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A Study on Sawing and Utilization Structure of Lumber from
Small-diameter Logs of Larix leptolepis™'

Choon Taek Lee™? Su Chang Kim **

SUMMARY

This research has been executed for maximization of lumber yield and more efficient use of
small diameter logs. Sample logs from thinnings came from densed artificial stands at the
Kwangnung Experimental Forests situated in the central region of Korean peninsula. Species of
sample logs were obtained to execute sawing and strength test for larch, and lumber strength test
in full size for pitch pine and Korean pine, A survey on sawmills consuming domestic logs was
carried out to know sawmill production, costs and utilization structure of lumber as a guide to
business analysis, Results showed that sawing pattern from small logs less than 15cm in diameter
was necessary to cut 9cm by 9cm square per one log in order to obtain high lumber recovery and
provide for wide market needs, The total lumber yield of squares plus side boards was 56 percent
to 58 percent from small logs and the yield for log sweep in 30 percent decreased by 24.5 percent
in sawing production, compared to vield for straight logs. In sawing efficiency, production of
lumber by twin band saw could be improved 238 percent higher than lumber of the same species
produced by conventional sawmilling methods, and sawing accuracy with twin band saw was much
higher at the lumber production than band saw. Lumber from the small Jarch logs has shown 70
knots per m? on ifs faces and also lumber showed lots of face checkings by air drying on the
vard, compared to other species. MOR in bending of lumber in full size from small logs of larch
was found ranging from 380kg/cm? to 460kg/cm?, resulting in 40 percent less than the strength
from clear small specimens. In lumber containing knots, cross grain, etc, longitudinal stress wave
speed was delayed about 48 percent by defects in lumber from both larch and pitch pine logs.
The surveyed sample sawmills consumed the domestic logs at the rate of 54 percent to 84 percent
in the total timber consumption, showing high consumption at mills located in the mountains.

* 1. % 19904 7H8H Received July 18, 1990.
* 2. HEPFFT Forestry Research Institute. Seoul 130012, Korea

#3, (LB B #EKE College of Forestry. Kangwon National University, Chuncheon 200—701. Korea.
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Table 1. Sample saw logs from thinned trees.

Small-end

Species Tree age diameter Log length Location of Remarks
(yr.) (cm) (m) sample trees
L. leptolepis 20 12 2.7-4.8 Kwangnung Sawing &
~ experimental strength test
. forests
] 22 2.7-4.8 > Strength test
P. rigida 2 K%CLIZ Kyungeido. g
Korea
P. koraiensis 22 12 2.7--4.8 Strength test
6 - 15

Table 2. Bending specimens for nondetsructive

evaluation.
oecim
Item Species Si?i en Remarks
Strength L. leptolepis  4.5x4.5x 1-line test
test in P. koraiensis 160cm
full size

Reduction L. leptolepis 3.0x10.0 6-line test
of MOE by P, rigida x110cm by grid
defects point
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Table 3. Log defects from thinned trees.
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Fig. 5. DBH distribution of thinned logs.
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Log L. leptolepis P. rigida
diameter
(cm) Knots  Sweep Knots Sweep
(No./m) (%) (No./m) (%)
1011 12,7 24.4 10.5 29.5
12-13 12.2 19.3 6.2 20.7
14-15 10.2 16.0 6.1 18.6
16-17 3.5 13.1 6.7 14.5
18--19 2.1 10.6 4.6 9.7
Average 8.1 16,7 6.8 18.6
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Table 4. Log tapering of L. leptolepis by DBH.

Tapering
P.B.H d'Butt 'Top _
. iameter diameter Average
{em) (cm) (cm)  length  gp. V.
(cm/m)

8 8.9 6.4 0.7 0.1 22.0
10 10.7 7.6 0.9 0.31 354
12 12.6 8.8 1.0 0.23 221
14 15.5 12.3 0.8 0.14 16.9
16 17.3 11.5 1.0 0.10 10.6
18 19.2 13.2 1.2 0.19 16.8

Table 5. Log tapering of P. rigida by DBH.

Dpu  Butt Top _ reperng
(cm) diameter  diameter f;;e;;lge .
(cm) {cm) {em/m) S.D. CV.
8 84 5.2 1.0 0.18 17.0
10 10.6 6.9 1.0 0.35 34.1
12 12.0 9.4 0.7 0.29 413
14 14.9 11.0 1.1 0.19 17.1
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Table 6. Log grades*! from thinned trees.
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o] &%l 9159 twin band saw® EH&H
BHTE 52.1% % band sawd WEBT 1.
3% tl A vER oY £BIEL band saw
7} 58.5% 2 M, twin band saw 55.8% Bt T

Grades (%)

Species ltem ;
Grade No. 1 Grade No, 2 Grade No. 3 Under grade

P. rigida Grade for sweep 2.0 27.0 28.0 43.0
Grade for knot 5.0 10.0 85.0 ~
Grade for all factors - - -~ 100.0

L. leptolepis Grade for sweep 63.0 25.2 5.2 6.6
Grade for knot 5.2 7.4 87.4 ~—
Grade for all factors - - 30.0 70.0

* 1. Measured by Korean Log Standards
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Table 7. Lumber yield by sawmill type from L. leptolepis logs.™*

(unit: %)

Log Twin band saw Band saw
diameter Main Secondary Main Secondary
class(cm) products products Total products products Total
10 —-11 73.5 — 73.5 63.3 - 63.3
12 - 13 50.1 5.0 55.1 SL.5 2.9 54.4
14 — 15 47.0 4.5 51.5 49,2 11.0 60.2
16 - 17 45.1 3.6 48.7 48.0 9.7 57.7
18 - 19 45.0 5.3 50.3 42.1 14.4 56.5
Average 52.1 3.7 55.8 50.8 7.6 58.4

*1. Log length: 2.7m
Table 8. Lumber yield by size from L. leptolepis logs.
(unit: %)

. Twin band saw Band saw

Size

(cm) Main Secondary Main Secondary .

products products Total products products Total
4.5x4.5 45.4 2.4 47.8 49,2 10.0 59.2
4.5x6.0 54.2 2.8 7.0 52.6 6.7 59.3
9.0x9.0 55.4 2.9 58.3 50.8 6.2 60.0
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Table 9. Wane volume ratio and frequency for

lumber.
(unit: %)
Wane volume ) F
Log percent for log *! requency
diameter Twi Twi
class(cm) win win
ass(cm) band Band band Band
saw saw
saw saw
10 — 11 4,2 3.0 88.9 92.3
12 — 13 2.3 2.6 77.3 84.6
14 - 15 0.7 2.5 50.0 68.0
16 — 17 0.6 5.1 17.5 71.1
18 — 19 0.1 1.8 11.5 43.8
Average 1.5 3.0 49.0 72.3

% 1. Wane volume percent: Wane volume/lumber
volume x 100
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Table 10. Board vield by log diameter from
L. leptolepis. ™

Average Board

l?lameter volume  yolume  Yield Wane
class ‘
(cm) peralog peralog (%) (%)

(m3) (m3)

12 - 13 0.0563 0.0306 543 0.5
14 — 15 0.0758 0.0424 55.9 3.1
16 - 17 0.0981 0.0565 57.6 0.5
18 -19  0.1233 0.0720 58.4 1.4
20 - 21 0.1514 0.0896 59.2 0.4
Average 0.1010 0.0582 57.1 1.2

% 1. Log length: 3.6 meters
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Table 11. Lumber grades by Korean Lumber

Standands.
(unit: %)

L. leptolepis P. rigida

Grades Grade Grade Grade Grade Grade Grade
for for for for for for

knot wane all factors knot  wane all factors

Grade
No. 1 309 42.1 206 17.0 19.8 8.7

Grade P
No. 2 24.5 19.6 134 496 45.6 40.0

Grade o
No. 3 37.4 157 464 312 146 45.0

Under

grade 7.2 226 196 22 200 6.3

SAE WM 450 2A EH 18 5
fiE& RAoY, fdridAuTe 2%} 3%%&
o] 85% &AM 1% Fnpfic =18 HA e
T,

Ne's #EE 994 ATEKRMY HE
A% HFE, ZBE FHEAME BES 15K
o] 11.6%, 2%##o] 23.1%, F/H7} 65.3% =
Yeted, ole T2 mRERA e o
Folgtn wHEd.

FBRMoR JYAFY HHMRES #BMER
o] HE ke Jetve BER G migE] B
5 HH, BEY, F8 % HEHEE AE
of BMEFETZE H3 Urh

Table 12. Deviations due to inaccuracy of
sawing.®’

Species Twin band saw  Band saw

L. leptolepis +0.51 mm 2.5 mm

%1.1SO: 4+2mm for thickness and width 30 to
105mm.

Table 13. Operation efficiency by type of band saw.

gda4o bR BER #BEM, AEA
7 Zol Higs HE dE % BHo M
7 (2 Uk

3.3.2, BF e A FHE

KRB F HEHNR Aol Az HH
3tg W A MEE BET FHR Table
129} #vh. & twin band saw® X< FEE £
0.51mm+= band saw®] FzZE +£2.5mmoll H] 3}
20% FTo2 BMAS] FEEZ Holuy
AAe #M#E +0.4mB e i & 4H0
Ath

8P 2] o FFARE st BIEE Y
o APF WHE —0.1emol 3}, ISOHEK L
FA 3~10.5em BH O] B +£2mE HESHD
ded, * Ao twin band saw B HS
BEET sifolel ¥ 4 29 band saw B
e TEE 8o Sed, T BERS 88T
9 Rt JolA HEH Aoz FlEE

3.4. BUM{EHS| BEE

Twin band saw$ band saw@l {EFEFERS
vl 58 HBe Table 133 #ol ey
=3

fE¥AB2 twin band saw’} 1022 &EF
HA TG {H lined 2t B FRE=ZZ
470 (F¥EABO MEST EF Zo] 2.7Tm
o] FEAR 1R FERE-S 1E:EH A 2] 8
#5 ¥ twin band saw?} 712 2A band saw
427K} 1. 79) w3t

BEEERS 109 Y BEEEHo=R
FRE o PR HBUMEE L 6Im O RN,
o E SUHE 0. 71n'ol WIS} 238% ) {FH¥RE
Fol @\ kg 7HAstoh

Working Lumber Lumber )
Type of No. of hours volume volume Ptg)ductivity Ratio
band saw Worker per one log  per one log for _;:m hour  (m®/man. hr) (%)
(sec.) (m® /hr.)
Twin band saw 1 71 0.0333 1.69 1.69 238
Band saw 4 42 0.0331 2.84 0.71 100
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Bep 7' B ET] (PR 5

twin band saw7} 2

S fr el A
07nf/man. hr, twin circu-
2.02m'/man. hr, f6% line> 0.73nf
Bz el twin band saw 2.1m’
Yeld Ao ®iag o, {Ek
lined #iEMHol Y2} twin band sawse R
Aol 27F Fdrh

a2 ejuhebel A o F] /NER B R
Beol e 7t EiRol ek Az =2l o
8 a7 9 table band sawy By EENK
o] 0.62n'/man. hro} THOZ K A HR
= HlsEtoh

Twin band saw® ;EHE BHG R
7} giig sEel AdAise] 1A (FEE 5 Ao
o, A WHE BHE F oy #Hal &
BUFSL BUF Ol REFEAYCl)

$-2iibboll ¥ o3 twin band saw® ) iE
M sha A FEd, 1 FERS MM
o] Bfgol ME #AEel viste HHRAIC R

lar saw+
/man. hr,
/man. hr&

R P K]

2T

ol W OEERS NEHE Al H o s (e
F e wEel FFu) WEelety ey
c}.

3.5, WM&l MED BE

351 B &o)5ne

Table 162 S %3 35 Rk e
LY &ol HHkEEE v o),
Solre H9EY A @ M@l A8 o
T O3E, & g 10 HE TE

wE

Bt

ri:o‘[-"

AR 3T e T 5E EEe U
Ebwdel. 28] 4.5X4.5em el 4.5X09.
Ocm f’f’aW’a"M ol & EREE VERA &
Row, F BERMY Zolde FAEHIT A
G B
HEERTE 1012 40m, AGEHIF 1L T~3.
Tem® A 33 g7 24 Jebd o 9ok,

EE g0l # T2 Y9En gege 2
fae vepdon, o FEE J94H}
69. 8/, AYUFH T 49, 88/ 2 ERL
HEEHE AAY o oo got HEiats

rebaol s Hol WarHolch,

/énL
/ﬁb"'

& S E 10.5%X10. 5em IEFHA U
EbvE 2olgi= 13f@ela 8hy ul, ok EEO 7
BRrc wokch

352, BAHSS HE

ETHhH e HE LN vebd EEHE, GOHFE,

EENE, FTHEIR, %S Table 149 3Ho)
LhebyE T,
Fag ol Hrael HEEY JEhd Wi A—-

Bol w4 wzA tehgot, ohet 4.5%0.
Oen 41121 B, LA HE AL

<3
Ty

C—#-& vepux ggow, 2l F4el
51d<.(>ﬂ (st D—fle] SR FHe AT

79% 2 A

Frol Al H ol e
st

Rl B ihel et O RS HiEol &
rilel 63~387% % oW, i e Lol vhebd

AR
Fiaggis o g Hol 4. 8mBEA AT EHRE

b2k 58%, 7

Table 14. General properties of lumber in full size from thinned trees.

Patterns of annual ring - Average Length
, Heart ’
4 Size (%) wood width of of Twist
Species (cm) o b percent aynual face (mm)
A B (%) rings check
type type type type ) (mm) {em)
L. letolepis 4,5x4.5 24 35 22 19 63 4.8 3 8.9
4.5%6.0 29 17 27 27 68 4.7 13 6.3
4.5x9.0 22 20 - 58 71 4.8 5 7.3
P. koraiensis. 4.5x4.5 35 22 21 22 69 5.1 16 6.5
4.5x6.0 32 16 25 27 66 53 10 7.9
4.5x9.0 11 10 - 79 87 4.5 4 9.9
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o At WA dergo
ﬁ@%ﬂﬁﬁ%%ﬁ%ﬂﬂ3~13cm.zgursg‘ﬁon
4~16cmol, HlEYE FAEHI 6.3~8.
9mm, SPFFEME 6.5~9. 9mBZ A B o] A
OB E5 uikd Fge vy,

5.3. § ®E

3.5.3.1. BAHY ¥ B

g BAME FANS #ERs g 3¢
BEFE S F Aoz AA K8, Table 15
o #eol vetgoh. EEREY Y94 BAM
MORE 2 ¥ 97} 380~460kg/cf Q6] ¥H5}a
BEREH S MEEE 721kg/afE UEbG T, =
F OB HOIRERED (op )& 250~
300kg/cf, MEELELFFS] 0p = 381kg/crf O B A
BRH 7Y BB ) BEA vt 60~70%
FEAd, ol A& FAH Lo, KEBIEA &
K EEEE o] FEE37) WBolatn Az},

BAH ) 8 @l A BIEEEe) o3 e

REED S e FAEHe 3% 0.7

. g

0.8%2 YElWo o EiER MORE sy »
W oEASHE R v 1L5RE 24
Az e )

MOEx® 94 #7t 90X10%kg/cd, ;5

£ 80X10%g/ct BERA FAEMI A
wokom, BUEREES JEpERERS WE9
AR Vel R ghgkrt,

A A Ydd MHE R M 3 B
Kt SBE(MOR)E /g9 JtigEE 93
& KM 350~400kg/of, 4§ JLERE
S E MM 400~480kg/cf, ERE '] Uwr
ol FItH 380~500kg/cif, /)BFO] HBE I
Q& DEM 345kg/afS] BEETS Hl5d &
e At

gy K BB dgeMe BB g A
CEERE Ful R4 330~380kg/cdol ] 81
SREEE ki, JRETe Y4 mEHM 600
~620kg/ct Tt FAo B MitkHE FE
7t s @EETE dolxl o] B

Table 15. Bending strength of L. leptolepis lumber in full size from thinned trees.

Full size lumber Clear small
specimen
Item L. leptolepis P. koraiensis
L.lep P Kor
45x 4.5x 4.5x 45x 4.5x% 45x tolepis  aiensis
4.5cm 6.0cm 9.0cm 4.5cm 6.0cm 9.0cm
Modulus of 379.6% 403.4% 462.4% 214.3% 276.7% 335.0% 721% 675%
rupture 84.7 126.9 112.9 62.4 87.1 80.3 168.2 81.7
(MOR)
(ke/cm?)
C.V. 224 314 24.4 29.1 31.5 240
Fiber 278.3% 248.9t 305.9% 140.4% 205.0% 207.9% 381% 417
stress at 85.9 65.5 65.6 453 74.6 518 89.9 435
Destruc- proportional
tive test  limit (op)
(kg/cm?)
C.V. 30.9 26.3 21.4 32.3 364 19.1
Modulus of 92.2% 92.4% 85.4% 79.1% 75.1% 92.6%
elasticity 26.2 26.7 19.4 306 286 142
(MOE)
(10* kg/em?)
C.v. 28.4 28.9 227 38.4 38.1 154
Non- Modulus of 101.3¢ 94.9% 83.7% 75.6% 88t 85t
destruc- elasticity 13.2 14.8 117 10.8 133 10.5
tive test (MOE)
(10% kg/cm?)
CV. 13.0 15.6 14.0 14.3
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3.5.3. 2. KM BB o) 3 cgp Ehnstd e, 7 thaUyFEH7E Bl R =
&ol, KREMERF Fo KHrBiol & MOE A vergo
AR L B vlele Y g4 2 87|
2YUFHE Zhzb 47.9%, 48.7% %2 JERGT 3.6. EHEM KM WaE
(Table 16).

Table 16. Reduction of MOE by lumber defects. *'

MOE (10? kg/cm?)

Species Reduction of Reduction of . .
MOE by defects MOE by grain Stress wave Static bending
(%) slope (%) timer test test
L. leptolepis 47.9 12.4 117 119
P, rigida 48.7 20.9 100 101

* 1. Defects: knot, grain slope

712] 3L stress wave timer®] 213 MOE #l 3.6. 1. KRS HEEE

EEE RHERE BERBES BIEES
) 2R, W BEEA 2ol flwlth

SRR R AT FORKAEBEE < Table
173 o] M FTAA AHEHE BRERES

Gerhards *'&= K# €] stress waveoll P& aMHAE EARel 2.6Fn/aEoz THE
gole] AL HHTE HE, clear woodl i‘t?'?} B3, Sgoeis meRle 2z 1.5
o 4% HAsadn e, BAOERE /H, 0.8Tn/ oy vERRTH

HEM % o2 EAE A8 E ¢+ ‘ilﬂ}.

BREM S HELERS K7 7H7he W
24 7t wkew, &AM = §‘=

el 3 go) T HARE fEARES ER Blo] 83.8%
S BsEste] MOE @A R EESHT & il 46.0% A EHHAETE G =9
B Ep ol e rE JdEHS gtk =2
UE i rhzo] MOE #/bEo) EEMS R KA A0l A1 BEM HEEC Zdd 50

Table 17. Timber consumption by sawmill in locality.
(Unit: m?/mill)

Locality o o
Mill in city 9, Mxlll in distri- % Mill in t‘he % Remarks

Source buting center mountains

Domestic 1,755 66.5 810 54.0 714 83.8 Domestic

species ®! species
65.7%

Imported 885 3335 691 46.0 138 16.2 Imported

species %2 species
34.3%

Total 2,640 100.0 1,501 100.0 852 100.0

% 1. Domestic species: Larch, Japanese red pine, Korean pine, Pitch pine, Oak, etc.

% 2. Imported species: Radiata pine, Douglas-fir, Western hemlock, etc.
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ER, 60ERFI e Rl FAIRC] B
EH HEEC Bdoy, TS £ B
E (W7h=] A7 T 34.3% B a2 9l
E Aol B HEEolA et

mitkol ols) A FEARE pEHA, %
glubets R ] ER #9158 (FfK
HES 17%)9 BHstd, BHALS 4228 n’ (1l
thErEe)l 13%)0) i#Este 25l MHAA
e 7% wela vk

T3 ok Bl A B THBD T BRER
Bo # 2Fnt/ o Edsty, BA duipEe
Hogdd sHTHY A% 3~18Fm/E 2
2 g9 1-9fF WELS 4 F Uvh

3.6.2. WH £EE

Table 182 IriifsReR| A8 UM 4EERE
Uehd Ao BIHTH WG EE RE
= BEAEE A 2ol BEERY 73~76% 2 A
b BT, BHEE 18~21%, BEERE 6
~7%9) Igo 2 et

Table 18. Sawmilling cost by locality per o' for

domestic logs.

{unit: won)
Locality iy in Mill in Mill in the
city fhstnbut— m ountains
Costs ing center
Logs 87,000 84,000 78,000
(75.6) (74.8) (73.1)
Manufacturing 20,500 21,400 22,900
costs *! (17.8) (19.1H) 21.4)
Management 7,600 6,900 5,900
cOsts %2 6.6) 6.1) (5.5)
Total 115,100 112,300 106,800
(100) (100) (100)

% 1. Manufacturing cost: labor, electricity,
repair, depriciation, expendable supplies.

* 2. Management cost: tax, personnel expense,
insurance, heating, business cost.

dwkz oz gkfol oA HEES #AL
78%2" o Wl ated, BEH BAKL THIE &

o oha 9A e

upgEe kEHe IAT & dE FERER
% BH S BEBEHLE Table 199 E0h

Table 19. Comparison of lumber price to log

cost by species.

Price (Won/m3)

Species - - M?ltiples
Log(A)  Lumber (@) °f (B/A)
L. leptolepis 84,000 141,000 1.68
P densiflora 78,000 130,000 1.67
P. taxifolia 82,000 146,000 1.78

% 1. Log: medium size
% 2. Lumber type: squares

P4 o] Le8EA AvbE vl
oAbl mlg e 1788 A BEEM] vis) o
a wA vErRtd

HA9 AuF 1.83, lauan 2.5~2.7" 2 4,
A A ERAK 7F 28 vhetoll A EESFY] B E
o] MREEU 2w, fuetdx 60— 70
e SM Bipe ¥l B4 YUY zow
FR

Table 202 984S Mt BEM HWH
WEERE BN Aoz, G kBEF
2 By 20% W2 HmEoel ¥ (Lo
A Jebskd.

Table 20. Sawmill profitability for L. leptolepis

timber per ',

(unit: won)
Locality o Mill in e
\ Millin  gigrripyr.  Mill in the
Item city ing center moutains
Manufacturing 115,100 112,300 106,800
cost (B)
Selling price 145,670 144,800 128,800
(A)
Profit rate ! 20.9 22.4 17.1

3% 1.Profit rate : (A-B)/Ax100

AAxe F/hBH BHKREEE 15~26%°]
DR, oA B v @EE RdFa o
U, o] EEE B e e REFEAKS [EE
of o3 BEitE R0, WiE 2T F
THE 1~6%"9 FEHEEde vlad 2
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