96 (AH k% 2 AHEE)

vk gl B B

g.lg

&
BATEW] - B IR A AR - Hde - PLRRE - )

(HERERE WRME #2255 71 ~84, 1975]

On the Wood Properties of Genus Pinus Grown in Korea

Jae Myoeng Jo -Sun Goo Kaug-Jung MoAhn - Chan Ho Lee
Nam Suk Jo- Chong Supp Shim - Hee Suk Jung

{ Res, Rep, For, Res. Inst., Korea,No, 22;71~84, 1975]

Abstract

Pinus is one of the most important species supplying domestic industrial timbers such as constitutional
lumber, pulpwood, and mine props. It occupies nearl, 50 percent of the total forest resources in Korea, With
above conception, to develop this forest resources and to obtain the basic data on the reasonable and effective
utilization of Pinus, this study was carried out. Five species (P. koraiensis S. et Z., P. densifiora S. et Z., P.
thunbergii Parlat, P. densiflora for erecta, P. rigida Miller) grown in Kwangnoong experimental forest stand,
Chungcheongnam-Do, and Gangwon-Do regions were selected as sample trees. Anatomical, physical, mechanical

and chemical properties of them were investigated.
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Table 1. Stand and qualities of tree sampled
Species Locality DBH. Tree height |Clear length Tree age Remarks
(cm ) (m) (m) (year)
18. 11
20 4 0
17.0 = 19.0 8.0—127
Pinus 18.9 11.1 Man - made
Kyeong- gi 6
koraiensis yeong- gl 2 185 —200 | 100 - 13.0 50 Forest
- 199 111
32
19.0 — 205 9.0 - 14.0
16.8 10.7
20
14.9 - 21.0 9.0 — 12.9
Pinus . 18.7 10.7 40 Natural
) Kyeong- gi 30
densiflora 176 — 21.0 89—129 10— 50 Forest
20.6 11.3
40
185 — 24.0 8.0~ 14.0
20 16.6 8.0
14.3 — 19.9 4,2 —119
. . \ Nat
Pinus Chung —nam 26 17.0 8.4 40 atural
thunbergii 14.8 ~19.0 6.9 — 103 15— 50 Forest
39 18.6 9.1
15.1 — 20.7 46— 118
20 14.8 8.7
o 134 - 16.3 7.3~98
dmu.sl Ka wo 96 15.7 85 35 Natural
ng —won
eniflora & 143—17.9 | 65—108 10—55 | Forest
for. erecta
39 16.8 7.1
15.3 — 21.2 6.2 —94
20 20.0 12.7
18.8 — 22.0 11.0 - 16.0
Pinus Kveo . 24 204 12.8 40 Man ~-made
e -
rigida yeong- gl 182-220 | 101—130 Forest
28 20.8 13.1
193 —22.0 95— 910
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Table 2. Sapwood width and sapwood pro-
portion

Species Sapwizi])w e Ssg:vt(i)c(:: (‘2{0'
i(t)’f;zlf“m 23+ 02 28.1 + 172
53:3710,0 4.8 + 0.7 534 + 94
f;;:‘;:xsbergii 9% 18 e T
iova for-oresd 1314 | 040 6l
ffz:f;a 50 £ 1.0 66.2 + 58

Note : Mean + S.D,
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Table 3. Specific gravity

Specific Specific Specific
Sepcies | gravity in [gravity in | gravity in
green air dry oven dry
’;"”“S. . 1068+0.03|0.45+0.02 | 0.43 +0.01
oratensts
Pinus 0.07+0.03 | 047 +0.03 | 0.44 + 0.06
ensiflora
Pinus 10764003054 +0.02 | 049 +0.03
thunbergii
Pinus

densiflora | 0.73+0.03 (048 +0.03 | 0.45+0.01

for. erecta

Prinus

rigida 0.71+0.04 {0.53 +0.04 | 0.49+0.03

Note : Mean + S .D,
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Table 4, Shrinkage
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Table 5. Absorption

Absorption 24 hr,(g/cm?)
Species ™ Radial
section

Tangential Cross
section section

Pinus
koraiensts

0.009+0.001(0.010%0.002 [0.032 0.006
Pinus
densifiora 0.009x0.01 10.009+0.00210.026 £0.002
Pinus

thunbergii 0.010£0.00110.012 +£0.0020.030+£0.003

Pinus
densifiora|0.009+0.00110.009+0.002]0.030+0.002

Sfor. erecta

Pinus
rigida 0.008 £0.002 |0.009 £0.003(0.026 +0.004

Note : Mean + S.D,
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Table 5. Compressive strength
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Table 7. Bending strength
Width of Specific _Fiber stress at Rupture Young’s
Species - annual ring gravity proportional modulus modulus
(mm) limit (kg/cm?2) (kg/cm?) (10%kg/cm?)
Pinus koraiensis | 35+ 1.2 0.45 + 0.03 . 458 = 68 772 + 87 99 + 19 -
Pinus densiflora 3.1 04 0.46 + 0.03 435 *+ 39 747 £ 69 92 + 15
Pinus thunbergii 23404 | 054+003 | 58 + 13 994 + 59 127 + 15
Pinus densiflora . '
2.4 + 0.3 0.53 + 0.03 610 + 106 975 + 131 130 + 20
for. erecta }
Pinus rigida 2.5 £ 0.07 0.54 £ 0.02 533 + 84 910 + 133 108 + 21
Note : Mean + S.D,
kol A HEe] F75 UMEE HNdcte #E M-S »och
of —E3t ok AVFv T4Thg/chRA FHA A o}, WONTIEEE
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Table 8. Shear strength
Tangential Radi;al
Width of Specific Strength Width of Specific Strength
Species annual ring gravity (kg /cm2) annual ring gravity (kg /cm?2)
(mm) . (mm) ‘
Pinus koraiensis 3.8+04 0.45+0.03 94 £ 17 3.5+09 0.45 +£0.04 96 +12
Pinus densiflora 3017 0.46 +0.05 97 + 13 33+17 0.45 + 0.01 104 +11
Pinus thunbergil 2.2+04 0.54 £0.36 132 +3 2.1x04 0.53 +0.04 137 +4
Pinus densifiore| 54403 | 052+004 | 125+17 25404 | 0.25+004 139 + 16
for. erecta )
Pinus rigida 2.4+05 0.52 +0.04 101 £ 15 2.4+05 052+0.15 109 +13
Note : Mean +S.D.
EWHEY BUKTAEE S 96 ~ 139kg/ch EEE Q) 2}, IR

T R sh 96kg/ohRA) T HD Fdo] 130 kg
Joh2A AR A '

iR S] BMTRREES 94 ~132kg/ oM EERRS] ST
BTt Odkg/oheA AR B Bdol 132kg/ o
24 sba 2o

BNTRE S~ HEo| T M+ MM
shelow EMTAMO BINTRE L AT 50 AANT
gEuTH Aot

T4 4 e MENTH S BETH e )5
B+ Table 99} 72¢,

EHTH M FIBME Y 18~29kg/om FEEEC] o
I 3hTot 18kg/em 2 1A A3 T4m 7o) 29
kg/om2 7}k =z}

SRMT S 2] #IRAMEE = 18~ 28kg/om FEH Y3
4£U4TE 18kg/omz hab A3 Fdo] 28kg/ omzA)
(= EELY
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Téble 9. Cleavage strength

(ARtT ik 2 AHER)

Tangential Radial
Width of Specific Cleavage ‘Width of Specific Cleavage
Species annual ring gravity (kg /cm) annual ring gravity (kg/cm)
(mm) _ : (mm)
Pinus koraiensts 34 +0.87 0.45 +0.03 20t 4 3.7+1.2 0.45+0.02 18+3
Pinus densiflora 32+2.14 0.46 +0.04 18+1 302 0.46 +0.04 21 +4
Pinus thunbergii 2.1+0.20 | 0.53=x0.03 28+3 2.1+03 0.54+0.03 29+ v3
Pinus densiflora
2.6 +0.67 | 053%£0.03 24 £3 24304 052 +0.02 29+3
for. erecta
Pinys rigida 24+050 | 052+0.05 19+2 2.3+05 053 +0.06 23+4
Note : Mean + S,D.
FEA SIEBEE FITE BT ZE 4 o,
EWH e FIRRE T WA WBMEEER o} # ol BIARBE
. AT 4 RS DBk O 45 BB £ Ta-
FIZLoRBE ol HE Y= MM Bars Al ¢ ) ble 10 =} e},
Table 10. Tensile strength
Tension paralleled to grain Tension perpendicular to grain
Species Width of Specific Strength Width of Specific Strength
annual ring| gravity (kg/cm?) | annual ring gravity (kg /cm?)
(mm ) ' (mm)
Pinus koraiensis 359+132 | 0.45+0.03 788 + 126 35+1.1 0.45 +0.03 31.3 6.6
Pinus densiflora | 2.74 2093 | 0.46 £0.04 885 £ 176 32x15 051 +0.05 453+ 117
Pinus thunbergii | 2.46 +0.91 0.53 +£0.03 1139+ 116 25+04 056 £0.02 44.1+23
Pinus densiflora | 5154044 | 0534003 | 926+20 22+02 | 0574005 | 46.6+12
for. erecta i .
Pinus rigida 2712082 | 052+0.04 1062 + 190-. 3.0+13 054 +0.06 38.9 +83

Note : Mean + S, D,

W RMES 778 ~ 1139kg/ch SEFCl Y2 HifE
o] Z#R+ Kugs) #cek

AUSst 778kg/ A2 A A1 FEo]
cAZA b ek

WER 5 IR®E- WEe| 55 ®Bisky =

I MW o b gTo) RERMEES 951 ky/ b, &
U9 MBIRME S 937khs/ A2 Sl A HERME
2ol £ BES Holov ol HES E8AA E
BH Aeletz 474",

B |RME S 31.3 ~ 46.6kg/ oA A i3 3t

1139 kg/

V57t 313kg/o 2 FhA A ol 46.6ke/ ob 2
7t Z ek
vl P Pl vl |
AUSH A HRY Bkl =1 £ Table 1]

3zt

B3 Bl vl 2= 0.37~0.68kg 7 /o &ER 3l
i zhgsl 037k m/chA & ZMAR A3 B A EAu
T7F 068kg -m/ch 24 7} Al )

] R Bieldd 2o ER= K3l Ho
v kel 2 MEYTFE 25 Vel e EMoly
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o}, Table 11. Impact bending absorbed energy
Ab E%7) HEH
: Width of [ Specific Absorbed
T4 4 MEY @Mﬁ.ﬁﬁwfﬁ,ﬁ!ﬁﬁﬁl xE7) Species |annual gravity energy
e Table 12 9 7} ring (mm) (kg ‘m/cm?)
Eerme XR7ERS 11.0 ~ 13.8kg/om  EEH Pinus .
Gom ATo 1L0ks/ong A7 A o7 chhrk porarensis | 3316 (0442022 | 0.37£0.14
b 13.8kg/om2A FHA Fh P el 2514 0484022 | 0524022
SN S TR HEHLS 129 ~ 162k /o FEHol ensifiora
gom sl 129k /mz Fa Ao 2)A)gay PZ”“Sb | 22405 [055+004 | 054 +0.12
ol 16,2k /om 2 FhAF Aok thunber e '
BITES FRIERS 9.3 ~ 10.8kg/ om @B ) Pinus
densifl 25+05 | 0544002 | 062 +0.
om RUTsh £uUFot 93kg/omz Y AT B4 o eera| 62004
o] 108kg/omz 7}3 Ao MEMAE & ERE. Pinsis :
Gepi A S Ao | iorda 1.7+04 | 0534005 | 0.68+0.15
—_ HO H QA K Q. ) L
EE’J——E ttEol = mﬁ AN ] /\%7] ﬁﬁ\.i Note : Mean iS,D,

ow WiEH 247 HHl-L flfEe] stah 27 Bk

Table 12. Nail withdrawal resistance
Width of Specific - Nail withdrawal resistance (kg /cm)
Species ann(u;lllm )ring gravity Radial Tangential Craoss

Pinus horaiensis 3.05£0.76 0.45+0.10 11.0£2.3 129+3.0 9.3 +28
Pinus densifiora 3.05 £ 1.50 0.46 +0.10 11.4+24 13.6 +4.4 93%26
Pinus thunbergit 268+0.75 0.55 +£0.03 13.1+0.1 15.0+03 10804
Pinus densiflora | 5 g5+ 063 053 +0.03 12.1+0.2 142 0.1 10.6 +04
for, erecta

Pinus rigida 239034 YO.SO +0.04 13.8+38 16.2+5.6 10.7+35

Note : Mean + S.D,
4.4 XHES

e HEY S 20k
ATA 4 M) AMAERSE Table 13 3t ek,

Table 13, Chemical components -

unit : %
j .
Cold—wa-|Hot-wa- | [ % NaOH|Alcohol -' | Holo —
Species Ash |ter extr-|ter extr- | extracti- [benzene cellulose| Lignin Pentosan
actives 'jactives | ves extractives
Pinus koraiensis 0.22 4.20 5.10 20.28 5.94 78.5 27.85 13.53
Pinus densifiora 0.44 041 1.64 14.69 4.67 77.3 29.32 12.29
Pinus thunbergii 0.29 1.52 2.86 14.49 2.97 72.6 28.39 19.44
Pinus densiflora 0.33 171 2.63 1336 | 3.19 750 | 2774 | 19.65
for. erecta -
Pinus rigida 0.28 0.94 1.94 14.45 4.97 73.7 28.64 1391
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RHC 2457 044%2 743 ke &
3 7 24 )7 ohauT A g-2] Rl 9l ol
BRI ATt 420%2 7FR Bn 4
F7F 041%2 7H3 Mgl

B e R AR R o M) Btom &

B
njo
i
l

W

7b 510 %2 7hab ek v el 4ol AU

Fa) AEAbelol e 2 %7 9sieh
A hT7E 2028%2 7HA g 4y
B R4 8 sl AU, 34 JHo 9tk

HHEBEH MBS 2457 5.94%E b ek -

Fo] 297%2 7R AL Ao vehiget,
TRAgE ot MM € Z7 dder w2

0o ABPl & s MR A £ o 29,
2% %2 7hA w3 Aol 27.74 %2 b H gk
S EALS ABPIO FEMIME R AL o2 SRS

A% B4 ool ohad® s £ Rel o,
] =

FelvetE £UTFEe 3T, auT A E 2 e
ek vT & 5 TR B R
HHE, WEASE, SRR ¥ LEEES BE
3H4l ot :

L R 2T BM FHFREL 2.6 ~3.0
mn FEEE 9 oF.

2. £VTEMS AMEE 23 ~T3om UM ELS

28~ T2 % HEEY Qo WEZZ A, LK
< &% WRIL HEIPALF o =2 LR ER
= BE7E Eobd el del #K Mpbste FHES det
Wi low HEBR#ERe Table 2 9 2o},

3. £YTEHY REATRLS 252~297m RN
BRE 20~ 304 WE sl REBRE M5
F%& HANZ oY WREMALY REERE] £ H
Dol A 8 R @ SWE WAoo 25 ~
304ELIBR o« HBE RES T F4E 2324 -

FABES o)A Fab T £UTE AT, S,

74 wrh Zgio

HB#EE Fig. 49 2o _

4 AU TERHY EHEKELS 84 ~ 99 % HEH ol
QT AGEA AR Ao e AtadRs s
aA vehgos HB#ERE Fig. 63 2o

5. AUTEMY EHELES 068~ 076, K&
EHS 045 ~ 054, LEHES 043 ~ 049 HHA
T MR &% R0 REEREE Table 3 3
2o,

(R 3 AR

6. = TEHS SREEL METARd A 7.41
~9.11%, BUTHE A 2.82 ~ 5.77 %, e F5 1816l A1
0.33 ~0.38%°)% T K[EIMMEL M0l 4 4.34
~ 5.40 %, BT H ol 4 1.80 ~ 3.19 %, Mt 5 el A
0.10 ~ 0.22 %o) 5 2 FHURER-S ABTHEC A 027
~ 0.34 %, EWTH B A 0.09 ~ 0.24 %, Kkt 5 1 ofl A
001 ~0.02%% 2= #BKsRE Table 4 9} 2}

7. AUTEHY BREHES FEEiEe] 0.008~0.010
9/ o, fEHFTE ) 0.009 ~ 0.0129/ch, KT E 0] 0.026
~0.032§/0h 2 FIABLZE M, M7, T E S
JEol #7857 HEkEHEE Table 59 e},

8. AUTEHS] MEMBE S 425 ~ 60445/ oh,

HREMEE 33 ~ 4Tks/oh HAMMBEL 67 ~

92kg/ch ® MR Z RS} o WEo) T KiE
d+E5 Mwmshe RS Jdehyo KRR E Ta-
ble 63} Ze},

9. 4UTEBH UMBE= T47 ~ 994 kg/ oA 2] &
ol glov] MR EE/ dslor —BMoE K
Ho| & MM WMET 7t RB#RL Table
73 ek

10. &£UTBHe SMHREL EMHmo] 96 ~
139 kg / cih, fibiT S5 180] 94 ~ 132kg/ ok FERHCl 3l
—fEH o2 Ko T MEYSFS Mmsy o &N
Fro] mMiHmR e} A ek

HEEAER L Table 83 2o},

1L £U-FEHe SIRBRES ENHmC 18~29
ky/ o fEMAE0] 18 ~ 28kg/oh o] Pl U M
AR ER Jdon FHAEE AYTE B
3 EMTSTe) AT ok B ek

HEREREE Table 99 7o)

12. £VHTBAS 3 IRBBEE 788 ~ 113949/
ohE BN ZEo Pow HEe 5 MIER
Bt Mmste W5 RMEEY 31 ~4The/oh REES
QT HE#ERE Table 103 2ok .

13, £VFEBHY HRYEMKAIAE 0.37~068

kg -m/oh o HES QT HEMC] BRY Rkl 2

of ZREE Aws AL KWEo) T MWEISFE gon
HE#SSE Table 11 3} 7},

14, YT EAe BRI EHS EWH RO 1~
14kg/om BT EO] 13 ~ 16kg/ om EHTH O] 9
~ llkg/omz WM 2 27 ddom WEZZ
£ MMTS o] b ST EWIE ARKTES) IEolw —

Bro® HEol 2 MEYFE TUoEHL Aok

HE#EE S Table 12 9} 7o}
15, AUFBH S AMEERSS KAl 0.22~0.4
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%, WAt o] 041 ~ 4.20 %, BAHtAO] 1.64~
5.10%,-%&%&% 13.36 ~ 20.28 %, A EH | Fh 4D
o] 2.97~5.94%,2AER 9~ 7} 72.6~T785%, 8lL
vlo] 27.74 ~ 29.32 %, 3 EAle] 12.29 ~ 19.65% #i
Bl 9lm RE#EAE Table 133 2ok, ‘

Summary

This study was carried out to obtain the data on

anatomical, physical,  mechanical and chemical pro-

perties of Pinus 5 species for reasonable utilization.

From the results of these tests, several conclusions

can be drawn as follows

1.

The average width of annual ring range is from
about 2.6 to 3.0mm. The varation of annual
ring width with height in a tree decrease slightly
from the bottom level of the trunk to top level.
These results are given‘in the Figure 2.

The width of sapwood ranges from about 2.3 to
7.3cm sapwood proportion range from about 28
to 72%. = As general rule, the variation of sap-
wood width height in a tree decrease gradually.
from the bottom level of the trunk to the top
level. These results are given in the Table 2.
Tracheid length ranges from about 2.52 to
2.97mm. Tracheid width ranges from about 20
to 30 micron. Radial variation of tracheid length
and of tracheid width in wood at one level in
the trunk increase considerably from pith to
outer. Variation of tracheid length with height
in a tree decreases from the bottom level of the
trunk to the top level. These results are given
in the Figure from 4 to 5.

Moisture content in the treshly cut condition
range from 84 to 99%.
content with height in a tree decrease from the
bottom level of the trunk to the top level. These

Variations of moistuie

results are given in the Figure 6.

Specific gravities in the green condition range
from 0.68 to.0.76, specific gravitiesvin the air dry
condition range from 0.45 to 0.49, specific gravi-
ties in oven dry condition range from 0.43 to
0.49. These results are given in the Table 3.
Tangential shrinkages from the green to the oven
dry condition show from 7.41 to 9.11%. Radial

10.

11.

12.

13.

14.

15.
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shrinkages from the green to the oven dry c¢ondi-
tions range from 0.31 to 0.33%. Unit shrinkages
range from 0.27 to 0.34% in the radial direction
and 0.01 to 0.02% in the longitudinal direction.
The ratio of tangential shrinkage to radial
shrinkage appear from 1.48 to 2.63. In general;
the degree of shrinkage is proportional to the
specific gravity of wood. These result are given
in the Table 4.

Absorption of vapour range from 0.008 to 0.010
g/cm? in the radial face and range from 0.009
to O.OIZg/cm2 in the tangential face and range
from 0.026 to 0.3328/cM? in the cross face.
These results are given in the Table 5.

Compressive strengths paralleled to the grain
range from 425 to 504kg/cm?, compressive
strength perpendicular to the grain range from
33 to 47kgfcm?, partial compressive strengths
range from 67 to 92kg/cm?. In general, the
greater the specific gravity of pinus, the greate‘r
its strength. These results are given in the
Table 6

Bending strength ranges from 747 to 994kg/cm?. -
These results are given in the table 7.

Shear strengths range from 96 to 139kg/cm? in
the radial face, and range from 94 to 132kg/cm?
in the tangential face. These results are given in
the Table 8.

Cleavages range from 18 to 29kg/cm? in the
radial direction and range from 18 to 28kg/cm?
in the tangential direction. These resuits are
given in the Table 9.

Tensile strength paralleled to the grain range
from 788 to 1139kg/cm?, tensile strengths
perpendicular to the grain range from 31 to 47.
These results are given in the Table 10.

Impact bending absorbed energy ranges from
0.37to 0.68kg. m/cm?. These results are given in
the Table 11. '

Nail withdrawal range from 11 to 14kg/cm in’
the radial face and range from 13 to 16kg/cm in
the tangential face and range from 9 to 11kg/cm
in the longitiud.inal face. . These results are given
in the Table 12.

In the chemical com-positions of Genus pinus, ash
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. P. Koch.

contents are ranged from 0.22 to 0.44%, cold-
water extractives 041 to 4.20%, hot-water
extractives 1.64 to 5.10%, 1%-NaOH extractives
1336 to 20.28% alcohol-benzene extractives
297 to 594%. Contents of holocellulose are
72.6 to 78.5%, lignin 27.74 to 29.32% & pento-
san 12.29 to 19.65%. These results are given in
the Table 13.
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