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Table 2.1 Outlines of stands.

Stands National forests Elevations Stand Ages Trees Averages

Heights D.B.H.s Clear lengths

(m) (m) (cm) (m)

A Usuda 1,200 65 7 26.1 43.3 12.4
B Ina 1,600 50 7 26.0 39.1 13.3

C Usuda 1,455 55 10 21.7 36.6 7.6
D Ina 1,500 42 10 19.7 37.2 8.5

E Komagane 1,090 44 10 23.7 32.2 11.4

F Suwa 1,500 40 15 22.7 34.8 11.7

G Ina 1,850 75 13 18.2 31.2 6.3

Legend: D. B. H.: Diameter Breast Height.
TREFETERL, BMNEERALL,

2.2 HEAERUREBRGE
2.2.1 Bk

BHRPE LMD OB Y Fig. 2. 11wR$. #o
2 TEHFERRERNOETH T, FHEKRFEN
3 5PN, By IREMEBEN 1 &/, FEHERBEEN
1 77, EHERBEN 2 EROF 7THITTH %,
AR OEAKROEEE % Table 2.1127 T, &
O OHAIZ4A0ENLTER I »TH D, #HHR
AKoBEOFEHEOGERT18.2m A 526.1m, 5
EEOEHEOHE 231, 2cmA> 543 .3cm, T ED
FIE O &FI6.3m 2 513.3mTH B, FHFAK
2, REEBHRMTREI32MICEY ) L, Uk
TH» RS ORAEHOMIK L, &K
FIc R &3.05mDIKE B, B AR, WiEmT
FE12em X 2enD EAM EZRAKORI L b, 4T
b, 3THb, 2THY, 1T Li, ZORE
HEAM O RER AR X g, BHARE
BFRcs W TRHMBATRE IR T, 0
7o, HMERBRORREIKERETHD, §K
FOFIEIT3.1%, FEEZR0.97%TH>7cD
T, BRI HEEHEOFIER I Thid -,

hbOIEAM O MR &5 ERABRH oI5
Bk, 4 THRD OEFERHT, 5I5RE& 2483, 3
TH Y OFEET 2K, R 1A, 2THD O
S, BIES 1A, 1T OHBAFIBREREDOT
B S, SIROMAT %, 5T, TR
& BIRRBRAER & L TE W fIE A et is
LT, 1THRY DFEFEOLH, ThbilEkIAA
EREL TV 5,
UTTRR2MTREBKR TR, TR EOIE
BOEE » b EERBRG G5, HEBREOWE T EX
12ecmX 12em, % X 1X54em THIR K170 & L,
HVBER R X » C—MEMFRBREA GO

Nagano Prefecture

A(Usuda)
C (Usuda)

F (Suwa)

B(Ina),D(Ina)

E (Komagane)

Fig.2.1. Locations of sample stands in Shinshu
(Nagano Prefecture).
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BHGIE A5 EREEE TREAEDOZE, Ay
13 AP it B Ao vt te b i, Puld BT
ETH 5B,

2.2.2.2 HHEER
FERMEAEARIL, MRE1TOMERBRYT - .
AP, MEMOEHEABE (KRS EIB00kN
(100 ton)} #FVs, W H % ¥ CORRZE
3 ASEERRED X ) CHEREYRE L,
EissE (o) XA HRDE,

oc=P, /A e @2.3

TZC, PMEREMAEE, ARKMEEHTDHS,

2.2.2.3 5iRFABR
HBIRABRE, F v+ v 7 FIEH200em T - 720
B, BEX50mD5|8KF v v 7 RFROEEM
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FEREE (o) ERRHBRDI,

g‘t:Pt/A ...... (2.4)

Z T, PUIBRAFIRAE, A MEHTH S,

2.2.3 T—20HDOAE

i FERER A & AR E X E— D IEAM 1 b1 T
WhZ Enb, £REMED MOE, MOR R 6.0
TR 1IN LIEHEL T B, Lal, EREBR
PR T REERBE T RICIERIET b HER L Ao 7
», BEFEEE X ) EFRFRBREI B O i o7cd
DD olc, TOHERRRT — 2 LRV D,
Bl B CEERERABR AR 28T4R & T o T

SRR G264tk TH Y, FAIE LTR—D
BEoMTREED MOE % s & MIn &%, 17T
D oG 0L RN OME CTHIEHET 2 E X
DOHITRERED MOE % o L XEE 81,
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percent point estimate: NPE) TH» b, ThZLh
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NPE=[k(@n+1)—G—D]x; —Xl—lj +X5
...... (2.5)

T, kiZoi—k v & A4 AfE, n BEEBREE, x;
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i, @2.6) X% Q.7 RNl i/ 2 FRiC
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F(x)=1—exp[—(x/#)*] - 2.6)
In(x)=1/a *In[~In(1—F )] +In(z) - ©.0
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= -",
50.2 - w —-—-¥
o1 | / n=287 | [—--=¥-15

0 20 40 60 80
MOR  (NPa)

Fig.2.2. Various functions fit to MOR.
Legend: N: normal distribution, LN :
log-normal distribution,
W : 2P-Weibull fits to 10095 data, W-15:
2P-Weibull fits to 15% data.

14 Data
> 0.4 -——N
0.3 S LN
o} / n=264 | LZ22T

0.0 e :
0 20 40 60 80
o, (MPa)

Fig.2.4. Various functions fit to o;.
Legend : see Fig.2.2.

Table 2.2 Results of K-S tests.

Strengths Ranges Fitted distribution functions
N LN W W-15

MOR 100% 0.071 0.055 0.085 0.415
Lower 159 0.045 0.020 0.033 0.012

O 100% 0.070 0.039 0.107 0.375
Lower15% 0.030 0.018 0.026 0.044

o 100% 0.075 0.043 0.078 0.269
Lower15% 0.060 0.043 0.051 0.039

Note: K-S tests are Kolmogorov-Smirnov tests.

N, LN, W, W-15: see Fig.2.2

Limits at significant levels:

MOR, o.; D,(0.01,287)=0.097, o.; Dn

(0.01,264)=0.100
2.3.2 MOE RorRs5EaAmketE

2.3.1C, 2dBREr 1o/ r—FLLT,

MOR, o8 X O aD EESMEBRE L 1223,
MOE @k » TR LIS, FRGTE0EES
R AR5 TSR H B, 2T, MOE ©
X o THABRMER LAI, $fz, Thio 3-kR4LT,
MOR, 6.8 XV aD MBS W 2{T-
7o

1.0 .
os] 7
= o b
=0.8F ,
507 | : !
3 | g
S0.6 | '
= A :
00.5 ’| Data
Z0.4f - -
=03} /2 B ST LN
o0z} ' --=-¥
“ot} n =287 | Lz LS
0.0 .
0 20 40 60 80
o (MPa)
Fig.2.3. Various functions fit to o.
Legend : see Fig.2.2.
35
g 30 8.1
™
=25 s
:=0 ;i
Sl
;15 A 0 MoR
= Boc
10t Dot
0

NPE N LN ¥ ¥-15
Distribution function

Fig.2.5. The fifth percentile estimates.
Legend: NPE: the fifth percentile esti-
mates.
Others: see Fig.2.2.
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L, ¥/, KSBRENDOHEKE ¢=0.01THY &
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7= {Fig.2.60)},

Thi : MOE <m—s ( MOE <7.90GPa.)

fifii : m— s < MOE <m+ s
(7.90GPa< MOE <10.98GPa.)

A7 : MOEzm+ s (MOE 210.98GPa.)
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SHEEAR A bR, 2hiex L T, o.Tli,
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(a) Cumulalive probability

1.0
1.0 0.9
=09} ; 0.8
= gg [ 507}
< U. - o
S0.6 | Egg
S0.5 | 2o
204 | Exp Z0.4 oLov.
EO.S - ) b Est 50.3 OMfd.
20.2¢ 50.2 aHigh.
S0.1 | 01
0.0 = 0.0 4 ' .
0 5 10 15 0 20 40 60 80
MOE  (GPa) o, (MPa)
Fig.2.8. Distribution of o..
(b) Relative frequency Legend : see Fig.2.7.
30
8 25 Middle 1.0 7.y
bl
220 | = 0.9
g : 0; 8 "~
15 | 507 &
- 206}
ESUN 2
= S05 )
I 2 0.4 oLow.
o . s03f «Hid.
L = :
0 5 10 15 gozy s e
MOE  (GPd) 0.1 f
. . . . . 0.0 - * ——
Fig.2.6. Normal distribution fits to MOE. 0 C 20 0 60 80
Notes : Exp.: experimental data. o, (MPa)
- esti istribution. . e
Est. : estimated by normal distribution Fig.2.9. Distribution of .
Legend: see Fig.2.7.
1.0
N . .
Zas | (a) 5th Percentile Estimates.
S0.1 50
<
'§ 0.6
: 0.5 |
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=03 | o Mid. gMid.
Eozf aHigh. U | =i
Sotl 15,7 148
0.0 e - - ;
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HOR  (MPa) .
. S . MOR oc ol
Fig.2.7. Distribution of MORs.

Legend : Low.: MOE <7.90GPa.
Mid. : 7.90GPa= MOE <10.98GPa.

High. : MOE=10.98GPa. : (b) Ratio of Low and High to Mid.
1.5
1.4
Fig.2.81z7x b, 0A2) 7d %, b DL L3 ALl
ig 8?. Tjk b, PO METREZ DL | \ e |
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Fig.2.10. The fifth percentile estimates classified
y by MOEs.
2.3.2.3 MOE B4R HEAE Legend: f,os: the sample nonpar-
MOE X 423 8] ® MOR, 6.3 X O 0D fy05% ametric fifth percentile estimates.

Fig.2.10@)z, 1o foesiexfT sl cR LD D
# Fig.2.10b)i =3+, MOR Cit, Wi & FHio i & TRIOZE RIS L & FROERELL, a
ELHRLT, EItffoENKREL, T, Tk, MOR LRIk, L : TOERZ L&
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O Lovw.
aMid.
OHigh.

HOR

Fig.2.11. Range of strength distributions classi-
fied by MOE's.
Legend: the sample nonpar-
ametric fifth percentile estimates.
fo.05 - the sample nonparametric ninety
~fifth percentile estimates.

fo.0s ¢

—e—MOR
-0- o¢
-tx-- 0l

MOE

Fig.2.12. Distribution of MOE classified by
strengths.

Table 2.3 Means and standard deviations of MOE classified by strengths.

Classified by MOR e o
Classes Means SDs [Means SDs | Means SDs
(GPa) (GPa) | (GPa) (GPa) | (GPa) (GPa)
1 8.13 1.07 7.92 1.30 8.88 1.43
2 8.93 1.37 9.16 1.18 9.06 1.49
3 9.88 1.31 9.81 1.41 9.60 1.31
4 10.90 1.22 | 10.69 1.43 | 10.26 1.20

Legend : SDs: standard deviations. Class 1: p<0.15, Class 2: 0.15=p<0.5,
Class 3: 0.5=p<0.85, Class 4: p=0.85, p: cumulative probabilities.

PIDEL /NE W, BT, of OFALE TRIOER,
1.5MPa &/h&vy,

MOE R43 Bl 058 E 3 R EHE & g3 % 1o o,
foos & foos DELRD I,
Fig.2.11iem3 &6 Y, e ML, TH0,
tifif, ERfoZEMNEL, 0TI, L E Thios
M E PN OEIIFHELL toie MOR T3,
L&z, P E THOZEX D i/
{, Fig.2.10@ R L X 51, EAID fohE<
o TwnbZ EEXIGL TS, MOR BX VgD
DHE o DO EWET B &, MOE Ry D8N
BioTnwbEEL1BMS,

2.3.3 BERXSSH MOE

2.3. 1Ltk 5, MOR B X U aizo\\T
BEETRBIS% S ENDETF—RIL2F 2 — &
YA TANEE T4y P RIS, . T4
F— R MERS AR 7 1 v P XS v
e RF ALY v 7ESDLRDI oo IEVENREDS
iz, Tiebb, BESMEERTIREET -2
ZEWT MOR 8L O aDiEETREX#BRT 5
BMET -2 0BEMEELT — 20BN L BRI AR
Wb b, Thid, 2.3.2KFELI- X 31, MES

iz MOE RKRIcHEed 5 & ThL, o, Efio
X 72BIR Y, MOR, 6., aTEIHEMEZE
ThDEELLWD, T0C, BEF—20BHKkL
LT MOE ##% &, MOE x58FE DB {%s MOE
DOEFIC B\ CHFFBEMOBERI S D & Thid,
HEXD B D MOE O 45y 453t d MOE 4345 & [
BRofEmERTEFE LbR, HKE, HEXDH
MOE » 6B TRIE & ERBOZREYHS ST
HLENTEBEEZBRS,

T, B, EfE, SIRBEOMBEOERC
DWTRETT 57, FHEERSCHIGT 5 MOE
DR KDz, T, FREEYRREEIAL
B2, HBEHECHIET 5 MOE 23R, K
BEERT0.1Z Ry bh - BMERS & 0Fiy
MOE %K, =D MOE OB FHE%RS
7o

ZOHREYFig.2.120 7 vy P TR LI, M
HZbhd XK, cXERSMEL, KSHET
BEEKYE ¢=0.01ILBWTEETHoDRIRITL
T, MOR T ZEMEERN0.15R% % ¢ MOE
B—FThHD, aTIRO.BEEITC—E Lol
DT Enb, BEXSYRBEEROER%0.15,
0.5, 0.85¢ L4 75 ADBERSTESE”



34 (EMREEEEMEEREE %365 (2000)

7 AT & D MOE oYl L EHERE YR DI,
Table 2.3 i3 &3Exb, MOR L o i3MERSYD
7 5 AN AL fe B » CESELET 5 5,
MOR T2 5 2 1 DE#FEEIMD 7 5 R & HE
LTNE, 6 TlE, 75 R 1 &2 0FH{HE L EH
RERBIEFEF L Itote, Tiebb, MOR T
BREBILXBICEENSEET — %, aTIXTHEIS%IC
GERDBET -2 —0D I/ A—-7E LTS =
ENRFHREFELZLRD,
23.10ERLHAEDLED L, BET—-Z K
74y P IRBHHEEKE LT, e 2T
FHAAEET — 2T 74 v+ LIBEHEY L%
zbhb, —FH, MOR & ciX2P v 4 7 A 434 M
WY EF 2 bh, O, MOR XTHIISRREE,
GRTHEFESGOTF -2 LC74 v + SELEE
FRHEEOHEERE & 5 AR ERE W& F 2
bhb,

2.4 &
BMED 7 < v IEAM OB DWW T,

BV, HEfE, SIRMEOREEIEE D CH V5
AT X A EROBRE BT - feo EMHEE O
HECDOWTEE, BRSO, WEERSE, €57 —
ZWC7 4y b ERRIP YA It TREI15%
F—EZ T4y P ERIP VAT ABHFONTR
b/ VT ALY vy 2ENDRDIEHEEE 3IF
FLL o fohd, HVEE RO RBE T $0E
HOME TRBISY T —Fi74 v b S872P v
A TNABEOBENR Ve 25 A MY v 7ENLBLER
DIFHEEEVER R L,

Ric, MOE R4RIOBER L RdIc, HIFHE
B L BIERSEE D MOE R4y & & OSSR ERET
B LR BEE®R LI,

PLofERR0EERS R MOE 40K 2 6,
BTy OEEEEEIC Y - T, [THSE T
27 — 2 CBIERS A, THER OS5 REE
DWTIE, HMTOBEETHREKISY% T - %, 5D
BER, TAS%T—2 2Py 4 S Avfdfik
74 v P EeNIEHEERE SR LT 5 AR AVRE
Ihts,

B3R HIVVE—FRENERMOBEREICRIZTREROE

3.1 »7=yRA—EFRHBERERM OB Y v 7k
B RETHEERORE
3.1.1 BUsie

WIS FAERM O BRBEHBE BT, £
M OEFX ST Y v 7R TS oA s
HRIZL 5 TR Eb, HW v v 7 {RENES
BREcoMEEHECLSWCEAREELE LR S,
LaL, #HlTEEET» Tt v v 7R K
HLHHLE, FCERMOMEAKE WIGE, Afi
THMEXHUCKRE S THLERD Y, EESS
CEWTTEYTHB, £ T, ERE» LRI
BT 5003, v eiREeRESE, ZORK
B LEINY v 7R EHIE T A HESITH 5,

ZOEFHIY v 7 REGIERCIIN DD D
HY, BELLERLTWADRIAMOAROREZFT
BLI-ReRETHIELX FFT A=7 b v e 75
7 A¥ —ERHWTHEES T ZITY, Zhitk-T
B o h 3 HRA B LHHRE v v 7 RERHIE T
BHETHD. LoL, XFFCI-TRDHRD
EFERE Y v 7 R RTHEL T30 EF 2
bh, REFHEROLESM D L S HBHRCY v~
TRBOR -5 I FREE LMo v v
THREERIET 5 HEE LTRZFUELR TS,

—%, MclcbAiRBEREZ - TY v 7 R H
ETHHELDY, ZOBEE, BEFHEERERM
XL ChEAERE-C EATFHIERS,

Z I CHEBEOERCEHL T, R, HE
BB O v v 7RSO IED D EAVNE W & F
2bhBE—FRT I FERERM OKFEREH &
EEMEEM) YHVT B8Ny Y 7R E) 2
¥ L LGS OREI R O bR iRE) i X 288 ¥
v 7RO BRI oW TRET Lz,

EbiL, E LEINY v 7 RBOBRCRIETH
BHOBELYHLMTT D, T IFHOY VY
BB L ALY I av—v a3 VRITVL, E
BRI,

3.1.2 HERGROHAEBRGE

3.1.2.1 &k

ABC VIR, Bb1 X » CBhicHds
ThTWB X512, #5<v (Larix kaempferi
Carriere) F—%§ 7 I FCHRIWLERMCcH
b, FoOES Table 3.1iwr”"d, ZZCl1ERS
IFMERL T B,

Ao s 4 7 28EREOBRB L b T
Fig. 3.1 R T, RBHEDO 2 1 713, X FREH



BMEED T = v FAM OB O TR & ERER K 35

Table 3.1 Dimensions of specimens.

Type Ply N Widths cm | Heights cm | Lengths cm
H 1 20 15.0 2.4 360
2 20 15.0 4.8 360
3 20 15.0 7.2 360
5 20 15.0 12.0 360
8 18 15.0 19.2 450
12 18 15.0 28.8 650
A% 1 20 2.4 15.0 360
2 20 4.8 15.0 360
3 20 7.2 15.0 360
5 20 12.0 15.0 360
8 20 19.2 15.0 360

H-type : Horizontally laminated glulam.
V-type: Vertically laminated glulam.

(a) H-type

e 553551553

1 2 3 5 8 12 ply.
(b) V-Type
|0 I m
1 2 3 5 ply.
(c) Processing method
Sawing Gluing and
Log Kiln drying, planin'g, laminating

»

Fig.3.1. Types of specimens.

Microphone

Analyzer
Hammer C:D

and mechanical grading
Q)
-4

—

=

FFT

= 1

= |

t ]
Bed ™ T Bed

0.224X¢ 0.224X¢

| 1 1 1

£

Fig.3.2. Schematic diagram of measuring

dynamic MOE.

Note : dynamic MOE by flexural vibra-

tion.
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Table 3.2 Regression lines of dynamic MOE on static MOE.

Type N Regression Line (GPa) SE (GPa) r
H 116 E,=1.10 Es+0.19 0.51 0.97
E,=1.09 E;+0.01 0.44 0.98
E,=1.13 E;+0.50 0.68 0.95
A\ 100 E,=1.00 E;+0.23 0.42 0.98
E,=0.95 E;+0.42 0.54 0.96
E,=1.00 E;+0.25 0.22 0.99

Note: E;: static MOE, E,, E,, E,, : dynamic MOE.
E, was measured by longitudinal vibration.
E, and Ev were measured by flexural vibration.

E, : horizontal, E,: vertical.

SE : Standard errors, » : Correlation coefficients.
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Fig.3.3. Results of measurement of static and dynamic MOE.
Note: E, was static MOE, E,; E, and E, were dynamic MOE.
E, was measured by longitudinal vibration.
E, and Ev were measured by flexural vibration.

E, ; horizontal, E, ; vertical.
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Fig.3.4. Relationship between E,, E, and E,.
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7. Effects of lamination on E, and E,.

14
1.2 |
1 L
208t
o
o
2 06 | o
© —e—160
04 | ——L70
——1.100
0z T —&—L110
o 1 1 1 1
Edge Center Edge
Position
Fig.3.8. Distribution of the ratio of E, in the
width direction.
Note: ratio of E, was ratio of E; of a
part of the lamina in the width direction
to E; of the whole lamina.
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MOR in the width direction.
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Fig.3.11. The estimation of dynamic MOE.
Legends : [1,A,$ : experimental.
Lines : estimated by calculation.
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L60: 5.88=<MGEun <6.87GPa
(60 =MGEyy <70 X 10%kgf/cu)
L70: 6.87=MGEuw <7.85GPa
(T0=MGEy <80 X 10°kgf/cn®)
L100: 9.81=MGEun<10.79GPa
(100=MGEu iy <110 X 10%kgf/em)
L110: 10.79=MGEyux <11.77GPa
(110=MGEyin <120 X 10%kgf/cm®)
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Table 3.3 Dimensions of specimens.

Ply Widths Depths Heights Section Expected
area maximum
load
cm cm cm cm? kN
1 15.0 2.4 6.9 36.0 194
2 15.0 4.8 13.9 72.0 388
3 15.0 7.2 20.8 108.0 582
5 15.0 12.0 34.6 180.0 970
8 15.0 19.2 43.3 288.0 1552
10 15.0 24.0 43.3 360.0 1940
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Table 3.4 Result of compression tests (compressive strength).

Grade Ply N Mean STD Ccov
MPa MPa %

L60 1 26 32.91 3.02 9.19

2 25 33.32 2.83 8.48

3 33 34.66 2.53 7.29

5 26 32.97 1.63 4.95

8 15 31.04 2.14 6.90

10 12 33.03 1.60 4.86

All 137 33.23 2.61 7.86

L70 1 27 33.97 2.79 8.20

2 25 39.59 4.20 10.61

3 31 37.95 2.11 5.55

5 26 37.50 2.52 6.71

8 15 33.50 1.72 5.13

10 15 34.99 1.83 5.22

All 139 36.59 3.48 9.52

L100 1 26 45.28 5.57 12.30

2 25 40.25 2.44 3.03

3 35 41.32 2.65 6.41

5 25 44.47 1.62 3.71

8 15 41.49 1.75 4.28

10 15 42 .91 2.87 6.68

All 141 42.64 3.63 8.52

L110 1 28 43.22 2.57 5.95

2 25 45.49 2.42 5.33

3 34 43.68 2.29 5.24

5 25 49.96 2.21 4.42

8 15 44.78 1.87 4.19

10 15 42 .57 2.06 4.85

All 142 45.01 3.34 7.43

Note: STD: Standard deviation, COV : Coefficient of variation.
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Fig.3.12. Relationship between laminae grade and
mean Compressive Strength (CS).
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Fig.3.13. Relationship between laminae grade and
NPE of CS.
Note : NPE: Nonparametoric 5 Percent
Point Estimates.
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Table 3.5 Mean, standard deviation, 5th percentile value of compressive strength for each grade group.

Grade Ply N Mean STD 5th percentile
group NPE PTL
MPa MPa MPa MPa
L60 1 53 33.45 2.93 27.3 28.2
—L70 2 50 36.45 4.75 30.1 27.9
3 64 36.25 2.85 32.5 31.1
5 52 35.23 - 311 31.1 29.6
8 30 32.27 2.28 28.6 28.0
10 27 34.12 1.97 31.3 30.4
All 276 34.92 3.50 29.8 28.9
L100 1 54 44.21 4.37 37.5 36.3
—L110 2 50 42.97 3.50 37.1 36.6
3 69 42.48 2.73 38.1 37.6
5 50 47.21 3.38 42.5 41.1
8 30 43.14 2.45 39.7 38.6
10 30 42.74 2.46 39.8 38.1
All 283 48.83 3.68 38.2 37.5

Note: N : Sample size, STD : Standard deviation.
NPE: 5th percentile values of non-parametric approach.
PTL: 5th percentile values calculated from parametric approach with 759 confidence.
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Fig.3.14. Relationship between number of lamina-
tion and mean CS.
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Fig.3.15. Relationship between number of lamina-
tion and standard deviation (STD) of CS.
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Table 3.6 Specific gravity of specimen.

Grade group Ply N Mean STD COV %
L60 1 53 0.458 0.052 11.34
-L70 2 50 0.438 0.046 9.44
3 64 0.488 0.033 6.67
5 52 0.463 0.030 6.51
8 30 0.468 0.023 5.00
10 27 0.469 0.015 3.15
All 276 0.473 0.039 8.30
L100 1 54 0.543 0.045 8.27
-L110 2 50 0.523 0.035 6.76
3 69 0.527 0.023 4.42
5 50 0.536 0.027 4.95
8 30 0.542 0.017 3.08
10 30 0.535 0.014 2.70
All 283 0.533 0.031 5.79

Note: N : Sample size, STD : Standard deviation.

COV : Coefficient of variation.

Table 3.7 Correlation coefficient between compressive strength and specific gravity.

Ply 1 2 3 5 8 10 All
r 0.7204 0.6872 0.7388 0.9041 0.8762 0.8511 0.7625
Note : r: Correlation coefficient.
0.7 r
0.6 0.08 ® 160-70
< | © 1100-110
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g S ——L100-110
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03 | —0—1100-110 A L100-110: y = 0.046x 4™
175) -
02 , , , 0.02
0 5 10 15 0 1 1 i
0 S - 10 15

Number of Laminations

Fig.3.16. Relationship between number of lamina-
tion and mean specific gravity (SG).
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Fig.3.17. Relationship between number of lamina-
tion and STD of SG.
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Fig.3.18. Relationship between number of lamina-
tion and mean specific compressive
strength (SCS).
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Fig.3.19. Relationship between number of lamina-
tion and STD of SCS.
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Fig.3.20. Ratio of experimental PTL to estimated
PTL: CS.
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Fig.3.22. Ratio of Mean CS to Mean MOR.
Note : MOR data from the literature???,
H: MORs of horizontally laminated
beams.
V : MORs of vertically laminated beams.
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Fig.3.23. Coefficient of variation (COV) of CS and
MOR.
Note: V: MORs of vertically laminated
beams.
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Table 4.1 Dimensions, specific gravities, and Ef of Specimens.

Grades | Sample | Widths Heights Lengths | Specific gravities E,
Sizes Mean  Std. | Mean  Std.
cm cm cm GPa GPa
H 170 15.0 2.4 400 0.566 0.053 12.75 0.79
L 164 15.0 2.4 400 0.459 0.035 7.50 0.74

Notes: H: Higher grade mostly equivalent to lamina grade L125 in JAS*9,
L : Lower grade mostly equivalent to lamina grade L70 in JAS®?,
E;: Young’s modulus measured by longitudinal vibration.

Std. : Standard deviation.
JAS: Japan Agricultural Standard.
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Fig.4.1. Typical patterns of measured E;.
Note: E;: Young’s modulus within a
piece of lumber measured by the grading
machine.
SL : slope of the regression line of E; at
longitudinal position.
IC : intercept of the regression line.
Example 1, 2: examples of lumber with
bigger variations (1) and smaller varia-
tions (2).
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Fig.4.2. Distribution of ESD.
Note: H,L: see Table 1; ESD: see
Table 4.2.
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Fig.4.3. Distribution of SL.
Note: H,L: see Table 1; SL: see Fig.
4.1.

Table 4.2 Means, standard deviations, and skewnesses of EAV and ESD.

Grades | Sample EAV ESD
Sizes Mean Std. Skewness | Mean Std. Skewness

GPa GPa GPa GPa
H 170 12.58 0.76 0.04 0.55 0.24 1.62
L 164 7.29 0.78 -0.57 0.45 0.18 0.90

Notes: EAV : average of localized Young’s modulus (E;) within a piece of lumber.
ESD : standard deviation of localized Young’s modulus (E;) within a piece of lumber.
L: Lower grade, H : Higher grade, Std. : Standard deviation.
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Fig.4.4. Auto-correlation coefficient of E;.
Note : The plots were calculated with all
data (H and L).
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Fig.4.5. Auto-correlation coefficients of e;.
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H and L, respectively.
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Table 4.3 Correlation coefficient between Ei and knot diameters.

Grades Numbers of specimens  Averages Maximums Minimums
H 10 -0.187 0.376 -0.868
L 10 -0.213 0.455 -0.549

Note : Knot diameters were measured at the area distinguished by each E; position.

(a) 2—P Weibull fits to SL data

Cumulative
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©c o oo
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Fig.4.8. CDF and PDF of SL.
Note: CDF: cumulative distribution
function, PDF : Probability density func-
tion.
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FoRRIREHHOHE L, Z08HB3ZE s —
TZEREMETHEREEHES v 7 T3 & T o1
HRZBE OB G Tl IE, 9, EAERRZL /D
TWHLL 3BEEAT, ZoNO 14% H-100
Fr—7, oo 2y H-060 H-1807 1 —
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T OR 400D BH EHRT2oEWILT, B
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¥ L-060) &5 X240cmd b D (H-180%F 7-1X L
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IE, HER IO EOHIERIT- .

4.2.3.2 B53REAE

JAS @€~ T, ERMBIRABE (NET-501
E) A s RAEEZT -1, CoORBHO 7
Yy TOREBIEDOMRIL, 7Y v TOFFFFOD
FHECTEHETHHETD b, REBEE A2 v i Table
4.4RT X 51, 60, 1003 X Uf180ecmTH 5, W
BAEREFEN LR L cHBBRA hLRERIC L - T

KD SAEOEHEIIRI0.9%TH H, EEERFE
(=0.8%) b/N&otc, RBRCBST 2 TD
REE L BER—OREIRE T THHEKETH- 1o
LEZBLIB LD, BEORKEMERTHR
hoteo BIECELUCHMEBE L X 3~50EE
TH-To

4.2.4 BRRUFE

4.2.4.1 REEORHME & 5IRME ST
HRBREEEN I, PR, Tk, FHERE,
H#E % X 0 E/% Table 4.412773, HEB# & L
REAEOTFERIES X OCHEOERRER TH-
DR L T, EERNTOERINEV, HE
BaoltBX LBEBRE IV KE L, HARKEDE
BB LRBREX VIV, ZOEREND, YV
B X AERES BT - 158, BilShikrh
Fhoflfticount, iy v 7 HEeTciil,
HESEREELVOFHCOWTL HEEEORS
BRI TWBIitkhdEFE2bNL,
SEHERIE, HER X O EDFHHE & EHEFEE
(CV) %, Table 4.4 F X 512, EEHZAT
B0 RABREHOZRIIER /A I v, i,
EqeowTonfixzhX h Fig.10@im L i,
ZOMNLHLMRE L, EDSTREERICAK
5 ERABRBROERIBE A ETRV, E?20FHH
13, HEEB{& ©12.8GPa, L #AE 4k ©12.8GPa T
Holo REDERDPBH D= v F v 731437
ERTWBZENnD, FIREEOR IFELHEET
LEMTEDBLEELZLRD, F1, £E140cmD

Table 4.4 Dimension ; test span and properties of specimen.

Grade Specimen N Width Height  Length Test Annual  Density Ef
span ring
width
(cm) (cm) (cm) (cm) (mm) {(g/cm® (GPa)
H H-060 101 15.0 2.4 140 60 3.4 0.565 12.64
25.0) (10.00 (1.3
H-100 102 15.0 2.4 200 100 3.3 0.570 12.95
(23.6) (10.2) (9.3
H-180 101 15.0 2.4 260 180 3.4 0.565 12.86
26.1 .1 7.2
L L-060 100 15.0 2.4 140 60 5.2 0.458 7.54
(18.6) (7.00 Q4.1
L-100 100 15.0 2.4 200 100 5.4 0.456 7.49
(18.2) (7.5 (12.0)
L-180 100 15.0 2.4 140 180 5.4 0.460 7.55
(16.2) 7.4 Q2.2

E;, Young’s modulus measured by the longitudinal vibration method. Values in parentheses are coeffi-

cients of variation (%).
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Fig.4.10. Distributions and CVs of Young’s
modulus (E;) by the longitudinal vibra-
tion method. CV, coefficient of varia-
tion ; lines, regression curves.
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Fig.4.11. Distributions of Tensile strengths (75)
failed within the test span.

Table 4.5 Basic statistics of tensile strength data.

Specimen All specimens Specimens failed within the span N’/N
Yy, N Tensile strength N’ Tensile strength
Mean STD  Skewness Mean STD  Skewness
MPa  MPa MPa MPa
H-060 101 36.83 12.07 0.85 70 35.15 10.37 0.38 69.3
H-100 102 34.40 11.43 0.30 87 34.00 11.13 0.23 85.3
H-180 101 27.99 9.86 1.31 96 27.39  9.26 1.14 95.0
L-060 100 20.66 7.60 0.79 67 19.63 7.44 0.74 67.0
L-100 100 16.90 5.92 1.03 81 16.82 6.10 1.03 81.0
L-180 100 14.43 5.41 1.01 92 14.21  5.27 1.04 92.0

STD, standard deviation. N and N’ are the numbers of all specimen and specimens failed within

the span, respectively.
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Fig.4.12. Relationship between span and TS. H
denotes higher-graded lumbers (H060,
H100 and H180) and L denotes lower-
graded lumbers (1060, L100 and L180).
Both 50th-percentiles(NPM) and fifth-
percentiles(NPM) are nonparametric
percent point estimates.
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Table 4.6 Estimated parameters of 2P-Weibull.

Specimen Moment : 2PW-M Regression: 2PW-R | Likelihood: 2PW-L
k m k m k m
H-060 3.79 38.9 3.95 38.7 3.68 38.9
H-100 3.37 37.9 3.29 37.9 3.34 37.9
H-180 3.25 30.6 3.97 29.9 3.05 30.6
L-060 2.86 22.0 3.16 21.8 2.83 22.1
L-100 3.01 18.8 3.33 18.6 2.87 18.8
L-180 2.94 15.9 3.40 15.7 2.83 15.9
The parameter 2 and m are shape parameter and scale parameter of 2P-Weibull,
respectively.
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Fig.4.13. Comparison of shape parameters (%) of

2P-Weibull to the inverse of length-

effect coefficients s by the nonpar-

ametric method. NPM and NPL are the

inverses of s for 50th-percentiles and

fifth-percentiles, respectively. 2PW-M,

2PW-R and 2PW-L, see Table 4.6.
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Table 4.7 Numbers of knots on wide and narrow faces of lumbers.

Specimen Wide faces Narrow faces

Mean Maximum Minimum Numbersper Im | Mean Maximum Minimum Numbers per Im

H-060 7.8 16 0 13.1 1.0 5 0 ' 1.7
(42.9) 93.2)

H-100 13.5 31 1 13.5 1.6 7 0 1.6
42.2 @87.1D

H-180 23.3 40 6 12.9 2.9 8 0 1.6
(35.9 (65.40

L—060 10.8 21 2 18.0 1.6 10 0 2.7
35.9 (88.5)

L—100 16.9 33 6 16.9 2.6 7 0 2.6
(32.0) 62.2

L—180 31.6 54 9 17.6 4.4 10 0 2.5
(24.5) “.

The diameters of counted knots were bigger than 5Smm. Values in parenthesis in the column "Mean” are coefficient

of variation (9%).

Table 4.8 Correlation coefficients between physical properties and tensile strength (7S).

Specimen Annual ring width Distance from pith  Density Knot area ratio E,
GK EK
H-060 -0.340 0.263 -0.242 -0.555 ~0.632  0.307
H-100 -0.110 0.173 -0.127 -0.458 -0.510  0.482
H-180 -0.137 0.186 -0.171 -0.540 -0.615  0.255
L-060 ~0.364 0.430 -0.000 -0.425 -0.751  0.213
L-100 -0.374 0.256 0.120 -0.609 -0.571  0.359
L-180 -0.316 0.246 0.190 -0.415 -0.511 0.363
Average of H ~0.196 0.207 —0.180 —0.518 —0.585 0.348
Average of L -0.351 0.311 0.103 —0.483 —0.611 0.312

GK, EK, grouped knots and edge knots- E, Young’s modulus measured by the longitudinal

vibration method.
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F)=1-[1-G,(x)]* ------ (4.20)
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Fig.4.14. Knot area ratio(KAR) of grouped knots
and edge knots. Plots and Error bars
denote medians and quartile ranges,
respectively.
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coefficient of determination.
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Fux) LB LT F ) IMEOEERINIWI D&
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O: knot-free element
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(c)assumed knot strength distribution
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Fig.4.17. Concept of assumed knot strength
distribution.
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Fig.4.18. Distribution of the assumed GK
strength: Fu(x). GK, grouped knots;
F(x), fitted 3P-Weibull function to
data; F.(x), cumulative distribution
function of tensile strength of knot-free
lumbers.Knot area ratio(KAR) of
grouped knots and edge knots. Plots
and Error bars denote medians and
quartile ranges, respectively.

Table 4.9 Parameters of 3P-Weibull and 2P-Weibull used for estimation of length effect.

Specimen Original CDF of 7S: F{(x) Estimated CDF of knot-free lumber : Fe(x)
k m X k m %
Likelihood method using 1009% 7S data with GK data
H 2.80 37.7 4.1 4.19 48.0 4.1
L 2.40 20.0 2.6 3.77 26.1 2.6
Likelihood method using 10094 7S data with EK data
H 2.80 37.7 4.1 5.08 42.6 4.1
L 2.40 20.0 2.6 4.41 23.0 2.6
Likelihood method using lower 109 7S data with GK data
H 7.62 29.4 0 6.76 43.4 0
L 3.97 21.5 0 7.61 22.4 0
Regression method using lower 109 7S data with GK data
H 6.45 30.6 0 4.36 52.5 0
L 2.72 28.6 0 15.46 ' 18.2 0

CDF, cumulative distribution function estimated using H060 and L060 data; %, m, x, shape parameter, scale
parameter, location parameter of 3P-Weibull, respectively ; GK, grouped knots ; EK, edged knots.
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Fig.4.19. Comparison of 7§ distribution between
original data and estimated knot-free
strength. h,, multiplying factor of 7S
per 1 GPa of E, at i-th percentile:
Original, calculated from F{x)}; C-GK
and C-EK, calculated from F,(x) using
GK and EK data, respectively.
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Fig.4.20. Estimation of NPM and NPL. NPM
and NPL are 50th-percentile and fifth-
percentiles of tensile strength distribu-
tion by nonparametric method. Lines
are regression curves of estimated val-
ues. R2 is coefficient of determination.
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Table 4.10 Comparison of length effect parameters between nonparametric method and estimation with

assumed knot strength distribution.

Specimen Nonparametr ic method

Estimated with assumed knot strength distribution
100% GK data

100 94 EK data Lower 1095 GK data

Likelihood Likelihood Likelihood Regression
50th percentiles
H 0.268 0.274 0.275 - -
L 0.304 0.313 0.312 - -
Fifth percentiles
H 0.121 0.251 0.255 0.094 0.190
L 0.256 0.261 0.264 0.250 0.233
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Table 4.11 Knot specification in JAS®?,
Item Grade a | Gradeb Grade ¢ | Graded
Grouped | Not more | Not more | Not more | Not more
knots than 209% | Than 309 | than 409 | than 509
diameter
ratio
Diameter | Not more | Not more | Not more | Not more
ratio than 179 | Than 25% | than 33% | than 509
In width
(a) H-specimen. (a) H-specimen.
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Fig.4.21. Relationship between grouped knots

edge knots(EK).
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Fig.4.22. Distribution of GK.
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Fig.4.23. Percentages of each visual grade.
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Grade e: SiEHLL (GK) 2%50% & b K (B45%
o

JAS 0 HEZEHR 3w owTid, Table 4.11R
T X o, MEECHTAHED HBH, Fig.d.2l
Rt Ekh, GK ofiEmEEIKE VS 0 M E
i (EK) oW T REWEANRLALR S & &5
5, UFCiE, GK 2o\ TDLREONRE L,

4.4.2 EEBtOSA

HABRKA EEE O DT % Fig.4.221057 3,
CoOREZBWTE, Ao REESMARN
(Fig.4.11) G X5, BN X EmEHEEL
(%) #100% 2 HEIT-fE %2V, 25
RV, MERT X oK, HABRERISESL
75 BIoWT, HiEREEOSMRIEEEEAKRE <
e b FENzy 7 P A EERA bR,

Riz, ERORIFHELI > THEI7 V- FRIED
HFEOR 7V — F 2 & DR RRE OV
R OEREZE Lt C Table 4. 12577 Zh
b, BEIZV-FOHEDLEERD B L,
Fig.4.28iwR3 &), ABRERINELL RSB
fEnT, YL —FOE HDODOHEMET T 5EH
Babhi, HERERE E LEREYHEKT S L,

Table 4.12 Tensile strength of each visual grade.

Specimen | Grade | Number | Mean of 78S. | Standard deviation of 7S.
(MPa) (MPa)
H-060 a 28 41.3 9.6
b 19 32.8 9.8
C 16 32.4 7.2
d 6 24.3 4.6
H-100 a 30 39.6 11.1
b 35 33.3 9.6
c 16 30.2 8.5
d 4 23.1 12.5
H-180 a 19 36.6 10.6
b 37 26.8 8.3
c 33 24.9 5.8
d 5 17.7 3.8
L-060 A 11 21.6 4.8
b 20 22.3 8.4
c 20 20.0 7.4
d 12 15.9 5.3
L-100 a 12 22.5 7.2
b 20 20.2 4.7
C 25 15.4 3.9
d 16 13.2 5.1
L-180 a 3 19.9 11.7
b 13 18.3 5.7
c 44 13.9 4.8
d 19 13.2 4.1

Note : Grading was done with knot area ratio.
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Fig.4.24. Effects of visual grading on 50th-
percentiles (NPM).
C, grade a,bandc; D, grade a, b, c and
d; H and L specimen, see Fig.4.12.
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Fig.4.25. Effects of visual grading on (fifth-
percentiles (NPL). )
C, grade a,bandc;D, grade a, b, c and
d; H and L specimen, see Fig.4.12.
Effects of visual grading in L-type.
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(a) H-specimen.
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Fig.4.26. Relationship between span and TS of
each grade.
Plots, averages of TS ; error bars, stan-
dard deviations; a, b, ¢, and d, visual
grading based on knot area ratio.
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Size Effects on Strength Evaluation and Mechanical Grading in Japanese Larch Lumber from Shinshu

Takashi TAKEDA
Department of Forest Science, Faculty of Agriculture, Shinshu University
8304 Minamiminowa, Kamiina, Nagano, 399-4598 Japan

Summary

The report was reconstructed from a series of the individual investigations on mechanical properties of

Japanese larch (Larix kaempferi, Carriere) lumber, and it consists of the following five sections.

1. Introduction

Japanese larch is one of the most important species in Shinshu (Nagano prefecture) as stock of the
planted forests, and it has been increasingly expected for practical use as structural wood products. Thus,
it is necessary to evaluate more precisely strength properties of Japanese larch lumber now.

The principles of reliability-based design have been introduced to alter the code for timber structures
in the developed countries. In the case, reliability calculations depend on the lower tail of the strength
distribution, and it means that there will be small potentiality of the lumber without knowing the lower
tail in the future. It is important to implement the true structural behavior of timber, and size effect is one
of the chief concern of many researchers after 1990’s.

Then I focussed on the dependency of strength distribution on Young’s modulus in Japanese larch

lumber. Experimental works were done, and some suggestions on strength evaluation were presented.

2. The Fifth Percentile Estimate of Bending, Longitudinal Compressive, and Tensile Strengths of

Square Sawn Larch Timbers from Shinshu.

To investigate the mechanical properties of Japanese Larch square sawn timbers, bending, longitudinal
compressive, and tensile tests were conducted. Sawn timbers for specimens were processed from 72 trees
from seven stands in Shinshu. Specimen dimensions of cross-sections were nominal 12 cm X 12 cm.

First, normal distribution, log-normal distribution and 2P-Weibull fit to bending, compressive, and
tensile strength data in order to estimate the fifth percentile values. In the case of the 2P-Weibull, it fits
to all data and to the lower tail 159% data. The results indicated that the values obtained from each
distribution were almost equal to non-parametric estimates (NPE) in compression, but the values from
log-normal and 2P-Weibull fits to the lower 159 data were near the NPE in bending and tension.

Then, the distributions of the strengths of specimens classified by modulus of elasticity (MOE) were
different in bending, compression, and tension. In the case of tension, there were small differences between
the distributions of strengths of the low-grade specimens and the medium-grade specimens. From the
distributions of the averages of MOE classified by strengths, it was shown that we may be analyzing
experimental data as one group of lower 159% data in bending and the lower 50% data in tension. [ Takeda
T, Tokumoto M, Nakano T, Hashizume T, Nagao H (1998) Mokuzai Gakkaishi 44 : 170-177]

3. Effect of Number of Laminae on Mechanical Properties of Glued Laminated Timber Composed of
Homogeneous-Grade Lumbers of Japanese Larch
3.1 Effect of Number of Laminae on Dynamic MOE of Glued Laminated Timber Composed of
Homogeneous-Grade MSR Lumbers of Japanese Larch

The tapping method to measure the Young’s modulus of wood is useful for nondestructive evaluation
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of sawn lumbers. The dynamic MOE values are calculated from the resonance frequency of the tap tone
with a FFT spectrum analyzer. However, if a glulam is used for a bending member such as a beam, it
is not certain that the static MOE value of the glulam is equal to the dynamic MOE value. In case of
glulams composed of sawn lumbers from juvenile wood, some adjustment to the dynamic MOE values
may be necessary for use.

Then the relationship between static MOE (E;) and dynamic MOE(E,) was investigated, since it was
expected that the variation of MOE in the cross section of homogeneous-grade glulams would be
relatively small. Two types of specimens were used: glulams laminated horizontally (H-type) and
vertically (V-type). Dynamic MOE was measured by longitudinal vibratibn(El) and flexural vibration,
whose directions of which were horizontal(E,) and vertical(E,) in the direction of the adhesive face of
the glulam.

The results indicated that E,/E; in H-type and E,/E; in V-type were not influenced by the number
of laminae. As it was supposed that E, /E, should be influenced by the number of laminae, the
relationship between E; and E, was estimated by simple simulation for different numbers of laminae.
The estimated ratios of E; , E, and E, to Es were almost identical with the experimental data. [Takeda
T, Hashizume T (1997) J Soc Mater Sci 46 : 839-844]

3.2 Properties of Compressive Strength Parallel to the Grain of Structural Glued Laminated Timber

Composed of Homogeneous-Grade Lumbers of Japanese Larch

It is known that bending strengths of glued laminated beams (glulams) may be dominated by tensile
strengths of outer layers of glulams. Since compressive strengths as well as tensile strengths of laminae
should effect the stress distribution through the depth of the beam, the compressive strength may be
important to estimate the bending strength of the beam. The effects of number of laminae on compres-
sive strengths of glulams composed of homogeneous-grade lumbers of Japanese larch were investigated.

The compressioh tests parallel to the grains with various number of laminae and different grades of
glulams were conducted. The test results showed that the effect of lamina grades on the mean
compressive strength (CS) were clear and the correlation between the mean CS and specific gravity (SG)
were considerably high. Calculation was done for the ratio of compressive strength to specific gravity,
so called "specific strengths”(SCS). The effects of lamination on mean CS and mean SCS were not
observed for both high and low grade glulams, then the size effects on CS and SCS were very small.
These test results were compared to bending strength (MOR) in the literature. [Kadowaki T, Takeda
T, Hashizume T, Tokumoto M (1998) J Soc Mater Sci 47 : 631-636]

. Effect of Longitudinal Quality Variation on Mechanical Properties of Japanese Larch Lumber
4.1 Variation of Localized Young’s Modulus within Japanese Larch Lumber for Glued Laminated

Timbers.

Structural lumber of Japanese Larch used for glued laminated timbers often is graded mechanically
with a continuous mechanical grading machine. This lumber, however, has great variations in properties
within a piece, and the variations of localized Young’s modulus (£) are especially large. The variation
of E within a piece of lumber was reported by Hashizume and others to the effect that the average of
difference between the means and the lowest values of E within a piece of lumber measured with the
grading machine was 0.92 GPa. There should be one reasonable grading method for selecting lumber
according to the lowest £ value.

So we measured the apparent localized £ of Japanese larch lumber with the grading machine by
bending to investigate the variation of £ within the lumber. The measuring points within a piece of

lumber were 41 and the distance between adjacent points were 5.6 cm. The E data for each piece of
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lumber were used for calculating the standard deviations (ESD), auto-correlation coefficient (R) of E,
and the increasing trends of E in the longitudinal direction of the lumber (SL) by the linear regression
method.

The results indicated that the cycles of E variations estimated from R data were about 60 cm, and
ESD was caused mainly by SL. In most lumber, the differences of the mean and the lowest values of
individual piece-within £ were smaller than the average of the differences because the distribution of
SL was distorted positively by calculating the skewness coefficient. Then we supposed that the grading
method according to the smallest £ might be adequate for calculating the allowable strength but was
too conservative for calculating the stiffness for some of the lumber. [ Takeda T, Hashizume T (1999)
Mokuzai Gakkaishi 45 : 1-8]

4.2 Effect of Length on Tensile Strength of Japanese Larch Lumber

An experimental study was conducted to evaluate the effect of length has on the parallel-to-grain
tensile strength of Japanese larch lumber. Six hundred pieces of mechanically graded lumber were
tested at gauge lengths of 60, 100, and 180 cm. The lumber was sorted into matched groups according
to the dynamic Young’s modulus measured by the longitudinal vibration method before the lumber was
cut to the particular length. The averages of the dynamic Young’s modulus of high-grade (H) and
low-grade (L) specimens were 12.8 and 7.5 GPa, respectively. Using non-parametric estimates, the
estimated length effect parameters of H and L were 0.268, 0.304 for 50th percentile and 0.121 and 0.256
for the 5th percentile, respectively. We then concluded that the different length effect factors between
H and L could be used when using the lumber for practical purposes. The parameters of L were larger
than those for H, and the parameters for 5th percentiles were smaller than the parameters for 50th
percentiles. When two-parameter Weibull distribution functions were fitted to the strength data, the
estimated shape parameters of the Weibull distribution by the parametric method were almost
identified to the inverse of non-parametric parameters except 5th percentiles in H. The influence of
defects such as knots on the lower tail of the strength distribufion in H may be different compared with
L. [Takeda T, Hashizume T (1999) ] Wood Sci 45 : 200-206]

4.3 Effect of Knots on Tensile Strength Distribution in Japanese Larch Lumber

The tensile strength (7S) test results of Japanese larch lumbers of varying have shown that the length
effects on TS were different between high-grade (H) and lowgrade (L) lumber. In this section, we
examined the effect of knots on the TS distribution by measuring number of knots and the knot area
ratio of each specimen. There were more knots in L than in H ; and the knot area ratio in L distinctly
increased as the length increased compared to that in H. The correlation coefficients between physical
properties and 7S indicated that knots were the most influential factor for 7S among several physical
properties ; annual ring width, distance from pith, density, dynamic Young’s modulus, and knots. We
attempted to estimate the length effect parameters by introducing the concept of assumed knot
strength. We thought that the length effect parameters for 50th percentiles of 7S could be estimated
well with fitted 3P-Weibull, and that the parameters for 5th percentiles could be estimated well with
2P-Weibull fitted to lower-tail 109 data by the likelihood method. The differences of length effect on
TS between H and L should be governed by the presence of knots. The independent model based on the
concept of assumed knot strength may express the 7S of structural lJumbers of various lengths. [ Takeda
T, Hashizume T (1999) J Wood Sci 45 : 207-212]

‘4.4 Effect of Knot Restriction on Tensile Strength Distribution in Japanese Larch Lumber

It is well known that the presence of knots in structural lumbers is one of the most important
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strength-reducing factors. In practical purpose, visual grading including knot restriction is an effective
method for non-destructive evaluation of their strength, and the edge knot restriction for not only
visually grade lumbers but also mechanically grade lumbers is specified in Japanese agricultural
standard for glued laminated lumber. We had conducted experimental studies on differences of tensile
strength distributions between mechanically high grade and low grade Japanese larch lumbers daily
used for manufacturing glued laminated timbers in Nagano. Then we examined the additional visual
grading of mechanically grade lumbers for non-destructive evaluation. We graded visually the prepared
mechanically grade lumbers by focusing on knot’s area ratio of grouped knots. Then we also confirmed
that the higher in visual grade related the stronger tensile strength as similar to our present knowledge.
But the effects of knot restriction became very small when the length of lumbers was increasing in view
of nonparametric 5th percentiles of tensile strength. The differences of strength/elasticity ratio between
mechanically high-grade and low-grade lumbers were negligible. It was clear that the length effect on
the ratio in visually high grade was smaller than visually low grade. It may be judged that the knot
restriction should have little effects on tensile strength of mechanically grade lumbers.

5. Conclusion

The above results showed that the function of mechanical grading according to Young’s modulus related
to the strength-reducing factors such as knots and specific gravity. It cleared that the strength distribution
varied respect to Young’s modulus, and size effects were different between 50th percentile and 5th
percentile. I expect that these results will be applied to other species.



