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Strength properties of Akamatsu square sawn timber

Tadashi Hicasumvo, Masashi Nakano, Toshio TAKASHIBA
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Full size bending test of Akamatsu (Pinus densiflora Sws. et Zuce.) square sawn timber was conducted. The accurany
of visual grading at sawmill according to the Japan Agricultual Standard (JAS) visual grading rule for structural
timber was examined and found out that the grading at sawmill was not completely agreed with the JAS grading
rules. The average and statistical lower limit of bending strenght value corresponed to the visual grades.The values
of bending strength and Modulus of Elasticity on boxed heart timber showed less strength than those of side cut

timber.
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U s om0 m o m M & ;o ARM OEM
R : 1/3 L 1/3 L 1/3 L 1/3 L L A
RU ARW MC eKDC eKDL c¢KDC cKDL eSKDC eSKDL c¢SKDC c¢SKDL SKDL SofG
(m) (%) (%) (%) (%) (%) (%) (%) (%) (%) (%) (m)
K fE Ave. 0.517 3.7 16.4 11 16 9 14 14 18 12 17 24 69
& K fH Max. 0.617 7.3 24.0 31 42 47 59 67 67 65 65 70 230
% /b fH Min. 0.375 1.7 11.6 0 0 0 0 0 0 0 0 0 8
HH¥MEZE S.D 0.053 1.2 3.1 11 12 13 17 13 13 16 18 24 38
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19.2 96 71
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Table 2 Results of visual grading at sawmill
oA E R G
Edge section  Central section

BORHSR % b RAREIMR % F

AL Wi It WE N ML HA I
Grade n eKDL eSKDL ¢KDL ¢SKDL
% % % %
1 3 FHHAve. 2.5 2.7 4.7 4.9
FE D B KMax. 13.009 16.900 23.280 23.343
2 36 FHAve. 19.4  21.2 22.3  26.7
Structural X KkMax. 30.209 46.840 66.640 66.660
timber I 3 36 FHAve. 27.8  35.3  29.6 36.5

A Max. 42,089 58.660 42.000 65.400

() D FEDMOAREL Number of speicemen of side cut timber.

Tl e BeREEE— 2 1R L7,

iRl OBRKEE 25 L. FOERX G OAEMEL B
RBMDH Y FFIZ 28R E SMICERE G IS N TV BHH
THBIBOEELLOLEELBR TWT, BERMSTITL
TRERTIL 7 Y I TILERDSTELM L H o7,
R OWE 2 £ LT, HEM 2 FREMRER I RUT
TR O &M - THBRE S LzfR e & — 3I1TR
L7z,

FOME, FHEEEH I TOSEMRX S TIE, 1HR36AK,
2234, 330, MR GE N, T2 [
FRICCHEEH OBRB TR T56 & TRTIAR, 2829
AR, 38 ARG SN,

FREEM T T, EERNT 2oz, 1k

RK—3 AN & HRIEC & B ERKS

Table 3 Comparsion of grading between at sawmill and at laboratory

RERHY IS & 2 AR5
AR 1 Grading at laboratory

Grading at RS O Z b

sawmill Structural timber II Grade B Structural timber

Sk A 1#% 2k 3k L ANCY 1#% 2 % 3%
Grade n 1st 2nd 3rd 4th 1st Z2nd 3rd

1 36 (34) 33(32) 3(2 36 (34)

2 36 (25) 3(3 17(3) 12(7) 4(2) 26 (19) 9(6) 1(0

3 36(2 3(D 18(0) 1501 9(0) 20( D) 7(1)

g 108(61) 36 (35) 23 (16) 30(7) 19(3) 71 (53) 29(7) 8(1)

() OEUMOAE Number of speicemen of side cut timber.
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Table 4 Bending properties of Akamatsu square sawm timber.
#ayY > SRR #FY o SR EFHE BReRE
IR 58 ff
B RELHE EXE -2yt
_‘%[XFBEJ
Efr-g Efr-d MOE El SPL MOR
tf/ et tf/ et tf/ et tf/ et kgi/cat kg f/cnt
Fo¥H OAE Ave. 93.8 106.5 101.2 104.5 258 479
& K {# Max. 128.2 146.0 167.6 186.2 418 766
% o/ fE Min. 49.9 69.5 67.8 68.4 111 226
B iHmE S.D 18.4 17.7 17.8 19.3 74 118
=8 R % C.V(%) 19.7 16.6 17.6 17.9 28 24
T R O 63.5 77.3 71.9 72.7 136 284
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Fig. 2-1 Histograms of modulus of elasticity by Fig. 2-2 Histograms of modulus of elasticity by
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Table 5 Correlation coefficient values.
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RU SG ARW MC KAR SKAR SofG Efr-g Efr-d Ev.-g Ev.-d MOE El SPL  MOR
RU 1,000 0.924 -0.339 0.704 -0.356 -0.621 0.005 0.535 0.513 0.427 -0.100 0.497 0.44 -0.255 0.646
SG 1.000 -0.250 0.696 -0.360 -0.618 0.040 0.466 0.427 0.377 -0.144 0.425 0.330 -0.224 0.625
ARW 1.000 -0.371  0.165 0.444 -0.101 -0.470 -0.509 -0.458 -0.330 -0.459 -0.391 -0.142 -0.515
MC 1.000 -0.3% -0.668 -0.062 0.577 0.480 0.366 0.060 0.428 0.273 -0.341 0.554
KAR 1.OO0  0.474 -0.196 -0.068 -0.057 -0.088 0.192 -0.057 -0.015 0.106 -0.344
SKAR 1.000 -0.121 -0.397 -0.367 -0.35%6 0.015 -0.330 -0.202 0.239 -0.575
SofG 1.000 -0.298 -0.243 -0.084 -0.286 -0.196 -0.193 -0.030 0.001
Efr-g 1.000 0954 0.808 0.744 0.900 0.811 0.097 0.6%
Efr-d 1.000 0.829 0.800 0.935 0.877 0.18 0.735
Evri-g 1000 0.661 0.814 0.783 0.194 0.645
£ - 1.000  0.732  0.728 0.404 0.39
MOE 1,000 0.913 0.156  0.718
El 1.000  0.235  0.638
SPL 1.000  0.157
MOR 1.000
140 160,
_ ~ 140}p o ‘e,
“‘g 120 3 *i_E> .?. ]
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Fig. 4-1 Relationship between ARW and Efr-g. Fig. 4-2 Relationship between ARW and Efr-d.
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Table 6 The correlation coefficient values between strength properties and knot size.
eKDC eKDL eSKDC eSKDL ¢cKDC cKDL ¢SKDC ¢SKDL SKDL
Efr-g 0.38  -0.31  -0.32  -0.38  -0.24  -0.19  -0.30  -0.29 _ -0.29
Efr-d -0.34 -0.28 -0.28 -0.35 ~0.21 -0.16 -0.27 -0.25 -0.25
Ern-g -0.29 -0.24 -0.26 -0.33 ~-0.18 -0.10 ~-0.17 -0.19 -0.19
Es-d 0.07 0.18 0.07 0.48 0.12 0.21 ~0.01 0.07 0.11
EL -0.29 -0.25 -0.22 -0.28 -0.18 -0.13 -0.19 ~-0.17 -0.17
El -0.18 -0.14 -0.09 -0.14 -0.80 -0.60 -0.80 -0.30 -0.40
SPL 0.28 0.31 0.18 0.26 0.27 0.32 0.18 0.26 0.31
MOR ~-0.53 -0.49 -0.44 -0.54 -0.49 -0.44 -0.47 ~-0.48 -0.51
7. FOMBEBREER-6IRLT, Wh, AEMIETIRERILE ORBEERESABELLD

EIPRIE & iR VTRAE & O AHBI B E W EE 2R L
ZFOMMRENZ0.4~0.50FMIZH . HHEIZ L 2%
KA LTHMTHE EEZLND,

SR ICEEERT 5 00 LHEE L TR O EiE
& i TREE & OMBFAEUS, PORET ORI & iR
BEE OMBEREEDENIFEAEED SN Eh 5T,

LaL, iy v 7@ ownTid, hREoHiEL
EOMBREITE L RV b oo, MIFE ORI &3
MRS EIEA D 5, FER BN TN Y~ 7R
CHIEIL E OBIRICh o,

Fro, MY o SR LD LEMEL SERICBIT S
Y oV REEEHRILE OMBBEREEL 2o Ty
B LorL, HEFZEEL 2WVWCEINY v 7REE A7

x—7 BHEICLHEENOMTREEE
Table 7 Bendig properties according to the JAS visual

ENBHL OO FHFTIIHEEREED N o7,
BEDZ Ens, Th= Y MIEEORAERIZ & 58
PEREND B AT B 720100 . B ROMBT~D
EHR BT 27010 . BT HEHIC L 2 BEM O
EENLEEEZ LN,

2.6.1 BERFMXDBIOEEMEE

A A LR OO ORI hEv, IS L
DX L REHOBMENR LR~ 7 B UK T
SRR O Y o SARECE BUKER15 % EEICIRE L 22 IE
BRI E - 8 IR L 72,

HIAEREE IS & 2 Sl o P o 3L, 18k
T534kgf,ef, 2 L TH4dkgl e, 3 L T429kgf, e D
HERL7Z, MUCHTMESTRETAS L, Zhe

F£—8 BRI aEHmAoMmTY ¥ 7SR
Table 8 Modulus of Elasticity of the visual graded

grading rules at laboratory timber.
N ., MOE MOR MOE(MC15%#iif) MOR(MCI5%H5IE)
L R A L sy, 250) g Ak ( MOE(f | MOROr
Y [ P o VIR S A MOE:s 15
Grade 1 MC RU Ave. C.VAve.C.V SL SEY EEMRI Y TREMRE TIRME
> > ; Grade n Ave. C.V Ave. cVvV S.L
9 Jorf % kofferd % kgf/ert ‘ X
% Sert tied % kobend % kgblom thed % kefed % kgt/ert
BfE I 1 36(35) 19.1 0.564 102.413.8 534 11.3 435
EAE I 1 36(35 110.8 15.9 603 13.5 469
Structural 2 23(16) 16.7 0.522 112.218.9 544 17.0 393
Strucutral 2 23(16) 116.3  20.0 577 20.7 380
timber I 3 30(7) 14.7 0.486 97.416.8 429 31.7 205 ,
timber I 3 30(7) 97.3 19.5 431 37.2 167
4 19( 3) 13.8 0.471 91.915.2 376 23.6 230
4 19(3) 90.1 16.2 365 25.1 214
iE 1 71(53) 17.6 0.539 105.616.9 526 18.8 363 758 1 71(33) 111.2 18.5 523 22.5 311
g&iﬁquZI 2 29(7) 14.4 0.475 93.915.9 401 26.5 226 g&iﬁiu?al 2 99(7) 93.2 17.9 309 0.1 202
timber 3 8(1)13.4 0.471 89.211.7 346 15.0 261 timber 3 8(1) 86.9 12.3 332 13.2 255

C.V . Coefficient of variation, S.L . Statistical lower limit,
() LE DB OARE Number of speicemen of side cut
timber.

C.V : Coefficient of variation, S.L . Statistical lower limit,
() LFE Y OARE Number of speicemen of side cut timber.
MOE,5 : MOE adjusted at 15% MC, MOR;s : MOR adjusted at 15%
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£-9 BB X 25BN Y > 7 HRE
Table 9 Frequency modulus of Elasicity (Efr) of the

SEMRTHE No. 6. 1996

F=—10 MOESA o i T 5 4 he
Table 10 Strength properties of mechanically graded

visual graded timber. timber.
% AL EBfr-g Efr-d  Efr-d  Efr-d S AE MOR (MC15% #§ 1F)
Grade / / MOR;s

/e tf/ei Efr-g  MOE 3y AR TR

A 1 1 36(35) 98.3 109.6 1.11  1.07 Grade n Ave. C.V S.L
Strucutral 2 23(16) 102.5 116.0 1.13 1.03 kg {/crf % kg f/cnf
timber T 3 30(7) 8.0 102.3 1.15 1.05 E 70 13 344 24.6 210
4 1903 8.6 96.0 1.16 1.04 I E 90 35 417 26.9 233
THE 1 71(53) 99.5 111.7 1.12 1.06 Strucutral E110 34 531 17.7 376
grade B 5 99(7) 83.9 974 1.6 104  timber T E130 21 678 11.5 549
timber 3 8(1) 79.5 93.4 1.17 1.05 E150 5 705  18.7 488

() T EYHORE Number of speicemen of side cut C.V [ Coefficient of variation S.L . Statistical lower limit,

timber.
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Table 11  Efr (green) of mechanically graded timber.

Eih KB MOR(MC15% #1E)
MOR

¥ ZEMEE T RM

Grade n Ave, C.V S.L
kg £/ cut % kg £/ cit

E 50 2 401 10.6 332

I E 70 25 359 26.9 200
Strucutral E 90 40 480 24.2 289
timber 11 E110 28 607  18.4 423
E130 13 684  11.9 550

C.V . Coefficient of variation S.L . Statistical lower limit,

MOR:s : MOR adjusted at 15% MC

MOR;s ¢ MOR adjusted at 15% MC

iz Td, FAffsEms #ooh, £0ERGOi
Y s REEoOFEEHEE, PEBEHTR1IMAT
110.8tonf~cit. 2 #T116.3tonf“cef, 3 #TI7.3tonf
et CHEREEH T3 F R F111. 2tonf e, 93. 2tonf
S at, 86.9tonf, el DEE R L 72,

2.6.2 EREHREIFIOBEBNYIRE

BRI & ) K5 L7 B 5 o R I R OV R IR D B iY
YRR —-9IRT,

B o Z RO RS B R O & R
CHDHE BT Y IRBRIEERT A2 LIk o T~
7%, ZOHIZEROBECIT &R L ISR
DENHAT LI L BB IO E &R WEm E R L
AR

F—12  Bfr (KHE) 12 & 285805 o i s

Table 12 Eir (airdried) of mechanically graded timber.
Sk A% MOR(MCIS%HiIE)
MOR5

¥y AR TR

Grade n Ave, C.V S.L
kg £/ cnf % kg £/ cif

E 70 8 377 23.6 234

TR I E9% 35 407 30.4 204

Strucutral EL110 37 505 20.4 336

timber I E130 26 672 13.1 528

E150 2 704 13.4 549

C.V [ Coefficient of variation S.L . Statistical lower limit,

MOR3s © MOR adjusted at 15% MC
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B OB

Table 13 Comparsion of visual characteristics of specimens between sawing patterns.

T BARE HE W EEE N b
Edge section  Central section
ARHLY BORET EE ROKET JETPES
Sawing patterns B P B FEH
n RU  eKDL eSKDL c¢KDL ¢SKDL

g /et % % % %

A FEBH Boxed heart timber 47 13.8 0.476 25.8 32.9 26.9  33.0

AFEDF Side cut timber 61 18.5 0.550 9.5 9.6 12.7 13.6
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WY o 7L 0 3~ 7 % EERL,
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Table 14 Comparsion of bendig properties between two sawing patterns.

A¥ MOEMCI5%HHIE) MOR (MC15%#1F)
MOE:s MORs
ARELY - :
Sawing patterns ry EERE P BEERE THRE
n Ave. C.V Ave. CcC.V S.L
tf/ e % kgf/ cnf % kgf/ cnf
LB Boxed heart timber 47 93.9 19.1 392 27.9 212
LF D Side cut timber 61 112.9 17.5 598 19.4 406

C.V © Coefficient of variation S.L . Statistical lower limit,

MOR15 - MOR adjusted at 15% MC
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