 2 o 2 AHEAS Ho| FYOE FUAF AEAHE BEHo|w HeHo
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