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Studies on the Hardness of Woods

Soon-il Hong* - Won Yong Lee**
SUMMARY

This study was performed to investigate the hardness of wood related to the wood surface,
sap and heartwood, early and latewood, specific éravity, annual ring width and moisture con-
tent on major Korean tree species such as Pinus koraiensis, Abies holophylla, Larix leptolepis and
Quercus valiabilis.

The results were summarized as follows:

1. The arithmetic mean values of wood hardness on cross section were respectively 8.0 kg /mnd
on Quercus valiabilis, 7.4 kg /mi on Larix leptolepis, 5.1 kg /mi on Pinus koraiensis and 4.7 kg /mii on
Abies hollophylla.

2. Generally hardness of wood on cross section was greater than the others and the proporfion
of cross section hardness to radial was respectively 2.8 on Quercus valiabilis, 2.6 on Larix
leptolepis, 3.8 on Pinus koraiensis, and 4.1 on Abies holophylla and that proportion was tend to be
decrease as specific gravity increased.

3. It was recognized that the hardness of sap and heartwood was different from each of the
tree species and generally heartwood hardness was somewhat greater than sapwood.

4. Generally latewood hardness with in a ring was greater than earlywood and the proportion of
earlywood hardness to latewood decreased as specific gravity increased.

5. The relations between hardness of wood and specific gravity show a high positive correlation
on all sample tree species,

6. The values of hardness decreased with increasing annual ring width.

7. Hardness of wood on Abies holophylla was greatest in oven dried wood and it was decreased as
moisture content increased, but not changed with moisture content abve F.S.P.. The pro-
portion of oven dried wood hardness to green are respectively 3.0 on cross, 2.4 on radial and
1.9 on tangential section,

* ILRRSE KB S m T 4%t : Dept. of Wood Science and Tech. Graduate School, Kangweon Nat’1.
Univ.,
*¥ TREABEE KRS AT RE #R : Dept. of Wood Science and Tech., Kangweon Nat’1, Univ,.
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Table 1. Sample trees

Species D.B.H.  Treeage  Number of
(cm) (year)  Sample tree
Pinus koraiensis 20 30 1
Quercus variabilis 20 K] 1
Abies holophylla u 45 1
Larix leptolepis 32 35 1

Table 2. Statistical values of hardness,
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. . Number of Ring Specific Hardness

Species Section measurement  width(mm) gravity (kg /nd) S.D. C.V.
Cross 90 5.07 0.96 5.27

Pinus Koraiensis Radial 60 5.8 0.41 1.32 0.45 2.95
Tangential 60 1.33 0.47 2.83

Cross 90 7.99 1.05 7.63

Quercus variabilis  Radial 60 2.6 0.80 2.67 0.65 4.14
Tangential 60 3.02 0.82 3.66

Cross 90 4.70 0.86 5.48

Abies holophylla ~ Radial 60 3.6 0.37 11 0.20 5.67
Tangential 60 1.17 0.30 3.89

Cross 90 7.35 1.72 0.23

Larix leptolepis Radial 60 2.3 0.60 2.9 0.87 0.29
Tangential 60 2.72 0.85 0.31

Baced on Air dry condition.
Baced on Air dry and volume at test.
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Table 3. Comparative values of hardness of
wood surface

Species Cross(C) Radid(R)  Tangentid(T)  C/R4T

Piuns Koraiensis k] 100 101 L]
Qerusvariahis 29 100 113 8
Aies hlophylla 4] 10 15 i
Lorix etoleps 16 10 a A
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Table 4. Reault of hardness of sap and heartwood

. . Sap and Ring Specfic Hardness
Species Section heartwood width(mm)  gravity (kg /nd) S.D. C.V.
Sapwood 4.2 0.37 5.00 111 451
Cross Heartwood 7.4 0.44 514 078 656
. N . Sapwood 4.2 0.38 1.07 0.23 4.65
Piuns koraiensis  Radial Heartwood 7.4 0.44 1.57 047 3.32
_ Sapwood 4.2 0.38 1.25 053 2.38
Tangential 1.t wood 7.4 0.44 1.41 0.39 3.61
Sapwood 2.3 0.80 8.43 091 9.26
Cross . Heartwood 2.9 0.81 755 099  7.62
| Sapwood 2.3 0.80 3.16 0.85 5.23
Tangential 1.t wood 2.9 0.81 28 076 3.72
c Sapwood 3.2 0.38 4.46 0.85 5.23
10SS Heartwood 4.0 0.37 4.94 0.80  6.20
. . Sapwood 3.2 0.38 1.14 1.20 5.48

1, !

Abies holophylla — Radial - ho2 1t wood 4.0 0.37 .00 118  6.00
T | Sapwood 3.2 0.38 1.11 0.27  4.03
angential 1o o rtwood 4.0 0.37 1.24 0.31 3.67
c Sapwood 5.0 0.64 7.34 209 028
T0Ss Heartwood 6.5 0.56 7.35 2.86  0.46
. . ) " Sapwood 5.0 0.64 3.29 0.83 0.23
Larix leptolepis  Radial Heartwood 6.5 0.56 2.68 .01 0.37
T il Sapwood 5.0 0.64 2.07 0.35 0.17
angential  pro o rtwood 6.5 0.56 3.04 0.97 027
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Table 5. Comparative values of hardness of
sap and heart wood.

Speci Section epand - Tardess
pecies €CUOn  heartwood (kg /)
Cross Sapwood e
Heartwood 103
. . . 1 Sapwmd lw
Pinus koraiensis Radial Heartwood 147
Tangential yeartwood 113
Cross Sapwiood o
Heartwood 90
. oy M Sapwm lm
Quercus variabilis Radial Heartwood 91
., Sapwood 100
Tangential Heartwood 91
Cross Sapwood e
Heartwood m
. . Sapwood 100
Abies holophylla Radial 96
. SapWOOd 100
Tangential 11 rtwood 112
Cross Sapwood e
Heartwood 101
Larix leptolepis  Radial Heartwood 81
Tangential Heartwood 147
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Table 6. Statistical values of hardness on early and latewood.

Species Early and Number of Hardness S.D. C. V.
pe latewood measurement (kg /md)
N Earlywood 39 4.58 0.71 0.16
nus Koraiensis Latewood 48 5.40 1.00 0.19
. Earlywood 28 7.67 0.98 0.12
Quercus variabilis Latewood 54 7.97 100 0.12
N Earlywood 25 6.30 1.41 0.22
Abies holophylla Latewood 61 8.73 0.60 0.69
e Earlywood 21 4.52 1.04 0.23
rix lepiolepis Latewood 16 4.80 0.84 0.17

Table 7. Comparative values of hardness of early and

latewood.

Species Earlywood Latewood
Piuns Koraiensis 100 118
Quercus variabilis 100 104
Abies holophylla 100 139
Larix leptolepis 100 106
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Fig. 1. Relation between hardness of wood and specific gravity in all sample trees.



YeE— - F T A kM BHEN M HR

0 r  Cross section
9 r A
A
8 A o
A
7 -
6
o
5 |
= a = [ ]
E
~ 4 L
;z‘f @ Pinus koraiensis
3 |
§ A Quercus variabilis
'§ 2 | W Abies holophylla
:‘E O Larix leptolepis
1 F
! 1 2 1 1 - !
0 1 2 3 4 5 6 7
6T Radial section
~ 5T
&
o 4T
< A
2 371 ©
2 . A a
20 o
Tl = a § o
1 1 1 1 1 1 1
0 1 2 3 4 5 6 7
6 r Tangential section
s L
=
=]
~N 4 I
2 A
= A
a 3T A
g A °
520
e ©
I |k a s [ ]
1 1 1 i 1 i 1
0 i 2 3 4 5 6 7

Annual ring width (mm)

Fig. 2. Relation between hardness of wood and annual ring width in all sample trees,



FAEHRHTHR S0%: 19924

& Zez A3 Qo a5y 2469 M

o] m# ol BRE HHAZ FE3ld X}
d UMM E o= WEAMY kol
#Bmstoxe W A —Edey 23y
FHrol M e fETE S HERE S BES] A £
BRiRol WmEta BEE FL M= dro)
de ez 4z o,

7. kA& S Bk

Ao gkAES EEde] AAE HESY
Adte] AUFEHe] H#RAS HikEE, F. S
P, FEHkEL 20KEE 243t £akE
o] REFZ BFEE KHEI R Table 8 &
Table 99} 22}, o] # Rl & A o= Wl

Table 8. Result of hardness in Abies holophylla under
various moisture condition,

Moisture Specific MC Hardress(ig /ad)
condition gravity - Cross Ratial Tangentlal

Green 08 779 215 08 0.70
FSP 043 261 231 0.67 0.82
Airdry 03 118 470 111 1.17
Ovendry 035 00.0 645 109 1.30

Table 9. Comparative values of hardness in Abies
holophylla under various moisture condition

Moisture Hardness

condition Cross  Radial  Tangential
Green 371 100 121
F.S.P. 343 100 119
Air dry 423 100 105
Oven dry 464 100 9
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