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Fig. 1. Flow chart of test method.
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DOFIGEIF40.3N/mm? (CV:18.8%) #HUL7= L
=hio T, EEETS%IZBT S MOE (A) & MOR
(A) @5 % FRIEFEREIX TN EN5.06kN/mm?,
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BEFRHORIESHTH 5 BOSRICHYL, BF
@ MOR (A) 3iEBREETRI4525 (FRL124E5 A3L
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Table 2 U Figs. 2, 3ITRY. JASKKKSBHE
MRS, iR, SPHRED X CEERFEICE
T ZEEEME L TORPEERA LKL, &858
HEH A, 1552.8%, 2#%36.8%, 3H9.6%, &
Ho08% 120, 1HDOEDDEEHNE N, T,
MOE (A) & MOR (A) 3W§hd %z k
E/fE%7L, MOE (A) 13 1% Ti38.64kN/mm?
(CV:145%), 28 Ti37.33kN/mm? (CV:19.5%),
3 TI135.85kN/mm? (CV:26.4%) Tho7. —4,
MOR (A) 13 1#% Ti343.4N/mm* (CV : 15.3%),
2 % Ti337.9N/mm? (CV : 18.5%), 3 ¥ TIL32.7IN/
mm? (CV:152%) &0, BREFXSOHEME
HEASNTHS.

1) dvFsREEMESE ~ KR, BHSRREyoMTRELEORRER
Table 1. Quality of lumber and bending test result. (Square-cut)

Legend: n: Number of lumber, SD: Standard deviation, CV: Coefficient of

variation, Min: minimum, Max: maximum, MC: Moisuture content, ARW:

Average of ring width, KD: Ratio of knot diameter, SKD: Ratio of sum knot

diameter, MOE (A): Modulus of elasticity corrected by the standard testing

condition, SPL(A): Strength of proportional limit corrected by the standard

testing condition, MOR (A): Modulus of rupture corrected by the standard

testing condition.

MC  Density ARW KD SKD MOE (A) SPL (A) MOR (A)

(%) (g/ecm®  (mm) (%) (%) &kN/mm? (N/mm? (N/mm?
Mean 16.5 0.392 6.0 19.9 36.1 7.86 26.6 40.3
SD 2.7 0.033 14 4.5 8.2 1.63 5.6 7.6
cv 16.5 8.4 24.0 22.4 22.7 20.8 21.1 18.8
Min 11.9 0.328 3.2 10.8 19.2 3.8 14.8 25.5
Max 34.1 0.504 10.4 38.3 70.0 13.4 40.6 70.0

n=250
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Table 3 XU Figs. 4, 5ITRT. BRERKRSTITH
5B EROHBEIEGIE, E50419.2%, ET04334.0%,
E907346.4%, E110437.6%, E130251.6%, &t
(E30) #%1.2% &7x2 9, E70& EOEFHNEAEDS0
F£7z, MOR (A) BEMEFIIEKRE
fzffizmRL, E50TI330.2N/mm? (CV:17.3%), ET0
T1336.6N/mm? (CV :14.1%), E90TI343.2N/mm’
(CV:11.5%), E110Ti48.4N/mm? (CV:12.6%),
E130T1363.2N/mm? (CV:8.4%) THole.
DD BREFR D EEMERR D 2 HET S &,

BEOHBERT L OERHREINE L, BRERKX
SOBMENHAS Mok,

% &Gk,

(3 MEHET LT BEEREDBR

EAMOMERT (KREEE, VHFRE R,
HLHREIEL, MOE (A)) & MOR (A) OBMEEH
RD5EDEEFEOBAEEHREZ Table 4 1Z7RT.
¥/, MOR (A) LKMEE, FHERIE HEPH

B, MOE (A) OBifR% Figs. 6 ~91TR7Y.

MOR (A) W MOE (A) &EbEWHEEZERL,
RICEHFERE, SEBEQOETH-=. Lal, fi
EOMBETIY, HEEEII5 %DRBRETHHEBEMZ
2, HPHREIZ 1 YOEREBETHEERIIED SN
5500, TOHBERKOEIEL.
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Table 2. Test result by Visual stress grading.
Legend: n, CV, MOE (A) and MOR (A): The same as Table 1.
) Relative MOE (A) MOR (A)
Visual stress £
grading n reqtlency Mean cv Mean cv
) &N/mm®) (%) O/mm’) (%)
1st grade 132 528 8.64 145 43.4 15.3
2nd grade 92 36.8 7.33 19.5 37.9 18.5
3rd grade 24 9.6 5.85 26.4 32.7 15.2
Out of grade 2 0.8 5.17 21.8 30.1 11.7
Total 250 100
16 80
14 Max 70 Max
Mean+SD Mean+SD
o 1 2 Mea Meas
E Moan-SD {.E 60 Mean-SD
S 10 M £ 50 |-
g ° 1 E o . Min
- 8 . I_L‘ ;40 - ° |
<
A 6 ...... ~ e e . ......
: R E N e ———
S 4 ' %2
2 10
0 ! ' 0
st 2nd 3rd out of 1st 2nd 3rd out of
grade grade
Visual stress grading Visual stress grading
Fig. 2. Relationships between Visual Fig. 3. Relationships between Visual

stress grading and MOE (A).
Legend: MOE (A): The same as

in Table 1.

stress grading and MOR (A).
Legend: MOR (A): The same as
in Table 1.
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0.711&720, EilR@d MOR (A) & MOE (A) OB
FABFRER0.801&L D /NI W ERLZ. UEDZ &M
5, WYV HRETERRS T IRBRERRE Y OE
frtEmpERR S Nk,

@ VT REOEHIDONT

ARPSIEAMICESBRTOY >/ REOELE
Table 5, Fig. 10iZRY. BHIY > 7 REGIIKEERE

NOEMBOEMKRETRELLBLL, WKOHHY
CURE (Efrl) IZHT 2 EMREOHM G OB
YU (Efrg) O (Efrg/Efrl) 12¥HHET
0.77 (CV:164%) %#RL7Z. ZOETIRDWVWTIA,
KD S DM ITBNTRICLEBEAMBATS T
2720, VU REBENRBRIMERO & B EE&H
BMSTE LD, BMROEEY > S RESARE
EOZNED BHMHIESEoZEHZLENS. I
AT, SEOHFEAKRIHEMEIE TOETHA L g
LTRRERDOREVARNEEN 2 EITDBEBE
EZZ505.

Table 3. Test result by Machine stress grading.
Legend: n, CV, MOE (A) and MOR (A): The same as Table 1.
Relative MOE (A) MOR (A)
Machine stress
grading n frquency Mean cv Mean cv
%) &N/mm® (%) (N/mm?) (%)
E-30 3 1.2 3.80 1.2 27.3 4.1
E-50 23 9.2 4.89 11.1 30.2 7.3
E-70 85 34.0 6.99 7.9 36.6 14.1
E-90 116 46.4 8.64 7.0 43.2 11.5
E-110 19 7.6 10.35 4.6 48.4 12.6
E-130 4 1.6 12.35 5.8 63.2 84
Total 250 100
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I 4 Loces Mean
Mean-SD
2 Min
0 L 1 1 1 1
E30 E50 E70 E90 E110 E130
Machine stress grading
Fig. 4. Relationships between Machine

stress grading and MOE (A).
Legend: MOE (A): The same as
in Table 1.

=]
o

D ~
o o
T T
§ z
@
5
[ef

(5.

o

T

£ £
H
g
i
Py
5]

w
o

MOR (A) (N/mm’
&
(o }—
— ot

»n
o

-
(=]

o

E30 ES0 E70 ESO E110 E130
Machine stress grading
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Legend: MOR (A): The same as
in Table 1.



-

142 B HF ¥ 5
Table 4. Single correlation coefficient between factors.
Legend: ARW, KD, SKD, MOE (A) and MOR (A): The same as Table 1.
Density ARW KD SKD MOE(A) MOR(A)
Density 1
ARW —0.289** 1
KD 0.044 0.012 1
SKD 0.078 0.220** 0.661** 1
MOE((A) 0.307** —0.702** 0.033 —0.146* 1
MOR(A) 0.525** —0.588** —0.120 —0.218**  0.801** 1
Level of significance *5% **1%
80 80
o]
~ 60 60 O Cb
& o O
E £
E E
z 2
40 ~
g 2
S &
] S
P ; : s ,
y = 120.13x — 6.808 y =-3.074x + 58.771
R =0275 R*=0.346
0 i i 0 i 5
02 03 04 05 06 0 5 10 15
Density (g/cm®) ARW (mm)
Fig. 6. Relationships between Den- Fig. 7. Relationships between ARW
sity and MOR (A). and MOR (A).
Legend: MOR (A): The same Legend: ARW, MOR (A):
as in Table 1. The same as in Table 1.
80 80
@)
__60 __60 o
S s
T4 =
g g 40 )
$ §
=2 T P S E——
y =—0.201x + 47.522 y =3.705x + 11.127
R*=0.047 R*=0641
0 20 40 60 80 0 5 10 15
SKD (%) MOE (A) (kN/mm®)
Fig. 8. Relationships between SKD Fig. 9. Relationships between MOE

and MOR (A).
Legend: SKD and MOR (A):
The same as in Table 1.

(A) and MOR (A).
Legend: MOE (A) and MOR
(A): The same as in Table 1.
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FROLITEMAMD OBEBMI B EZEIEND
ZEmS, FEBRICBITDBMEEED LaHROER
YO REDE (Efrg/Efrl) L OHE%%E Fig. 11
RY. BMBEEOMES B LY IBROEBETR
MAELLDEMBED NS, BHEBEED LT
THREOEITDNTIE, KRR HEREMICK>T
bRRBRDZDOTHHRTF—I DERBLETH DM, &5
BOBMSEOI 7Y Ty RGIZHE TEE
TREFPBEEALSNS,

KiZ, EMHREBOSM KON > T %K (Efrg)
T 2EBHROBMEOENY > TR (Efrd
(15)) ok (Efrd (15)/ Efrg) %&RDH 3 EEHHE
TLI13 (CV:3.6%) &30, ERZKXOBHYS
FRENI13% o ERL &, Efrd (15) 1%
Kt FAAM o RBRISRE N D ASTM-D29153
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TdHb. b, EERTHESKhEZIOMIASTM R
IZEBEM (22%) MoERM (16%) £TOELR
1LI4ZIEFE—RT 5 THo =,

7=, ZDEfrd (15) LBFRBR TR SN/ MOE
(A) ORICIZEWHERARED SN, Efrd (15) b
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2. FAMOBEMEEICOVT

(D) BFsREEEGE

M O i BB ES R % Table 6 IT/RY. MOE
(A) OF1#138.12kN/mm? (CV : 20.6%), MOR

(A) OEHHEIZAT.IN/mm? (CV:21.0%) THol-.
i, EHEEDB%ICHBITS MOE (A) & MOR (A)
® 5 % T IR 15 R 71613 = h £ 1 5.18kN/mm?,
3LIN/mmiic/z b, Efat Rk, a0 MOE
(A) 13 JAS OBMEHR > DORIESEHRTH 5 E50D
HHRITHEL, MOR (A) HPERB|AERICEDD X
F WP OEUERE T H 522.2N/mm’DfE % LE -
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Table 7, Figs. 12, 13IZR7. HESERXMIPHE
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Kd
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Measurement of Young's modulus
Fig. 10. Variation of the distribution of Young’s

modulus in each measurement.
Legend: MOE (A): The same as in
Table 1.

Legend: Efrl, Efrg, Efrd (15): The
same as in Table 5.

Table 5. Variation of the distribution of Young’s modulus in each measurement.
Legend: Efrl: Dynamic modulus of elasticity of log by longitudinal vibra-
tion, Efrg: Dynamic modulus of elasticity of green lumber by longitudinal
vibration, Efrd (15): Dynamic modulus of elasticity of corrected (MC=15%)
dried lumber by longitudinal vibration, n, SD, CV, Min, Max and MOE (A):
The same as Table 1.

Efri Efrg Efrd (15) MOE (A)

(kN/mm? (kN /mm? (kN /mm?) (kN/mm?)
Mean 8.64 6.57 7.41 7.85
SD 1.79 1.54 1.67 1.64
cv 20.73 23.49 22.53 20.83
Min 4.80 3.16 3.55 3.76
Max 13.47 11.46 13.22 13.41

n=248
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Fig. 11. Relationships between Lum-
ber yield and Efrg/Efrl.
Legend: Efrl, Efrg: The same
as in Table 5.
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17.7%) &0, FAMIIBWTH BEERED)0OF
PENEASHTH 5.
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Table 8, Figs. 14, 15ICRT. BREHE S ITBT
3 EEGFOHBEIEIX, E504315.0%, ET05325.0%,
E907%45.0%, E1104114.0%, E130%31.0% &720,
E70& EQODAEMNLHEDT0% % 5D, £, FA
M ERERRIZ, MOR (A) 3 ISz S REiEs
5RL, E50T1334.4kN/mm? (CV:9.8%), ET0Ti
425N/mm® (CV : 19.6%), E90 T i3 51.7N/mm?®
(CV:13.3%), E110T1356.7N/mm? (CV:9.2%),
E130TI270.0N/mm? & 720, HMREMRE 5 0G5
HHONTH S,

2B, FAMITEVETRESER I NS &
L TOFABAENEVWDOT, EAMOERX S TRy
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IHARD EEEREHEEOBAN S bBENTWD LS
x5,

(3) MEFET & iTEEEOMER

EHAMOMERT (REEE THERE SR,
HRHEIEE, MOE (A)) & MOR (A) DEE%H
NDHEEFEOBHAERE % Table 9 IZ7RT.
¥/, MOR (A) LREFE, FHEHIE, SOhE
&, MOE (A) OBf%#% Figs. 16~19I2R7.

EAMD MOR (A) &, EAMOBA LRI,
MOE (A) E(ELHEVHBEZRL, ROTTEEER
I8, [SLEEDIET, WIhb 1 $OERERTHET
Holz. EEOHBETIE, EWHEROMSEIEDE
REEOHEN S BOFRBRRTHEEEZ SN, O
BRI DEREL, FAMOBEICKT THOKE
BIEAM SRR W EXthh o)k

Table 6. Quality of lumber and bending test result. (Rectangular-cut)
Legend: NKD: Ratio of knot diameter in narrow plane, NSKD: Ratio of sum knot
diameter in narrow plane, WEKD: Ratio of edge knot diameter in wide plane, WCKD:
Ratio of center knot diameter in wide plane, WESKD: Ratio of sum edge knot diame-
ter in wide plane, WCSKD: Ratio of sum center knot diameter in wide plane.
n, SD, CV, Min, Max, MC, ARW, MOE (A), SPL (A) and MOR (A): The same as
Table 1.
MC Density ARW NKD WEKDWCKD NSKD WESKD WCSKDMOE (A) SPL (A) MOR (A)
(%) (g/em® (mm) (%) (%) (%) (%) (%) (%)  (N/mm') (N/mm®) (N/mm?)
Mean 223 0383 54 204 155 120 18.0 107 29.3 8.12 329 47.7
SD 85 0.038 1.5 65 41 23 168 12.1 6.9 1.68 6.1 10.0
cv 381 100 278 321 265 193 93.0 1136 237 20.6 18.7 21.0
Min 128 0.268 29 0 0 7.5 0 0 11.7 4.83  20.0 28.7
Max 599 0508 9.1 367 238 188 51.7 425 49.0 1212 475 72.5

n=100
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Table 7. Test result by Visual stress grading.
Legend: n, CV, MOE (A) and MOR (A): The same as Table 1.

) Relative MOE (A) MOR (A)
Visual stress n frequenc
grading %o/) ¥ Mean , cv MeanZ Ccv
° (kN/mm*) (%) (N/mm®) (%)
1st grade 20 20 9.00 11.8 52.7 16.8
2nd grade 72 72 8.04 21.0 474 20.8
3rd grade 8 8 6.56 24.6 38.0 17.7
Total 100 100
14 80
12 70
&é 10 Ll %so e o
o [}
g 8 | u »»»»»»»»»»»»»»» ® o §5° I .
~ . — 40 o I
26 i - s e
lé MearSD g 30 ' "
3 4 - X 2 MewnsD
2 Maen-SO o
- 10 —
0 ) ‘ .
1st ' 2nd ' 3rd 1st 2nd ard
Visual stress grading Visual stress grading
Fig. 12. Relationships between Visual Fig. 13. Relationships between Visual stress
stress grading and MOE (A). grading and MOR (A).
Legend: MOE (A): The same as Legend: MOR (A): The same as in
in Table 1. Table 1.

Table 8. Test result by Machine stress grading.
Legend: n, CV, MOE (A) and MOR (A): The same as Table 1.

) Relative MOE (A) MOR (A)
Machine stress ¢

grading req})lency Mean cv Mean cv
G &N/mm® (%) N/mm®) (%)
E-50 15 15 5.49 6.1 34.4 9.8
E-70 25 25 6.89 8.9 42.5 19.6
E-90 45 45 8.90 6.0 51.7 13.3
E-110 14 14 10.32 41 56.7 9.2
E-130 1 1 12.12 - 70.0 -

Total 100 100
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Machine stress grading Machine stress grading
Fig. 14. Relationships between Machine Fig. 15. Relationships between Machine
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Legend: MOE (A): The same as Legend: MOR (A): The same as
in Table 1. in Table 1
Table 9. Single correlation coefficient between factors.
Legend: ARW, MOE (A) and MOR (A): The same as Table 1.
NKD, NSKD, WEKD, WCKD, WESKD, WCSKD: The same as Table ©.
Density ARW NKD WEKD WCKD NSKD WESKD WCSKD MOE(A) MOR(A)
Density 1
ARW —0.176 1
NKD  0.261** 0.081 1
WEKD 0.123 0.131 0.467** 1
WCKD 0.070 —0.105 0.280** 0.234* 1
NSKD  0.370**  0.379** 0.474** 0.280** 0.066 1
WESKD —0.048 0.305** 0.143 0.200* —0.091 0.198* 1
WCSKD 0.157 0.332**  0.417** 0.575** 0.312** 0.377** 0.276** 1
MOE(A) 0.279** —0.728** —0.085 —0.125 0.111  —0.380** —0.207* —0.235*1
MOR(A) 0.464** —0.640** —0.066 —0.138 0.054 —0.127 —0.206* —0.170 0.793** 1
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Fig. 16. Relationships between
Density and MOR (A).
Legend: MOR (A): The
same as in Table 1
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Legend: MOR (A): The same
as in Table 1.

Legend: WESKD: The same as
in Table 6.
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Fig. 17. Relationships between ARW
and MOR (A).
Legend: ARW, MOR (A):
The same as in Table 1.
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Legend: MOE (A) and MOR
(A): The same as in Table 1.
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~Y.
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Table 10. Variation of the distribution of Young’s modulus in each measurement.
Legend: n, SD, CV, Min, Max and MOE (A): The same as Table 1.
Efrl, Efrg, Efrd (15): The same as Table 5.

Efrl Efrg Efrd (15) MOE (A)
(kN/mm? (kN/mm?) (kN/mm? (kN/mm?
Mean 7.11 6.41 7.62 8.12
SD 1.50 1.20 1.45 1.68
cv 21.08 18.73 18.96 20.64
Min 4.42 4.05 4.75 4.83
Max 10.51 9.73 11.08 12.12
n=100
12 : ; 1.2
y = 0.706x + 1.390
9 oo R*=om6 | . O 10
E x 08 A
3 3 ©
&6 206
o W
W 04
3
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0
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Fig. 20. Relationships =~ between
Efrl and Efrg.
Legend: Efrl and Efrg:

The same as in Table 5.

Lumbering yield (96)

Fig. 21. Relationships between Lum-
ber yield and Efrg/Efrl.
Legend: Efrl and Efrg: The
same as in Table 5.
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Fig. 22. Relationships between Efrd (15)
and MOE (A).
Legend: MOE (A): The same as
in Table 1.
Legend: Efrd (15): The same as
in Table 5.
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Fig. 23. Relationships between MOE
(A) and MOR (A).
Legend: MOE (A) and MOR
(A): The same as in Table 1.

Table 11. Lower confidence limit of MOR (A) of all lumber in Machine stress grading.
Legend: n and MOE (A): The same as Table 1.

Machine stress Relative MOR (A) o Ministr.y of Construction
. n frequency  Lower confidence limit Notice No.1452 th
grading %) (N/mm? (N/mm?)

E30 3 0.9 - -

E50 38 10.9 26.2 24.0

E70 110 31.4 28.0 29.4

E90 161 46.0 35.1 34.8

E110 33 9.4 38.9 40.8

E130 5 14 -

Total 350 100
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Summary

Bending tests were performed on full scale structural lumber sawed from sugi (Cryptomeria
japonica D.Don.) logs grown in Oita prefecture, and the relationship between the wood’s
strength performance and material factors, as well as the variation of Young’s modulus in the
wood in its transformation from log to lumber were examined. The results are summarized
as follows.

(1) The mean value of MOE (A) (modulus of elasticity corrected by the standard testing con-
dition) and MOR (A) (modulus of rupture corrected by the standard testing condition) of the
sugi square-cut lumber were 7.86kN/mm? and 40.3N/mm? respectively. On the other hand the
mean value of MOE (A) and MOR (A) of the sugi rectangular-cut lumber were 8.12kN/mm?
and 47.7N/mm? respectively. The MOR (A) values in both sugi lumber were above the value
of standard strengths of non graded lumber of established by the Ministry of Construction
notice.

(2) In the relationship between material factors and strength performance, MOR (A) showed
the highest correlation to MOE (A). It was proven that in full-scale boxed heart square-cut
structural lumber of sugi the effect of the knots on the strength was small.

(3) The dynamic modulus of elasticity decreased in the transition from log to green lumber.
It is considered that sawing pattern and the ratio of juvenile wood in the lumber are involved
in the reduction of this value.

(4) The machine stress grading of the JAS (Japanese Agricultural Standard) using modulus
of elasticity approximately corresponded with the value established by the Ministry of Con-
struction notice. This suggests that lumber grown in Oita prefecture classified according to
the grading scale of the JAS can be utilized in terms of its strength performance.



