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Abstract

We have relatively heavy stocks of hardwood which consist of inferior and nonproductive natural hard-
wood species in Korea. As conception above to devolope these forest resources, the study was carried out
to obtain the basical data for the reasonable and efficient utilization of hardwoods. The sample trees were
selected 11 natural hardwood species grown in Kangwon-do region and Kwangnoong Experimental Forest.
We have investigated anatomical, physical and mechanical properties of them. Especially, Quercus species
which is a major species in the forests was investigated on qualities of trees, logs and lumbers, recevery of buck-
ing and lumber yield, etc.
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Table 1. The outline of sample trees for fundamental properties

Species Sample No.! D.B.H (em) Tree height (m) | Tree year(ud)
Quercus mongolica 9 24/20— 28 13.9/13.5—15.7 53/40—72
Cornus controversa 9 24/20—28 14.2/14.0—14.7 62/41 —63
Fraxinus mandshurica ca 9 22/20—24 14.8/14.0—15.9 48/ 41 —57
Betula schmidtii 9 22/20—24 12.7/12.5—13.2 59/56 —66
Betula costata 9 24/20—28 15.2/14.8—15.7 71/70—72
Maackia amurensis 9 24/20 — 28 14.0/135—14.1 63/54 =71
Tilia manshurica 9 22/20— 26 13.6/13.2—13.8 69/53—79
Populus davidiana 9 22/20 - 24 15.4/14.8—-16.0 44/37—45
Ulmus davidiana var. iaponica ca 9 24/20— 28 13.4/13.3—13.8 57/93—132
Acer mono 9 22/20—24 13.7/135~14.2 139/105—158

*» Note :Mean /Min. -Max
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Fig. 1, Sampling method of trees for
fundamental properties,
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Table 3, Dimension of board and lumper

Kind Thickness; Width Length
(em) (em) (m)
Inch board 12.54 7.62 1.80
Flooring (1) 11.80 9.00 1.80
Flooring i2) 1.80 9.00 0.50
Furniture (1) 3.00 360 | 0.20—1.90
Furniture (2) 3.00 450 | 0.20—1.90
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Fig.2  Variation of annual ring width by tree trunk position on the ground,
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Fig, 3. Variation of sapwood width by tree
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Fig. 4. Variation of wood fiber width by radial growth on D.B.H.
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Table 4. Specific gravity in the green,
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airdry and ovendry condition.

Species Specific gravity Specific gravity Specific gravity

in the green in the airdry in the ovendry
Quercus mongolica 1.09£0.01 0.78 +£0.02 0.75 £ 0.02
Fraxinus mandshurica 0.90 +0.04 0.73+0.07 0.70 +0.07
Betula schmidtii 0.98 +0.04 0.90 £0.03 0.87 £0.04
Betula costata 0.89 £0.05 0.71+0.03 0.69+0.03
Maackia amurensis 0.78 £0.09 0.57 +0.06 0.53+0.06
Tilsa mandshurica 0.568+0.10 0.49+0.10 0.47+009
Populus davidiana 0.68 =0.04 0.45+0.03 0.43+0.03
Ulmus davidiana var. japonica 0.93+0.05 0.66 = 0.06 0.62+0.06

»Note :Mean +Standard deviation

Table 5. Shrinkage from green to airdry and ovendry

Shrinkage green to airdry(%) |Shrinkage green to ovendry(%)
Species

Radial Tangential Radial Tangential
Quercus mongolica 252x0. 4,32 £0.97 5.13%0.61 9.50+0.88
Cornus controversa 2.48+0. 6.02 = 1.67 549 +0.57 9.99+042
Fraxinus mandshurica 2.24 £0, 6.07 +1.03 5.30+0.72 11.224+1.40
Betula schmidtis 316+ 1 7.35+1.75 7.35+£1.75 9.23+2.01
Betula costata 2.79+0. 527+0.65 6.58+042 10.04 £0.80
Maackia amurensis 0.59 x0. 2.17+0.39 2.40+0.30 6.44 +0.81
Tilia mandshurica 3.50+0. 5.65+0.85 6.62+1.03 9.75 +0.84
Populus davidiana 1.31%0. 4.50+0.97 3.62+0.28 8.62+045
Ulmus davidiana var. jeponica 2.16 +0. 4.68+1.18 5.20+0.72 9.28+1.29

* Note :Mean +Standard deviation
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Table 6. Compression parallel to the grain and partial compression
in the green condition
Compression parallel to grain Partial compression
Width of Width ] Fiber stress
Species annual  |Specific - | Strength | of annu - Specific | at propor - | Strength
ring (mm) |gravity (kg/m) al ring |gravity | tional limit | (kg/cm)
(mm ) (kg/-m)
Quercus mongolica 2.5 1.06 320 +69 3.0 0.98 90+ 12 141 =19
Cornus controversa 2.0 0.83 257+ 22 2.2 0.84 58 =10 72x13
Fraxinus mandshurica 2.8 0.93 287+43 2.1 0.87 52+ 15 79 =21
Betuia schmidtii 2.1 1.00 380 =44 L7 1.07 84+12 120+ 13
Betula costata 2.2 0.85 270+ 37 2.5 0.84 58 +9 86 =11
Maackia amurensis 1.7 0.79 282 +£47 2.1 0.81 48 +9 86+ 14
Tilta mandshurica 3.0 0.71 233+ 26 3.2 0.64 23+8 34+9
Populus davidiana 2.7 0.72 205 + 37 2.5 0.70 25+ 3 35+3
Ulmus davidiana var. 2.4 1.03 281 =34 2.0 0.94 59+11 88+ 13
japonica
+ Note :Mean +Standard deviation
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Table 7. Bending strength in the green condition
' Width of Specific Fiber .stress .at. Strength Young’s
Species annual gravity propotional limit Ceg/em) modulus
ring (mm) (kg/cm) (1,000 kg /cm )
Quercus mongolica 2.8 1.07 259 +126 648 =107 121+ 39
Cornus controversa 2.3 0.91 309+ 38 557 + 108 87+ 9
Fraxinus mandshurica 1.8 0.90 286 + 88 592 + 81 147+ 77
Betula schmidtii 2.1 0.98 321 +85 760 & 81 132 + 20
Betula costata 2.4 0.89 282 £61 583+ 62 100 + 17
Maackia amurensss 2.2 0.83 238 +46 574 +129 94 + 26
Tiia mandshurica 3.1 0.76 182 +58 431+ 70 93+ 25
Populus davidiana 2.8 0.70 174 +44 427+ 35 91 + 15
Ulmus davidiana var. 2.3 1.00 311+99 612 + 91 101+ 18
Japonica

*+ Note :Mean

+Standard deviation
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Table 8. Shearing strength in the green condition
Tangential : ! Radial
Species \;Vriitza?f Specific| Strength \Zﬁfﬁlzsf Specific Strenggh t — test
. A .
ring (mm ) gravity (kg /cm?) ring (mn) gravity | (kg /cm)
Quercus mongolica 2.9 1.03 113x7 2.7 1.00 113+ 14* | t=0.03
Cornus controversa 2.0 0.84 99 + 4 2.0 0.90 88+38 t =4 73%**
Fraxinus mandshurica 2.5 0.90 89+ 17 2.4 0.87 92x15 | t=1.06
Betula schmidtii 2.0 0.99 146 = 18 2.2 0.99 12815 | t=3.21
Betula costata 2.3 0.89 100£ 12 2.5 0.92 96+6 t=2.81
Maackia amurensis 1.7 0.79 85+ 10 1.9 0.81 90.£8 t=1.03
Tilia mandshurica 2.6 0.72 62+ 17 2.6 0.73 61+14 | t=170
Populus davidiana 2.7 0.65 wx3 27 0.67 59+4 t = 24.00**
Ulmus davidiana var. 1.9 0.97 96 = 11 I 1.8 0.98 86 +6 t=2.31
japonica
* Note :Mean +Standard deviation
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Table 9. Cleavage in the green condition
Tangential Radial
Species \Zildr:];a?f Spec.ific Strength VZindrtlﬁa(;f Speci.fic Strength t— test
ring (mm) | ETAVILY (kg/cm) ring (mn) gravity (kg fem)
Quercus mongolica 2.6 1.04 51+6 2.5 1.07 345 t =7.35%*
Cornus controversa 2.1 0.87 49+ 10 1.9 0.89 24+8 t =8.60%*
Fraxinus mandshurica 2.3 0.92 35=+8 3.1 0.91 327 t=0.86
Betula schmidtii 1.6 0.98 46 =9 1.8 1.00 32*6 t=5.40%*
Betula costata 2.2 0.82 27+6 2.2 0.82 23+5 t=4.49**
Maackia amurensis 2.0 0.81 307 2.0 0.85 31 +5 t=0.35
Tilia mandshurica 2.5 0.73 2010 2.8 0.75 173 t=4.78%*
- Populus davidiana 3.1 0.73 16 =10 3.1 0.74 166 t=1.22
Ulmus davidiana var. 25 1 0.97 49+9 2.5 0.96 45+11| t=1.15
japonica i e
« Note :Mean +Standard deviation
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Table 10. Impact bending absorped energy in the green Condition
Tangential Radial
Species Width of Specific Absorbed {Width of Specific Absorbed i — test
annual : energy annual r energy
avit t
ring (mm) gravity (kgem/cm) |ring (mm) gravity (kg em/cm)
Quercus mongolica 2.6 1.07 1.65+0.90 2.8 1.05 1.70+0.13 | t=272%
Cornus controversa 2.2 0.83 1.0340.23 2.1 0.84 1.03+0.05 | t=2.11
Fraxinus mandshurica 2.5 0.87 1.48+ 049 2.6 0.88 1.21 £0.36 | t =58.80 **
Betula schmidtis 2.4 0.95 1.07 £ 0.25 2.2 1.00 0.96+0.20 | t=12.70**
Betula costata 2.5 0.90 1.34 +£0.28 2.1 0.84 0.74 £0.22 | t=232.47**
Maackia omurensis 1.7 0.82 0.88+0.33 2.5 0.85 0.87+0.30 1 t=0.80
Tilia mand shurica 3.3 0.74 0.49 + 0.09 2.3 0.74 047 +0.11 | t=540**
Populus davidiana 2.5 0.63 0.03 + 0.1 2.3 0.68 051+0.05| t=3011%*
Ulmus davidiana var. 2.7 1.01 1.31 2043 2.0 0.94 0.95+0.41 | t=112.90%*
japonica
» Note :Mean +Standard deviation
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Table 11. Qualities of Quercus trees

Kind

Quercus serratu

Quercus mongolica

Tree height (m)

D.B. H (tm)

Tree height under top diameter 8em,
Clear length (m)

Branch volume (m)

Percentage of branch volume (%)
Degree of full body (%)

19.4/14.9—-235

30.0/20—46
14.1/9.0—18.5
8.6/2.0—-135
0.175/0.012 — 0.459
26.6/5.2—76.8

67.9/41.0—97.5

14.4/11.8—17.5
23.0/20.0-14.0
9.6/7.0—14.0
4.8/2.1-9.0
0.087/0.029—0.187
30,4/14.1—-68.7
637/39.0—179.0

* Note : Mean / Min —Max ,
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Table 12. Frequencies of eccentricity,

61

o, 2ol AFUF AFL $59 35S A
Zol A9 gy,

W5 AgA4 EHY FHUT AR

AfFYd s A+
A9 g9z, 4F
Zaskde, AR
13 34 e}

Fa gkl ol =
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Fdz4xe Ay EFFL Table

3ol 7}

Bol

crooking, and decay & hollow in Quercus logs.

Frequencies by Frequencies by Frequencies by decay
Log eccentricity range | crooking range & hollow range
Species
assortment <125 15— |150 —| >175| <10 |10—20120—40| > 40 0% 1—20121—40| > 40
% [150%<|IT5%< % To| Z<l| %< % %o % Yz
Quercus Small log 64.4 214 71 | 7.1 |1L6 29 [10.1 [Hm4 196.8 0 1.6 (1.6
serrata Medium log [51.7 299 |89 |95 [11.0 {226 [27.3 |39.1 |88.8 2.6 34 5.2
Large log |[55.6 {222 |I1.1 {t1.1 [22.0 |55.6 |16.7 5.5 |72.1 56 |16.7 |5.6
Quercus Small log 54.5 409 |23 123 |23 |302 (302 137.3 - - - —
mongolica medium log |50.7 {31.5 [15.0 | 2.7 9.0 |[32.8 [37.3 120.9 - - - -
* Note : (1) Small log : 14eme}n}
(2) Medium log : 14 —30 m =] u}
(3) Large log : 30cmo|4}
Table 13. Frequencies of grain slope range
Grain direc- Frequencies by grain slope range (%)
Species tion from
the ground 1.0/ 50 1.0 —2.0/50 2.0 —-3.0/50 30/ 50
Right 30.0 22.0 14.0 4.0
Quercus serrata Left 51.0 29.0 17.0 3.0
Q I Right 58.6 37.9 0.1 3.4
ercus mongolica
uerc hatad Left 58.2 31.3 9.0 15
(2) °i R 34U A4 A5E 25 A ez AN
243 4594 ZA TAY 4T 5F 7| Fol Azt AFY AAGAe) Wed Sy Table 14t
9| 5} Tvﬁi A5 58 3 E A- T zhel, Sl AdYTe A 3A FAA F
A% Sl e ASEFL FHUF US4 S8 05% oldlelA FHEol b F2 ol 2
15 A%:51%, 25 9% :17.7%, 35 U% 42 298 Aojgrh, £ EE QAxAS) Tz
1 18.9%, 59 A8 58.3%0lx AT 8l Ee Ba 7re gl A9 3E 20% olAelA E3E
4 1% A% :56%, 2% 945 :171%, 354 ol ¥& ubdel 42H°¢ 7AFEA = e5]¥d TS 20
£:022%, 59 A% : 556 %ot %olstoll A &4 Bkt ARFd A WA
of, AR &5 of 7 o A& ﬁ S 2% 0.3/10~0.6/10 ol 4
) =3 747 wre] E3ln 2 AFTAE Hzab sk
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Table 14. Frequencies by qualities of lumber kinds
_ r F requencies by Frequencies by Frequencies by
. bow range wane range grain slope range
kinds —
<05 [0.5-10|1.0—15(> 15| <10 [10—20{20—30 | >30 < 0.3 10.3— 06 09 0.9
To B | %< % % | %< % < % 10 | 10 IO |1 IO 10
Inch board 83% | 14 % 3% | 0% | 6%|24% | 30% |40%(17% 52% 21% 10 %
Flooring 87 9 3 2 0 13 50 37 |13 15
Furniture 93 7 0 0 36 42 13 9 |16 6
2) A A ES ik Qlalalet T2 5o s R HAUE
249 ANDYE 2AFAL] AN 5F 7 Fol Q4 3Feld 7hg wol Fasldm AT YA A
Hete EHa A9 F5L oFE AAFo AU = 594 shA wel FH sk el
AR A e @A F5 F9 gL Table 159
Table 15. Frequencies of lumber grades
Grade of lumbers
Species Kind of
lumber Common Ist Common 2nd| Common 3nd Beyond .the
stated limit
Inch board 6.6 % 4.7 % 89.7 %
Quercus serrata Flooring 14.5% 104 % 75.1 % —
Furniture 9.9 % 57 % 22.1% 62.3 %
Inch board 10.0 % 14.0 % 76.0 % -
Quercus mongolica Flooring 23.0 % 235 % 53.5 % -
Furniture l 7.0 % 13.0 % 3.0 % 49.0 %
Small log medium log large log
70t ™
a3 1) 1
ek ol Ogo . | - : (1) Quercus serrala
1) 24 & § 60 '\ Y (2) Quercus mongolica
Eab g BAld S 144 2 (%A 1 90.320 7)), - RN 1
AR 308 @I 8558 )% AUl 2 RN f
m, HFAE Semsx| zAG Az 43U zAS 2 a0l AN :
| v i
& T 67.9 %02 Al e 613 %9 ok o : RN |
i " 1
29 929 AFuel =G vA zAwe Fig g S0 ! \\\ .
73 Zrek, HTFAE ldemol 4l FAZH AAE £ g0} ! ! \\ !
i N,
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b ! ~ N
= 5L5%cldch zAg 9% FFY F4L o " : \g
98 ZAzolgn A L4 wEL A Qi T 2
; TR AHBA ¢ e A 81012 1416182022242628303234
@ A q =g Log diameter (cm)
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A4 FAF GHFEA)Z T Esle AlAg A

lE_

o

R2e) AlA 4L FEol

20.5

% 2 F

Fig. 7.

The accumulated rate of bucking

of Quercus spp. by log diameter,
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Summary

This study was carried out to obtain data on anatomical, physical and mechanical properties of ten com-
mon hardwood species, in addition to quality of tree, log and lumber from Quercus spp. for the reasonable
utilization of hardwood resources.

From the results of these tests, several conclusion can be drawn as follows.

1. Variability in wood with height in hardwoods might occur not only among species, but also within the
same species and even in the same tree. As a general rule, width of annual ring sapwood, and moisture
content in the freshly cut condition decreased slightly from the bottom level of the stem to the top level.
Fiber length and fiber width increased considerably from the core to a certain position toward outer
sapwood, and the remained constant or decreased slightly. These results are given in the Figures 2 to 6.

2. The specific gravity in oven dry condition for different kinds of hardwood ranged 0.43 to 0.87. In general,
shear, cleavage and toughness were more resistant when the force was applied to tangential face than
radial face. The specific gravity showed a positive correlation with shrinkage and strengths. In most
species, the rate of tangential shrinkage to radial shrinkage ranged from about 1.2 to 2.6. These results
are given in the Tables 4 to 10.

3. Data on qualities of tree, log and lumber in Quercus species are given in the Tables 11 to 14. Most of
logs and lumbers were low grade. The order of influencing factors in grading were crooking, knots and
decay in logs, and knot, wane and bowing in lumbers.

4.  Accummulated rate of bucking by log diameter in Quercus was given in the Figure 7. The rate of bucking
of Q. serrata was approximately 67.9 percent and the rate of bucking of Q. mongollca was approximately
61.3 percent. The most of logs are constituted by medium log.

S. The lumber yield by medium and large log was approximately 38.5 percent in Q. serrata and 35.2 percent
in Q. mongolica. Net utilizable volume to the stem volume was approximately 22.5 percent in Q. serrata
and 18.1 percent in Q. mongolica. Therefore, at the standpoint of quality, Quercus was impossible to utilize
general timber because of low quality in log and lumber, but suitable for plupwood, mine prop. agricultural
implement and sliced veneer for floor by selection of diameter and quality of log.
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