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2. BFROBM KR '

BAROWHAIL, S HIFEED 42in HERSHENHERRL HIH L, AR/ SRRk Sk

Phot. 1 £k~ % R Phot. 2 ko> SHRIR
MAKABA timber used for laminated wood Sawing of timber (MIZUNARA, Q)

aboutcm about
60 140¢m 140cm eocm——’
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[ | , — |~ laan
r about 4m T avout
T
Fig. 1 #RE, holll@ i
The measuring points of thickness and width of laminae
Table 1. SUHEOHMOIEX L
Thickness and width of laminae after sawing
' . T T | o~ AKA-
. Species MIZU- | MIZU- ! 'YEZO-
MA- | YACHI- TODO- ~r1 YEZO-
NARA | NARA | wapa 'pamo | MaTSU MATSU\MATSY
- -9 jerR | Y Tye
v ‘ ! \ ] n
Average mm| 24.7 “'_275.4 ‘\ 25.3 | 25.0“ ‘ 25} __25-.?“}‘275;47
Standard deviation . , i
Thickness'. w00 071 0% 07 06 09| 0f
oefficient o | | | | i |
variation %, 3‘..24”; 2.7§ | 3.56 2.80 1.59 1.98 i 3.15
Number of | " o ) RPN
" measuring , 249 62 41 207 63 | 57| 48
: ! |
Average iy M6 128 a7 Me w7 12 2
‘Standard deviation I )
Width . ®= mm 22 ‘__3_‘ b2 =0
| Coefficient of ‘ \ | | ‘ .
variation %_;. 1.73 .‘ 1.655_—; 2.56 | 0.86 | 1.71 1 1.65 | 0.83
| | — T T ST T
| Number of 240 60 | 144 213 63 54 40

| measuring
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JEHER T B X 5 7ot Phot. 1 i@iR¥ & 5 7eBUR
bk ISR D185 & 5 RS RS, HEh
HORAXMET BEOETEE L, Hbh LbEAR
MICHSI# L, Phot. 2 IKRT X 5 ICJE XY 115 mm D
W24 LT [y 256 mm OIfiRAE D Lic.
Fig. 1iORTREICH T, JEZ0.05mm ¥ T, M10.1
mm ¥ CHELIfER YR’ Table 1 Ok DTH
5. Tek, HHAKEO 2, 3 Ol Fig. 2~14 iZ5RL
72-

Fig. 2 R ORI
Conversion of laminae from
log (MIZUNARA, Q2)

Fig. 3 RO IFIALTE Fig. 4 #ptRoOPRIRAL
Conversion of laminae from Conversion of laminae from log
log (MAKABA, M2) (YEZOMATSU, YJ4)

3. #HIRDEE

BRI o s essc h 5 I F 1 EEMBATIEREST, 120 RORHTH
5.
R AR R L TR OBRFENRE T8 5 1o d AN L2 7e 3 Y 7 4 TR @A ik Ui
R (1) I x+7 (Q), FPF=y, (2 #, ¥F&E, @) X577 (QR), =<YD
3Tk oot , WAL, hH i, 4k%: Table 2 IZRT LRI THA,

w1 EOY Fig. 5 DI X<, £3 7 wEHME»BIIEATREIRL, kilo 2o kit
Zy, REIC\A 2D b F = Y 2 abe B FETHOIN, 2 BHICWICDTIRIED Tl D b+ T4 O
5 HIEEOFHCRTTH N U DT, 3 HEIKAREL TRFEEA L LRhE ) ARSRD LT
MIBTEIRIC X D 1 0 B L o7 DT, 4 HH X 0 IEGUEIE TR A 3 Z7nore: 7 HEcu
b, ¥96 HETRRERL 1= b F = Y 2R b, SR s OB e s ~ v, & Xk
Lic bk FYDRAELTHED HL T,
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Table 2. FZMETHE L HURE KR L DRI
Relatlon between drymg perlod and moxsture content

Drying | Moisture-content (%) | Drymg ?g;;os% R
k
Soeci VOlumefBefore TAfter air| After kiln Air | Kiln emarks
pec“isi__i ) _|(koku) drylng| dry1ng| drying, drymg drying’ -
MIZUNARA Q | 6.35 4 o2 | — | | 1 |{Kiln drying
MIZUNARA QR | 5.25 | 84 | 25 | | 2 ||for 4 days
; ! I was carried
MAKABA 2.38 ' 62 | 33 3 | out only
YACHIDAMO 3.00 | 100 | 55 | 10.0 3 ||during office
TODOMATSU .88 | 43 I 26 } 10.0 1 3 | ‘hours
YI oo, ;
YEZOMATSU yg | 6.77 | 2 2
%80k
C Dry temp
k0 ,
ﬂ\ [JA €70 Dry temp
.60
& JP ’—d-l 60
o R
250 N
e Wet temp. ';50
a0 H
§30r :530
£ o0k £ YACHIDAMO
g £ M.C.
é MIZUNARA Q) g
Z10r TODOMATS £ MAKABA M.C.
z z
S ; 5 5
2545D2789|ou Doy
Fig.5 X555 (FF=Y) ATEBArY 2—1 Fig. 6 ¥F5%, vH SATERA S 20
Kiln drying-schedule MIZUNARA Kiln drying-schedule YACHIDAMO,
(Q), TODOMATSU MAKABA
80
[ L 2SS, Y7 ek 9 BITTAERL, 5%
-OVOI FEFESNREZ T TS Fig. 6 DArTa—aTA
2 THelfAds et
=
ks HE3NL I X+ 7 (QR), =V~ YERE IOk,
(5]
g 50 i SREG % i A
E; Wet temp. i e b 52 HREIRREIEL, 0% Fig. 7027
" Ta— L TATEEL I, ZOB=Y < YDRILIE
D F =Y L EAREERAR KT LIeD T, 740
< 30 HElERe e S i) L e
£ D Lo E D WigicowTid, §1 075 (Q)
=20
S \ D5 HIFEDH & O F\ TR IFEE T~ & sl
® MIZUNARA (QRIMC. . s
210} TRH DT, FEEDHLNHRY 2 Bt » IE %
2 YEZOMATSU® M.C. _ A
= MY &hote, ORI DOWLTHRRB fd, Flll
. 1 L
| [ ) 2 B X ORI O E» ST 2, 3 DL, Ly
ay
a > T Y Sels BT 2, 7ET m
Fig.7 $%X+5, =<9 ATEEA Y BIILN—IERD X 5 Il w157,
v Kiln drying-schedule 1. e (1) SHEBRRORDZ <, REH

MIZUNARA (QR), YEZOMATSU
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W3 5 BREEMIA D S 0 El G238\ . (2) HEIHCE - £ DT

2. BeoEs» s (1) FREERATFHINCE 2 I o B TE Dicvs, (2) HEIEHmERC e
LIRICIRIETHIRT 2 LI %\

B EORSED BES 1 [\ 7 R L Ta 5% &, oS WIS~ 76470, IR0 s
S CHIIED DS ETHEFEL, REIHEEL b0 LM S, EREARE L VI ISERE b Y
THIE L BHEEEI, B (Y 7)), FRYVECILEDTHS S

DX DPCELD LT FHOERECH I oT, BN P EIOER L, PR3,
WL RIS T Hh IS TR AR TATHIZL , VB L OESRERMHI T s E L E2 bR,

1. #iRoH#EMT

POBRD L NI B U 2o B X 3 VSRR © =5 MIsabhk (7 = = [T 1936 48D <
»% (Phot. 3), AHED EHEMRGH T L O
I E I KNS LR D TH B -

DY R—~Y Y [ ER4AY, IS 2,800~

3,800r.p.m, ANE 4
Gl - 407
0 IEE © 20~30 feet/min
JmhES © 7.5 IP FRIETER L b 47 ~ov b CUAED
F A 7 DA IREE oo mm WGEL Y 7
v U7 = PR NN R T IERES s
B X5 TBEEL A o0 mm LI FORYHEE Phot. 3 HOHIT
BB © o LR L BT o Surfacing of laminae

GRARE D BRO BIMITIDIE S DA/ s L UM L BB Y - P e L, FRIFHENICR T
HASEE 1.0~1.5mm, £ EEMICE T 0.5 mm FEEE: LRE 4~8 MOBMNIYEEHL 7.

AR EREEEIC DU T

—RIC 7 v > — OEH: BREEL > 1 7 < — 2 (knife marks) DI HFC X VMR END, ZhITK
EBUP LY

,Cn .
12f
clFAT7HE nIER (r.pom.) ol REDIEE (feet/min)

R LB SO CHETIUE 7 1 7 = — 7 DI 0 BUIF 42 Wi B Th 520, HIEE 16~
23 OFATH 2T, FEICEMICBEETBERF A 7HIT 4O 5 b 2 KT L ELbhE. ZOBR
RAYR—wY Ty FOPEE . BV 21—~V FOB S5 v A - HHEE - SR O s X OIRE) - G140
DF A 7 OEEEEFENEELRTCHOT, BTISER L v 1 7 v Y 7 v sEe0 KR E S R
Bo LI ULTedih, ZOMIEETCHELNF A 7<= 20537 v+ — tE FF OEMRWEEC s\ T E
Rz, EFEME L UREHRTRERELELOND ., fakF 1 7 v — 7OEJIROEHRC L
DEIEIND™

Knife marks in inch =

36 £*

Hei f knif ks =291
eight of knife marks Dnic?
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D:»YEx—~YFHEE f,n, cifizkor
kD

COXTEE T, AfE2 LT 5 LT
THOTREOMIMGEC b & S < EHEOMSLT
LB DEEEERICIL L b A AEN ot L i
LTELEL e\ (Phot. 4),

7%, HEH EREC O TERE ISR FT
FThERDX > THD,

(1) +#3 « ¥F 5 eXF+17~v— 7REEACH
BMLBAMN, =V=Yy . Y20 BEEchH
B

(2) FROTHIT I D TEEYINEEL KW I &, WhWb Yy v 2 v T oMo bhicnT,
TEYe—F— LYY T - SN—OFHEAE D EL TEERT, TORERD RIS THLS
L7,

Phot. 4 + A4 7=—2
Knife-marks (MIZUNARA Q)

@) =v=v . F=YyoOgyEcit chip marks®, > it raised grain, fuzzy grain®
EFAb e, BEED ORREERTHMIFRL 5 20 2B 5,

A LB XL 2040.25 mm 1785 & 5 ICHIHIESER TTo70hs, BIMITTOHIRDIE & DR/ & 0
B X AR, © LR D (cup), #h (twist) Dfcth FE XL Table 3 WRTHE L 7o
fro Tok, fEEEZIZ 0.05mm THO LA TAY = F ¥ ) ~—TEIFMICH 5 SR L iR TH
%o

Table 3. kot EYEX

Thickness of lammae after final surfacmg

T~ species |MIZUNA-|MIZUNA-| MA- | YAcHI-| TODO- [yEZOMA.| AKAYE-
" __ |RAQ |RA QR |KABA| DAMO MATSU[TSU Y] |
L T RA e RA R | DAM , | TSU YG
Thickness | ' I .
average mm; 19.91 0 20‘.317*‘5)732 i 20.40 ‘_ 23.]1—-‘ ”21.14 _i_ ) El 19 )
" Standard ! i i
deviation mm O3 008 | 010 007 | 008 [ 010 ] 007
" Coefficient of ‘ i
__variation g 069 09 0 [ 03 045 0 03
Number of . ‘ ‘
measuring 1 6:?{1 ! B 120 | 9; ‘ 180 | ?95 ‘ 1174 | 90

ZOFERIC X B L LE X ORI, BRAKT 0.3~0.7 %O TH D, XML T 0.1 mm Pl
Thoteo JHAES X+ ZILINK D BRFELDlcicd, EI0M BRI IR R AR L1,

o, FRCOWTEI LS (1 HOHRNIEOREAE L B/NE e 02) 2FHEL, e — 205
HRIC O\ T © — 2SI S L 1ckR T 5 & Table 2 Dk ) THHH, ZhbDOFEEIHM
BB ERH RN T OMIERERE 4 5 0.4mm LIF LKL THRT5H L Table 4 DL EHTH
%
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Table 4. #HURE 2 7 OF5E

Exactness of thickness

Number gf Number of "Number of PEEenitage of number of
Species laminae laminae in laminae out |laminae in standard range
T I R ~_Istandard range|standard rangelto total number of laminae
MIZUNARA Q ! 49 43 ’ 6 88
MIZUNARA QR | 15 15 0 100
MAKABA | 15 15 0 100
YACHIDAMO : 23 23 0 100
BUNA 1 5 10 5 67
TODOMATSU 20 20 0 100
YEZOMATSU YJ 10 10 0 100
AKAYEZOMAT?{I(J} ; 10 10 o 100
I EFRMoMEBK & IES T
1. #HiRDEE
1. 1. #eiRo ik

1) FEROBHCIEE D, ERTHEAZREL T, HROMMTICH S SERtH AR BETEC S\ T
Whtgoftic, WRE, B, FOR, KEKEZIPRT 288 L HS2o1), TREOEEOET -
T, BORFRMICHST 2 ASEO KT, 30 L O TR U ML O REES Kl U TR 50
L, ZORBROHNEMET 28RO A REETS 2 L 2L, AEC Table 5 iR THEOBRC OV
T~Hik, R, &KE, RESvHRE, BEREL, 8y — 2 oBFEc A L eifiikir v i 2 3Rk 7
A= TOHENPLEEINIC LD THBLTFHELMT L.

Table 5. D H e ieE

Selection of laminae

Species MIZUNA-|MIZUNA-| MA-  YACHI- | TODO- [YEZOMA- @%ﬁﬁ&
Process RA Q RA QR KABA DAMO ’ MATSU [TSU YJ TSU YG
Number of timber = 5 } 7 " 5 \ 7 ’ 5 7 6
Number of sawn. ‘ 158 | 68 | 55 o } 41 ’ 52 | 33
laminae | - ;
Number of ; ’ ’ I
measured laminae 80 62 48 71 21 19 14
after sawing | B . | -
Number of | ' [
measured laminae 80 62 47 71 21 19 14
after drying | . 5 i
Number of laminae; i
used for strength ’ 57 ' 31 16 1 30 21 17 16
test ‘ \ I
Number of measur- I
ed laminae after 57 | 17 | 16 30 20 17 16
final surfacing l | | -
Number of glued 50 \ 15 ’ 15 30 l 20 | 15 ’ 15
laminae | T
Number of glued I ‘
laminated beams ‘ 10 . 3 ‘ 8 } 6 \ 4 3 8

s WAL BEEE, ST oo T, v — 2 SRS R B U 7o 2R TR ST 5 L K
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RIS O HIARIZ D\ T
a. K
B AR 2R OSBRED 22 fe & DIX Z MR Bt L 7 Ad, MESEICKR L TR B I 31 % SR pEsE
DRI TFT, TEREOHIRMICHECIET .
b. R
#, B, mE, K, B, bie, AH, B8, L, RAEhzar 5y, 6, HT, Y
NEDFEH IR DB b DIXERS L2,
c. b, kY _
TR OB EEET D 2 L & LI, FOMMDEEE 7 v — 7o\ T ARCERE L fedoie,

BB ORI oW

Eladncd: Uiz, E Y (cup), RUNK, ENSEOGEER L ORI L .

M T OIRCDUT ‘

WMTic X >TdUte, HIDEL, HEOE R, HBHEID, v—7 —b L EOFFELORI Y
AL oo

LD FE TN BT OREEE%, HARE 20.00 mm+£0.25 mm, HROELZ 0.4mm LT,
F A 7<= 7D 20~30/in £ LI, ZOIEEPRNTIIBIIGIRNTS 2k L L, ity - »
BRI U RO TR Table 8 ICRLICE RN ThD,

(2) HFHEOHIDEKFE

ORI LR, WY, TEE 30 42 A TFACHEHc R CIREIL , FO%, B, b
5\ ARIRAIC X O TS BE AT b I B
L7 DT, ZDMICKFEFRIZTHLRT, L

TODOMATSU
MAKABA
(QR:
MIZUNARA
()
YACHIDAMO

: 10T, T ZICFREIDIIR DS kR K5
ot if o @ oL RIREET, 3~ 40 HARBL
| x MAKABA — n-26
a0 i —— vakoao n-70 RO OBHIRE RETH B .
»§ / o—— TODOMATSU n=2I
S N (8) BT DUTHR
= o
S ‘ 4\1‘ L. 3iciikoERT Ay Fig. 7 & A
& | “ FREHR\T, 1. & R UHEE Ol s e
] L b
/ *\;\\L , Lo KRICE D, dbih bR T EARCE
v A gl e N [ 1 1 .
PR S Bl EHBOVHELTIASS 2., Table
Fig. 8 WHEOBRE S 6PERITHD,
Moisture content of laminae after sawing ¥ X OV & DR

L=lii“ %100 (%)
frsL, L=iRigR
lg=dbfD & DTk
lo= AR IEETHRDO Tk
TR



LT 5 UF2E (B8 13D (HERUH RFYERE) — 11—
Li= Ag—An
g
7et2l, La=ifEmEs
A=t & & ORI
Ay = AT RGBT B0 R BT e B
Table 6. &BHEZ & OHRRIGER
Shrinkage percentage of each species
- L S oo | AKA-
‘ Species  MIZU- | MIZU- ‘ YEZO-
MA- | YACHI- TODO- YEZO-
™~ NARA | NARA Y Ba | pamo MATSUMATSU \ATST
- Q QR | i MY
_ | Average % | 1.2 7.0 | 5.3 6.0 = 5.6 2.5 2.1
[ - _ — - RN -
o Standard Y ‘
& | deviation +% 2.5 | 12| 08 10 { 0.8 | 03| 02
o | Seviaion ! :
E | oefficient of o 22.3 | 17,1 Cosa 167 | 143 | 120 | 8.3
Number of ) o i o
| measuring 222 2 M0 210 63 o
{‘ Average % 6.0 3.8 42 . 42 Ll 1.2 ! 1.3
e gg‘}gﬁg‘; +% 1.5 0.8 0.8 | 1.5 ' oo 0.2 | 0.3
< “Coefficient of ' o T | T ’ I
& | variation %! 25.0 | 21.0 19.0 ' 35.7 | 45.5 16.7 23.0
Number of ' ol ) | o 7
| measuring. 220 }”7 2 209 62 | 55 41
i |
Average % \ 15.7 | 10.5 ] 9.2 = 9.9 l 6.5 3.5 3.5
“Standard L ol roL T s
g deviation % 3. 1.3 | 1.3 1.3 0.9 0.6 0.9
T I POY I R | | T
< ggsglt%‘;nt of o L o197 | 1204 4 13.1 13.9 17.1 25.7
"Number of o I
| measuring 235 29 | 14l 209 63 S
4) RO D ILE
TR T RO ST, TS LOEERAE L1, LEHE TS &, Table 7k L
O Fig. 9D BHTHD,
Table 7. R MIFEFRLE
Specific gravity of laminae
Species  MIZU- MIZU- |y s v acHI.  TODO. YEZO- | A
NARA ~ NARA BA DAMO MATSUMATSUnaTSy
Q QR | Y MAS
Average (glem™)  0.65 0.62 0.69 0.52 0.39 t 0.41 0.40
“Standard deviation = _ N I SO U
(glemty 007 | 0.0 0.0l " 0.06 0.0¢4 | 0.03 | 0.0
Coefficient of variation | | . | o il L -
o (%) 10.8 ' 8.1 1.5 . 11.5A 10.»3_ 7.3 _—lii
Number of measuring | 80 \ 30 47 70 21 19 14
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Table 8. #ifRDE KR,

Moisture content, specific

: Species o S TS : ~ MIZUNARA
s QI | QI Qi G ‘ oy

] o T ;;_[A_Ve.‘Mln.\Max.‘Ave.!Min [Max.|Ave. lMin.lMax.r[Tve Min.Max./Ave.[Min.]Max.
y by moisture j 1 A ' ’ ’ ' { J ! ’ ‘ |
NiI;)t-ure ter method?, 10+6 10.3) 11.2] 11.5 10.2] 13. 5‘ 10.9 10.2] 11.5 10.9] 10.5 11.5| 11.2 10.7] 11.7
by oven dry ! __' _‘ o | _i b
content method 9% ] i ‘ | |
|
Spjvc};efif ég";‘s’ﬁ;d “0.550 0.51 O.61’ 0. 60| 0. 55‘ 0.65 0. 59‘ 0.57] 0.61] o.59‘\ 0.56 0. 61 0. 63} 0.60/ 0.65
Width % 9.2 8.0/ 11.1| 11.9 10.5‘ 13.0J 8.9 7.8 9.7‘ 9.6, 9.2 10.5\ 9.9 9.0 10.7
Percen- i | ' i \
tage of |Thickness % 6.5l 5.9 7.1} 6.1, 5. IJ 7. 9[ 4.8 3.7 60 46‘ 4.1 5. 4 52 4.8 6.0
shrinkage —— - - —
Area % 13.910.7] 17.0] 17.9] 15. 1'206[ 13.1] 11.2] 14.5 136’ 125[ 15.3 14.6 133 15.4
e L, i M M I el B
ThicknessiThwkneSSmmw 71'19 25\19 85}19 2618 50}19 50}19 83‘19 75l19. 85‘19 76/19. 50|19 9019 76‘19 55119 90
fter final
guref;cilrrllg Difference of ‘ 5l 0. 9 i
[thickness mm ©+37] 0+10] 0.75] 0.19] 0.10] 0.25| 0.20] O. 15 0.2 21|o 15] 0.30] oz‘ozotoso
- MIZUNARA, QR J MAKABA
Species ‘ ! S — faininua
Species | o R QrRIL | __QRW_ | M1 CMn
o . _|Ave.Min.]Max./Ave. Mxn Max. Ave. Mm IMax ‘Ave Min. !Max Ave Min.) lMax
|
Mot- ‘,g’;tg"ﬁ;‘;ﬁd 9% 13.2] 12.5 14. o’ 13. 4 12. 8‘ 14. 3[ 13. 4. 12. 6 13. 7} 12. 4‘ 12. 1 13. 3 12.2 12.1] 12.2
isture | . - —
Content\by b dry 9 12- 21 11.7] 12. 5‘ 119 1141 12.6 119!114' 12. 6\ 12. 1’ 1.5 12. 7{119 114I 12.6

Specific gravity

! \
when measured lo. 62 0. 55‘ 0. 65 0. 59‘ 0. 56‘ 0. 65‘ 0. 64‘ 0. 58’ 0. 69J 0. 68‘ 0. 65\ 0.71 0. 70‘ 0. 65J 0.72

iWidth %‘ 6.1‘ S. 8' 6. 4‘ 6. 6‘ 4.2[ 9. 0! 7. 2‘ 6. 2’ 8. 7 5. 7} S. 2’ 6. 2 6. O 4.5 7.6
Percen- d —
tage of  Thickness % 3.9 3. 6} 42‘ 36[ 3.0‘ 0.0 3.5 2. e’ 4.9 4. 51 3.6 5.1 4.4 3.3 5.6
shrinkage - !

- —
Area /oIOO‘ 9.7 105‘103i 91’11610.4 85’133, 98‘ 86107‘ 991 781116

’I‘hickness |

after final! ’ L —

Difference of|

Thlcknessj

20.27 2O IOZO 43’20 17,20. 15[20 20:20. 2020 10’20 2520 22’20 15120 30‘19 92‘19 50‘20 25

>

surfacing [ kness mom 0.13‘ o.os‘ 0.391 o.153 0.10‘ 0.20l 0. 6| 0. 10‘ 0.25 0.19| 0. 10' . 30’ 0. 19‘ 0. 15 0.25
WS’p’;’;S o BUNA .~ TODO-_
-~ 1 B1I BiL ‘ B 1 Al ' ALl
- _|Ave.[Min.[Max. /Ave.Min.Max. \Ave Min.| Max. fAve Min. \Max Ave.|Min.Max.
by moisture 1 ‘ ‘ ’ ‘ ‘ [ ' [
Ni[é)t-ur Imeter method 2 13.7| 13.3| 14.4| 15. 5l 14.1] 17. Oi 14.3| 13. 5‘ 15. 31 10.2] 9. 8 1. Ol 10. 9.0 10.8
‘by oven dry :
content method g5 11 8’ 11. 4’ 12. 1‘ 12. 8\711 .4] 13. 7[ 12.1] 11.6 12. 3‘ m —) | —

Specific gravity : [ _’ ] _l [ [ _] ol
hen oty - 1 -1 :‘ - 9 . 0.40 0. 39 0.42 0. 42‘ 0.38 0.47
| -
[Width % —\ —[ —‘ —| —J‘ = —\ —‘ — 5. 5‘ 5.2 5. 9 5. 8 4.9 6.6
Percen- . o - ] - '”‘ [ T ‘ T
1t]agelof Thickness 2 ——‘ ——’ ——‘ = 7 —‘ ] —’ — 1. 2‘ 0. 8’ 1. O[ 0. 8‘ 1.5
shrinkage i Sy ooy T — N
|Area %! —f —i — —{ - = - —‘ —‘ 6. 7\ 6. 2‘ 7. o‘ 6. 7[ 5.8 7.6
Tfhick;lessl Thwknessmmlzo.12‘19.9o20.4520.07[19.71%20.3520.08‘19 8820 32‘19 98 19. 95'20 oo}zo 0519 95120. 30
after fina R Yo
faci Difference of; ! | | ! | |
surfacing |y Khess mom! 0-35] 010 0.47 o.37} 0.26] 0.55| 0.24) 0. 16, 0. 28 0.14 0. +10, 0.20] 0.13] 0. 10‘ 0.15

Qs XA DA H M B S EIHE B ERB S kKT
Note Laminae of Q and A group was measured with the electronical type moisture meter
(manufactured by Toshiba Co.).
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WE, BIUHEVE

gravity and thickness of laminae

Q

Qvl QW S "dﬂni - QKX . Qx

7A;76 . Min. ]Max Av¢ Min. ! ‘Max. Ave . Min. | Max. Ave. [Mm | Max. = Ave.  Min. | Max,

11.5 11, O| 12.5] 1! 4' 10. O] 13.5 12. 2’ 10.0: 14.8' 13.3‘ 11.7' 13.7. 11. 4‘ 10. 7‘ 13.0

e T T T T S e e

. : T
065] 060‘ 0.68 0.65} 0.60{ 0.7]} 0.68 063‘ 075‘ 073’ l 0.75! 0.61[ 0.56‘ 0.66

10. O: 7.5 ll.SN 12.0' I0.0| 14.61 12.0[ 9.9 14. OJ 12. 3\ 10. 2' 13.7‘ 9.8[ 8.9! 10.6

5. 9] 11 6.3‘ 5.7. 4.9’7 7 6.7[ 51’ 4.3) 6.8' 7. 3’ 5. 31 9.2 4.9i 4.1! 6.0

15.07 12.3 16.9‘ 16.8’ ]4.3‘; ]9.4) 16. 3’ 13. 8) 18. 7’ 18. 5; 14. 8’ 20.2! 14.6' 12.1) 17.7

19.86'; 19.80 19.90% 19.77‘ 19. 50‘ 19. 90’ 19. 58’ 19. 05} 19. 80‘ 18. 58 18. 30’ 19.10)i 19. 65‘ 19. 03, 19.90

| 0.18 0.151 o.zo{ 0.28 o. 10w 0. 60[ 0. 32‘ 0. 20{ 0. 60‘ 0. 25\ 0.10 0.40, 0.32 o. 10[ 0.77
o ~_ _ _ YacHmibaMO -
Mo FI ___FIr Fmr F1v [ FV
'Ave.|Min.Max.lAve.[Min. Max. Ave [Min.Max. Ave.'Min.; Max. Ave. M1n | Max. "Ave.[Min.| Max.

129‘121‘144‘134‘130’ 137 145‘135‘167 159) 135‘ 175! 149[ 140[ 15.8 152’ 141\ 17.2

llB{llS‘ 1261 12.1 118’ 124’ 12. 1‘ lléh 126‘ . 118\ 124‘ 119’ 115] 12.3 123‘ 12.0 12.6

0. 71‘ 0. 68‘ 0. 72< 0. 481 0. 42‘ 0. 50‘ 0. 54) 0. 51’ 0. 57} 0.55] 0. 49’ 0. 60‘ 0. 52' 0. 45i 0. 58[ 0. 55} 0.51} 0.62

5.5| 4.8‘ 6.1( 5.

4.of 3.5i| 4.7

[ 9.2 8.2[ 98‘ 96| 8.9 11. 1* 10. 5‘ 10. Olll 9 10.8‘ 10.4/ 11. 6| 93‘ 86' 10. 3] 10. 1. 91]

20.02!19.60;20.3020 3”'20 30|20 40‘20 30120 25|20 35} 20. 28| 20. 251 20. 30 20.25

~

5.4‘ 6.5! 6.2’ 5.7’ 7.4} 6.8} 6.4’ 7.7 62' 58| 66} 66‘ 7.7

(95

3

3.2 Asi 4.7} 44’ 4.9 4.5 4.3 4.8 35' 31’ 40‘ 3.7’ 3. 4.0

20. 20 20. SOI 20. 31. 20. 15‘ 20.40

——i -
l 0.21 O.lSi 0.39‘ O.ll‘ 0.00; O.ZOE O.IS' 0.10 O.ZOI 0.17i 0.10' 0.25' 0.18‘ 0.15] O.25. O.lOl 0.00‘ 0.25
—_— ! ' _

_MATSU | YEZOMATSU | AKAYFZOMATSU
AL “ AV YIT YJIL ‘ YGT .l YGIL
Ave.Min.Max.Ave.[Min.]Max.|Ave. \Mln IMax Ave.Min.| Max. | Ave. ‘fol} 'l/[ax | Ave. ]Mln | Max.
8.0‘ 7.6‘ 9.0 9. 41 8. 3’ 10. 4| 11. 2} 1. 0| 1.6 11. 8\ 11. 6& 12. ol 10. 9\ 10. 7} 12'41 11.9{ 12.8
—| —l — —‘ —i —l 12. 3' 11. 7’ 12. 7k 12. 8‘ 12. o} 13. 51 12. 3) 1. 7‘ 12. 3[ 12.6

|
OSSOSo036\037}03%040'037‘037‘038’ O42I 040‘ 0441 OSBI 031 036 046’ 043[ 0.47

5.7‘ 50‘ 68t 59| 50‘ 73i 24‘ 23} 25, 2.6I 2.3{ 2.8 2.3“ 2.0) 2.9 2.5! 2.1 2.8

i - |

1.4] 1.2 0.7, 2o| 1.6 1.2 1.9

: I
6.5 5.6; 7.8 6.8 60‘ 8.3 35! 31‘ 3.6 36E ' 4.1[

0.9 06l 1.3 1.1 09l 1.2 l‘ 10| 1.2§ 101

3.4& 2.7 44‘ 3.6 26]

19. 98\19 95‘20 00120. 03!19 95i20 15’21 O7|21 00121 15 21. 08| 20. 9b| 21.20" 20. 971 20. 33; 21. 20; 21. 12} 21. 10\ 21.15

0131010'0151016‘OIO|025$O17}010\025i 019[ OlO' OlOl 005’ 015’ 013 OOSI 0.20

QR, M, F, B, Y] X0 YG DI li/HE 5 KkG5FHEr v bﬁ%‘?‘\?&h’ﬂ TKERET
Laminae of QR, M, F, B, YJ and YG group was measured with the electrical resistance type
moisture meter (Commercial name, Kett),
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g ge‘; (5) ke — & BU0E) IS EE S hlcifiR
Dég g %% : I LlEO MRS REEL , HRY — & BEFCE
a gg ¥ o Rl 5 XN HRR SN TR T ORI T, SR19
£ il A TITEEERN ~22°C, FEBIGRIREE 60~70 %O ERER D%
2 ]C PO R 2 L C 2 RILLERUEL , S0 5
«_;0 A \ BRGRES TS, 7Y L OBEEATY
S s VNG v YA il o Sy &
00 gy WL AR 3 HATC I TEARRIIEL
Fig. 9 oo b IS OREEL R L, IR, S EVEr
Specific gravity of laminae at measured 1R ED ¥ LD &, Table 8 DirkhH

Thho
6) K&

HRAY - A FHERT I, TRUMREMTHS L2 L L, RREDEIRACSZ DO
REVBEIND Z LIBBETHRAWE ZATHORDT, F#RIoWT Phot. 5~17 iRT X 5 7g,
AE, i, vy -, o, s, ML, B0 <h, HENY, v-F -, HREE
TURL, ThBABERRS L CEEENERRERITT S hicRE b X ) B RETS 2
Ll

Phot. 5 fifi Phot. 6 fi
Knot (MIZUNARA Q) Knot (TODOMATSU)

Phot. 7 1  Phot. 8 HUR
Knot (AKAYEZOMATSU YG) Worm hole (MIZUNARA Q)
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G
\@n@
-
Lo

Phot. 9 ® & 3 LU Phot. 10 % &
Pitch line (TODOMATSU) Discoloration (MIZUNARA Q)

Phot. 12 4
Check (MIZUNARA Q)

Phot. 13 it H ¥l b Phot. 14 Ml » #& L
Bristled grain (MIZUNARA Q) Poor surfacing (MIZUNARA Q)
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Phot. 15 {4l » #& L Phot. 16 » — 5 — H &
Poor surfacing (YACHIDAMO) Trace of roller (MIZUNARA Q)

Phot. 17 Tim™ % < h End surfacing defect (MIZUNARA Q)

1.2 HBIRDBE

RO TIE D & SRR IR D W TI: & 3RIEAHESE T oablcds T Dte . MBI IERZ0H
B b O 5 T 1 RO ENH B AR TS L5 LD, (I F, ZOWFFEC & > CHRMmE
REDVWS LT T D DER, BRO KM, FHEl LURRONICDORS ,

1) oL

Z OBRBRIT AL U AR D —i F i3 S8 ) & ofemEERBRIKIC OV T, OSEEETRTT, TobTh
AkER L OHECHE TS HE &M% Table 9 L L,

) M (bmm): FF=Y (AL, 2~6.5mm D~y 1ihh, AL LTULAEEDOLD LA
Lhs,

YRV RIOT I = VXL G 1.o~4.0mm DY L THBEMN, TH=V<vYyD YGIU 1IX
RT IS ATND, ¥FLE, TFRIV Dy UL E QICHRAREO LD L BLbEN, ~
By AOM TR ET v AR TWD s 3 X511k, Q (i) QR (BEHE) & 0.5~2.2mm O
AYARHD, WHBUB LWHED R F Y FRLZENB LD TH DO,

Gi) B (Smm) @ $FEEECIL F P =Y =< Y LAEIRMN L3 F 0 18R e b 2 ok
LOHLI, Tibb, FF=YTH 0.8mm, =V <Y T 0.3mm FELLALONS,

IREERICW, B, IS EE L R CTH 2 2, BILHC, FOMCEHEM T OF R —E b X




Table 9.

LR T B g (551 )

(EERVEADFTETE)
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HEROFRT (b)), BHM (s, SR (W) B LOKHIEE (R
Width of annual rings (b), width of summer wood (s), moisture content (u)
and specific gravity at test (R.) of the laminations for each laminated beam

Species ,GroupyR'

b (mm) ‘

S

(mm)

u

%) |

R, (kglem?®)

| R - . | e Ty
{Grade A |Max. Min. A )Max.lMin.: A ;Max.’Min.‘ A !Max.!Min.
AT R4 4.4 5.0 4.0 1.0 1.4 0.7 14.2 14.6 13.7 0.40] 0.42 0.38
TODO-  AIl | R40  4.20 4.5 4.ol‘ 0. L.u o.sl' 14.3 14.9) 14.000.42 0.44 0.36
MATSU| AlL | R35 3.5i> 4.5 2.0, O. 1.1 0.2 14.0 14.9] 12.9 0.35 0.37] 0.33
| AWV | R40 | 4.4 6.5 2.5\ 0.8 1.0 0.4’ 14.6/ 16.7] 13.2 0.39] 0.43 0.33
. i i ! |
YEZO- |YJ1 | R40 | 1.4l 1.6! 1.2 0.2 0.2l 0.2 13.8 14.0 13.6 0.39 0.40 0.37
MATSU|YJIT | R40 | 2.2 3.3 1.3 0.4 0.7 0.2 13.9 14.5 13.0 0.42 0.44 0.4l
e | , .
A%{EAZ-O |YG1 Rss} 3.0 3.8 2.2 0.3 0.4 0.3 14.5 15.0' 14.0; 0.33] 0.37] 0.31
MATSU| YGII| RSO 1.6 1.7? 1.4 0.4 0.5 0.314.3 15.0 13.3 0.49 0.50 0.48
- . N R * "7 D P VV} T T o
| FT | RSO 1.3 1.7 1.1 0.4 o.5I 0.3 12.4 12,7 12.2 o.sol 0.55 0.44
. - A | |
YACHI- . FII R55; l.oi 1.7 1.2 0.6 1.oi 0.4 12.5 13.4) 12.2 0.54‘ 0.60| 0.49
DAMO | FWL| RSS| 1.70 2.0 1.4 o. | x.si 0.5 123 12.6 12.2 0.53 0.60 0.48
FIV | RS5| 1.5 1.9 1.3 0.6 0.9 0.5 12.2 12.5 12.0 0.54 0.58 0.50
(FVIRSS | 17 23 1.5 0.9 1.4 o.ei 12.4 12.9] 11.6{ 0.57 0.59 0.54
iQRI R65 1.1 1.6 7| 0.4 0.4 0.3 12.9 13.5 12.6/ 0.64 0.70, 0.60
MI{IZAI;JA [QRIL| R60 0.8 1.2 5| 0.4 0.4 0.3 13.1 13.3 12.9 0.60| 0.65 0.56
’QRH[ R65 | 0.9} 1.9/ 0.5/ 0.4 0.5 0.2 12.8 13.1 12.4[ 0.65 0.68 0.60
Q1 | RS5 ! 0.5 0.6 0.4 0.2 0.3 0.1 13.40 14.3 11.9 0.54’ 0.56| 0.52
QI R60 | 0.7 0.8 0.5 0.4 0.5 0.3 12.5 15.3 10.90.58 0.63 0.52
Qu Re0 . 1.0 1.2 0.9 0.6 0.7 0.4 14.5 159 12.6 0.5 0.61 0.55
QW | R6O | 1.1 1.2 0.90 0.6 0.7 0.5 15.3 16.5 11.6/0.59 0.62 0.57
MIZU- | QV Rébi 1.5 1.6 1.3] 1.0 1.1i 0.9 12.1 14.0 11.0/ 0.65 0.69] 0.62
NARA | QVI | R65| 1.4 1.6 1.3 o.oi 1.or 0.9 12.1) 14.0l 11.0{ 0.65 0.69 0.62
LQw Rest 1.3 1.5 1.1 0.8 1.0 0.5 14.2 17.0 109 0.67| 0.71] 0.60
Q! R70| 1.4 1.7 1.0 0.9 1.1 0.6 13.8 16.0 11.10.72 0.76] 0.69
fQX | R7s! 1.7 2.2 1.2 1.0 1.7 0.4 14.7] 15.6 13.4) 0.75] 0.77 0.74
lQx Réo‘ 0.8 1.2 0.5 0.4 0.7 0.2 12.5 15.0" 10.3 0.61| 0.68 0.54
: ; : . ‘ ; ,
B 1 | R60 1.6! 2.4} 12{ 0.2) 2‘ o.z‘ 12,7, 15.4) 11.7] 0.60] 0.61] 0.58
BUNA | BIL | R60 | 1.5 1.9 0.9 0.2 0.2 0.2 13.0 13.6I 12.0] 0.61 0.66| 0.55
BUL| R65 | 1.4 1.7 1.2 0.2 0.2 0.2 12.5 13.5'\ 12.2 0.66/ 0.71| 0.60
| i : : | |
MI | R70| 3.5 5.1 40— — —{13.1] 13.3] 13.00 0.68] 0.70] 0.66
MA- | - -
KABA | MIL | R65 | 2.8 3.6 2.2 | 13.0 13.6’ 12.5[ 0.67| 0.68 0.64
MIL | R70 | 2.5 3.1 2.1, —  —  — 13.1] 14.0 11.60.68 0.69 0.65

A=average value; R. G.=sp. G.

SIEE b b

¥, ZOFEHThT,

0.5mm ZLDLI,
(i) &7KR (u %) 1 HEEKLTIETS &, KR4 — 7 C 12~15 %D ~v 11> TKE

T\,

Grade (JLEEIT X 25503850

VFEEDHNETIAFFLHREL, FRFRE 0.9 &
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(iv) WE (R.): £MBEECX, 0.3~0.5, KEERHTIE, 0.45~0.77 D~y 1 %2 5DOT b, Lii
DT, FHYEWEESHEYLDT D EABR, LK, I AFFRDOWTEL, 0.5~0.75 D v 1 D
B LD LTS TH D,

7%, #rfr, Group 2L TCL®LIH DL, {4 DIERHTO W% 532 S

Table 10. HARDHEEFERBRIC T2 MEHE (Lv.), BE (T) & X UBRRE (H).

Loading speed (Ly.), temperature (T) and relative humidity (H) in the
compression parallel to grain tests of the laminations

‘ ‘ ! Ly. (kglem®*smin)] T (~°C) H (~%)
Species Group R.G. | — - e e — -
’ A Max.’ Min.| A |Max.|Min.| A |Max. Min.
AT R 40| 91 96 ] 88 20 21 20 79 | 79 79
TODOMATSU ATl | R 40| 85 97 69 20 22 20 79 | 84 74
ATl | R 35| 86 94 68 24 26 23 68 71 65
AW | R 40| 81 92 66 23 26 20 72 79 62
YEZOMATSU Y] I | R 40, 40 49 22 30 31 29 78 83 76
YJIL | R 40| 41 50 27 27 30 21 76 80 65
AKAYEZOMATSU YGI { R 35| 51 58 40 29 29 29 75 77 73
YGIL | R 50| 53 | 58 49 30 30 29 73 75 71
FI R 50| 53 55 48 29 30 28 77 82 68
FII | R 55| 55 61 47 29 31 28 73 82 59
YACHIDAMO FII | R 55| 6l 68 56 29 30 28 75 82 68
FIVv | R 55| 58 64 52 29 30 28 73 82 65
FV | R 55| 58 |6l 51 29 30 28 74 82 66
QR I | R 65| 57 60 54 31 31 29 64 73 58
MIZUNARA QRII | R 60| 57 66 54 30 31 29 67 74 61
QRIL | R 65| 59 70 51 30 31 28 67 73 60
QI R 55| 65 73 62 31 32 31 64 68 61
QII | R 60| 75 84 72 29 31 26 70 73 68
QI | R 60| 75 87 67 29 33 26 70 9 | 62
QI | R 60| 69 75 60 29 33 26 71 9 | 6l
MIZUNARA QV | R 65| 66 74 56 28 31 26 63 70 | 59
QVI | R 65| 66 74 56 28 31 26 72 %0 | 62
QW | R 65| 70 73 65 29 32 26 67 73 60
QW | R 70| 68 78 44 28 29 27 69 73 66
QX | R 75| 75 91 52 30 32 27 64 71 61
QX | R 60 ‘ 60 70 51 30 31 30 67 72 59
B1I R 60| 60 64 57 29 30 28 75 78 70
BUNA BIL | R 60| 62 78 54 29 30 28 74 78 68
BIL | N 65| 59 66 53 29 | 29 29 76 78 73
I M1 R 70! 89 | 118 60 28 29 28 77 80 75
MAKABA MIIL | R 65| 102 | 113 91 29 29 28 76 80 69
MII | R 70| 104 | 120 95 28 29 28 77 80 70

A=average value
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SFR, RREORTENEE (Ly), IREE (T) X ONHRIEEE (H) % Table 10 LT,

Table 10 L O 11 ® R.G. ZJEFEME% 0.05 i & 27iEHVOHEZLLTLDLELLDT, 2D
WCILES e L AT .

(2) HERD L

BRI L X 5 &35 1 4« DR B4 50 cm BEOM A0 Y (—#a% L v), Fig.
10 CLOTHETERRIAR A IERL oo HE5ERRRIKOTEIL JIS A 1006 1 X Dfe. HEERE, v i
X OHFRBRAEC OV T, 3, PR X TR 2 MEER A I 2 i\, OIS
T —HR X DR & v TRRRIR &5 0 L) BREERER T ds T Te ot S OEd L, FREEBREKICOWT
SR, BT, TS KOG REEE b LT OHUROM BRI L Lic,

' Cm.
A - T 2
1 BCs T T T |
072 T T a1
IZ _________________ BCS I
21 T ;
[ 0 1l
= d L
p
BCS.
2 =364
< 1 ST ST C |
gl 40 E

Fig. 10 iRk b sERBREKD IR
Cutting diagram from a lamination.

T=tension specimen C=compression specimen
S=shear specimen BCS=bending specimen

Y, FREFNROBRICOVTRARFREDO RN ZIC~ Y FLIEHED O E v, BEEDHE
W, Rk & R, BER & ERRICILEEK extensometer AV, M TRL A TAY = (10 mm) i
X ot

(B) BRI

PROE 7V — 7 Z L DYy rFEEK (E) & Table 111c, ¥7, BR, Ak L O« v BimiEs Table
12 kLl li,

() vy rEBemE A

Yo BB, BEE L EMROTE LHIE L DT, cOBIEICOWTIET S &, FEfEcoV-THE
KAl F 7R MEIC DN T, BERY v VREOF PR ERE v v 7R L ) THESERE L L,
ZEAEENRCEO LTI NG . '

BMEECHVLTIL, X5 5 QRO 2ANEL RVBERMEY Lo Lo LMER Sha s, LORK
35D L ZAWHBATI .

(1) EEREFNER DR BT

WEEL YV VDO =B Th L bbb o do L ORI IEE O EEBECKT5 M v,
% Table 13 1, BHARMEE & EMGRAEEOL ©, EREREE & © v BrRBEOIE q 35 L OFIEE O M iR
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Table 11. M BARRT 2o v v 7FE (B)
Young’s modulus of the laminations for each laminated beam
| E; (10°kg/cm?) E, (10*kg/cm®) ' E./E.
Species Group | R. G. |- | —— — - -
A |Max.|Min.| A |Max.|Min.| A |Max.|Min.
AT R 40 123 140 107 133 140 117 | 0.93 | 1.00 | 0.91
TODOMATSU ATl R 40 116 128 105 125 139 107 | 0.93 | 0.92 | 0.98
ATH R 35 99 104 92 98 104 921 1.01 | 1.00 | 1.00
‘ AW R 40 115 121 105 113 116 106 | 1.02 | 1.04 | 0.99
YEZOMATSU Y] 1 R 40 103 121 86 103 113 87 | 1.00 | 1.07 | 0.99
Y] L | R 40 119 136 94 111 135 80 | 1.07 | 1.01 | 1.18
AKAYEZOMATSU YG I R 35 87 97 79 82 99 72 | 1.06 | 0.98 | 1.10
YGIL | R 50 112 135 77 114 147 751 0.98 | 0.92 | 1.03
F I R 50 78 102 62 85 122 ‘ 62 | 0.92 | 0.84 | 1.00
. F IL|R 55 87 100 78 100 123 88 | 0.87 | 0.79 | 0.89
YACHIDAMO F M| R 55 91 109 81 102 113 921 0.89 | 0.96 | 0.88
F IW| R 55 103 115 89 107 115 101 | 0.96 | 1.00 | 0.88
F V|R 55 106 120 83 114 130 99 | 0.93 | 0.92 | 0.84
QR T | R 65 54 64 47 54 62 421 1.00 | 1.03 ! 1.12
MIZUNARA QR I | R 60 58 68 48 66 77 49 |1 0.88 | 0.88 | 0.98
QR 1L | R 65 86 102 68 91 107 61 | 0.95 1 0.95 | 1.12
Q I R 55 42 45 39 48 53 44 | 0.88 | 0.85 | 0.89
Q I | R 60 62 69 58 72 81 66 | 0.86 | 0.85 | 0.88
Q I | R 60 54 62 43 61 66 59 10.89 | 0.94 | 0.73
Q IV| R 60 67 74 63 78 98 61 10.86 | 0.76 | 1.03
MIZUNARA Q V| R 65 64 68 58 74 80 69 | 0.87 | 0.85 | 0.84
Q VI! R 65 74 86 56 84 94 82 10.88 ] 0.92 | 0.68
Q VII| R 65 80 93 71 89 104 75 10.90 | 0.89 | 0.95
Q W ’ R 70 101 116 80 107 121 84 | 0.94 | 0.96 | 0.95
Q X | R 75 115 135 93 143 156 131 | 0.80 | 0.87 | 0.71
Q X | R 60 58 67 48 76 93 58 | 0.76 | 0.72 | 0.83
B I R 60 84 96 69 92 96 ‘ 88 1 0.91 | 1.00 | 0.78
BUNA B I | R 60 93 107 84 96 104 931 0.97 | 1.03 | 0.90
B 1| R 65 116 154 83 119 142 98 1 0.97 | 1.08 | 0.85
M I R 70 122 130 113 125 153 921 0.98 ] 0.85 | 1.23
MAKABA M II | R 65 139 168 120 141 149 125 1 0.99 | 1.13 | 0.96
M TlL| R 70 162 173 150 156 168 136 | 1.04 | 1.03 | 1.10
A 0.93 | 0.94 ‘ 0.94
+4% 7.6 10.1 } 13.8

E;=Young's modulus in tensile test
E.=Young's modulus in compressive test

A=average value

Standard deviation

A
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Table 12. $RuGHBEAHIT B HHIEOMIE (Bli=0r; Fifi=oo; €y =)
Strength of the laminations for each laminated beam
| : oo (kglem) oo Chglemt) T Chglem?)
Species - Group! R. G. | . -
; A Max. Min. A ‘Max Min. A 'Max. | Min.
o ! : . — — ‘ PR
A T | R 40 1zaoi 1460 1060 | 360 ‘ 370 | 350| 90 92| 88
TODOMATSU A 11| R 40| 918, 1030 | 780 ' 365 390 | 325 92! 107 | 84
A TR 35 901100 80 317 | 335 . 310 78, 85| 74
A W{R 0 noo‘ 1310 | 900 | 332 370‘ 285 | 91| 101| 76
YEzOMATSU | YJ T|R 40 992 13% 654 284 311 200 91| o7| 86
Y] IL | R 40 | 1223 | 1465 } 892 ‘ 324 | 387 | 292 | 100 | 106 94
AKAYEZOMATSU| Y6 T | R 351 5{ 690 | 242 | 247 | 228| 79| 8| 75
YG It ' R 50| 923 1 1002 | 857 | 378 | 396 | 247 9| 10| 82
F I |R 50| 907 i 1112 | 761 I 332 | 373 276 ! 105 | 117 | 88
F IT | R 55 984 1219 | 776| 356 | 425 313 114 123 105
YACHIDAMO F W[ R S55(1019 1118 912 355| 403, 329 113| 133| o7
F IV | R 551220 157! 810| 360| 384 | 335! 111 | 123] 101
F Vv R 551133 : 1310 959 J 378 400 l 335 ‘ 111 122 ' 103
;QR TR 65| 404 | 611 } 300 | 325 | 3531 204 | 125| 139 117
MIZUNARA 'QRIL | R 60| 562 | 666 334 3291 385! 302! 1221 127 | 116
JQR T R 65| 8721033 | 645 405; 434 | 359 | 139 | 144 135
| 1
1 [ - i N
" Q I |R 55 sa6 | 570 | sis| 271 | 203 | 255 13| 124 107
lQ 1 ‘ R 60 763 833 682 341 | 372 | 316 124 144 | 104
Q W R 60! 673 sol ‘ 600 | 345 | 369 | 3829 | 129 136 | 114
Q W|R 60 78 973 | 646 | 352 | 394 | 323 | 125 130 122
MIZUNARA \Q VIR 65 779‘ 916 | 622 | 398 | 409 387 1 152 | 156 | 150
Q VI } R 65| 862 1047 | 649 | 415| 433 | 381 | 155| 150 | 147
4 Q WI| R 65 902 981 729| 417 470 | 381 | 155| 177 141
i Q WL R 701311 1425 1193 | 490 | 538 | 376| 161 | 189 | 151
Q X| R 751526 163.’%) 1398 | 510 | 554 | 465 | 162 191 | 158
'Q X R 60 773 918 644 | 339 | 360 | 203 | 124| 145 111
; ‘ ,
B I |R 60| 1027, 1255 | 873 | 384 ) 388 | 378 129 134 | 122
BUNA B Il | R 60| 1051|1367 | 679 | 375! 409 341 | 135 | 141 127
B M| R 65| 1431 | 1861 | 675 440 490 | 410 144 163 | 129
' M TR 70 \ 1234 \ 1364 | 1102 | 455 | 470 | 431 | 174 | 195| 163
MAKABA | M 'R 65 1288 ' 1657 | 1020 | 503 | 520 | 483 | 171 | 180 | 158
‘M ‘ R 70 | 1803 | 2060 | 1630 | 599 | 743 | 516 | 176 | 186 | 164

o, =tensile strength
o.=compressive strength

T=shearing strength
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Table 13. BREERAAIAINOM R
Relation between a strength and the other
wy (O't/Et%) we ((f'-/En%) Ye (0'.»77/0'0>
Species | Group R. G. e - e
- A tMax.‘ Min. A |Max.! Min. A  Max. Min.
A T |R 40|1.051.36 0.890.27 | 0.30  0.26 | 0.91 | 0.99 | 0.84
TODOMATSU | A I R 40 0.79 0.89 0.67 0.29 0.31 0.27 0.88|0.93 0.80
[ A { R 35/0.97 | 1.06 0.920.33[0.37 0.300.921.00 | 0.8
LA W i R 40 E 0.96 | 1.08 ' 0.86  0.29 0.32 0.27 " 0.89 i 0.9110.86
) Hor | i I P N [ S SR
YEZOMATSU  YJ I ’ R 40!0.95 "' 1.1410.73{0.2810.32 0.26 | 0.87 | 0.93 0.76
| YT 1 | R 40| 1.02 | 1.09 | 0.91 [ 0.30 0.38 0.23|0.84|0.93 0.74
— - - "_,77 — ‘_ : \ _— ‘,* ,*"i - R S e
AKAYEZOMATSU" YG I | R 35 0.9 0.99 0.84 0.29 0.310.28 0.87 1 0.90 | 0.83
YG Il | R 50 0.88!1.19|0.65|0.35|0.46 | 0.27 | 0.80 [ 0.91 ' 0.69
— - I T S R e o - T :
F I |R 50|1.181.34|1.07 [ 0.40 | 0.45 | 0.29 | 0.62 | 0.73 | 0.51
F JL|R 55 1.14 1.26|1.05|0.36: 0.42 | 0.32]0.63 | 0.71 | 0.40
YACHIDAMO | F W | R 55 1.12|1.32]0.93|0.35| 0.36 | 0.31 | 0.67 { 0.72 | 0.62
F IV|R 55'1.20 1.32|0.78(0.34|0.35"'0.32|0.620.64 1 0.57
(F V|R 5 | 1.08 i 1.21 {0.88 | 0.34 | 0.40 } 0.29 | 0.70 | 0.75 ’ 0.65
QR I | R 65|0.78]1.30|0.58|0.61 10.70 1 0.52 | 0.44 | 0.50 | 0.40
MIZUNARA QR IT | R 60| 1.00{1.33|0.53|0.5210.62 0.40 | 0.51 | 0.69 | 0.39
QRN R 65| 1.02 | 1.11|0.950.46 0.59 0.39 | 0.53 | 0.56 | 0.46
AR st ER S At it i E S S
Q 1 R 55 1.29|1.32 1.200.57|0.62 0.52|0.50 | 0.60 ' 0.47
Q L/ R 601.23|1.38]1.10(0.48 | 0.53 | 0.39 | 0.56 | 0.60 | 0.50
Q M R 60 1.27|1.57 | 1.03 |0.57 | 0.62  0.51 | 0.53 | 0.58 | 0.47
Q IV{R 601.18|1.48 | 1.02]0.47 | 0.58 | 0.39 | 0.60 | 0.65 | 0.54
MIZUNARA Q V R 65 1.27|1.47]1.08|0.55]|0.58 0.50 | 0.54 | 0.58 | 0.50
Q VI| R 65| 1.17 [ 1.26 | 1.00 | 0.48 | 0.50 | 0.46 | 0.55 | 0.56 | 0.51
Q VI R 65 1.14|1.30|0.96 |0.48 | 0.53 | 0.46 | 0.59 | 0.65 | 0.56
Q WI|R 70 ' 1.31|1.49|1.20|0.46 | 0.53 | 0.44 | 0.61 | 0.69 | 0.57
Q X! R 75 1.33|1.50 | 1.16 | 0.37 | 0.42 | 0.32 | 0.62 | 0.68 | 0.53
Q X! R 60!1.35] 1.61]1.000.45 | 0.51 | 0.39 | 0.55 | 0.60 | 0.50
B T |R 60| 1.23! 1.41 | 0.99 | 0.42 | 0.44 | 0.40 | 0.59 | 0.68 | 0.55
BUNA "B IL|R 60 1.11,1.45|0.8110.39|0.430.38|0.52 | 0.64 ' 0.39
| B M| R 65 | 1.22 | 1.56 | 0.77 | 0.38 | 0.43 | 0.33 | 0.67 | 0.74 | 0.54
| |
M I R 70]0.84]0.97|0.73|0.37 | 0.49 | 0.31 | 0.67 | 0.77 | 0.59
MAKABA M Il | R 65[0.92|1.15|0.79|0.36 | 0.40 | 0.34 | 0.75 | 0.77 | 0.71
M 1| R 70| 1.11|1.22|1.07]0.38|0.44 | 0.35 | 0.73 | 0.79 | 0.69

osp=compressive stress

at proportional limit

e EREDLL ¢ & Table 14 L LT,
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Table 14. BEEREFEHOBIER (B8

Relation between a strength and the other (continued)

ro e | e Gegn | e (3251
Species Group | R. G. — 1= e 17
A | Max. Min.| A |Max./Min.| A !Max. Min.
A T R 40)3.56|4.20 [ 3.03 | 4.00 | 4.15 | 3.90 | 2.123| 2.230| 2.008
TODOMATSU A T0 R 40| 2.5212.92|2.11 1 3.92 | 4.50 | 3.45 | 1.864 1.979| 1.714
A TI | R 35! 3.04|3.50 | 2.63 ' 4.07 | 4.25 | 3.70 | 2.001| 2.111] 1.898
A W R 40 3.32|3.85|2.76 | 3.67 | 3.75 | 3.53 | 2.074| 2.174] 1.936
' ]
YEZOMATSU Y] I | R 40 3.45| 4.30 | 2.38 | 3.12 | 3.32 | 2.90 | 2.101| 2.245| 1.817
YJ] IL|R 401 3.77 | 4.95 | 2.93 | 3.25 | 3.91 | 2.86 | 2.161| 2.327 1.982
AKAYEZOMATSU} YG I | R 35|3.24|3.45| 3.08 | 3.05 | 3.29 | 2.88 | 2.057] 2.101] 2.020
'YGIL|R 50|2.45|2.66|2.16 | 3.99 | 4.58 | 3.50 | 1.841] 1.907| 1.734
F T |R 50|2.76)3.33|2.16 | 3.15 | 3.35 | 2.97 [ 1.936 2.076| 1,734
F I R 55|2.82 3.56|2.03|3.15| 4.05 | 2.55 | 1,953 2.123 1.680
YACHIDAMO F T |R 55|2.90 3.34|2.26|3.18 | 3.41 | 2.75 | 1.974 2.079| 1.774
F W |R 55|5.45 4.24|2.11 | 3.24 . 3.50 | 2.72 | 2.101' 2.235| 1.714
F V|R 55]2.9  3.29]2.56 | 3.41 | 3.70 | 2.75 ‘ 1.997} 2.068| 1.877
QR T |R 65| 1.24|1.91]|1.01|2.62|2.90 | 2.50 | 1.214] 1.621| 1.010
MIZUNARA QR II |R 60! 1.71 | 2.10 | 1.09 | 2.71 | 3.03 | 2.45 | 1.524| 1.710| 1.086
QRII |R 65]2.15|2.48 | 1.78 | 2.91 | 3.22 | 2.60 | 1.730| 1.850| 1.562
Q I |R 55]|202 | 2.07 | 1.95 | 2.40 | 2.50 | 2.29 | 1.675] 1.607] 1.645
Q II|R 60|2.25|2.64]1.97|2.78| 3.04 | 2.45 | 1.770| 1.901| 1.654
Q MW!R 60| 1.97 | 2.44 | 1.63 | 2.68 | 2.89 | 2.58 | 1.654] 1.838| 1.480
Q IV|R 60|2.24|2.811]1.85|2.81|3.05]2.53|1.766| 1.950| 1.597
MIZUNARA Q V| R 651.96]2.26|1.52|2.62|2.73|2.56 | 1.649 1.774| 1.413
Q VI|R 65)|2.08|2.42|1.55]2.68 | 2.78 | 2.59 | 1.702| 1.830, 1.431
Q VI|R 652.17|2.41|1.88|2.69|2.8212.60|1.738] 1.827| 1.612
Q VI |R 70| 2.71]3.18|2.47 | 3.06 | 3.49 | 2.49 | 1.922| 2.043| 1.847
Q IX|R 7513.01)3.38|2.57 | 2.97 | 3.28 | 2.68 | 2.003 2.087| 1.880
Q X |R 60 ‘ 2.28 | 2.55 | 1.91 | 2.75 | 3.05 | 2.46 | 1.782 1.874 1.621
B I |R 60|2.68]|3.32|2.27|2.97 | 3.15 | 2.82 | 1.913| 2.074| 1.778
BUNA B IL R 60|2.81|3.59|1.71 | 2.79 | 3.22 | 2.50 | 1.950| 2.129| 1.524
| B I ‘ R 65|3.22|4.02]1.623.08|3.26; 2.70 | 2.052| 2.204| 1.474
M T |R 70|2.72|3.16|2.36 | 2.62 | 2.80 | 2.32 | 1.925{ 2.039| 1.809
MAKABA M I |R 65|2.55!3.19]2.06|2.99 | 3.25 ' 2.77 | 1.874] 2.045| 1.693
M JI|R 70| 3.05|3.52 | 2.49 | 2.58 | 3.05 ) 2.02 | 2.012 2.115| 1.853

CER U, A LadTENEEND D O—0THD & LIkl L Ths . ROVHE O
THIUT, w0 TKRER 1 BAND DAL, v, TIE, SEE/TO0.3%, KEBT 0.4~0.5 %R LA
BB, ye OfEIL, ST 0.8~0.9 D~ v AHREL, Dl &b 0.7 LIETHA P, IKER T,
0.5~0.7 DHDHE\,
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e, ST, 3.0 AT 25 LONKIRSE L, —HIKBEMTIE, 2~3OfikSi LTS,
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Table 15. g v v 7REC KT AHEEME (Bur) LEHIE (Ey) & DMK
Comparison of computed and measured Young’s modulus in bending
“ \ " Es (10%kgfem®) | Eur (10%kg/em®) | Eu/Ep-
Species ‘ Group ' R. G. [- —— - T T -
A Max.’ Min.! A |Max.i Min. A ‘Max.l Min.
A 1R 40 126| 13| 120] 133] 140 17 0.95 0.95 1.0
TODOMATSU A T R 40| 123] 138 110 125) 139 107 0.9810.99 ' 1.03
A MR 35| 9| 97| 94| 98| 104 92 0.98 0.93 1.02
A W |R 40| 112} 121 97 | 113| 1161 106 0.98 1.04 0.92
YEZOMATSU (Y] 1R 40| o4l 100 89| 103} 113| 87]0.91|0.89 ] 1.02
JYJULIR 40 103 | 119 | 79| 111 135 | 80 |0.93|0.88 0.9
i ' i - o
AKAYEZOMATSy| YG I R 35| 78 94 65| 82| 99) 72)0.95)0.95(0.90
YGIL|R 50| 105| 128 75| 114 | 147 75 10.92]0.87 | 1.00
— I o N , j
'F I |R 50| 740 90 ‘ 63 ' 85 122| 62]0.87 0.74 1.02
F IL|R 55 82 8| 71 100} 123 8 0.82 0.72 0.8
YACHIDAMO F W/|R 55| 94 115| 8| 102| 113 | 92]0.92 1.02 0.9
F IW|R 55| 941 111 86| 107 15| 101 0.88 0.97'0.85
F VIR 55 111 125| 99| 114] 130 : 99 | 0.97 | 0.96 « 1.00
QR T |R 65 56| 62, 52| 54 62 42 1.04 | 1.00 | 1.24
MIZUNARA |QRIL|R 60| 61| 70| 50| 66 77| 49|0.92]0.91 1.02
QRUL|R 65 8| 96| 81 91 107 | 6110.97]0.90]1.33
Q 1 |R s5 47| 51 43, 48 53| 44]|0.98]0.96]0.98
Q IL|R 60| 69| 73| 60, 72| 81 66 | 0.96 | 0.90 | 0.91
Q M|R 60 63| 661 59| 61 66 | 59| 1.03|1.00) 1.00
Q IW|IR 60 78| 82| 76| 78! 98| 61|1.00]|0.84]|1.25
MIZUNARA Q VIR 6. 79| 8. 75| 74, 8| 69|1.07|1.03]1.09
Q VI|R 65/ 8| 9| 80| 84, 94| 82| 1.02|0.96|0.98
Q VI|R 65 84| 95| 71 89| 104 | 75|0.94|0.910.95
Q Wi |R 70| 106] 115] 85 107 121 84 | 0.99 | 0.95 | 1.01
Q IX|R 75| 137 | 149 | 115| 143 | 156 | 131 |0.96 | 0.9 | 0.88
Q X R 60| 76| 8| 65 76| 93| 58| 1.00|0.95]1.12
! B I 'R 60| 8| 8 77/ 92| 9| 880.90|0.931!0.88
BUNA B II 'R 60| 94| 1051 8| 96| 104| 93|1.01 |1.01]0.95
B WL R 65| 17| 146 | 101 | 119 142| 98 |0.98 |1.03 1.03
*M T |R 70| 127 | 142 ' 121 | 125 | 153 E 92 ’ 1.02 ' 0.93 1 1.32
MAKABA M I |R 65| 142 160 126 | 141 | 1491 125 1.01 | 1.07 | 1.0l
M TR 70| 153 161 | 146 | 156 | 168 1 136 | 0.98 ) 0.96 | 1.07
A loss|ow| Lo
,,,,,, 7" S— s
% 5.5 ’ 8.0 11.9

Ey.=computed;

E,=measured
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Table 16. [ ILBIRISAIESC 13 B HETEME (ovpr) EERHE (onp) & OJEE

Comparison of computed and measured bending stress at proportional limit

| cop  Ckglem® | cupe (hglem®) [ ol
Species Group  R. G. — e - e
‘ A |Max. Min.| A Max.|Min.| A |Max.|Min.
TA T R 40 446 | 488 | 395 432 444 L 420 ! 1.03 | 1.10 | 0.94
TODOMATSU | A 1L/ R 40| 468 546 420 438 %8‘3%%107PJ7 1.10
|

A W R 35| 377 397 | 338 380 | 402 | 372 0.99 0.99 | 0.1

| i !
A W R 40| 415' 443 36l } 398 | 444 | 3421 1.0411.00  1.06

: - 7 ‘ R o =
YEZOMATSU YJ 1 |R 40| 376 394 | 357| 341| 273 mzi1Jo 1,44 | 1.14
Y] 1T |R 40| 419 | 451 | 377 | 389 | 415| 350 | 1.08 | 1.09 | 1.06

, R : | '
AKAYEZOMATSy YG 1 R 35 335 410 2%[ 290 | 296 269 1.16|1.39 | 1.05
YG I R 50 452 486 | 392| 454 | 475 296 1.00 | 1.02 | 1.32

e : S -

"F 1R so! 301! as5 | 253 ] a9 | 48| 331|0.76 | 0.79 | 0.77
'F T R 55| 347 383 3291 427 5i0| 576 |0.81 0.75 | 0.88
YACHIDAMO F W R 55 359 379 338 426, 484 395 0.84|0.78 | 0.86
F wIR 55, 383, 418, 350 432 i 461 | 402 | 0.89 ] 0.91 | 0.87
F V R 55 453, 476 420 | 454, 480, 402 | 1.00 | 0.99 | 1.04
QR T IR 65 27| 344 209! 390 424 353 0.75|0.81 0.59
MIZUNARA QR IL | R 60 276 | 376 207 | 395 462 | 362 | 0.70|0.81|0.57
QR | R 65| 39| 451 357 | 486 521 | 431]0.82|0.87 ' 0.83

T I 1 74 1 i
Q T |R 55| 238 253| 196 325 352 306 |0.73|0.72 | 0.64
Q IL|R 60| 316| 329 | 290 409 446 | 379 |0.77 | 0.74 | 0.77
Q M |R 60| 305 ’ 345 | 270 | 414 | 443 | 3951 0.74 | 0.78 | 0.68
Q W |R 60 357 426 308 | 422 473 388 io.ss 0.90 | 0.79
Q V |R 65 378 416 327 | 478 491 , 465 0.79 | 0.85 | 0.70

MIZUNARA | ‘ |
Q VI|R 65| 434| 494 | 390 498 ‘ 520 | 457 :0.87 | 0.95 | 0.85
Q VI|R 5| 438 521, 366 500 564 | 457 |0.88|0.92 | 0.80
Q W |R 70, 506 553 378 | 588 ' 645 . 451 | 0.86 | 0.86 | 0.84
Q IX|R 75 651 686 604 612 665 558|1.06 1.031.08
Q X |R 60| 357 375[ 346 | 407 | 432 352 0.88|0.87 | 0.9
B 1R 6| 339 410 f 277 | 461 | 46 ] 455 | 0.74 [ 0.88 | 0.61
BUNA B IL R 6 374 413 337 450 ] 491 ' 409 '0.83 | 0.84 | 0.82
B | R 65, 447 558 340 528 588 | 492 |0.85|0.95 | 0.69
‘M I |R 70| 515 547 491 | 546 s64 | 517 |0.94 0.97} 0.95
MAKABA M I R 65| 646, 721! 573 | €04 624 | 580 1.07|1.160.99
MR 70| 707 759 | 621 | 718 | 892 619 0.99|0.85 1.0

A 0.5 0.940.88

+A % 14.2 . 17.9 1 19.9

oppr=computed=1.2¢.; ¢pp=measured ;
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“Table 17. HEFRBHEBIC S IT HHEEE (c0r) 2 EUE (00) & DL
Comparison of computed and measured modulus of rupture in bending
| | eu ChglemD | oue Chglem®) o=cufos
Species Group| R. G. | .- . - -
| . A |Max.|Min., A |Max.[Min.| A |Max. Min
A T |R 40 691 765 630 716 790 654 | 0.97 | 0.97 | 0.96
TODOMATSU A 1L | R 40 689 775 640 631 708 556 | 1.09 | 1.09 | 1.15
A T{R 35 543 580 500 604 651 540 | 0.90 | 0.89 | 0.93
A IV|R 40 630 690 560 637 683 541 | 0.99 | 1.01 | 1.04
o S . B R S S
YEZOMATSU Y] T |R 40| 643 ' 658 616 542 656 465 | 1.19 | 1.00 | 1.33
Y] Im | R 40 727 | 729 725 618 736 ‘ 495 | 1.18 | 0.99 1.47
AKAYEZOMATSU| YG T I R 35 ‘ 524 | 652 | 491 | 453 | 483 | 411 | 1.16 | 1.35 | 1.20
YG IT 1 R 50! 792 799 787 609 655 518 | 1.30 | 1.22 | 1.52
[,,7 L —_ = . 7;v‘; —_—
I'F I IR 5 653 705 610 641 [ 727 534 | 1.02 | 0.97 | 1.14
F 1T |R 55 744 755 735 695 728 629 | 1.07 | 1.04 | 1.17
YACHIDAMO F MR 55 788 805 775 701 715 676 | 1.12 ! 1.13 | 1.15
i F W | R 55 828 855 805 757 797 658 | 1.09 i 1.07 | 1.19
‘t F VIR 55 903 980 860 755 823 658 | 1.20. ; 1.19 ] 1.31
QR 1 R 65 551 584 534 ’ 395 520 300 | 1.40 | 1.12 | 1.78
MIZUNARA QR I | R 60 654 686 627 501 551 344 | 1.31 | 1.25 ] 1.82
QR TI 'R 65 873 899 830 700 772 564 | 1.25 | 1.17 | 1.47
Q I |R 55 491 506 465 454 481 429 | 1.08 | 1.05 | 1.08
Q II|R 60 611 624 595 603 626 573 | 1.01 | 1.00 | 1.04
Q 1L | R 60 590 630 530 570 604 537 | 1.04 | 1.04 | 0.99
Q IW|R 60 697 725 666 622 676 558 | 1.12 | 1.07 | 1.17
MIZUNARA Q V|R 65 709 738 684 656 718 578 | 1.08 | 1.03 | 1.18
Q VI|R 65 787 822 750 706 793 600 | 1.11 | 1.04 | 1.25
Q VI|R 65 775 838 640 724 787 626 | 1.07 | 1.06 | 1.02
Q Wm|R 70 931 992 ] 816 941 | 1017 768 | 0.99 | 0.98 | 1.06
Q IX|R 75| 1067 1181 | 1012 | 1021 | 1070 971 | 1.04 | 1.10 { 1.04
Q X | R 60 715 779 ‘ 649 603 675 521 | 1.19 ] 1.15 | 1.25
B IR 60 808 849 766 735 784 695 | 1.10 | 1.08 1.10
BUNA B Il |R 60 875 897 856 731 850 579 | 1.20 | 1.06 i 1.48
B Tr| R 65| 1029 | 1169 916 l 903 | 1062 616 | 1.14 | 1.10 \ 1.49
‘ M I |{R 70]1079| 1112 | 1061 876 898 845 | 1.23 | 1.24 | 1.26
MAKABA M IL|R 651203 | 1254 | 1176 943 | 1064 838 | 1.28 | 1.18 | 1.40
M WL | R 70| 1321 | 1350 | 1280 | 1205 | 1378 | 1066 | 1.10 | 0.98 | 1.20
A sl
A Y . ’ .

cy-=computed; o¢p=measured A% } 9.65 ' 9-00 | 17.5
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i FRIBRIS IR, FERRIEED 20 %O THBINC b & ofc & D RMEREC & Dlen, Zhe
ST L DILTIE, T 0.90 THEILEEE 14 % Ldlic, HTF, ~FYFEH5H, KKTkT
HETREE A DD o B THBIRE oM, 21380 & KBER A 0 TR TEHE L1,

SHEMNY . o= STV ya,
BB o= 3;5 ]1 e,

SEFC OHEBEICKT S EAE Y 25 &, 5 1.13 L7 ) BUREIE £ 10% FeErieh. L
F 2T, EMEOFAYI 13 % s R Ld L. & i, #E Ladhudabigwnoilk, 2+
5 QR L HERMEHR T TRICZ L ThHB A, Tiud, BFClGEERRECEN L Tn5 ., i,
SO, TDX 5 iR ol e DTS B L OBR AR TE 0L D THD .

Ll EAfa LT, Bk 32 74 — 70T OBMBREED & i e R HEE T2 e T&E D 4D
EBbEbh,

(@) HR & SEBH DR AR

PR OB A « DFMIZONT & DD T LIRIELVDOTH DA, EREE, 3libTsbln
e ThDH. FIT, K, HATCARBRGHFICE DO THRESN A EDTARL S 2B,

(1) AKbommEEts LoTHE

GEARI OB A LbTHEL LT, bitbiul oo T, o, L0 v BEZD, ZhbORELT,
WEECBRE T, B, ECE S TRIE Bl Hcxd bDTHD . LT, TOFHELALR
53D TIhbOEDEIRELY XDz Table 18 THD,

(1) SRR B

Elo, SO OBEO BT 2 FEMOBERC O\ TiE, BHEE 2 LadT b\ 0 L LT, Table
19 DX EDR,

(iii) FElesER

Xz, SHEEM Y INEER L T, EREREE 50 ke BEOIEMEEGK A S b, ik Table 20 x
LThmiFte,

Table 18. w., 1, g BLO 7. OEEUEHE
Standard value of «,., r, q, and y.

) N A
7
Wood l oo/E., celo, o7 Teplos
. .0035 . i . .

U T 0 *0 0-85

Soft wood 0.0033~0.0037 2.8~3.2 3.8~4.2 0.85~0.95
kel
e 3 - 0.0045 3.0 3.0 0.60

Hard wood 0.0043~0.0047  2.8~3.2 2.8~3.2 0.60~0.70
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Table 19. £ # o ¥ W
Increasing or decreasing of strength grade by the value of w,., r and q

fmoa M okt

mwmioF o .|

i
Wood L,G_r,ad‘i,,‘, “e ) 7‘7 r 17 Vq . Judging table fore ‘strength grading’
1! <0.0032 | 3.3< | <3.7  w.4r+qS+3 (@.20; r=0; q=0)
I T . o= =
[ Ak, - . . -~ 0Z (0. +r+q)=+2
3 STangardf 0.0(133 Of.ooi 2.8~3.2 73.78 4.2 (o > 11q>—1)
=S T - 0=(we+r+q)=—3
Bl 0.0038~0.004i 2.3~2.7 *4.73A 4.7 ] (om0 r=—2:q=—2)
& _ N - —3=2(w.t+r+q)=—6
1@(2 - 2 (7).70043 0.0047 :_8 2.2 | 4.8~5.2 (w"g_s;r;_s;qg_s)
Al —6=(wtrtq=—9
—30.0048< <L.7|53< | (w,=—3;1=-3;9=-3)
| +1 | <0.0042 3.3< <2.7 @ _k (Similar)
B BRI 0 omo.0047 | 2.6-5.2 | 2.5
| ERTE 71;))7( 4 —~ —~ ~
° ,Standgrgjo.oow O'Ogii,s 3.2 | 2.8~3.2 ” o
s © |
By —110.0048~0.0052 | 2.3~2.7 | 3.3~3.7 ”
o - R T
. —2  0.0053~0.0057 . 1.8~2.2 | 3.8~4.2 ”
B IR I
—30.0058< <1.7 >4.3 ”
Table 20. & & & g %
Standard strength for strength-graded wood
m o lsm o | w | B W ’ ! } v
Wood ‘ C. G. kglcm?® kglcm?® 1 kglem? i kglem® ‘ kglem? l kglem?
C 150 150 130 40,000 | 450 } 40 270
C 200 200 170 55,000 - 600 | 50 360
C 250 250 210 70,000 ‘ 750 60 450
C 300 300 250 85,000 | 900 ! 75 540
¢ B OB C 350 350 300 100,000 1,050 85 | 630
Soft wood| C 400 400 340 115,000 1,200 | 100 720
C 450 450 380 130,000 1,350 110 810
C 500 500 420 145,000 . 1,500 125 900
C 550 550 470 155,000 | 1,650 ‘ 135 990
C 600 600 510 170,000 1,800 150 1 1,080
C 200 200 120 | 45,000 600 | 65 400
C 250 250 ' 150 55,000 750 80 500
C 300 300 180 65,000 900 100 600
C 350 350 | 210 80,000 1,050 115 700
OB O | C 400 400 ’ 240 90,000 1,200 130 800
Hard wood C 450 450 270 100,000 | 1,350 150 ! 900
C 500 500 300 110,000 1,500 165 1,000
C 550 550 ‘ 330 120,000 1,650 180 1,100
C 600 600 360 135,000 1,800 200 1,200
C 650 650 390 145,000 1,950 215 1,300
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Table 21. BREFEEMNR SIS & footc & o & S2HIE & O MR

Comparison of measured and strength-graded value

Measured strength Graded Strength )

Group — — — - — - — = —] ~—I_£" . Z< 1 %b—

s. | E. oy T oy Je E. | Gs T ‘I ap I E. " g | 7 b
A T |360]133| 1280 90 691 350 | 100 | 1050 : 85| 630 1.33 ] 1.22 { 1.06 | 1.10
A IL 365|125 918 92 689 350 | 100 | 1050 | 85 630 ‘ 1.25 | 0.88 | 1.08 | 1.10

| | {
A T |37 98| 960! 78 543 00| 85| 900 75| 540 | 1.15|1.07 | 1.04 | 1.01
‘ . ‘ ‘ ‘
A IV | 332|113 ] 1100 91| 630 35| 100| 1050 85 630 |1.13|1.05 | 1.07 | 1.00
) i
Y 1 1284 103 } 992 o1 643 [ 300 | 85| 900 } 75 \ 540 | 1.21 | 1.10 | 1.21 | 1.19
Y] It 324 | 111 } 1223 100 727 | 350 | 100 | 1050 | 85 ‘ 630 L 1.11 | 1.17 | 1.18 | 1.15
‘ ‘ |
[ ]

T i - B -
YG 1 242 82 [ 785 | 79 524 ' 250 70 ‘ 750 60 | 450 | 1.17 | 1.05 ] 1.32 | 1.16
! 96 792 1 350 100 J 1050 85 630 | 1.14

YG I | 378 | 114 | 923 | 0.88 | 1.13 | 1.26
—_— I - [I — - - - -

F I 1332 ‘l 85 907 & 105 633 350 i 80 1050 115 700 | 1.06 | 0.86 | 0.91 | 0.93
F IL [ 356|100 984| 114 744 | 350 80 i 1050 | 115, 700 | 1.25 | 0.94 | 0.99 | 1.06

F ur | 355 102 | 1019 | 113 788 | 350 | 80 | 1050 115 | 700 | 1.27
F IV | 360 | 107 | 1229 . 111 828 350 | 80| 1050 | 115 | 700 | 1.34
F vV |378 114 | 1133 | 111 903 ’ 400 | 90! 1200 1301 800 | 1.27

97 1 0.98  1.12
17 | 0.97 | 1.18
.94 0.85 | 1.13

o - O O O

QR I 325 54| 404
329 | 66| 562
QR NI 1405 | 91| 872

125 | 551 | 250 | 55| 750 80| 500 |0.98
122| 654 | 250| 55| 750 80| 500 | 1.20
139 | 873| 350 | 80| 1050 | 115| 700 | 1.11 |

o

.54 ) 1.56 | 1.10
74 | 1.53 | 1.30
.83 1.21 1 1.25

91 11,74 1.28
.85 1.24  1.02
L7511 1.29 1 0.99
.87 1 1.25 | 1.16
.74 | 1.32 1 1.01
.82 11.35 | 1.14
86 | 1.35 | 1.11
.97 1 1.07 © 1.03
1067 500 110 | 1500 165 | 1000 1.30 | 1.02 | 0.98 & 1.07
715 300 65 900 100 ' 600 | 1.17 .86 11.24 1 1.19

o O

o
=
= ;

I 27 48 | 546 | 113 ' 491 200 | 45 | 600 65 ! 400 1.07
I | 341 74 | 763 ; 124 = 611 300 65 | 900 100 | 600 | 1.14
| 345 | 61 673 } 129 © 590 | 300 65 | 900 100 I 600 | 0.94
v 32 78 786 | 125 697 | 300 65 | 900 100 | 600 1.20
vV 1398 | 74| 779 . 152 709 | 350 80 | 1050 115 ' 700 1 0.93
VI 415 | 84| 862 155 787 350 | 80 | 1050 1151 700 1.05
VI | 417 | 89| 902 155 1 775 | 350 80 | 1050 115 700 1.11
490 | 107 | 1311 161 931 450 100 | 1350 150 | 900 1.07
IX | 510 | 143 | 1526 162
X 339 76| 773 124

O O O O O O O O

o

I ‘384| 92 | 1027 129+ 808 | 400 90 | 1200 ; 130 | 800 | 1.02

o

.86 | 0.99 | 1.01

-4l eI R sRy s BF SRV o Y o RF s B s RY SR S 3 o 3
=]

|
IL 1375 96 1051 | 135 875 4004 90 | 1200 | 130 | 800 | 1.07 | 0.88 | 1.04 | 1.09

| ! |
UL | 440 119 | 1424 | 144 | 1029 | 450 | 100 | 1350 | 150 | 900 | 1.19 | 1.06 | 0.96 | 1.14

— 2 ‘ e — ———— - T —

I | 455 i 125 | 1284 174 1079 | 50| 100! 1350 | 150 | 900 | 1.25 | 0.91 | 1.16 | 1.20
1L isosg 141 ] 1288 | 171 1203 | 500 | 110 | 1500 | 165 | 1000 | 1.28 | 0.86 | 1.04 | 1.20
T 599 | 156 | 1803 ' 176 1321 | 600 | 135 , 1800 ' 200 | 1200 | 1.15 | 1.00 | 0.88 | 1.09

A [1.15@0.93’1.15!1.12

. ’ . L
+4a% ! 9.1 ~ 15.1 ‘ 17.61 7.8
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(iv) BREFEEMIKAC X % BEEE & SEHIE & o LHIR

MBS A CHE LBl d., Bo, a0, 7, X0 60 & LCHEME L B LIzDnt Table
21 Thb, ThILI D LBEEREI R TETIEAMIHNC L 51351, L ienicis v CERECE
WEEROMT I DTS o

FIT, COMEOHEED, HRHBEOEMICHLTE DL > RMRCSHS » L 25, T
bbb, TOHROBESERNREDOE E, ENHOBESEN L ZTELohLiWaE I ERE Lidh
EbRVhbIThb, 202 LIV TIRBICHTS .

7ok, FEMREE A ILHEEMAENT & D7Dk, Z DENIFEBRINC DIRBIFLTL, 202, (hOMEEIK
LCHEN AT Y 2 h Dicvs CREA) B $H2 L E2hbTHS,

FOMEWEY 50 kg L Licoid, LA LOBEN 50k TR D/AELT5 2 L3 —RICESR
WeBbbhENbT, dL, BEKIDOT 100k ELTIRELZL, ZDIIRLDHILNTE

%o
2. EFEMT
2.1. ¥EFEH

TS IR R\ O, BEORENT R R TEEA L LT, REMIRETEH, ARTEEIREEEA
BIOV YLy s —AIREERO Y B, BEVRLFEEMELS DD, L2 bEEOHKEEET S DT,
ez,

XC, VYY) = IERY AT ) =L e T E A< ) v L OFERHO —BRDOBRHTHS . FEO
VIYAY )= 2flin T =) - (OH HEH 22327 dhD) T, YV —i, 2X—F2A1L7 %R
ETADVERTE Z L2 vV EbNRS,

SO;H SOsNa OH

ot | T ome L
A H
\/SOSH \/SosNa \/0

41 Ny V- Ry V=LA LYY
ANTF VR TAVIEY -5 J =

N
T

VYY) —AFEED 7 = — A DFE LD L7
FASY v EDORSHITE LB, Ml Lk
BT% . IS LWIEAE ST 2y b w =it
2L, o ERUEIROFERIC L L TR T 1943 4
L) RLTER LD THS,

Gel— time (hour)
N
T

1 1 L 1 1 | | L X ) |

053 6T 62 63 64 65 66 67 68 69 70 7]
pH DOER, LIy ) — A BEREECORED 7 4

Fig. 11 VYA 7 —ARIREEEHD DI i<y oy n 5740 2O THEMLCHEATS 40

T NPT A

The relation of pH of adhesive and

gel-time
Plyophen Plyophen Alcohol Water
6000 6002
A 100 parts 20 parts 100 parts
B 100 ~ 20 ~» 67 7 33 parts

C 100 ~ 30 7~ 33 7 67 ~

T, FOREMRTIEECT v 7 — IR pH i
BETD,

LYy s LIRS R LT, BART e h—
VAT RS > Plyophen 6000, i/t
& LT Plyophen 6002 % f\ 7 DMEE & lll%E L et
F43 Table 22 ©ATFD LKD) ThHD,
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Table 22.

— 131 —

Plyophen No. 6000 DO

The properties of resorcinol-formaldehyde resin adhesive (Plyophen 6000)

Temperature

Pure adhesive or |
mixed hardner |

Measured value
\

Plyophen 6000 | 1.1285 glem®
100 parts (Ply. 6000) .
20 (Ply. 6002) 1.2050

Plyophen 6000 1.1255 7
100 parts (Ply. 6000) L1160~
20 (Ply. 6002) )

Plyophen 6000 6.51 pois
100 parts (Ply. 6000) p
20~ (Ply. 6002) 1045~

Plyophen 6000 4.89 7
100 parts (Ply. 6000) 1 8.88
20 ~» (Ply. 6002) ’

Plyophen 6000 7.35
100 parts (Ply. 6000) 7.80
20 » (Ply. 6002) :

57.15 %

Plyophen 6000 26.93 dyne/cm
100 parts (Ply. 6000) ,
20~ (Ply. 6002) .59 7

Properties . at measured
Specific gravity . 20°C
7 ‘ s
v 25 7
I
4 ‘ Va7
—_ | .
Viscosity 20 »
e Vs
” 257
e Vas
pH 207
: d
— [ \ [
Resin percentage ’
B I
Surface tenssion ‘ 207 ‘
: a4
— ;,,, P [
50
%
260
0
&
330+
0 L | ! L T I
40 50 60 70 80 30T

Temperature of curing

Fig. 12 B{CIRFE & BHILFSR & OBILR

The relation of temperature of curing
and curing period

4201

360+

£

25°C

el time (min)
>
fe>)
T

G
~
=]

—T

\U\

20°C

o
F

0%

1
lyophen 6002 15
Pyaphen 6000 0o 100

100 1(3;8 ?OI% Pd:TS
Fig. 13 BELARME L 7 L
The relation of plyophen 6000 added
with various content of hardner
(Plyophen 6002) and gel-time
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Plyophen 6000 (335mfibi & FEURHI O BR-AWIT o5 B LAE (BTG-S 5 o BB LA O LA
ELTHEZ A vk —n FIEHREH R LT\ % Plyophen 6002 %M L. %DFHMEBIL 20
Y IHETH DT, T ORADB LA L B0 BRL Fig. 12 0Lk ThHY, BYULKIORME
HEZTF V24 2% 25°C (A) L 20°C (B) kTR ey Fig. 13 O LB H THo,

ZORBRICHH % FE I 7z Plyophen 6000, 35X OA 6002 (X ko X 5 feMR % 2 T 555,
IRBLEBOMEOBRT, 5 A(LICET BHHA X LD TR, REMIGERSENS L HEKTS L2, »
feh, WOX D LABET D ENDHDOT, PRSI L ME X o CREET 5 & & OXFENHERIE
BN T LR L e E R bR B bhB 0T, MTo L s ) FiiiEBeF oL
72

WD Y — 20k 10emx10cmX40cm, 5Ply &L, BHLHRMAE£L TIUIhB &L — 2l
RO A o TSNS & 5 T2 7ewic, TRTIERASRE L, &R0 MEZEL T
E5UDIrA -7 R ENENI TS Table 23 0 r % H) SE LI A8 T L7,

Table 23. @Ev — 2 BT 2 RO HE

Specific gravity of sample-beam-laminae

Réb;ﬁi'tempera- '

I 50°C-setting 60° C settlng

turesetting 4 Cse& : veetting
‘ R T A I o L2 | s o ’ 2 ‘ 3
S B I | |
2| Average ‘o 661 0.61 | 0.57 | 0.66 | 0.61 | 0.57 | 0.65 | 0.61 | 0.57 | 0.65 | 0.0 | 0.55
>
U
= £ | Min 0.63 | 0.59 | 0.54 | 0.63 | 0.59 | 0.55 | 0.63 | 0.59 | 0.55 | 0.61 | 0.58 ’ 0.52
Q
2 | Max 0.9 | 0.62 1 0.59 | 0.72 ; 0.62|0:59 | 0.71 | 0.62 [0.59 | 0.67 | 0.61 | 0.50
| \ b | S

BREHIOME, [BefEh, B, EMSEOBRERMITRT 2.2 HEFEKOFEL LY, FHillk
%42 Table 24 DXk D Th5b . BYLEEL, Hi, 40°C, 50°C, 60°C o 4 Hli% L b, LW
i, 3m ¥ — A EEROEETRONE LML TRA L, EilOFEEC T3 BHMAL, 0o
RipcH—SMCHEL TRE, 20~22 HHiEBREIC 27 72T L & L,

Table 24. ¥ 7& M T & fF
Gluing conditions
Rooin-téapgrf—

ature-setting 7740"‘C-sett1n§ SO‘C-settmgi f&ittmig,

[
Temperature in gluing-room °C 30.8 29.4 25.5
Relative humidity in o
gluing-room % 73 65
Spread glftt 26.0~27.8 { 26.6~27.8 24.2~27.2 25.4~26.6
Assembly time min. 7~15 ‘ 7~14 5~13 11~17
Gluing pressure kglcm?® 18 g 18 18 18

7k, MEhE X OBEE O SENB TR OBREEY 10°C HAHEFT 5 L S lic. koL s
LTI RO e — 20k 7 HIIBL BB, 7 e Y 2B, BESIHATIICERBRA 280 &
D, 3.1.1. BIV 3.1.2. LRAUHFET, BFEHRELEBL, 8% Table 25 KR L7,
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Table 25. RI{LIERE% Bz 3 5 b OBEEMRE

Adhesion faculty of laminated wood cured by each setting-temperature

Room-tempera-

| 40°Cosetting | 50°C.setti . )
‘ture-setting | 40°C settjng ’ 50 C-settmg‘ 60 7CTsettmg

n |

. Shear strength kg/em® | 101.44+13.5  104.249.7 | 108.2410.7 | 120.8413.5
i)

e ~ Wood failure % 45.8 74.4 86.0 95.0
2]

'ﬁp Moisture content % 12.94:0.8 13.0£0.8 + 12.541.0 12.040.5
Cw

m8 Number of specimens 30 30 . 30 | 30

|

. 5% | Percentage of \

5.83 delamination % 18.2 4.8 7.5 0.5
—g g Number of specimens 3 3 3 3

A L - R i o o
2.2. ¥EMI

(1) TR — 2 DFEE & AR TE

P — 2 o FERE, MR (10~120om), JEEHT 20 mm [EHIHR 5 #0& b DILE (3410 cm)
FXiz 280~290cm & L, HAROMAFIARE LARL, RELAREFAMAL TEEShD L CL,
ROV CIFEDONE HToT D, & 5o U iR ORI BN & BE M xR T 51545 %
Db, 1A LITHEEL, S7KEIEM LW X I = — ¥ — FIUATHERL 72,

2) HeasHome

Ly}
Plyophen 6000 100
Plyophen 6002 20
DEEILE LT,

REHEEE- - SRERORARIIC, 51 ABC & v — % — LEREE MG, PRSRIREIEA 6002
DIFEDERLZE —H —iC L b, DX, BIRER 6000 OFFEEDOK /s EAMIBEEL Tr—2 R
WX EFIL T B O4md iz, S0 KIEHL TRIGHETERZ I L 2, oRlaERox
DOFTEBENE 15~20 457 THh 27z,

(3) BEEHIOEN

FERIO MY Phot. 18 ICRT X 5 WCRIERE, WEHEM L L, 185504 D 0BM= 3047/ %1

4

Phot. 18 # 7% #I © % {4 Phot. 19 4 4% o 4t B4 i

Glue spreading Assembly of laminae
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Ee LT, A E ERERNEYSH L2 UDFIEL T, FEENC L OFiEEL N — 5 1T
BLAABEBANL, EMEREY B CEERNBMTEROMRESYIIEL C, BNErETscrel
HlEEEASHEL (&Y — 4 2 L DEAES Table 26 WRL%,

Table 26. v — &k OB
Gluing conditions

MIZUNARA Q ““Z%QARA MAKABA

QRlQR QR
I

26. 526 5’31 0131 0‘29 O|29 0129 0j29.0

MMM

QI@H@W@N@V@WQW@W@M@X

a

Temperature in o }
gluing-room C |30. 030 0?0”027 .5i127. 527 526.5|26.

Rel"‘ig"gelfi‘;‘g‘d‘ty 9% |go. o}so otso 0)75 5175 5}75 5l74.5074.5/74. 5’74 5’70 0\70 oles 0l6s. 0’65 otss 0

Spread g/ft*(33. 2}30 9’29 4‘35 1!32 5‘32 0!33 7134. 1‘81 3!31 9’28 624. 5\27 6‘30 OlSl 6‘31 7

NG

4.

w

Closed assembly tl?;?nl 23' 30! 38] 36[ 28 22\ 50 40‘ 34‘ 27| 26‘ 34| 43[ 23) 28 8
\ ’ ) 1 i

14 14\ 14| 16, 16. 11 18| 18‘ 18‘ 16, 16l 16{ 16 16 16

F1g|F1g Flg Flg Flg Fig Flg}Flg Fig Flg Flg FlglFlg Fxg\Flg Flg
15 | 15 | 17 20 | 20 | 21 | 21 | .

YACHIDAMO BUNA TODOMATS | YEZOMATSU
YJ ’ YJ|YG|YG
o1

Temperature in . ’ ’ ’ } ’ } |
gluing-room C i30.530.531.030.531 .029.029.029.025.525.525.52?.5.31 .5‘31 .5|31.5/31.5

Pressure kglem?® I

Curing condition

\FIFMFMFMFWBIBHbmAIMHMmMN

Relaitri"gelili‘:g‘d‘w % 170.070.0 7o.oi7o.ol7o.o 67.067.0l67.0 66.0\66.0566.066.0‘65.0'65.0!65.0‘165.0

’ |
Spread glft* |31 .382.2\27. 1;28.3'29.931 .928.926.5}30.0\31 .2;28.429. 1“26.4’27.4’23.7;30.2

Closed assembly time
min

31|'38 s0 46 42 220 27 34 46 36 28] 18 39| 46 55 68

i 9 | 1
15| 15 16‘ 15! 16‘ 12‘ 12 12I 9 9\ 9 8 81 8 8

Pressure kg/cm"’

Fig Fig FlglFlg FlgtFlg‘FlglFlg Flg!Fig'Fig'Fig Fig
20| 20 | 18 18119191919

F1g|F1g F1g
l 20 | 20

Curing condition

) RO AR
PSR B oI E Phot. 19 1R X 5 WHEREL, ¥ — 4 3~4 Ao aR—D 275 v 7HTE
Wilt. ©—2a 2 & OHEREA Table 26 RL 7z,

B e _

PEE L Phot. 19 B XU Phot. 20 KWRTIIRKEL F+ Y EXD 257 v 7R ERTH L E
L, KRYSED Fiogkils ¥ 22 ER L THllo R %55 T, ERCETEHFS ¥ 2L 2 XdRmLTRL
FYRAKEE, Fio, 7Y+ OEHEREYELC T A0, ERLROMICEERT A T REATS
Zrilike

WMCREL 77y TR M THRIEIER 20mm © 3 X+ SHIREFAL, 27 v 7HIEE 10em &
L7,

WE2 5y 7 EEERIBMNEOWH L BN ERT5 & &, BIBHCEITHAOESDOLEMED L,
Pt Wi > TESRE W BT & 45 O C, HERBEOMIREEME TG 2 7y 7Nk &0 Thrb, ¥
§ Phot. 19 iR T ERVME? Z v 7 hdF, &R, TEHRDENRMEL 5 EER T
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HEREEAI O FREL - - - - RIBEMO fcd 0 7 7 v 7R EEE & O FMO3IE PR b IFAFR S T
DOTHDDHZ L L L, AR—F—LLB—2E ) DERMKTE, #IE2 7y 7%EFL, Phot. 20 IR
TR bz vy FEAGTRED EMEICHRE TS, ok, ZoOFMBRCER LI L FY 127
YT IMDEMEEN L Fr 2Ly FOHRKR L OMFEERTE Fig. 14 D2k THOT, HL¥—20
BESERE S Table 26 D 2350 Thb.

Ky
4000

3500
3000~

2500

2000—

Pressure

15001

1000

500~

i

Phot. 20 L/ 7L v FIC & % FEREES 0 Fik N OV R v )
Reading 0+ toraue wrench aauge

G
Adjustment of pressure by
torque wrench S T ML 2N
Fig. 14 FEeEHE +rA 2Ly FD
W & DR
The relation of pressure and
torque wrench gauge

(6) InEL

FEREA#T LBt Phot. 21 1233 & 5 KR Bv O fcH B 2 L BRI tE v, MBI L%
frofe. INEBI(LEE & U CIRIZIRAFFESED 20 HA L F RS RHHEL, ~v 7oL 77 v 0gh
B IO TENRRELIRE L I, Shb DMEEI &M 2RT & Fig. 15~Fig.210 kD TH5.

\\/\Dw 1emy

Wit temy

i
‘L__:_v"-' TR

R R

Fig. 15 Jm #% B 1t &
Phot. 21 $ERUH D MEAHL Dry and Wet temperature in curing
Clampped assembly in curing chamber chamber (MIZUNARA Q71, QII, QII)
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N 0
7| M
& 6
- sor ~
S o
24 e
5 El
& =y Dbr temp
g g Wt e
2ol 2ol
- 10+
, R N N ol o T
[ 34 56 7 8 9 10111215 1415 16 7 18 19 0 21 22 &3 2+ [U 3 DO G e T8 1300 B R
Time tHours) T tiours)

Fig. 16 i %A B8 1k 4 4
Dry and Wet temperature in curing
chamber (MIZUNARA Q1v, QV, QVL)

Fig. 17 Jn 24 ©0 1k 4 &4
Dry and Wet temperature in curing
chamber (MIZUNARA QVI, QWI, QIX, QX)
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Fig. 18 Jn 2K W8 Mt & 4
Dry and Wet temperature in curing
chamber
(TODOMATSU A1, AT, ATI, AIV)
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Fig. 19 Jm #4 0 fb & £
Dry and Wet temperature in curing
chamber
(YEZOMATSU YJ71,YJII,YGT,YGI)
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Fig. 20 i @ 16 & #
Dry and Wet temperature in curing
chamber (MIZUNARA QR I, QRII, QRII
YACHIDAMO F1, FII, Ful, Fiv, FV)
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Fig. 21 Jm 24 W6 16 4% 4
Dry and Wet temperature in curing
chamber (MAKABA M1, MIl, Mil
BUNA B1, Bil, Bl
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NV EEMOMRERSR

1. EEMEERR
1.1. 70 s5if=xes

g S ¥ — 2 OPIHIEE N ARRT 5 2dIT, K¢ — 220 RS RicHIRFICoWwT ASTM D
805-52 1 HEHL L CRDHEBR A T2

(1) B ORIRALE & TR~k

£ — AOFE Fig. 22 WRTMREL D FhFh Fig. 23 KR THEIR T » v 730l 5% Table
LR TEBT SEIL 72

R EHROIE S HIES & U, SN, & — &0k 2 FIRHEIC £ TR 48 mm 55k
¥ 51mm & LT,

Natutal weatherim test specimen
Delami nation test spcimen

Shear test
Specimen

i

/1717 L INNINIEE
= 280

Fig. 22 BB M #0R 4 it

Situation of test specimens

Fig. 23 FEECR7 w v 2 BHH5R
Block shear test piece
(2) RET7k
SEBIPERTI S ton FEARERIBIEEREE % Hv S, Phot. 22 1T5%
TERBIEENRT 2 Y 7 2y FREALTC, HEIARFOE
FHAEF TR OEMCEAC)H 5 X 5 el 2 EEL T
LIERMZ I, 83, X+ F QORI 2\ CBIHG & T
MRS BN L ORI 2 mm OB R b ey, FOMORMRA
COWTIE 2D X 5 Fefiare LIC R A TV, FFEHEE 543 40
kglem®* LTFL L, WEHROMEP & LTARITL D, SiliHEg
7 Te BEME L,

fofil, P =DEEROTE, b=3IEom, h =30
ek, BREREORRATOWT, ChZARTETELBINL  Phot. 22 7o v 2BIlNESH
¥z, AR X > THREBRRORBRF O &k F X WEFHHL 7. Block shear adhesion test
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(8) HBAEE

() DolrEs 7

Table 27, % X0% Table 28 RL X 5ic, REBAFOGKRIZE—ELTED, i, HRFO
R LR T LTS W o T, Table 28 1Zis\ VT, SR IRERIC K& X DIFHICERD &
THY A>T FS>IXFFQR>IXFFQEIFFLES>=VIY Y] >=V Y YG>FF=Y, &7
Bo ohE, BEULIEEDMMLERS &, vHh vy ">3IXF+FQ>IXF+FQR>T+>rFAx>=
VY Y] >y YG> Ny, kich, BIfAORNLIEEOERED, IXFTFQ, IXFT
QR, 7D THFIMIC DTN 52, ZOMILEDOKRE e b DRBIHALKRE (L2 Ts, &
NHOMEREERT A b, BE—LE—BIEEES oGy Fig. 24 ©KRLK.

(1) AREPHEHTE

Table 28 12 & » R L RN & DBFEAD L, $X+7Q, IX+7 QR, BIW~ I v AN
88~02 % CIHIFHLEPHFHRL, ¥YFLE, 7, FF=Y, BIY=Y<Y) 98~100 % T2 & A
100 %0 L oo T B2, TREFOIRIE Phot. 23 7R L 5 W L > TERERDIEEN
Bdhhs . ek, HE—ILERTEETFROMREYRT L Fig. 25 D kD ThD,

1.2, HEEmAERER

B — 2 OEFEHANM: RS foic, BT w Y 2 BIERRC L >TSS 23R T 5 & Mk
EHENO BRJFBEMICTCHT % BEEHATI OfEERR%Z, ASTM D 1101-55 IR L TfFol,
(1) EBRFOEALE & R B:

HR OGN A Fig. 22 R LA, ZOTEE, BrEc»8REmE: L, B3 %2{70mm & L.
(2) REFrollmik

Table 27. ¥ — & Z & ®

The result of adhesion

N Species MIZ%NARA MIZUNARA
\\\\\\\QIIQHIQm’QNrQV!QW'QW’QW!QM’QX QR | QR| AR
= Average 123.8%23.1%34.6b37.8h39.4h33.7h84.3b46.8b09.8139.3h36.9h48.5
A
', SIStandard de- ) } ’ } ’
nggWani@hmJ1191&@1&41&#1&41&@1L01&4 7.1] 25.8 12.5) 13.4] 18.5
® o @ Coefficient of } ’ l 1 ’ i 1 w
€ B Sariation ‘10 .2 12.9| 8.5 7.8 7.8] 7.8/ 8.2 8.1 4.8 23.5| 9.0 9.8 12.5
& | Wood failure ) 82 ‘ | ‘
[+ [
§ " Sverage /544 95 98 94 91’ 89’ 831 78} 81 85 94 84
1] i
M ‘OglAverage %r 12.1) 1.4 12.1] 11 7} 11. 7’ 1. 7| 1. 5‘ 1.7 1.7 12.0 13.2 13. 1[ 12.7
Q i5l
S I3 g[ Standard __,,| ‘ ~ ‘ 1 ‘
B 55| deviation +% 0.5 o.e! 0.5 0.4 0.3 0.3 0.4 0.3 0.7 0.5/ 0.3 0.5 0.5
& |Coefficient of ‘ ' l ‘ i
= Laviation Cop 1 53 4.1' 3.4 2.6 2.6 3.5‘ 2.6 6.0 4.2 2.3 3. 8! 4.0
! Number of ’ } | ’
~_ measurement 8 Ei\ 8‘ 8 8‘ 8’ 8’ 8 8' 419 16,_, _—
e 5 rPercentage A% o o o 29 5.7{ q 1.2| 3.4 o‘17.3|15.5’ 5.6’ 7.0
38, ‘ ! : -
—s i ! | |
2 g§‘de1am1natlon13% o o 0.6’ 2.0 0 7.9’ 3.2% 0 2.7’ —l 12.7’ o.9| 33.3

i i | | :
Specific gravity ] 0.58‘ 0.64‘! 0.62‘ 0.651 O.65| 0.64’ O.68| 0.68’ 0.73’ 0.62’ O.64i O.60l 0.66
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HEARALEY- - - B % & & BRI X > C —EERR B L 72t BEj]ﬁgﬁ':F‘Ltt bR, BEFOR
RAEVESRFOLERD D WK EFBECHENTE X 5L Trb, BREBHAL, 750 mm L EORZEC
T1RHFRAEE L eDbic, BEREAHERS L e SRERCkE RIS, o¥ i, EREREY
T, 4.8 kglem®~5.2 kglem® DEIEMZ, = OIREE% 2 BeifRss L €, RBRAHIC KR MEEA
FTo. LALT, EIIOPERALES & MENIIY & 5 —FE# 0 EL TH S .«

FEIRALEL- - - - FRALENE X > CRDRIRIRICE L e BT R EIRIER O EPIC AR, BB HEOLES
¥ 3~5cm HWEL T, FMARAEAEOWN LRSS & 5 M ECHRL, WOAREOZESEREL
Hde, MREE 28~29°C, PBIMRIREE 25~30 %CHERE L, PRI X 2T 1 m/sec L_EOMTEEL 5
2T 3 BHEEIERTS o

FEROBR LI - - - - Bl X ORIy 1188 : LT, RUEY 31BBast 12 BN

TG D KL TALET 5,

RIS - - ERETHA OB BRSO BRI X 5 2 & o L, kiioMmeTEREEL -5k
FieowT, FRAHEOEREEORS L MMEOR I L Bl 2 7 — A 2 AT 1mm £ THALKRIC X
h FEERAFIRL 2o

Dl= gi X100 (%)

7o72L, Dl=4#®
d,=TWARAMECEC - 4BEEDO A3
D, =WARNEEEEREI 045
(8) FBRRSE

ol i T

faculty test on each beam

MAKABA YACHIDAMO l BUNA | TODOMATSU{ YEZOMATSU

‘YJ‘Y]IYG YG
I I

185. 21183 3‘181 0'104 5107 8*113 2110. 2‘107 8‘151 7\146 3’161 7.84. 8'84 6l64 477. 9’83 9{82 4’72 .0/ 84.5

M1 [MI[‘MT& F1 ]Fannr‘Fw}Fv BI ’anBm AI)AniAm

289| 17.6 17.8 130 146}1121 13.7) 87'129} 9.9 133‘14 1[11 1]77‘11 1;57491’55.118

5. 6‘ 96[ 9.8 12. 4l 13. 5’ 99’ 124} 81‘ 85’ 68. 8.2/16. 6'18 1112 0'142’68’11 ll7614.0

l | ‘

88! 94’ 94 100\

IOOl 99’ 98: IOO’ IOO| 98[ 98’ IOOI IOO) IOO' 100‘ 99\ 99, 98

F12. 6‘ 12. 3 12. 6 12. 8 13. O’ 13. 1‘ 12. 8, 12. 9’ 12. 7| 13. 3‘ 12. 5}13 2|12 912 9!12 7i13 3\13 8’13 9'

-

3.5

0.3 0.3 0.4 07‘ 07’ 0.5 0.9 04} 0.4 oel 04’04‘050.504’05‘03|06 0.7

24{ 2.4 3.2 5.5 54’ 3.8 3.9 R 4.5 3.2 5.0 8.9 5.9 3.9 3.8 2.9 4.9 5.2
| 1 v

16 16 16 16 16 16 16 16 Bl 8 8] 16 16 16 16 16| 16 16 15
| | [ I

J O’ 0. 6 0‘17 2‘ 6.311.1 6.4526.2’ 3.1‘ 5.2 6.1

0 0 1.3 o o9 1.516} o

8.3 9.7 5.3 o o d i o o — —i0zer .7}79.3’15.3\ WEXRE:

! 0.68 0.711 0.69 0.48! 0.54/ 0.54 0.54 0.56] 0.60) 0.61\ 0.66!0.42}0.42!0.35!0.38{0.39}0.43,0.34‘ 0.47
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HgeiY Table 28 WRINS L 3w, BEERCR, v=4 e 701 %BUTTRD, IX+7 Q
L=hy AR LT T 2¥, X735 QRA 13.0 BTROKED, T, $EEHTR, 7
BT REN (4.4 %), 7w =V <Yk (12.2 %) Tholk, —BRITKEB ORI E <,
B gFEES O £ D A & < T DT B DIXSEOFRFIRD 5 b TR IRERTHL ., LI 2T
4 & FLTE & DT 1 S A Tg BIARILFRD b e h 2t

7545, Table 27 KB\ T, I X+ FQX DA ERHEER (17.3%) ZRLTW5H05, ZHITHRAT
DEMTEDO KR (BIEDO~ 271) KX VELIDTHS, i, I X777 QRICKEWT, HLE -
L DTS FNFEN, R L AER O AZ/Ew 55 (7.0 %E 33.3 %) OIXPRIRTHSH)
FORRITLEIET & DTz,

—T, HEERSI X B EER T o BRI BRI X ) BRSO R b, TR A Phot. 24

ZRLTC

MIZUNARA QRIIL

MIZUNARA QIX MIZUNARA QRII

MAKABA MTII BUNA BTI

MAKABA ML TODOMATSU A1V

YACHIDAMO FII

.

YACHIDAMO FT1iI YEZOMATSU YGT

Phot. 23 R # W% W o kW

Appearance of wood failure



Specific gravity

Fig. 24 10fE & BerESUlrh &« JLE « DINER
The relation of species, shear
strength and specific gravity

Seecitic gravity

ERAC BT A e (513D (EERUHIIZERE) —l4l—
Table 28. MfEZ & DEFREMAERRIEE
The result of adhesion faculty test on each species
' . < o 5 %H <}1(.')
g gﬂd 2 s < , N E;x §>"
:)0 DO V! < Z e]3] OD" o:;
N, | R = QoA 2 2% | R» | N3
=< — < < m o= =) Mg
= e = e = > | & - >
| =) Average kglem®  131.1 U ia1.6| 183.2 108.7 153.3| 77.9| 83.2| 7s.2
HE Y - S FE S [ _
{ = Standard | ! ‘ S )
‘!ggdewatmnikg/m_ 48.21 15.5| 2.6 124 13.3] 140 7.5 11.1
% 12 @' Coefficient of o) |
3 ‘m [variation % 36.7 ‘ 11.0| 11.8 ‘ 11.4 l 8.7| 18.0| 9.0| 14.2
~ . Wood failure, oz |
§ average /a“ 897) 8.8_, 92‘ 99 98 ) 100 99 99
f 10‘5? Average %' 11.7 f 13.0 12.5 ! 12.9 ! 12.8 12.9 13.6 13.7
IslER i - . — ——
S | B gl Standard +9
2 |35 Geviation /”’,,*9'2_",3:5; 041 0.6 o 0.5 05| 0.7
S [Coefficient of |
s L7 88| 32| 47 39| 89| 37| s
i variation /0‘ \ ‘ } A T B
Number of
, | measurement | 76 ‘ 48 4&? L 80 i 24 776i- 32 3{
. »|Percentage of %] | ' '
‘éq",’idelammatxon average| .5 13.0 3.8 ‘ 0.5 0.2 10.7 12.2 “ 4.4
B -~ .
= Specific gravity, ’ I |
5 g! average : 0.65 0.63 ! 0.70 0.53 7(5)2 0.39 0.41 | , 0.40
© 5| Number of i i
a7’ mea§ure1negt7J o 6, 6 }k 10 3 8 A
ol 13 - Tovwla bt -‘ ¥ vglu
9ok * e 35’-— e
180 R
170k . oMl 90—
160}
501- T ¥ o sespk
£ ol st G gme < & s g
2 . am;nw g s o
t«"m' ) :‘g}nz ale -au = | )
Zlo- fit iaes rm soxa 7 o
B ok ol PRy o
a70-\ﬁL{'Yg,\m“h 4 or o
O 0t % 0 05 030 03 M0 045 00 0% 060 065 070 0%

Fig. 25 [ & AESHITER & L & OBILR

The relation of species, wood
failure and specific gravity
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MIZUNARA, QIB MIZUNARA, Q

MIZUNARA, QIXB
¢ VT g

YACHIDAMO, FIIA

BUNA, BII

Phot. 24  $HIBEREREE O AR O IR IERRDL

Destructed specimens after delamination test
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1.3, EBEMHRERBREROMBE
(1) BoEMERERBARESE Y Phot. 27 38X 0% Table 28 ILRL7c. = b ORSEITL, R & 0t8E

EH, BRI, EENTAHEL OECE - TRFEEETRETH DD, SEORRILIE, e
U.S. A. B W TfFbh T 2 ERM ORISIEEC HER U, SRR L O 2 08SETRICTE S0 &
D ST AERE £ 0T, RIPEOBHME L BNEBEOHERSEFIC X 2 CTRIF S NIERHA e b T %
THLEHREL, ERHORE RIS D L AT EPIC I CTEIM O RUEIEHER Fer 32 EERL e
FIuEi b WHESR R ETS Z LA EWTHORDT, 3, U.S.A. REWT—B(LIhTW3
ERPH SRR ORI L, SEOMRTHRAL R/ E2EE Z LitxiskT5 & Table 29 D rk b
Lieh, FOREACH, U.S. A OHHELREL 5D\ EIHLIERLAMLELLREDT, SHO
ABiEE % Freas KOWEMA L U. S, A, i3t 5 REEHERE A, BT X 5 50 OBEg ks & 1
MLCTAh% L Fig. 26 D:kHThb,

Table 29. = ORBRICEA L CEMMRERM L U. S, A k135 ERHEEERIE L O i
Comparison laminated wood preparing standard adopted in this test,
with the manufacturing standard recommended in U.S. A.

Do BA & Ao
Condition of laminae Combination Adhesives
% om T B _of laminae ‘
%7Kk% | Smoothness after |  TTECR Wf@%ﬁaﬁ\ &8
(%)| final surfacing HE D | e & IKR(FE CH) ) (W g/RY
Mois- Eish /MNEE | Moisture |Storage . [
/ FATT—2 . Pot lifel Spread
ture |Difference Knife-marks| Cup |Grain content life (hour)’ double
content|in thick- R S p deviation (month) | 2
ness(mm) (piecefinch) (%) | (g/ft®)
W ! Simi- | |
ot e~17 | 04> | 20~30  (Topllar | 5> haee'c) 2~5 | 23~3
oo % grain i
- T — - —
Standard Sllglrl .
in our 10~13 [ 0.0~0.77 16~23 No flat 0.6~3.5 2~4 1> 23~35
testﬁr ) igrain o - -
- % m T |
i Factor of adhesion !;%qﬂaﬁg,a)
(EESERECC) RIS ERES] | SRR |7 7 v 7R BB LR s
Room tem- 'Assembly Pressure |Thickness| Clamp Curing (da S)g
perature (°C)i time (min)| (kglem®) of caul spacing | temperature y
Hard wood .
Standard 25< I 50~150 | gt wend o caa s?;ﬁ:?r?g fotermedt] 17
n U.s.A. | ° 7):’14 2cm 18 cm ate temp.
| ¢ ; ) -
Standard ‘ ‘Hard wood | Thickness| Clamp soc.
112 otur | 25~31 20~70 | Soft wood sz ;:aul s;;gilng . mediatte <
es l ‘ 8~9 " " ‘ temp. -

COMEL, RRELEETHDH, FERIROMR, R REFEOTNEN o 0T, MR T
Eieuas, BINHEERE N L AR & & hbR g T 5 & FIXSEIORIEENM gD R T U. S.
A. DTNCHEDIOWERLHEEL TEL 220X ) IEEL bR,

LAL T, SEORBR TS NCEEH OMETEIT, RN TRIFCK T, BIkEDE-
THRBIE SR EETROMMCHIAANS & &L B3RAIEEIT YT L X2 bhisway, X
DOAL —BILL 2P ERM O ETREN A E 2 5 & ¥, EEMRRcEEY s THRTO&MSM %
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O A, i BEOBEFEMREC g T8y

Wood Frluce (+4) Shear stength (Ky/cm’)

20 40 60 80 10 S0 100 150200 AL T, SR tE I s I e A Fe 3 B
Wniteoax, Quercus alea. J ] . . A N
Red 00K, Quercs i, — ] BE w185 Z E NS BEOMEE 2 EXx DD,
Yelpw . . .

7.?\ «, Betla lutea ] ] 2) zoEBCRITAENHMESEIT TR
nite Asn, Fraxinus sp. — 1 ] N
S;ts!%\uc‘:. Peaastoesss [ ] e i CRER T IR LA L Tr vy

7 — W SRIEREHIC 4 60°C o g LA 47

Flizyears, Quercis crispula Q. ] 1
C : ! Lfz2 & ChHA, ik Table 25 D
MKk, Betult Nkoensis ] ] WD ThD, A @ﬁ!ﬁbl{;ﬁﬁﬁ LB

actidams Fatrs Hansh. ica —
Vezomalsy, Peed jezoensis ] | DV YN 7 — L RBEERI D e E DK
WRAST, & &I LRI DAIREE, FotRByROR:
Fig. 26 OBk sHEHE L U.S. A, i . .

U B 0 JEH PRGBS HIE Cled ot & LR L,
Comparison our results with the Lo % PR3 HEEH D AL 75 IR e v 7 sk

results in U. S. A, WU GRS I IS R T d B b, = DFHIKIC

X0T, SROREDOBETEMIELBEACAEOC LN TELE LT, kX, BEREHIBARD e
E0T, vy ) — L EGERIARRO HIRF LT L £ A REMHD LD THS .

(8) Table 27 \ZRF X 5 7o BEEMEARS T 5 SECH IO FERE INC 35 W CHAFINR 3~ X IR &
2 b, TREREETH & U TEZ 584 R\ CAEFEE BB OB A e o Tl Zb 10 L 5
B RO LT, 2 OFRBIC R W THETF S WERR O I RERGHR A 2T b s 1) 5 B
BSERTHY, TOWHEE S Phot. 25 IRT X 5 KHEHMOBEDOFNE FEOBAEERL T3,

(4) HEREMEREGNER & WEICHBS h, W
WEE WS, B X OAREER -,
Fig. 24 %X O Fig. 25 O X5 hBHGENH D,
By AL T F DS RIF IR R LTS &
YELZBRS,

(5) ARukMrOfESL Table 27 % X Of Table
28 WRT LD THBHM FOWWRIE %5 &
Phot. 23 D&k HTHY, vV —allls
BRI R L 1o b DT, BT REIE%S
A TRk B OIS Th B 0%, 1

SR : - L ICERARD bR, Thebh, PRV
Phot. 25 HERCHZ Dl sk =V YREBWTUL, BHMEEER ORI &b
Types of failure in bending T 5905 SO X5 FASHHERE O (17535 1T

MIZUNARA, Q .
WO ERIH T B B2 S D, RBRAC X 0TI

Tl & Kk & DBIARIAIRE & D b ot s, SEDFHMTIE 2 bIE T ORMIEN & LTllEds
ZkElt,

Ay S, SR F FORURILEIM OB BAROWEM AR L, ¥ 5 5%, 7 LB T
RERLTBo Teds, SRBARIE L CVBYEEERN BROBES (F.) OREILE LA ERB bR
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Phot. 23 733 QR @ X 5 RIERD /NIRRT OWEERL, TR GEFER 7 1 4 & LR 0 R
BT BHTHEN F) XMz b,

(6) Ll ERFEE LT v 7BIRRERIC X % SINHERS T & REE IR OREY HIEEMIE L IR L D
ThHHN, SEORROMIEY, =& 24¥ MIL-W-2038 B (SHIPS), MIL-W-15154 A (SHIPS) %
U.S. A. EFBHEO T D DFFERMEL L THTH, ZORENTRTAHHEAIII DTS
DT, HHHRROMIUIMETRERELELTEL 222X 5 ThDH, 7w Y 2Btk L [k
2% ASTM D 1101-55 I X % #ERB X b, SUROMEEHAMCHE L TRERTY &, KR
F2~3DENMEL gD,

(1) $FEEBROREEA Table 27 X% Table 28 L X2 THB L, KM/ v — 7Dl TIXF
7 QR, =¥ v AMEBWTHEERO LR Z 7eRBRFT238 0, 02 £ X9~ 7 QR TIX, Lo MIL
DEBETREHPETII N BRI NREINDDOTH B, T HIIEMETH |, EECRIREED SR
3" (Table 26), ¥R $ 277 THQOMILHRAD QX ZIxE HHERD /N XD T, ZOEHKIID
X DIET S & LIXTE A, Phot. 24 © QR MIRIHEDIRINZGEN S 45 &, HROTEIMUD 7 1
—7EHLT, bEHBEFTRWOT, #REROMRCEETZ O TR EEZILNRDD, Zhb
DEICDONTORFTRSHRCHEINCHETHS, p VY, =V~ YDHEHT Phot. 24 WRT LK
FHEROT L BRI/ I WD BIEER 20 D1 Table 28 205 HHEH e X 5 IR 7L — 7ML
TEGITRE G, TRBIEREY FFvY, =V =Y 5 BREOBRC T 5 ko BE L Lo st
B, et xle s ¥, A¥, TAHVELHEL CSEREIRERTHD I ICES .

(8) #Eks X ORME R ORIUL Phot. 24 IGRINB ER D THHA, BEC L H 2RI R
%o hy AL T F TREMRC RO TIOR {F d OEh s BEE % X >THIBLTEY, 3%
> FUIERATI O RSN EER E L 2 ¥ 50, ZORIL E VSR, YR A BIIEEEY X
| EBEEN L FERCAEIMCIR OB R £ U Phot. 24 25 IS X 5 BB OULIic — R4
B B35 X 5 e RGOS 2 £ C T b, P F=Y, = V=Y ORMRSOENIEE LT LK
B 70— 7B L TR LA, RN & ARG EIRIC R o A RIS b RS,

(9 ZDHRROFEENBASICINIZ & D 1213, HEHDBERETAM: 2 S ERR ORI
IOTERT D ZENERTHBH LS 2L ThD, Thbb, ZORBRCUHHINVv YLy ) -1
BRI, SEAMAEOR SEHIOTECIX WA REEER ch B, Lo, CoBEEHTHRES N
SERH O RIIBIBIEEE TR I\ T, TSRS B e b1l T OHEEHAMN: S o HiHT 51
B BDLAFEBEL TIL 202l & 5 ThHHA, SEADFERTZOHEEINEIE TH 2Dk, 7'+, ¥
FEE, IXF7Q, (Hv ) OBKT, IX+7 QR, F F=Y, =V<YIBEENRROME
BRETHDH, FEHEROMBILT L METRELDO TV L2 T, ElHOBEREHAME
PIREICHIEE L & 5 & T2 Ay, kD, MR RS ISR b O 163, % v
b, EHWI R AT RETH B,

2. BEERER

2.1, SERCHITR O RIERR
1) Rk
BRI 7 4 — 73 & > THiEL, L 7o AR ot RBy, 16 « Ok & F#E Phot. 26 ITRiT
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&g O BRI O BRI L L TR 27k
P LEeioT, ZOESVD Y 2 (hy) &
2y (L) EDJEho/LIiconTh, R0
MFFRA L MU 120 1705 £ 510, Aty
% 200cm WLt LavL, FEEICIL, ~Y X7
MNIEL L 10em iebish 2D T, 4Pk
INEBH BN, L mA Fav4b L5 iR

Phot. 26 £EEHZD HITEMR e\
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Bending test-method of laminated beam
HmEERsEg (EFfyes K.K. 8, 88 100 ton; Main capacity=100{on: Sub-capacity =20 ton)
@ Sub-capacity 20 fon % 10ton Fiolk 4ton CHHRX 2L DTH Do HERIE, WLLNE THRRE
ORI 5 B2 e 7 FITHIGE 7 2 8% 0, BUEBRZE E & O iR AL & DX L TiEaDlz,
HEE, FATAY —CHBORTF7vayay « F—YREb, &b, IX+7QOHERME 10 K
CONTIE, Ay D 1/4 DRET, Bl & EiRENOBHERE (outermost fiber-strain) DFgEH L 5
RAHLDIT, BY =P RIED O, BREHHEETC L5 NEL s 27227,

Tk, -~ (b)), v 2% (hy), WEHEK (W) SICEH - RKE—2v 1+ (D, EbiT, ZOW
SV OBREAMCd B HTMEE (Ly), E (T) 1 XOUWERINE (H) %% —§F Table 30 12L» LT,

2) BB

ENHBOBERRFEIUL Table 30 KL LA LB Y THDY, Thi, Wkl ks b8 )R
C R HIFRBRIROIREE, X SIBRE, FERtS L0k v BT8R0 BT SRR S HEGE U Ao BRIE, SIXST X
BHEMERL IR L 7oL oA Table 31 KIEDH b TLHINT W5,

LR, KTHEOLNDB X5 (Kl HFEr AR, HEk L0 vy fislikRo A efisiiaL
i, YRS, #R 81D o (i F R C O, HRPLAEEHBE O, *12, By, dup, 60 %
BEPRSLIAESCOMEEA LD L T D), IOk, 005 Y 315505, Hufsl
Chind, BERTRETHD 2 LHLTWHLnEsbbhb,

B, A+ TENHRQOGME O IEAEY - ¥ TR L ki E Fig. 28 1L ) LA, chic
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Species

YEZOMATSU

AKAYEZO~
MATSU

YACHIDAMO

MIZUNARA

MIZUNARA

BUNA

MAKABA

bo—w1dth of beam; h,=depth of beam

w=section modulus; [=moment of inertia

My =maximum moment;

Ly =1loading speed

T=temperature; H=relative humidity

Eyz=Young’s modulus; os,r=bending stress at P. L,

opr=modulus of rupture; span=200cm
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Table 30. EEEFHROFERS: & BERTER
Test conditions and results of glued laminated beams
T o o \Mm::.; Ly 7’ oy Ebl 1 I
by hu w H Topl, | O
Group . s [10°kg kg/cm o 1 10° . .
T cm cm - cm ‘ om min ‘k-, 777/7‘04}3&/””2 kglem?® kg/cm
A I 9.98[ 10. 08 169.0) 851. 6[ 226 75[ 28 68E 121 414' 669
‘ ‘ ! ;
A I 10.03‘ 10.11y 170.9| 864. O\ 244‘1 60; 28 67.‘ 126 4101‘ 714
JiL 1 10,03 10.06| 169.2| 850. 7’ 172 671 28 67 97 325! 508
A IV | 10.05 10.10‘ 170.8} 862. 7[ 190 59} 28 67i 100 322; 556
N [ R . i . e , B
Y] I 10.87 10.68] 206.51102. 5* 2611 55! 28! 63 101 363[ 632
YJ 1L 11.201 10.68| 212.9 1135 7 285i 52, 29] 67‘ 111 447) 670
YG I 10.56] 10.68| 200.8(1072.1 214 56 28| 67 831 274 533
YG I ' 10.69| 10.89| 197.71076.2 266 63 28| 67 125 430 672
- ! [ N R —_ S
I 9.90[ 10.18] 170.7 868.6l 2001 48‘ 261 70 71 372 586
I - 10.08 10.20, 174.7| 891.4 220 60 26| 70 88 315 630
L 9.65 10.22‘ 167 7‘ 856.7 236 46 25 65 97 268 703
v 9.78: 10.20° 169.5 847.5 262 52 28] 67 106] 295 773
v ’ 9.75 10.23 170.1/ 869.9 254 60J 26 66‘\ 101 324 745
QR I | 9.99] 10.15] 171.55 871.0] 198 79, 29| 64 56 233 576
QR I | 10.38| 10.16| 178.5| 905.8 250 64 30, 67 76 280 701
QR I | 10.23! 10.17] 176.5 897.9 235 52i 29! 64 109 425 806
i

Q I 8.90; 10.01| 148.6] 743.9 186 43 20| 74 59 370 626
Q II 8.67. 9.65 134.6] 649.3 216 33 19| 78 87 372 803
Q I 9.025 10.03| 151.2] 758.0| 183 31 18| 68 84 331 605
Q v 9.281 10.00, 154.7) 773.3 230 31 20| 65 87 323 744
Q V 9.30§ 10.06| 156.9| 789.0| 232 25 20| 65 93 383 740
Q VI 9.22i 10.03 154.6] 775.3 226 46 17 78: 89 324 731
Q VI 8.26' 10.54 152.9: 808.3 214 36, 17| 88 89 425 700
Q WI . 8.68 9.90 142.0 704.2 256 39 16| 77 120 494 903
Q X : 9.04 9.37| 132.2 619.2 309 45 18] 83 125 606 1168
Q X ; 9.29‘ 9.97| 154.0| 766.7 258 46 20 70l 85 325 838
B I 10.17} 10.08; 172.2; 867.6 308 54 26] 82 103 407 894
B 1L | 10.01] 10.04] 168.2 844.6 256 79, 27, 78 102 357 768
B I 9.40] 10.08| 159.0| 800.8 330 83 27\ 78 131 472) 1038
M I | 9.30 10.17| 160.4 815.8’ 242 79 29‘[ 67| 130) 405 754
M 1II ! ‘9‘.14i 10.08; 153.9] 773.3 280, 88 291 67 141 553 910
M T l 9.26 10.12 158.2) 800.5 390 131, 29 67 159; 632 1233
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Table 31. ERMBOBEAC I\ 2 HEEM & S20ME & D Ji%

Comparlson of computed and measured strength in bendmg of lamlnated beams

ure | ope | @ur | wue | @n | Bor o opr | o
E[: ' 61)]; 1-71»

Evr | Eos

Species fGroup E B
br br

I
Tpbr i
o 1 - T i !
‘ A T 0.91] 0.95' 0.9 ! 1.03 | 0.93 | 0.97
TODO- A Il 1.01| 0.98 0.94| 1.07| 1.13| 1.09

Thpr Thr | Tor Ths

|

o.97i 1.21] 0.99] 1.06

|
I'1.04] 1.26| 0.98! 1.13

MATSU| A W[ 0.99| 0.98| 0.86| 0.99| 0.84| 0.90| 0.94 | 1.14| 0.90| 0.9
‘ AW l{ 0.8 | 0.99| 0.81! 1.04| 0.88| 0.99| 0.88| 1.00| 0.77 | 0.88
— — [ - S ﬁ_ - __;i, - _ B B —_— ——
YEZO- Y] T | 0.98| 0.91. 1.06, 1.10] 1z 19! 0ee ] 19l 101! 117
MATSU! i ﬁ
| YJ I o1.00] 0.93 1. 1.5 1,08y 1.08 | 1.18 | 0.92| 1.1 1.06 1.06
AKAYEZO[YG 1! 101! 095' 0.95 | 1.15| 18] 16| 1.02] 119 001 1.8
MATSU. YG It | 1.00 | 0.92 ' 0.95| 1.00 ! 1.10| 1.30| 0.85| 1.25 1.02| 1.07
A | 0.99 | 0.95[ 0.96 | 1.06| 1.04! 1.10] 0.85| 1. 173 sj 1.06
- . s R i
8% Ry 30{10.4’ 4.7112.1{115' 65‘ 6.8 9.0] 9.3
| ‘ i ] U I R
“F I | 0.84] 0.87| 0.78| 0.76 | 0.90 1.02] 0.90| 0.89 | 0.89| 0.84
|F T | 0.88| 0.82| 0.74| 0.81| 0.91| 1.07| 0.85| 1i.10 | 0.75| 0.90
YACHI- | o ‘
DAMO| F M| 0.95| 0.92| 0.63| 0.87 | 1.001 1.12| 0.89 | 1.21 ’ 0.64 | 1.00
|F ! 0.99| 0.88. 0.68| 0.89| 1.02 ' 1.09| 0.93 1.32 0.701 1.10
f F V| 089 0.7 071 1.00| 0.99] 1.20| 0.83 1.12 0.68| 0.9
i QR 1 l 1.04 | 1.04| 0.60] 0.76 | 1.46| 1.40| 1.05| 1.02| 0.78 | 1.15
1ZU- . - R
NARA! QR IT | 1.15| 0.92| 0.71| 0.70| 1.40 | 1.31| 1.07 | 1.38| 0.93| 1.40
(QR W | 1.20| 0.80| 0.87  0.81| 1.15| 1.25| 0.92| 1.36| 1.01| 1.15
Q I 1.23| 0.98| 1.14| 0.73| 1.38| 1.08| 1.28 1.3l | 1.54 157
Q m! 21| 09| 0.91] 0.77| 1.33| 1.01] 1.3l .34 1.03 I 1.34
Q M 1.38| 1.03' 0.80| 0.74| 1.06| 1.04 1.03| 1.29| 0.92| 1.0
Q W. 1.12] 1.00' 0.77| 0.85| 1.20] 1.12 1.07  1.34 | 0.90 1.24
MIZU- 'Q V., 1.26| 1.07; 0.80| 0.79| 1.13| 1.08 | 1.04 1.16 0.91  1.06
NARAT o vi| 1.06 1.02 | 0.65| 0.87 | 1.04| 1.111 0.93 | 1.11 0.77 | 1.04
Q wi! 1.00| 0.94. 0.85 0.88 0.97 1.07 0.90 1.11' 1.0l 1.00
Q W, 1.12 0‘99[ 0.84° 0.86 0.9 0.9 | 0.97 1.20 0.91 | 1.00
. ‘ | .
‘ Q KX l 0.87 | 0.96 | 0.99 ;o106 | L4 1.04 [ 1.10 | 1.24 | 1.0l I 1.17
Q X | 1.12| 1.00; 0.80| 0.88 1.39 119 117 | 131 0.90 ' 1.40
— | . - ,7[ e . - ' . - y A
B I i 12| 090 088 074! 1.22] 10 11! 1,15 0.85] 1.12
BUNA B M| 1.06| 0.98| 0.79 ' 0.83, 1.05| 1.20 | 0.88 ‘ 1.13| 0.74] 0.%
'B W ! 1.10 I 0.98 | 0.89 | 0.85 ‘ 115 | 1.4 nor! 1311 0.87| 115
, I ‘ [ CToT
M T 1.04] 1.02| 0.74 | 0.94; 0.86 1.23’ 0.70 | 1.30| 0.75 0.84
MAKABA |M II = 1.00| 1.01 | 0.92| 1.07 0.97| 1.28 0.76| 1.28| 0.92 0.9l
ML | 1.02| 0.98, 0.88| 0.98 ‘ 1.02 | 1.10| 0.9 l 1.18| 0.88 l 1.03
A 1.07 0.96 | 0.81 085 1.1 114 0.98 ‘ .21 0.89| 1.08
, N - ' | G
+4 % 12.4 6.9 { 14.0 | 11.0 [ 15.6 | 8.9 8 9.8 19.5 17.2
- I 1 T |
A I 1.05  0.96 0.85 0.90 1.09 ’ 1.13 ’ 0.98 ' 1.20 | 0.90| 1.08

+4 % | 1.7, 9.0 155 140 150 9.7, 13.3' 9.3 17.7  15.2
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Development of the outermost fiber-strain in glued
laminated beams of Mizunara (Q).
—by electric strain gage—
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2.2. ERMRBROBESNRR

BN SN BRI R\ T, ZOEREE Y &< Dy (L. G) e Ehuisr (L. W) LT,
— B ¢ DRLBER e b0, Ehe, ThbE, M LORE (S.W.) i3, Y0k
BHRIZ B DvE e L bt ds & e o fc iR ch 5 o

1) HE&AHE

COFEBE, Fig. 29 LU X ) IoRIBET, BB OIEREN b, BER, EMs Lo v i
RKEBEELZD LD, HROWEH - FEONEHEC LD B2k bDThs,

—39 —6¢3 P16 39 ——f Cm.
Tt } ; A Glue e
e S | - ST T
----- I—ty ( | SiC) T
_____ TS { 3 STC) -
L.G L.w. J
L+2h=220 |

Fig. 20 HLUMED b A HTHBKDIRR
Cutting diagram of the separated specimens from a laminated beam

T=tension C=compression S=shear

(2) HBRRAE

oM RNTH, Ef (b)), B (8), kR (W BIo BEEEE (R 2lELLo
T, Thbe, RS (S.W. OEHVE &L T Table 82 iz Lz,

Fho, WEME (Ly), BBARE (T) % X0, RBGRRE (H) 2w ik, Table 33 1L » 7.
Fr, S. W=k L. W.=8ERHR S 1D & D REO A0 L. G.=E5HBr 80
ORISR Y S e (BRI o 12E ) SRR,

(8) HEtER

A ¥y r@Eg @ BEEY Y 755 (B LEMYy 75% (B) &% 3% (S.W.; L.W.; L.
G.) KON TENENIEE L 7o DA% Table 34 ThB. ZDIEDHV, WTFRLBEY v 7RO FL
ETECERZ LD LR, —HI-2T, ZoORMDIEH V- I bbbhbs Nl bhTED,
BEERIC AT, B AZEDN NSO LIRS,

(i) BIRME (00); EMRBE (0.) B IV VBB (=) @ 2hbie oW TofERk, Table 351
LbdTEEITHS,

(i) BB (0,70 T LV @) I 2R b DEIR>\CiX Table 36 & Table 37 It Lab L7z,
w, (BER) wo»Tik, 2REEL T, 0.7~1.5 %D ~v A S8 LT %25, BEREZUL - K
v 0.8~1.1 %, =YV =Y 0.9~1.1 %, YF&% 1.1~1.5%, I X+% 0.7~1.3%, 7 0.9~1.3
%y WY S 11~1.5 %BETDOT B, 2T, LRSFHOAE I X+ Tk, T h A
RENARED LI, B L Cl—MICiT s o L RIZF v bbb,

we TOWTH, R F<Y 0.27~0.33 %, =Y=<Y 0.28~0.35 %, ¥Fi € 0.33~0.45 %, I X
3 0.36~0.63 %, 77 0.38~0.44 %, <Hv 1 0.32~0.38 %TH2otz, ZDED L oy 1L H
R, WAPCTEAVNE L T2 DTV 5BH, I X+ FIonCii#ER S 5 .
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Table 32. R & ECHBRLT TRVRIR & o bt LoD Fhii
Comparison of wood properties of laminations and separated

specimens from each laminated beam

? Cob o Gmm) s Gmm) w1 Ru (glemd)
Species Group ‘ R. G.

{
iSW‘LW‘L G{SW‘EV&;‘LGSW}LW!L G157W!LW’L G.

A R 40| 4.4 4.2" a4 1.d 1.0 1.2 14.2% 14.7’ 14.8) 0.40 0.41) 0.42

TODO- A I, R 40 4.2 3.5 3.8 0.8 0.7 0.7 14.3 14.3 14.3 0.42 0.42 0.42
MATSU | o wr| R 35, 3.5 3.8 3.7 0.6l 0.5 0.6 14.0 14.6 14.6/ 0.35 0.35 0.37

A W R0 44 47 47 o.s'i 0.9 1.1 14.6’ 4.0 14.0] 0.39) 0.38; 0.40

YEZO- Y5 1| Rao| 14 1.3 1.4 0.2 0.2 0.3 13.8] 13.6 14.6] 0.39] 0.39] 0.40
MATSU | vy 1 | R 40 | 2.2] 1.8 1.9 0.4 0.4 0.4 13.9 14.0 14.1 0.42 0.42 0.43
AKAYBZO- | YG 1| R 35| 8.0 2.8 2.7 0.2 0.4 0.3 14.5 14.1) 14.6 0.33 039 0.33
MATSU | yg 1 | R 50| 1.6 1.6) 15| 0.4 0.4 0.4 14.3 13.2 14.2] 0.49] 0.45 0.46

F I R 50, I 3 @’ 1.0 0.4 0.5 0.5 12.4) 12.5 12.9 0.50 0.48] 0.46

F o } R 55| 1.5 1.5 1.6 0.6 0.7 0.7 12.5 12.8) 13.5 0.54 0.54 0.57

YACHT ol F o R 551 1.7 L7 1.6 0.9 0.8 0.7 12.3 13.5 13.7 0.53 0.54] 0.55
F wi R S5 1.5 1.6 1.6 0.6 0.8 0.8 12.2 13.6 13.4 0.54 0.56 0.5

(F VIR S5 17 1.6 1.6 0.9 0.7 0.812.2 13.1 13.4 0.57 0.54) 0.57

QR T | R 65| 1.1] 0.9 1.0 0.4 0.5 0.5 12.9 13.4] 14.0 0.64 0.60] 0.63

MJIZUNARA | QR IT | R 60| 0.8 0.7] 0.8] 0.4 0.4 0.4 13.1] 12.8 13.3 0.60 0.57] 0.61
QR | R 65| 0.9 0.8 0.9 0.4 0.4 —| 12.813.0/ 14.3 O.65| 0.63] 0.68

Q@ 1 Rs5| 05 05 0.5 0.2 0.2 0.2 12.4 157 12.7 0.5 0.55 0.58

Q 1 R 60, 0.8 0.9 0.8 0.4 0.4 0.5 12.5 13.1 13.5 0.58 0.58 0.63

QW R 60 1.0 0.9 0.9 0.6 0.5 0.5 14.5 13.8’ 13.5 0.59 0.58 0.58

'Q W R 60 1.1‘ 1 1! 1) 0.6 0.6 0.6 13.3 12.7 13.0 0.59 0.60 0.63

MIZUNARA ‘ Q V Re0 1.5 L4 L5 1.0 0.9 0.9 12.1‘ 12 9‘ 13.5) 0.65! 0.69 0.69
Q Vi|R 6 14 1.6‘ 14 0.9 1 01 0.9 12.1 12.9) 13.5 0.65| 0.69| 0.69

Q WI|R 65 1.3 1.1 L1 0.8 0.7 0.6 14.2 13.1 13.2 0.67 0.66 0.67

QW R0 L4 12 14 0.9 0.8 1.1 13.8 13.2 12.6 0.72 0.70 0.72

Q X|R 75‘ L7 LS L7o1 1.11‘ 1.3‘ 14 7‘ 12.4/ 13.8] 0.75] 0.75/ 0.76

Q@ X |R 60| 05 0.8 0.9% 0 4{ 0.4 0.5 12.5 12,3 12.5[ 0.61] 0.61| 0.64

B 1 |Reé| 1.6 1.4 1.3 0.2 0.3 0.3 12.7 13.1] 13.2 0.60 0.62] 0.62

BUNA | B Il | R 60| 1.5 1.3 1.5 0.2 0.3 0.3 13.0 13.7] 13.7 0.61] 0.62 0.64

B | R 65| L4 1.3 1.0 0.2 0.3 0.3 12.5 13.2 13.3 0.66 0.65 0.66

M T R 70| 35 a1 3.3 — — 131 13.7] 14.1] 0.68] 0.66 0.68

MAKABA |M II | R 65| 2.8 2.9 3.9 — —| —{13.013.213.90.67 0.7 0.71
M W | R 70| 2.5 2.3 2.5 — —| —l13.112.7 12.7] 0.68 0.68 0.70

S. W.=lamination
L. W.=separated specimen without glue line
L. G.=separated specimen with glue line

b=width of annual ring; s=width of summer wood; u=moisture content
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Table 33. FEREOFEMEE (Ly), EEE (T) kL OHEHRIRE (H)
Loading speed (Ly), temperature (T) and relative humidity (H) at test

o . —_ , o
I Ly (kglem® min) T (~°C) ’ H (~%)

Species | Group | R. G. i - fo— : -

! S.W.|L.W.|L.G. S.W. L.W.|L.G.|S.W.|L.W.|L.G.

’ A I|R 40| 91| 55| 58| 20| 24| 26| 79| 68| 68

ToDOMATSU | A T R 40| 85| 62| 60| 20| 25| 271 79| 68| 67
A M |R 35| 8| 60| 49| 24| 27, 27| 68| 73| 74

A IW|R 40| 81 77 85| 23| 270 26| 72| 74, 77

) | o SR B . -
YEZOMATSU | YJ] I R 40| 40| 98| 109| 30| 28| 27| 78 66| 76
{YJ IL|R 40| 41| 85| 98| 27| 27| 28 ‘ 6| 76| 74
AKAYEZOMATSU| Y6 T |R 35| 51 83 P99 29| 27 281 75 76, 71
; YGII |R 50 53| 104 | 100 30 28 27 73 \ 70 ) 69

RS B B E e I__ 1

'F 1R so| sal e2| 75" 20| 28] 28! 7| 4| 22

F ImM|R 55| 55, 80| 83| 201 28! 25| 73| 72| =71

YACHIDAMO F m|R 55| 61 or| 95| 20| 27| 27| 5| 71| 74
F IR s5| 58| 103, 78, 290! 27, 24 73| 73| 66

F V|R 55| 58| 73| 76| 29, 27| 28 : 74| 66| 68
o ! - R o

QR I | R 65 57 69 461 31 27| 27 64 72 74

MIZUNARA QRIL|R 60| 57| 47| 42| 30| 27 | | 67 74| 72

|

QRIL | R 65| 59| 57| 55| 30| 28| 28| 67| 72| 69

Q IR s5| 65 35| aa| 31| 27| 28" ea! ea; 65

Q IM|R 60| 75| 43| 50| 20| 28| 27/ 70| 62| el

Q M|R 60| 75| 42| 45| 29| 28| 28 70! 62| €9

Q IV|R 60| 69 48 51 29| 28 28 71, 74 74

MIZUNARA Q V|R 65| 66| 53| 70| 28| 27| 281 63| 75 73
Q Vi|R 65| 66| 53| 70| 28| 27| 28| 72| 76! 73

Q W |R 65| 70| 59| 65| 20| 28| 271 e7| 72| 70

Q Wi |R 70| 68| 83| 49| 28| 27| 27| 69| 67| 66

Q X|R 75 75, s4| 70 30| 28| 27 64 Coea | 59

Q X|R 60 60| 50| 65| 30| 27| 27, 67 62| 58

B I |R 60| 60| 97| 96| 20| 26| 27| 75| 76| 77

BUNA B IL|R 60| 62| 106| 104| 20| 28| 28| 74| 77| 73

B T |R 65| 59| 107 95| 20| 27| 27| 76| 74| 74

‘M 1|R 70! 8| 72| si| 28| 22| 221 77| 2] es

MAKABA 'M I |R e 102| 79| 81| 20| 27| 27| 76| 76| 73
'M TR 70| 104 1071 104| 28| 27| 27| 77| 66| 67

. - ... L LI S B B . S .

FOED, ve T q BECOWTL, 2ERROBR (BREWSBIBERD 25523, Ll S.W., L.
W., L.G. TH LWL A E 5 L,

(iv) R iR e o IEL - HRERROREE (S. WD) XL T,  HEERHF 0 F iR
(L.W.; L.G.) 22D X 5 IHRICSH B 2R ILOMIT LD Lz 0% Table 38 Ths .,
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Species i Group’ R. G. — — -
S.W.|L.W. L.G. S.W. } L.W
} A IR 40’ 123 | 115 ’ 150 °
TODOMATSU A IT R 40 116]| 132! 131
A R 35 99 ‘ 101 128
|A I R 40 15| 17 o121
! ARSI S .
| |
vEzoMATsy | YT 1R 40| 103 ol 104
[ YJILIR 40| 119 83 92
e —
AKAYEZOMATSU) Yo 1 'R 35| e7 76| e
YGI R 50 112 103 112
F 1/R s0l 7! 62| e
F II R 55| 87, 65| 8l
YACHIDAMO F ur|R 55| ol | 102] 91
F IW|R 55| 103, 92 85
F V|R 55| 106 88| 80 |
QR I |R 65 54| 44| 57
MIZUNARA QRIL|R 60| 58| 60| 48
\ QR TI | R 65 86 59 93
lQ 11R ss5| 42! 4 s2
'Q T R 60| 62 73 83
‘ Q 1| R 60 ' 54 64 66
Q Iv R 60 67 8s ' 77
MIZUNARA | Q VI R 65 h 64| 85| 8l
Q VI!R 65! 74| 103| 98!
'Q W |R 65 ' 80| 78| 90|
|
@ wi ' R 70 | o | 13 nz|
Q IX R 75, 115 129, 149
QX ’ R 60 \ 58| 73| 87
B TR 60 ' o84l 105 102
BUNA B IL|R 60 } 93| 88l 86
"B MR 65 116 104 | 106
'M I R 70| 122 94 o8
MAKABA M Il R 65| 139 95 107
M 1 70| 162 165

Table 34.

Yy v 7
Young’s modulus (E)

R

| 159|

B (E)

E. (10kg/em®)  E, (10%kgjom?) E.JE

¢

— 153 —

. L.G.'S.W.|L.W. L G.

133} 138’ 142 | 0.92 0.83 | 1.06
1251 1341 136 | 0.93 | 0.99 | 0.96
98 | 117‘ 115 | 1.01 | 0.86 | 1.11
113 | 118 | 129 1.02|0.91|0.94
- — - ._...,‘ —— — —— —
103 | 13| 116 1.00 | 0.81 | 0.98
111 | 121 ] 120 | 1.07 | 0.69 | 0.93
82| 93| 92l1.06 0.76 ] 0.82
14| 11| 127 0.98 0.93 | 0.88
- i I
85} 82! 74 0.9210.76 | 0.82
100 | 76 79 0.87 | 0.86 | 1.03
102! 97 95 0.8 | 1.05 | 0.9
107, 111 105 0.96 | 0.83 | 0.81
114 | 100 | 109 1 0.93 | 0.88 | 0.73
54| 41, 55| 1.00 | 1.07 | 1.04
66 58 | 63]0.881.03|0.75
91| 100 : 132!0.95]0.99 | 0.71
48| 55| 5710.880.87]0.91
74| 82| 83]0.840.80 | 1.00
61| 701 67]0.89]0.910.99
78 88| 91 0.86]0.97 | 0.85
74‘ 82 88]0.87|1.04]0.95
84 101 | 104! 0.88|1.020.94
89| 87 99 | 0.81 | 0.90 | 0.91
107 | 110| 117]0.94] 1.03 | 0.96
143 | 146 156 | 0.80 | 0.88 | 0.96
76 88’ 101 1 0.76 | 0.83 | 0.86
92} 101 | 85]0.91|1.04 | 1.20
96 | 92| 95 0.97 0.9 | 0.91
119 | 104 | 104 0.97 | 1.00 | 1.02
125 | 133] 1421 0.98 | 0.71 | 0.69
141 | 144 | 154 0.99 | 0.66 | 0.70
156 | 160 | 157‘1.04 1.03 | 1.01
{ A [0.93]0.910.92
):i:A% 7.6 | 12.2 | 12.9
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Table 35. BIIE, itk X O« v Wik

Tensile, compressive and shearing strength

’ o, (kglem®) o, (kglem®) T (kglem?®)
Species Group; R. G. | ——— . p ] e
|S.W.[L.W.|L.G. I S.W. |LW.|L.G. s.W. L.W. L.G.

- - T I R - ! E— i L— [

A I | R 4011280 1270 | 1395 ! 360 371 1 371 i 90 86 ' 86

TODOMATSU A II |R 40 918 | 1272 | 1209 t 365 373 . 374 ; 92 ‘ 92 ‘ 82
A TI|R 35 960 | 1049 | 1094 = 317 310 312 78 | 72 74

A I R 40| 1100 | 1070 | 1060 * 332 | 323 335‘ 91| 80 77

YEZOMATSU | YJ T R 40| 992 835| 955| 284 | 328 320 91| 85| 71
YJ I R 40| 1223 | 1133 | 877 | 324 | 354 | 347 100 82| 83
AKAYEZOMATSU| YG 1 (R 35 785| 818 | 801 242 | 267 | 271 79 75| 66
YGIL | R 50 ‘ 923 | 1031 | 1078 378 | 373 378 96 91 83

F | R 50 907 879 860 332 ‘ 305 289 105 102 93

F I |R 55 984 | 1015 912 356 U538 ‘ 042 114 106 107

YACHIDAMO ' F | R 55| 1019 1040 | 1078 | 355 338 338 113 108 114
! F IV|R 55|1229] 1210 | 1144 360 375 346 111 ‘ 108 110

| F VR 55]1133] 1105|1187 378 346 375 111 112 106

QR I | R 65| 404 | 340 | 279 | 325 | 286 | 310 | 125| 137 | 127

MIZUNARA QR II [ R 60 562 594 309 329 308 323 122 123 139
QR 1 | R 65 872 | 1068 | 1017 405 400 420 139 141 155
- B R i S Ml Lo L
Q I IR 55| 546 | 559 | 559 | 271 ‘ 320 351 | 1131 112 122

Q IR 60 763 711| 801 | 341 | 365 407 | 124 127 143

Q M| R 60, 673 651 | 639| 345 | 861 | 360 | 129 | 138 | 128

Q IV|R 60| 786 | 851 | 8661 3521 372 385 | 125 135" 133

Q V|R 65 779 821 784 398 399 427 152 1,0 [ 160

MIZUNARA | @ vi|R es| se2|1057 | 1038 | 415 a2 asi| 155 170] 170
Q VI|R 65| 902| 901 | 834 417 396! 420 | 155| 145, 147
Q W |R 70| 1311|1178 | 1178 | 490 | 449 | 482 | 161 | 161 167

Q IX|R 751526 | 1820 | 1359 | 510 | 524 | 571 | 162 | 172 183

Q X |R 60 773 949 965 339 395 429 124 138’ 152

B I |R 60| 1027 | 1412 | 1218 384 381 362 129 137 138

BUNA B I |R 601051 | 940 | 786 | 375| 395 | 388 | 135 | 146 146

B TI|R 65| 1424 | 1158 | 1483 | 440 | 430 | 402 | 144 | 158 | 150

M TR 70| 1234|1193 | 1098 | 455 | 464 | aso| 174] 172] 11

MAKABA M T |R 65| 1288|1422 | 1527 | 503 | 542 | 540 | 171 | 177 | 186
M W | R 70| 1803|2119 | 1869 | 599 | 589 | 591 | 176 | 189 | 184

oc;=tensile strength
c.=compressive strength

T=gshearing strength.
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THERBE, v rEREK, BIERRE, EHEERER L0 vy IEOWERL, @EACERNALD
Bhis, L1, tvBEO L. G MEEE v v ITREY LD T0THAHN, Thb Rl T
BILBIED IR T WL 3 THB,

Table 36.

wsy we BIW Ye @{[ﬁ
The values of ws, @, and 7y,

wr (0fEe %) w. (0o/Ec %) ve (0eplos)
Species Group| R. G. |-——— - - — e
‘S.W.\L.W.IL.G. S.W.’L.W.LL.G. S.W. [L.W.|L.G.

A 1R 40]1.05| 101! 0.94]0.2710.27 | 0.27 ] 0.91 | 0.89 | 0.85

TODOMATSy | A 1L/ R 40|0.790.97 | 0.93|0.29 | 0.28 | 0.28 | 0.88 | 0.87 | 0.82
A T |R 35|0.97 1.04|0.87 | 0.33]0.28 | 0.27 | 0.92 | 0.85 | 0.83

A IW IR 40 0.96|0.90 0.87 | 0.29 | 0.28 | 0.27 | 0.89 | 0.87 | 0.78

YEZOMATSU | ¥J T R 40| 0.95 ’ 0.93 , 0.85 | 0.28 | 0.29 : 0.29 087 | 0.77 | 0.82
YJ IR 40| 1.02 1.36]0.850.30 | 0.30 0.29 0.84 0.7 | 0.78
AKAYEZOMATSy| Y6 T [ R 35]0.90 1.09 | 0.92 | 0.29 | 0.29 | 0.30 | 0.87 | 0.81 ] 0.84
YG I R 50 |0.88 ' 1.00 | 0.97 | 0.35|0.34 | 0.31 0.8010.82 | 0.8I

F [ |R 50 1.18]1.48 1.45 | 0.40 | 0.37 A 0.39 | 0.62 | 0.49 | 0.53

F IL|R 55|1.14 1.55| 1.17 | 0.36 | 0.36 | 0.45 | 0.63 | 0.61 | 0.53

YACHIDAMO | F W |R 55| 1.121.05 1.19]0.35]0.35 | 0.36 | 0.67 | 0.52 | 0.56
F W |R 55|1.20 1.33| 1.33  0.34 | 0.34 | 0.33 | 0.62 | 0.68 | 0.57

F V| R 55 1.08 1.45 ' 1.50 1 0.34 | 0.37 | 0.35 10.70 | 0.67 | 0.58

QR I |R 65|0.78|0.77 | 0.69 | 0.61 | 0.52 | 0.58 | 0.44 | 0.53 | 0.49

MIZUNARA | QR IT | R 60 | 1.00|0.97 | 0.72|0.52 | 0.54 | 0.52 | 0.51 | 0.48 | 0.53
QR W | R 65| 1.02 1.10 | 1.04 | 0.46 | 0.41 | 0.34 | 0.53 | 0.54 | 0.59

Q I R S5 1.29 1.17 1.0810.57.0.60 0.63 ' 0.50 0.37 | 0.41

Q I R 60 1.23]0.98 | 0.97 0.48 | 0.45 | 0.50 0.56 | 0.52 | 0.47

Q m ‘ R 60| 1.27 1.05| 0.97 | 0.57 | 0.53 | 0.55 0.53 | 0.50 | 0.54

Q IVI/R 60 1.18 1.00 | 1.11 | 0.47 | 0.43 | 0.43 | 0.60 | 0.53 | 0.52

MIZUNARA | Q V } R 65 1.27 0.9710.96 0.55|0.49 | 0.49 | 0.54 | 0.4 | 0.50
Q VI R 6 117 1,03 | 1.06 | 0.48 | 0.44 | 0.44 | 0.55 | 0.55 | 0.51

Q Wi ) R 65| 1.14 | 1.17 | 0.93 | 0.48 | 0.46 | 0.42 | 0.59 | 0.47 | 0.46

Q Wl R 70 1.31 ‘ 1.05 | 1.06 | 0.46 | 0.42 | 0.41 | 0.61 | 0.58 | 0.56

Q X ‘ R 75 1.33 ‘ 102 0.92 0.7 1 0.36 | 0.37 | 0.62 | 0.64  0.59

Q X R 60 1.35 1.301.04 | 0.45  0.45 | 0.43.0.55 ] 0.50 | 0.46

B I |R 60 1.23|1.35]1.20|0.42 | 0.41 | 0.44 | 0.59 | 0.62 | 0.57

BUNA B II!R 60 1.11|1.07 ‘ 0.93 | 0.39 | 0.43 | 0.41 | 0.52 | 0.55 | 0.57

B IR 65, 1.22 1.1l 1.33 | 0.38 | 0.42|0.39| 0.67 | 0.72 | 0.58

M I | R 70|0.84 ]| 1.27 1.12]0.37 | 0.35 | 0.32 ] 0.67 | 0.65 | 0.65

MAKABA M IL|R 65]0.92|1.48 1.43|0.36 | 0.38 | 0.35 | 0.75| 0.67 | 0.73
M M| R 70| 111 1.29 | 118 | 0.38 | 0.37 | 0.38 | 0.73 | 0.75 | 0.78
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Table 37. r, q, BL ¢ Off
The values of r, q and ¢

7 I | eo1

(oo a Gegm | 9= ST
Species i Group| R. G. ' 7 ) - T+
; sw.lLw.L.G. s.W. L.W. L.G. S.W. L.W./L.G.
A TR 40 | 3.56 | 3.43 | 3.76 ' 4.00 | 4.40 | 4.30 | 2.123 2.0971 2.150
TODOMATSU 1 A TR 410! 2.52|3.45|3.253.92| 4.08 | 4.62 | 1.864 2.101’, 2.059
A MR 35 3.043.39|3.53| 4.07 | 4.33 | 4.25 | 2.001, 2.089 2.117
A IV R 403.32]83.28|3.22 3.67 | 4.08 | 4.43 | 2.074 2.066 2.052

o ] . ot | | 4.71 |
YEZOMATSU Y] T |R 40 3.45|2.54  2.90 | 3.12 j 3.90 | 4.71 | 2.101| 1.870 1.974
YJ T | R 40 |3.77 | 3.17 | 2.54 | 3.25 | 4.33 | 4.27 | 2.161) 2.041; 1.870

e ‘ 47 i | g - K
AKAYEZOMATSU! Y6 T R 35 3.24 3.05 2.9 [ 3.05 1 3.60 | 4.16 | 2.057) 2.012 1,99
YG I | R 50 | 2.45 | 2.76 | 2.88 | 3.99 a1 | 459 | 1840 1,936/ 1.969
' 1 |R s0l2.76]2.9213.07 3.5 2.97  3.16 | 1.93¢ 1.979] 2.018
"F IR 5o 2.82|3.06| 2.72 | 3.15 | 3.18 1 3.22 1 1.953 2.015| 1.925
YACHIDAMO F Ul |R 55;2.903.11|3.19]3.18 | 3.15 | 3.00 | 1.974] 2.027| 2.045
| F v |R 55]|3.45|3.26|3.36 | 3.24 | 3.49 | 3.13 | 2.101| 2.061| 2.083
| F V|R 55299 |3.20!3.1613.41|3.10 3.59 | 1.997| 2.048| 2.039
QR I |R 65 1.24]1.16 | 0.90 | 2.62 | 2.09 | 2.42 | 1.214| 1.148] 0.895
MIZUNARA QR IL |R 60 1.71]2.03|0.93 | 2.71 | 2.51 | 2.34 | 1.524| 1.680| 0.927
QR UL | R 651 2.15]2.74 | 2.08 | 2.91 | 2.96 | 2.80 | 1.730 1.931| 1.702
Q@ T R 55'2.02'1.70  1.59 2.40 3.04 2.89 ' 1.675 1.519 1.456
Q IL R 60|2.25'1.91]|1.95,2.78 | 2.87 2.86 1.770‘1.626 1.644
Q W R 60| 1.97 1.81 | 1.79 | 2.68 | 2.61 | 2.83 | 1.654 1.577 1.567
Q W |R 60!|2.24]2.30)|2.26 2.81 | 2.76 2.89 1.766 1.788 1.774
MIZUNARA Q VIR 65!1.96]2.07 1.84 2.62 2.66 1 2.68  1.649 1.697 1.592
Q VI, R 65|2.08|2.41|2.33 2.68|2.61 | 2.66 | 1.702 1.827 1.799
Q VI|R 65|2.17|2.28 1.98|2.69 | 2.75 | 2.87 | 1.738) 1.782 1.658
Q W |R 70 2.71'2.62 2.44 3.06!2.79|2.85 1.922 1.895 1.838
Q X|R 75|3.00 2.522.38|2.97|3.06 3.13 | 2.003 1.864 1.817
Q X |R 60|2.28 2.402.28 2.75 2.87 | 2.82 | 1.782 1.824] 1.782

I —

B I |R 60)|2.68|3.723.37 | 2.97 | 2.79 | 2.69 | 1.913] 2.152| 2.085
BUNA B IL|R 602.81|2.36|2.04|2.79|2.73 | 2.68 | 1.950 1.809| 1.684
B ML |R 65|3.22|2.67 | 3.65|3.08 | 2.74 | 2.69 | 2.052| 1.910| 2.140
M I!R 70|2.72|2.58|2.42|2.62 | 2.70 | 2.69 | 1.925 1.883 1.830
MAKABA M IL| R 65|2.55]|2.61|2.83|2.96 | 3.07 | 2.93 | 1.874| 1.892] 1.956
M M| R 70|3.05]|3.603.17 | 2.58 | 3.12 | 3.21 | 2.012 2.130! 2.041

(v) PR & DHT ¥ v 7 ERE L MEE OGS
B\ & FHOHEEHEARIC X EEMBEOMT ¥ v 735G W RBIRS TR X O i Bis R
ﬁ?hm,ﬂmmsgoakbkﬁéoét,:hb&,%@@ﬁﬁﬁ%ﬂovt%tbtﬁ%a&w%
LizDps Table 40 ©L DT 1D TH %,

Bl DRGSR B, #iROE
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Table 38. FREEMEREIC 1) 5 HARGRS & 5 TplBh L o R
Comparisons of strength properties of the laminations and the separated
specimens from each laminated beam
E¢z/Ees E.r/E.. oerfoes To1f0os T8
Speci R.G.| . I T R
peeies | Group Lw [1G LW 1G LW 1G LW|LG LW LG
SW |SW |SW SW SW |SW |SW [SW SW |sw
A T R400.94|1.22 1.04 ' 1.07 | 0.99 | 1.09 | 1.03 | 1.03 | 0.96 | 0.96
TODOMATSU | A T |R40| 1.14 [ 1,13 1.07 | 1.09 | 1.39 | 1.32 | 1.02 | 1.02 | 1.00 | 0.89
A T R35[1.021.29 1.19 1.07 ' 1.09 | 1.14 | 0.98 | 0.98 | 0.92 | 0.95
A W [ R40|1.02(1.05] 1.04 1.14 0.97 0.96;0.97 1.01|0.88]0.85
! : , S— [ ; L
YEzZOMATSU | YJ T [R40'0.83/1.00|1.10 1.13 0.84 | 096 4 1.16 1.16  0.93 | 0.78
| YJ II{R40 0.7010.77 | 1.09 1.08  0.93  0.72 | 1.09 | 1.07 0.82 0.83
N o \ i I ! .7 | i - i
AKAYEZO- YG I  R35 0.87 1.001.13 1.12{1.04 | 1.oz|1.1o‘1.12§o.95 0.84
MATSU | y6 1t ;Rsoio.92| 1.00 1 0.89  1.11 [ 1.12 | 1.17 | 0.99 1.00  0.95  0.86
—_ : ! A L oo "~
| | |
F I IRs50|o0.80 ‘ 0.78 1 0.97 1 0.87 | 0.97  0.95 | 0.92 | 0.87 | 0.97 | 0.89
F I |Rs5{0.75!0.93 0.76 | 0.79 | 1.03 ' 0.93 | 0.95 | 0.96 | 0.93 | 0.94
|
YACHIDAMO | F T | RS5 | 1.12 | 1.00 } 0.95 1 0.93 | 1.02 | 1.06 | 0.95 | 0.95 | 0.96 | 1.01
F IV |RS5|0.89 | 0.83 | 1.04 . 0.98 | 0.98 | 0.93 | 1.04 | 0.96 | 0.97 | 0.99
F V |R55|0.8310.75 0.88 0.96|0.98 1.05 0.91 |0.99 | 1.01 | 0.9
JQR T |R65 0.82 1.06 0.76  1.02 | 0.84 | 0.69 | 0.88 | 0.95 | 1.10 | 1.02
MIZUNARA | QR II | R60 ' 0.75 1.03 0.8 0.95 | 1.06 | 0.55 | 0.94 | 0.98 | 1.01 | 1.14
JQR WL | R65 | 1.15 1.08 1.10 | 1.45 1.23 | 1.17 [ 0.99 | 1.04 | 1.01 | 1.12
Q I RS5S 1.14 1.24 115 1.19 1.02 1.02 1.211.30 1 0.99 | 1.08
Q IT |R60 1.181.34 1.11 1.12 0.93 1.05 1.07 1.06| 1.0z 1.15
Q 1 R60 1.19 1.22 1.15 1.10 0.97 0.95 1.05 1.04 | 1.07  0.99
Q I RE0|1.27 1.15]1.13 1.17 | 1.08 1.10|1.06 1.09  1.08 . 1.06
i | 1
MIZUNARA | Q@ V  R65 183127 | 1 ‘ 119 1.05 1.01 1.00 1.07|0.99 ] 1.05
'Q Vi R65 1.391.32 1 1.20 1.24! 1.23 1.21 1.07 1.09“1.10" 1.10
i |
{ Q VI R6510.98 1.13]0.98 1.111.00,0.92 0.95 1.0l " 0.94 ‘ 0.95
'Q W R70 1.12 1.11[1.03 | 1.09 0.90 0.90 0.92 0.98 1.00 1.04
'Q IX ' R75 1.12 1.30 1.02 1.09 ' 0.87  0.89 | 1.03 1.12‘ 1.06 | 1.13
Q X R60 1.26 1.50 1.16 1.33 1.23 1.25 1.17 1.27 | 1.11 1.23
—_— — ——— ——— e —_— . - ! -
"B I Re0 1.25]1.21 1.10'0.92! 1.38 1.19'0.991‘0.94|1.06tl.07
BUNA /B I |Reé0 | 0-95 | 0.95 | 0.96 | 0.99 | 0.89  0.75 ’ 1.05  1.03 | 1.08 1 1.08
| B m Res 0.90(0.9110.87 0.87 0.8 1.04|0.98 0.91|1.10 | 1.04
B I ' 1 |
N B & I R i
'M I R700.77 | 0.80 r 106 1.140.97 L 0.89 ' 1.02 } 1.01 | 0.99 | 0.98
MAKABA |M Il | Re5 0.68|0.77 | 1.02 1.09 1.10\ 1.19 | 1.08 | 1.07 | 1.04 | 1.09
M T R70 1.02 0.9 1.03 1.01|1.18  1.04|0.98 0.9 | 1.07 | 1.05
- ! | | |
A 100 1.07 1.03 ' 1.08 1.03 1.00|1.02 | 1.03 | 1.00 1.00

+Aa %

19.2‘17.8 11.0 12.1 13.7 16.7i7.453

[es]

74| 6.90 | 10.5
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Table 39. Wi+ v 768, AP IRGIRIS HIE S X OV iR s RO FI5E
Computed values of Young’s modulus, bending stress at proportional
limit and modulus of rupture in bending
Ey. (10°kg[em®)  oppr (kglem?) [ oy (kglem®)
Species Group' R. G. | i : : .

S.W. L.W. L.G.\S.W.}L.W. L.G.|S.W. L.W.|L.G.

. | !

T T
A I |R 40| 133 | 138 | 142 432 | 445| 445| 716 | 730 | 751
TODOMATSU A O|R 40 125, 134 186i 438 | 447 | 449 | 631 | 718 | 707
A mM!R 35 98 117 | 1151 380 | 372| 374 | 604 | 612 624
|A W R 400 13 ; 118 | 129 398 | 388 | 402 | 635 | 617 | 632
YEZOMATSU Y] T |R 40 103 113 ’ 116 | 341 | 394| 395 | 542 | 565 | 595
Y] L | R 40 11 121 120 389 | 425| 416 618 | 643 | 587
I S o | ' . ' 105
AKAYEZOMATSU| Y6 T | R 35 82 93 92| 290 | 320 | 325| 453 491 | 492
YGII | R 50 114 1111 127 | 454 | 447 | 454 | 609 | 627 | 644
F 1 |R 50| 8| 82 74| 398 | 366 | 347 | 652! 604 | 583
F II|R 55! 100 96 79 1 427 | 406 | 410| 695 | 681 | 658
YACHIDAMO F T |R 55| 102 97 95| 426 | 406 | 406 | 701 | 685 | 681
F IV|R 55| 107 | 111 | 105 | 432 | 450  415| 757 | 773 | 720
F V|R 55| 114| 100| 109 | 454 | 415 | 450 | 755 | 709 | 764
QR I | R 65 54 57 55| 390 | 343 372 | 395 | 327 | 277
MIZUNARA QR II 'R 60 66 58 63 395| 370 388 | 501 | 517 300
QR IR 65| 91| 100 132 486 | 480 b os36 | 700 | 772 | 760
- L S - — - [ B . | - L
Q 1|R 55| 48| 48! 520 325 395| 421 | 454 400 511
Q II | R 60 72 82 83| 409 | 438 | 488 603 | 593 ' 669
lQ M |R 60 61 70| 67| 414 | 433 | 432, 570 . 569 564
'Q W|R 60 78 88 91| 422| 446 | 462 622 665 683
MIZUNARA Q V| R 65 74 82| 88| 478 479 | 512, 6561 677 680
Q VI|R 65| 84| 101| 104| 498 | 530 | 541 | 706| 807 | 811
Q VI|R 65 89 87 99 | 500 | 475 | 504 | 724 | 705 | 696
Q Wi |R 70| 107| 110 117 | 588 | 539 | 578 | 941 851 | 886
Q IX|R 75| 143| 146 | 156 | 612 | 629 | 658 | 1022 | 977 | 1037
Q X |R 60 76 88 | 101 | 407 | 474 | 515 603 720! 764
B I|R 60 92 | 101 85 | 461 | 456 434f 735 | 820 | 755
BUNA B IL|R 60| 96| 92| 95| 450 | 474 | 466 ' 731| 715| 654
B M |R 65| 119| 104 | 104 | 528! 516 483' 903 | 821 | 861
M I |R 70| 125| 133| 142 | 546 | 557 | 551 | 876 | 874 | 840
MAKABA M IL|R 65| 141 144 | 154 | 604 | 650 | 648 | 943 | 1025 | 1056
M 1 |R 70| 156 I 160 | 157 | 718 | 707 | 709 | 1205 | 1255 | 1205
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Table 40. SERRHRICIS(F % fiF MR FHEAL & 2RI & o bz
Comparison of computed and measured strength properties
in bending of laminated beams

. ! Eui/Epnr CopLlTopr cu1lon,
Species | Group R. G. -
: S.W. L.W. L.G. S.W. L.W. L.G. S.W. L.W. L.G.
. 1 : 3 - N IA__ |’
A TR 40 0.91/0.88|0.850.96 | 0.93 |0.93 | 0.93 '| 0.9210.89
|

TODOMATSU | A IR 40]1.01 | 0.94(0.93 0.94 0.920.91 |1.130.99 | 1.0l
A M| R 35]0.990.83|0.84 0.86 0.87!0.87 | 0.84 | 0.83 | 0.81
A W /R 40 0.880.850.78 0.8 ] 0.83 | 0.80 | 0.88 | 0.90 | 0.88
YEZOMATSU | Y] I |R 40| 0.98 | 0.89 | 0.87 } 1.06 | 0.92 | 0.92 1 1.17 12 1.06
Y] m|R 40| 1.00|0.92|0.93 1.15| 1.05| 1.07 | 1.08 | 1.04 | 1.14
] ‘ T
AKAYEZOMATSU YG 1 /R 35'1.01 | 0.89 | 0.90 1 0.94 i 0.86 | 0.84 t 1.18 | 1.09  1.08
YG It i\ R 50 1.10 | 1.130.9810.95 0.96 | 0.95 1.10 1.07  1.04
A ’ 0.99 | 0.92 | 0.89 } 0.96 | 0.92 ’ 0.91 | 1.04 | 1.00 | 0.99

H f T 0 T
'F I R 50! 0.84|0.87  0.95 ’ 0.81 | 0.88 | 0.93 ! 0.90 | 0.97 | 1.01
F IL/R 55]0.88.0.921.11 ' 0.74 ‘ 0.78 | 0.77 . 0.91 | 0.93 ' 0.95
YACHIDAMO F M |R 55| 0.95 1.00' 1.02 ' 0.62 | 0.66 | 0.66 1.00;1.03 | 1.03
'F v R s5 ; 0.99 1 0.95 ! 1.01 | 0.68 | 0.66 ; 0.71 1.02 | 1.00 1.06
'F OV ‘ R 55 0.89 ' 1.0l ‘ 0.93 ‘ 0.71 0.7810.720.99 | 1.05 | 0.9
QR I | R 65 \ 1.04 | 0.98 | 1.02 | 0.60 | 0.68 | 0.63 | 1.46 | 1.71 | 2.08
MIZUNARA QR IT | R 601 1.15| 1.31 | 1.21 , 0.71 | 0.76 | 0.72 | 1.40 | 1.36 | 2.34
' QR I | R 65 i 1.20] 1.09  0.83 | 0.87 | 0.89 | 0.79 | 1.15 | 1.04 | 1.06
Q I R 55\ 1.23 1.23 | 1.14 , 1.14 | 0.94 | 0.88 1.38[1.25' 1.23
Q IL R 60 1.2l 1.06 1.05 0.9 , 0.85,0.76 1.33 1.351.20

|
Q M R 60 1.38 1.20 1.25]0.80 0.76 0.77 1.06 1.06 1.07
Q W R 60 1.12 0.99 0.95 0.77 0.72 0.70 1.20 | 1.12 1.09
MIZUNARA Q V. R 651.26 1.14|1.06|0.80 0.80 | 0.75  1.13 | 1.09 | 1.09
Q Vi R 65 1.06'0.880.86]0.65 0.61 0.60 1.04|0.91 ' 0.90
Q VI R 65 1.00 1.02|0.90!0.85|0.89 | 0.84, 0.97 | 0.99 | 1.01
Q W R 70 1.121.09 | 1.03 0.84 |0.92|0.85] 0.96 | 1.06 | 1.02
Q X | R 75,0.870.86 0.80 0.99|0.96 |0.92| 1.14 | 1.20 1.13
'Q X |R 60 | 1.12 | 0.97 | 0.84 | 0.80 | 0.69 | 0.63 ' 1.39 1 1.16 | 1.10
B T|R 60| 1.12]088!1.21]0.88]0.80 ] 0.94 | 1.22]1.09 | 1.18
BUNA B III!R 60|1.06]|1.11 1.07|0.79|0.75|0.77 | 1.05 | 1.07 | 1.17
B I | R 65| 1.10|1.26 | 1.26 | 0.89 | 0.91 | 0.98 | 1.15 | 1.26 | 1.21
M TR 70! 1.04]0.98 0.9210.74|0.73| 0.74 | 0.86 | 0.86 | 0.90
MAKABA M ITL | R 65)1.00;0.98 0.92]0.92]0.85 | 0.85|0.97|0.89 | 0.86
M WL R 701.02|0.99 1.01|0.88 |0.89,0.89|1.020.88 | 1.02
A 107 ) 1.08 } 1.01  0.81 l 0.80 | 0.78 | 1.11| 1.10| 1.15
A | 1.05 | 1.00 | 0.95 | 0.85 ] 0.83 | 0.82 | 1.09 | 1.07 | 1.11
+A % 1.7 iz.s l 13.6 i 15.5 ’ 12.4 ] 13.7 ) 15.0 | 16.3 ’ 27.4
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ZORREE LUCHEr R hD & 2, Yy 755, iFRARKDES SO BEREO VTR
PAREBROFERD BHEE L i & SITEBROMR D DHEEL D\ 2 Tl & A EEN R\ 2 LT
D, HHHRROFERD S, ERHBROMTHRELAEE TS & & TIFENCIFT S L bbb,

2.3. HMERARERICWNTIEE

(1) ~FEARICONWT

RHFDOBC R NT, FOBERARUT, ~V 7 & ARy OB XOHEONTFF LA L THoTh,
AL ORI, &y OB LD b MEREAMERT S L vwbhTwb, oz kR
WPERR LA T WD X 5 ThB A, ZOBEIMITH BN L bR TIX I A A, Kk
LOTWBHITIE, Wh@BRE=AFa v L ThbbhbTHAI L, i, LY X 7rOFR:
T, Disz® ORI b5 X 5 feR7R 5710 E DS Fyo Fgic B 2 M A O 15 S5
OERL A=A F 2 v RS bbb TIEL A EL NS,

LoL, cORBRDOLSIT, b FTFEEOLRIEBED Y 2 r—ANYBFRTE, TEIRYL
HTFEREI b I EZ bt I3 ick bbb, oz ki Table 31 RLO L osrfoss (HHE
I 10 em OEERGH T O H TR ERE/ WITED & 2 cm DRSS 81 D B0 7 fiF FRER AR © HiF IR EE R B0
OET, $HEER DO 0.9546.5%, KIBEROH 0.98+414.8%, 32 KDOETHTIL 0.98+£13.3% D
RN D AT ELD LN TEDL LR S,

Lo T, L, RENEDD TR, THEECAR SIS KX, BoFEDRISHED
ELXHAThIvboisbbhss, $12, L RABERERORICOWTORREERL T n0T,
TSR —BROR R T D E L e

Teds, ~NY ETNARVIRIEL T e DL e T B &, WP OIS5 T ORIGCE R L E35 =
LRTFHEINDDOT, FTOBRCEFHIEARL, BoMEL IMEL TIFLbhitvdoris
5o

(2) BREEEEASICOWT _

ERHBROMFHRELHEE T2 1 XD\ ORBEL I Dt b DI, o (EMRE), . (FEWRRE/EfY v
PRI, v (ERELLGUIBR IS 1 B/ R BE— 1R Db\ it iV ), 1 (BIIRGREE/ [EMERIE), X 0q
(ERRE/ « v R FThb, TTRONLL IR, chbo (r, 4, w.) 1%, HEHECELT
BIE—HOEEZ LD L, EEREIEBEC LI 2T RV 32025105 DICH/L T, 1, q, 0. %
AL ED=A %2 v %507, HECLCRERELTCND I3 THE. £0O-FYFRONTE
FEHRSRED A F ¥ FIC L ThRE QR LD T, ZhbOEEbivhb IR & % iR
ERT\ B,

LIt 2T, ChbOBEED, IEEH L GRS HIE DN Th S LDEETS Z L 3 TER
1 (BAA L, SEORBREBEIC ¥t a2, MCHIROEMRELRBRE T A b
DFtk (o 2% 29) CfERETE ek b, REWEIRORC X % EEHZR O fig Hitks Lo
MEAHEETALNTEL LR bbIS,

(8) HREEEHIC DT

FARISTERY 2D 51EH\ - DOIHE L 70 % HER R L OV F DERX S DL T, WEDE & AIFRETR
RN DT, C OFEERM OIFFEC S\ B\ 5 ERFAEE D,
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Z T, bbbk, REERREM (50 kg B X 280X 5L, TR MR X % EkgR
Kk X IR I ER L T A SOEd\, BESERRICOWTE, KEy —ET5
LRSS Y, Z0Eh, BELOKME L2 TNE D THAN, ik, =ik, chithl
LT, ke e SRR 0SRE H/HL Th 5.

bhbhe LTh, 8%, Thb&8Mo 2z 7 vy, ILBRFERML T ERWEEL TS,

BRI L, RARIREY VY TRBB A, LD LIHET, MROMBELESYED, chick
DT, ERH OMBENATEL CThict 2 A, FIMK & < SO —3L T,

2.4. ERMBROBERRBEROBRE

1. BRI R R 2 ASEH L OBREC OV Th LD LR CBEE, Efil X O v BilBREEE) 5,
HERMBROUTHRELEET D L0 CE B,

2. RN OREFE A T OB X O CED S &, FOMBINIEWL, FoEE, ik
DOMPFEIC—FTH 2 LBl Lddi i,

3. SEHGHIRICIL D ST — ¥ DRI L OB IO &, BT ORI
HoHrHErEND, Teds, ZOZ XX, WEKEIFTEOREH = 1 & 2 v AMR L 22iEb v & LTHErs
hbzsThs,

4. %ﬁ#bwoﬁotzcmmEDMHﬁ%%k,:hbﬁ&fmmghtﬁﬁMCwmnmﬁ)a
T, ZOTWEDOTEECHT D0 E D\ i) BT Y 2 & b2 fnd Dl

5. BT L2T, i h DX WHEREMIEELY LT I L0 ARLDLREDT, ZhbMEREM
T% SORMIEREHTZ I S0 ) 7odie, SEOFERVIFINS . Tivbb, IFEECYL T, FFE
EZHTAHN % HiviuE, BUCHERRREE . & o gihi7e 3o i X o0, HIROmE, Sbrhuck
O TR SN D A OMELHEETREL Ie B TH A 5 .«

Vv =

I

B HAR A BFE IR S WK Th B o TSR3 U TR A ¢ 35 RSSO
B E L THERAINS . & BRI ATIROH 1 BRE L LT, & OB OMEIMRE & BE
MREE AL, ERM A ER LT 2 e L BERE S X ORFT R R ED C R A L, 2R
HEUEEREERORHE LG L L,

feds, TOBIC, ERMICOWTSHE TN TThR TELERELZ S D IHLIC S £ o TERTS
R, MM R A FOERP RIEEECO DL ) AEARBEL LT, Y =Y vy
CTHEVRY  IXFTF X T L A ARIOTFE TECOWT, KW EERL LT, v
w7 —aKifg (Plyophen 6000) # i\ CERMHERIL T2 5, 4 DT OV THERBR R T
W, SRR ORREE L BFEMEAR BT T S

Fiz, T OWIEI TR, M AN A R SIOR O EERIC & TE0IE > TRE L, BT, #®
M Bk, MTOFTRLHS —H L Wil TT95 2L 875,

I M AR OTAR

(1) BEROZIR
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ORI BRI AL, MEMTEEC I\ CElirh o [ EEEREO EERERER ] Dozt <
THRHIC B W TERL 72 O BIFR L 72, FEBRROTEHEIC O TN EEUEREERROFER L & b
AFRTHTFRTHDHOT, & 2 TEHBHENIHICE ¥H Tk <,

Table 41. HEEEROLHE

o) ® %egﬁnﬁ LR X o H%l?mé%e? |k K

Species | TSIESEY | FOIEHEY |compartment Dreast RefENS | Number of
TODOMATSU | SAPPORO | SAPPORO ' 23 46~67 6
YEZOMATSU | OBIHIRO  RIKUBETSU| 41, 47 62~80 7
AKAYEZOMATSU| ” ” 41, 47 55~79 6
MIZUNARA ” ” ‘ 41 65~84 7
” SAPPORO | URAKAWA ! 18 76~105 | 5
YACHIDAMO ” 7 ; 18, 19 s9~101 | 6
MAKABA 7 7 ” 60~76 6
BUNA | AKITA OBONAI ] — — 6

2) IR DB

FRR OB RPN L LRI FEE D 427 BT BRI L (L, TERE TH 82 Do K
DIEVEDEHEL LT, » 52 CHFAROKARAFICHTEDE 2 LT bR D L, By
25mm, M) 12cm, BZf) 4m (FROEX) OMIRKAIFRL 720

(8) HR DI

PR ORI R B D &K 10~12 % HiZe U, ¥elddrey 3 e CfiFoke. ATHR g
REIEIRI R EOK 20 BA, 1 FIZESERHINIL, IX75QL F F~ Yiddpailithic ATl
L, 377 QR, A v ¥ 74 x » =V =YX RRGIRBCATHIRE L oo ZhBEB 27
Ya—-akRTL, Table 2 L Fig. 5~7 DL RBHTHEHN, IXF T Q DI HEHEOK
5% < AT I 2 MR MILO ST % <, WERHRCKRE kgAY 2 s
BV, DL CHD L DT, IEOHEN S, REREHAE P Es 2 e DT B a3y D is L §
R e SR/ REE TRl T 5 LIRS R ZR VWO T, A d 5 IR BT EEE L TP
W DN EREWORIATMET DR ¥ L2 Bhie,

@) HtkosmT

Folgea i T MR LB I FE 5200 = M)l CHIMTT L, BN 35\ s TR EHAE % 1.0~1.5mm
BB Tk 0.5 mm FEEEE LHRIE 4~8 [0 IR L 7o, kD RSEL > 1 7 ~— 2 20~
30/in, [E&F 0.4mm & AiRe Uien’, EBRCIRR S WA BIRISEAL - 1 7~ — 7 16~23/in, [Er 5
0~0.55mm Thok.

Teds, —ific, WDz L, TEDOER, HAMY, v—3F —bLEONT LOREREL N, &
NDREDEE TS S ORI, BT S DR Y — 2 OVEBEICZEHE L 70w X 5 i Ts o »
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L.

o ERM oW EER & EF T
(1) Rk

BRD B I E D, FEMT R R R L CHAR o HONTC#% 5 SERCH FRIR o IR TR T, TR
it DE BRI ORI, K, O R, RIS X 0T B KA, ST X 0T L K
BEEL, cheifiRrmitdac L.

Fio, e, RO, EEELIEL, BHROMROEGKE, WEONNE, WERoBROM
BEYHEL, Thbofifidy Fig. 8 83X Fig. 9, Table 7 %X Table 8 i27kL, ¥ — a0
T S IR 7 — 7 OMRA N B s L.

(2) HRRoOmMEE

HAR DB ERED & B O HI T I & BEERHEE T 5 oIl Tie ok, MENKIER% O
FT% b DR 5 BT 1 RO A R T % X 5 LT, Lk, = OBl X o CiiikimE
wEDES 2 e T D, DECFERORL, R LORRE ORD .

1D BERoff - oL iR o 8 F A S8 L ormEERRKIC OWT, F0E
AT, BT, &k X O HEICIY T A M EAM% Table 9 IR L

PR OHEFEREEIRC J5 1) 5 WEREE, BEEs X O BMRIEEE%R Table 10 It L.

2) BRoOFE LM ERRL X5 & B0 4 OB B 50 cm EOM ARGV, Fig. 112
L3 HET, HEBER, HEEM, v ik X Otk & sEERsfRi v 3°h b JISA 1006 I Lo THE
LT,

BREL, ThFhoBIC oW TRAMEOKRE it <Y FLAEED b 0w, EEEOHE
L, feskE REE, BE X ERGICIIESN extensometer BV, [T TEAATAY - (1072 mm) i
Jof,

3) BERREE MUROE 7L -T2 r oYy 7EH (E) % Table 111, ¥4BE, EfikL 0ty
WinpE% Table 12 i@l L1,

1) BERMEHTOMEG MEEL vy VREOHDO) b T L H b5 ok X O EREAIREAED
FERGREEC X5 7. % Table 13 12, BIIEMEE: AMEMEEDIL v, EMEREE L v BREEOM q &
X OFMEE O M TR & IEREEDIL ¢ % Table 13~14 Lo L7,

5) EMRE (BHE, ik X0 v i) »ohlFsExifEETs o

H v v 7R OHEE L LT, By v 7% 20 % FHGRn, Tofik, offEEicxdds
ElE DY, Y 0.96 TEOELER L 5.5 %% L L, ZOBRL, K% R/ ME o
T, ThZhHEEME & UM & BB L CHIERIBETH B,

HF ERGIBR IS S EE L, FEMPREED 20 ZIEOME THEIC F 2 e b DRHEEEIC L ok, TheH
M E DEETEE, Y 0,90 TEIURK 14 %E LD LI, HT, S YFELHER, Rutvitsks
THEERREL BB o M IREEROMEEL, SFBER & KB A 5 TR TR L .

A i TR LR

R o= 0T Lo
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ZOfERECKT AEEME DA & B &, W 1,13 &7 ) BURBIL £ 10 BRREL 8.

Ll Exfa LT, MR 32 20— 70T, ORI LIS HREREET A Z LA TED D
DERbbND.

6) HER X HENE OIRIEFLES MR DOMEER T 2 OFATC oW TE DD Z LIXIELVDThH BN, F
MALEEbTobLwoT, s At ARG FC X DTSR & X 5 L2 7,

HHFF OB Lo TR LT, hitbiul we, 1, q, KLU y. 32, ThbOEEEY X
Wi=DH Table 18 THb,

=B DB OB KT B FEROBERIC O\ Tk, BT A L3 H4% 0 L LT, Table 19 0 X
S X te, OXICIEREgST, SFBER & IABE & T, HEREIREE 50 ke [z X b Table 20 %
PR,

MREFEEI A FV CHISE L B E % 6o Bey 04y T 88X 05 & U CERI & JER L7z > Table
21 ThHb,

(3) BgEmMT

1) HeFEH

SRR B T, BEORMMMIRLRL, RRCSERmAEOMELETI LY Ly ) -
BlgrfiBdsc L L, BNORIL2SMORBRIBICIEA T, LOLE, HE, pH, vovE, KE
RHREERL, Table 22 offfaMc. F/c pH & 7 A(UIHEOBER, W LEE & BE{UHRH & OBIGR
%iRTE Fig. 11, Fig. 12 D2 8 ) TH5H, ZhbOWHEDIeh TEHEIHERHE B HBEERC oW TER L
R AURHPETES 2 & TholenT, FHFRNE, WIESBUREYIET 2RRET2C,
BLEFE 60°C R L BT bk L, Z0fkitds Table 23~25 &Rk,

2) PEEmT.

RROTHEIBIEK 10X10em, €©—a0RI{290cem T, RS KAbELL, MkoARF LR
% RELAREE 2HETH I oL, BOSHORATEIRIEIIOE © — 7 — LBEREEL V-, BRI
B, WEEMNE LEBAE 30g/R? #HiE: LT Phot. 21, Phot. 22, Table 26 ® J 5 ICHREHI%
B LT, HERSEEINIE 20~70 43, FERHCIE Phot. 22 3 X0 Phot. 23 IR HEAL M+ Y FEXD 7
Sy 7R, YTREIXH+Z 20mm JE, 25y 7B 10em & L, EREDOTECIL b2
vy sV, KEERT 12~18 kg/em®, $HERIT 8~9 kglem® D ES R INA CTHEHMEL 72 (Table 26),
R Ao BYE Y, Phot. 24 1W7R3 X 5 BB LEIC AN, Fig. 15~21 [T g L4
B LAl & o,

WV EXHoMRERR
(1) Persrngstik

v - A OBEEMRRL 7 v v 2BIEER E, BRI Lo TRRT Az L 2 L, &Y — 2 O Fig.
22 WRTALIED BT TR R U,

BB ASTM D 805—52 Wifef U, FURMU/ERTI 5 diEEp e b5 V-, Phot. 25 107R
FEWT 5y 52y rCK D, EMFERS 40 kg/m® LT CHINMER Ly, ZhbofiR% Table
27 35 L% Table 28, Phot. 26, Fig. 25 i L7,

FEEBE, U.S. A, THRAMKEERH OBEREHAMRBICO 5 <AL T5 ASTM D 1101—
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55 Il L CAT\ s, Fig. 22 OfEFED LIFH L EERIIC, 750 mm Ll EORZEPESAIT: 4.8~5.2
kglem® OIMEFAEALIN 248 0 K L ORAECREBIC /22 £ THAL, 2 OMcRRA 2 HE - HRo
HEO AT BT, ERIREE 28~29°C, BEERREE 25~30 %, FERTHIOMME 1 m/sec Dl % 52T,
3y ARIEMEA T\, = OFIRGE LU R 450 3 188 12 BHETE, BB oR O SsE U dgEy
MEL, FRERAFE L CHERSHARYRER L. b ofsgix Table 27, Table 28, Phot. 27~
41 TR L,

(2) BFEMAEHBEE oOME

BEMRERB AT, SRR s X O e DR RS L P L TR R ETH BN SRR
U.S. A, @R\WTiITFbvTo 2 ERM oSN L L, SRR X O rofiETiiccE 51
D5eaTc k% &> T Table 29 @ X 5 IZfFbNicDT, ZhbOEE%LY U. S, Al ikl HF5E & g
LTHBE Fig. 26 orIkh ich, U.S. A, OFERICHEELWLEEENES DT, SBITEER-S
Az & 7o THEPAIC R % AN e A RS R FE L T & L e BB T ~ETH D

T ORI I W CIEEE B ERAC 60°C OFFIREREALICA, SHESEEHLCY YAy 7 -
SREEEHI I gER L ORFEIAE T, RS A D L 7o KRB & WnE s 7o INELEC Ao T R il T & % o
B, 1L BTSSR B O ESIER LS ko C v VLY 7 — L RESERIAS O HIRB LT L ¥ B R E O
LDOTh5b.

ZOFESNCHE L7z ¥ — 203 Table 28 iC7t 3 k& 5 /e lEigihhes 3 0T 5038, T A iREER L 1o
A1 Phot. 42~4310RT L& 5 7% L, S5 B OBsilic > Tk EFHET 5 L W5 X5 7
BIGuUIE b WM OMERER & AR EROREN R b,

PEREMEARILBIRE & EEIC 8 S Fig. 25~26 O X 5 IclR b b, = % v S & 7 e g ioks
HE Lo TV L EDRD B,

RIBEHFOREALL Phot. 26 ICRT LR D THDOT, I X+ F QR DL TE TR TIIFIhbdg
RLUTW %, QR SO TR LIRSS EAROIEEITIZ & A L3l b, Wb B 7 11 2 2R
e DREC ST B0 FHBIIC KR EL T 5,

HHERROREEA S B L, IXFF QR, < v M CHBERA IR <, FOFRRII
O LIESTHZ LI TERD DR, HBEOMRICE LS b DT ELLNS, ¥, FFw
Y, ==Y OREERSIEIGAE  Teofen’, FEERON & IRV S b HBEORY A T
5L ORAEC I T AEIORIT & & i X oTh v b SRR R L T 52 LA TH
%,

(3) BREERSR

A MR DM

D BHBHE THEOMRD 7 A — 7 ko THEL U I BB R ot B B, 1« OB X R
AR EE TR AT OB FER L L CR I I0T, TOHED ~Y 27 (hy) & A~y (L) Lok h/Lico
WTh, HEED HOHFEBIR LRI U e 10D X 510, AV H 200cem T Lz,

ER L 7R U, SREEDFSE SR [ DA SR BERUSRER (REUEEs K. K. #, §577 100 ton: Main
capacity=100fon; Sub-capacity=20ton, 10ton, 4ton) %\, EZRIF7v2vavi-—-Yr
L YRk, X7 7 QOENHE 10 KOV TRESEHIREThC & h 2 7ok, vk,
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Yy (b)), Y 27 (h), WAEERE (W) SLOWRG ke - 2y & (D, bRz OPEOHRE
Tk B WEEEE (Lv), BEE (T) 3 XOPHRRE (H) %% —iF Table 14 KL ®» L,

2) PBRREE IR L AR B EIE oA IR D BREE, S HICHR, MRS X 08t v e g
TeERRn BHER U ICIREE, SR X 5 iR L R L 7o b 023 Table 15 IO e bTL®H I
htws,

FOFER, RTHELND L 51 (KhDOFRP riXBlHR, FEiR X0 v v Wi Ro A CHEEFIR L o,
VR s (XD 810 o7 PRI T O, IRF LIRGIHETOME, ¥/ By dup, 05 SR
R LI aOMWEER Lo L Tnb ) WEhDkkd, Bulkn1iebnl, HEENTRETHL d
LoLTnd D ek bbb,

B RO BEE S HTEIER

PEER S N ENRIC 8T, LOEFERE L &< Uitsr (L. G &4 < iy (L. WD) & T,
— TR EERE & DREPER I B hy, Fi, TRB LR B OFEE (S. W) ik ek 5 &%
DM EILANDD DK IORRTH D,

DIV i

OB, Fig. 4 1L LIk 5 eRIFkRT, BREK BN 5, BER, ik X OB
BEEED LD, HROEH L RBROIEFEICL Y B2 k2D THS,

2) PG

ZORBRICI VT, D (b)), BT (8D, &K (W ks X OB (R &L 0T,
Thb e, HIRER (S W) Db & IERL T Table 16 wL» L1z,

¥7c, WEMEE (L), SREEE (T) KX, BT (H) 2w Tit, Table 17 i Lo,

ek, S. W= | L. W.=4R00H %A 51D & DRAIO ZOBE © L. G.= kb5
rokEEEYy &l EREREBIE O RE i) HER.

3) PSR

O vy rRE (E) D BIRY v 768 (B LYy 7% (B L%33% (S. W.; L. W,
L.G) oW T, TR ENILKEL 72 b D% Table 34 Thbd, PHEIMCHTIEZE A LSO LY
Brahs,

(i1) BRI (o) | FEHERE (00) BSIOwv i (1) #3% (S.W.; L.W.; L.G.) K2
W, TREREIKL 72 d D2t Table 35 Th5 .

(1) BEPEEMEE (W, 7. T BXO @) ZHbDfEI2WTik Table 36 & Table 37 KL»L

(iv) SR & 3Tl s O IEEE  IEREROREE (S. W) LT, RO /5 Hraling R
(LW L.G) DX 5 PR DB & kDT L LIch DA Table 38 Thd,
ThEHRBE, YV 7R, DHRME, BEMMER L O v BBEOWThd, 132 A SERANRKLD
Bivite &I, v BiEREED L. G, (RS v v IR Y LoD TH B, SR BRI
THILLILD IR TRNI I TH B .
(v) SSRGS DO v v V7 RE L BEEDHEM Ao HTEEREER B, B0
& L RBROHESEFE AR & ) EIRHBOIWT v v 758, GRS RS X Ol s R AR F15
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FiuE, Table 39 Drkh Linh, ¥1, Thbi, EUROERMBICONTE L ablchER L v kL
7D Table 40 ICLHT D TH %,

ZORSEE LCHIT SRS & 2, fiF v v 76REL i IEBIBRIS IR S &L Ol RO VT h b
- PHEROTEN D b R L 2 B E L S ITRBROMEL b HEE L 0ES VW E TR LA L EN W L TH
O, BHERBROREED S, ERHEOMF SRR T 5 & & THEHENICI TG L s bbhb,

(4) mREERBRES RO RE
(i) FEGHRCNT

KMOB BT, FOWEHMNRLT, U ¥y e ANy DR LOHEDHTH LR L THOTH
K& i g b oY, NIy & 0% L D T HREMERT B L b Twh . toz LR
CAEDPELFATHB LS ThHhDH, CORBRD L 5, 27 e B AREED ~Y X r—A -y
BIRRTIE, TEMRE Lo THERE b L 2eZx bt X kB bbhs, 2oz &k, Table 31 ©
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Research in Laminated Wood Report 1
On the fabrication and properties in respect to its strength

and adhesion of the straight laminated wood

The laminated wood research group

I. Introduction

Laminated wood is wooden material in various forms and shapes to serve many
purposes, prepared by being sawn, dried and finally having surfaced laminaes gluded
with adhesives, with the grains in parallel.

The usefulness of laminated wood has in general been dependent on the strength
imparted to the members and on the ability of the adhesives to maintain such strength
in service as when used for the frame-material of wooden structures. The first step
to under take in research in laminated wood is the study on properties in respect
to its strength and adhesion. Such study affords us the basis for the improvement
of its standard specifications as to design and fabrication and the properties of it.

In this case, our seven important species and the adhesives for the laminated
wood are as follows; TODOMATSU (Abies sachalinensis Fr. Scamint), YEZOMATSU
(Picea jezoensis Carr.), AKAYEZOMATSU (Picea Glehnii Mast.), MIZUNARA(Quercus
crispula Brume), YACHIDAMO (Fraxinus mandshurica Raprecur), MAKABA (Betulé
Maximowicziana ReceL) and BUNA (Fagus crenata BLrume); and as adhesives, resor-
cinol-formaldehyde resin (the trade name of Japan Reichhold Chemicals Industry
Co. is Plyophen 6000 of adhesives and Plyophen 6002 of its hardner).

The strength and durability properties of adhesion of laminated woods produced
were tested. On this research, all processes of standing tree sampling, sawing,
drying, surfacing, strength check of laminae, layout of laminated assembly, adhesion
of laminaes, spreading of adhesives, pressing of laminated assembly, curing of clamp-
ed assemblies were studied with the object of improvement of standard specifica-
tion for the fabrication and properties in respect to its strength and adhesion of
structural laminated wood.

In concluding the introduction we feel it our duty to express our profound thanks
to Mr. Y. Saito, Director of this station, and Mr. T. OcuRra, chief of the division of
wood technology, who was good enough to extend from time to time his helping hand
especially in guiding us in our study.

The names of technicians who studied this research in co-operate are shown
following. The mark * shows the researcher who wrote this report.

The chief of section charge of laminated wood

Dr. Kunisuke Horioga*
1. Selection of standing tree Minoru Sawapa*
Minosaku SucaNo
Ryosaburo Yawmar
2. Conversion of timber Nobuyuki Epamarsu*
Minosaku Sucano*

Minoru SAwADA
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3. Drying of lumber Makoto TERAZAWA*
Makio Kopama

4. Surfaceing of laminaes Genichi NAKAMURA¥
Tsuneo Aovama
Masuo Sairo

5. Measuring and classification of lamina Minosaku Suveano*

6. Check of laminaes strength Minoru SAwADA*

Ryosaburo Yamat

. Combinations of laminaes and design Minoru Sawapa*

~1

Ryosaburo Yawmar
8. Measuring of laminaes properties befor the operation of adhesion
Minosaku Sucano*
9. Adhesion of laminated woods
a. Measuring of properties of adhesive Shigenobu MiTsukawa
b. Operation of adhesion of laminated wood Minosaku Sucano¥
Junsuke MukubDAlL
Minoru NISHIHARA
10. Quality test of laminated wood
a Bending strength test of laminated beams Minoru Sawapa¥®
Ryosaburo Yawmar
b. Analysis test of laminated beams Minoru Sawapa¥*
Ryosaburo Yawmal
c. Block shear test and durability test of laminated woods
Minosaku Sucano*
Minoru NisHIHARA
1. Selection and preparation of lumber for laminating
Lumber used for fabrication of laminated woods must be properly selected and
adequately prepared for adhesion. Attention is given to selection of standing tree,
conversion of timber, drying and final surfacing to be glued.
1. Selection of standing trees
With a view to helping the study along this line, we have tabulated the selection

of standing trees.

Species of test tree and place of growth

Species gg?‘églﬁ?}} 1 Ig)l:égtl’,lc'; Compartment! brgzi:'znﬁ:ght ! Number of

Office |  Office | (em) [Selectedtrees
TODOMATSU SAPPORO | SAPPORO 23 s6~67 | 6
YEZOMATSU OBIHIRO |RIKUBETSU| 41, 47 62~80 | 7
AKAYEZOMATSU " % 41, 47 s5~79 | 6
MIZUNARA L " 41 65~84 7
" | SAPPORO | URAKAWA 18 76~105 5
YACHIDAMO | 4 ” 18, 19 59~101 6
MAKABA : " ” ” 60~76 6
BUNA AKITA OBONAI — — 6
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Care has been exercised in selection of standing trees as well as locality of trees.
The trees used for our study have been limited to thos having both high quality and
good shape, with breast height diameter of over 46 ¢m in national forests. Most trees
selected from among useful species are grown in the well-known dense forests in
Japan favored with transportation facilities. The species and localities of trees are
given in Table.

2. Conversion of timber

Logs of those trees selected were transported to our laboratory with an identifi-
cation of species and localities so as to avoid any possible errors. For machining,
a 42”7 band saw with automatic controled carriage in our sawing laboratory was used
and the logs were sawn into mostly flat plain (25mm in thickness, 12mm in width,
4,000 mm in length).

3. Drying of lumber

The moisture content of lumber at the time gluing is of great importance in
fabrication of laminated products. The desirable moisture content of the lumber is
that which will facilitate the making of strong glue joints and, the approximately
average moisture content of 10~12% of the laminated wood can serve our purpose.
For drying, a dry kiln (about 5.5 m® of lumber should be the drying capacity; in-
ternal fan type) in our wood-drying laboratory was used. MIZUNARA (Q) and TO-
DOMATSU (A) were dried immediately in this kiln, without air seasoning. On the
other hand, MIZUNARA (QR), MAKABA (M), YACHIDAMO (F), YEZOMATSU (Y]
and YG) were dried, after air seasoning.

The drying schedule of each species is given in Table 2 and Fig. 5~7. Some
lumber in Q has shown remarkable shrinkage, i.e., about 20% of flat plain. Such
lumber having many ray-parenchymas should be selected out before drying.

4. Surfacing of laminaes

Preliminary rough and final surfacing of the lumber for gluing, is advantageous
in obtaining uniformity in thickness of lamination. Dried lumber was surfaced by
a three-side planner and the planing should be done on both sides to 1.0~1.5mm in
rough surfacing and about 0.5 mm in final surfacing. It is recommended that when
a lamination consists of several laminaes, the difference in thickness throughout
the laminaes should not exceed 0.4 mm, and the appropriate number of knife marks
per inch should be 20~30.

Actually, laminaes have 0~0.55 mm of difference in thickness and 16~23 of knife
marks per inch. Moreover, some laminaes have rough-parts or ‘““blanking,,, omitted
from the laminations.

1. Constitution of cross section and operation
of adhesion of laminated woods

1. Selection of laminaes

(1) Properties of laminaes

The laminaes comprise plain-grain and various defects have been excluded from
the lamination. The length, width, thickness, and weight of laminaes to be glued
were measured, and also the moisture content when sawing, shrinkage percent, and
specific gravity and others were calculated. These results are shown in Fig. 8~9
and Table 8~9.
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(2) Strength tests of laminaes and constitution of cross section

In order to assume strength properties of laminated wood from strength properties
of laminaes to be glued, the strength of the laminaes were tested. Assembled lay-out,
should give consideration to the species and grade of lumber, thickness of laminaes,
and grain of wood. In this case, each of the laminae in a glued timber were the
same species, 5 ply of laminae (about 20 mm in thickness, 115 mm in width and 2,800
mm in length).

Tile measurement of width of annual rings, width of summer wood, moisture
content and specific gravity at test of the laminations for each laminated beam are
shown in Table 9.

All the test pieces in our experiments were prepared from those laminaes shown
in Fig. 10. As regards the size of preparation, test pieces stipulated in the test
method, such as tension strength parallel to grain, compression strength parallel to
grain, shear strength and Young’s modulus, are specified in the JIS (Japan Industrial
Standards) A 1006.

Test machines suited for required capacities were used. For measuring strain
at compression and tension, the mirror type extensometers were applied, at bending
the dial-gage (102 mm).

The Young’s modulus of the laminaes for each laminated beam, and the strength
of these are shown in Table 11 and 12. The relation between a strength and others
are shown in table 13 and 14. The computed value of modulus of rupture in bending

were decided by the following formulas.

Soft wood; ep.=-SL Yo . Yot 0o
r+7e.

Hard wood;op,-=- sr—1 4,
r+1

The comparison of computed and measured Young’s modulus, bending stress at
proportional limit and modulus of rupture in bending are shown in Table 15, 16 and
17.

However, it is right that the structure grade of laminated wood be decided by
each strength of laminaes to be utilized, but such handling is very troublesome.
Therefor, we determined ours by the following simple method.

(i) We determined the index, such as w,, r, q and 7., that show the standard
value, and these indexes are given in Table 18.

(ii) As to the increasing or decreasing of strength grade by the value w,., r and
q, these are shown in Table 19, zero as the standard value.

(iii) Then, the Table of standard strength for strength-grade wood is classified
by 50 kg of compression strength (Table 20).

(iv) The compression of measured and strength-grade wood are shown in Table
21.

According to these results, we can impute the strength of laminations by our
simple method.

2. Operation of adhesion of laminated wood

(1) Adhesives

Resorcinol-formaldehyde-resin adhesives have a combination of the moderate-
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temperature curing requirement of urea resins and the high-quality and durability
characteristics of phenol resins, and were used for gluing laminaes, because these
adhesives have such fine qualities as high wood failure at normal test, and are com-
plete water-proof.

These adhesives are produced by the reaction of resorcinol with formaldehyde,
and are marketed as liquids consisting of partly polymerized resin in water-alcohol
solution. The solids content of the solution is usually about 60 percent in weight.
The other properties of adhesives, such as specific gravity, viscosity, pH, resin
content and surface tension are shown in Table 22. The adhesive is dark red, and
makes dark red joints when set. A hardner, usually paraformaldehyde and some
filler are mixed with the resin prior to use. The relation of the pH of adhesives—
gel-time and the curing period—curing temperature are shown in Fig. 11 and 12, and
among these properties, the adhesives have the drawback that the gel-time and
curing period takes too long a time. Therefore, glued laminated assemblies have
been cured at room temperature, 40°C, 50°C, and 60°C. The results of these tests are
shown in Table 23~25, and the curing temperature was decided at 60°C according
to resuls.

(2) Operation of adhesion

A plan for the position of laminations in the glued assembly is necessary for
each operation of adhesion. The size of the fabricated laminated wood is 10c¢mXx10
c¢m in cross section, about 290 c¢m in length. Each lamination was adhered with the
outer surface or inner surface. Extreme care should been exercised in the mixing
and preparation of resorcinol-formaldehyde resin adhesives.

Plyophen 6000....100 parts and Plyophen 6002....20 parts were mixed in an ena-
melled beaker by hand, the spreading done on both sides of the intermediate lami-
nations, and the one side of outerside laminations. The spread fate by brushes was
30 grams per square feet as shown in Phot. 18~19 and Table 26. Assembly time
took 20~70 minuts.

The application of adequate and uniformly distributed gluing pressure is essential
to the production of consistently good joints. The functions of pressure include
smoothing the glue to form a continuous uniformly thin film between the wood
layers, bringing the wood surfaces into intimate contact with the glue, and holding
them in this position while the glue sets. The frame typ of retaining clamp with
rocker head for equal distribution of pressure across the width of the assembly has
been used successfully for producing laminated woods, as shown in Phot. 20~21.
The cauls were used, and 20 cm lumber of MIZUNARA in thickness, the interval of
clamps being 10c¢m. Torque wrenches were used to adjust adequate clamp pressure.
The lamination lay-out was pressed by the pressure of 12~18 kg/em® in hard wood,
8~9 kg/cm® in soft wood (Table 26). The adhesives used in laminating set as a result
of chemical reaction. In order to cure the adhesives in laminated assemblies, put
in the heated curing chamber as shown in Phot. 21, and curing in these conditions
(Fig. 15~21) will produce durable joints.

IV. Quality tests of laminated woods

1. Testing of adhesion quality

The adhesion qualities of laminated woods were tested by the dry block shear
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test and delamination test, the test pieces being cut from the edges of both sides
of the beams shown in Fig. 22.

This dry block shear test was performed by ASTM D-805-52, the capacity of test
machine (SHIMAZU Manuf. Co.) was 5,000 kg, balance type. The attachment of this
shear test is shown in Phot. 22, the average load weight speed was less than 40 kg/cm?
per minute, and the results of the test are shown in Table 27, Phot. 23 and Fig. 24.

Furthermore, the delamination test was performed by ASTM D 1101-55 that
adapted the test of exterior laminated wood in the U.S. A. The test specimens were
placed in a pressure vessel, immersed in water at room temperature, and weighted
down to keep them submerged. They were separated by stickers in such a manner
that all end-grain surfaces had free access to the water. A vacuum of at least 625
mm of mercury was then drawn and held for 2 hours. Then, the vacuum was releas-
ed and pressure of 4.8~5.2 kg/cm® was applied for 2 hours.

This vacuum-pressure cycle was then repeated with the specimens still immers-
ed, making a two-cycle impregnating period requiring a total of 8 hours. Then,
the specimens were dried for a period of 88 hours (32/3 days) in air at 28~29°C,
and 25 to 30 percent relative humidity, and circulating at a rate of at least 1 m/sec.
During drying the specimens were placed at least 5¢m apart and with the end-grain
surfaces parallel to the stream of air. The entire soaking-drying cycle was repeated
twice to comprise a total test period of 12 days. At the end of the final drying
period, the total length of open glued joints (delamination) on the end grain surfaces
of the specimens were measured. Table 27~28 and Phot. 24 show these results.

2. Discussion of the results of adhesion qualities test

In this research, we desired to fabricate the laminated wood, and performed
experiments based upon the standard specifications for the design and fabrication
of structural glued laminated wood in the U.S. A., of which the process are shown
in Table 29. Comparing our results with those obtained in the U.S. A. as shown in
Fig. 26, we see that the results are on the same level. Therefore, we assume that
a practical standard for the fabrication shuld be established in Japan. However,
for the condition of curing of resorcinor-formaldehyde resin adhesive, we have the
intermediate temperature, 60°C, but, in future, we must improve the chemical quali-
ties of this adhesive to cure at room temperature.

The laminated beams used in this test have the qualities as shown in Table 28,
the failure figures after the bending test are shown Phot. 25. According to these
results, we could not confirm that the glue lines are the weakest layers.

The relation with the block shear strengths and specific gravities (species) are
shown in Fig. 24; the quality of adhesion of MAKABA and BUNA are excellent.
The relation with the wood failure and specific gravities (species) are shown in
Fig. 25; the figure of wood failure in Phot. 23, with the exception of MIZUNARA
QR. Other species’ test pieces show very definite failure. In MIZUNARA QR, the
failure in the cured glue line could not be definitely asserted, but the Van der

Waal’s force between the adhesive and the surface of wood was weaker than the
cohesion of wood and adhesive.

According to the delamination tests, the delamination percentages are compara-
tively large in MIZUNARA QR and MAKABA M, but this reason could not be
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understood, perhaps because of basing on the rough surfacing. Moreover, the dela-
mination percentage of TODOMATSU A, and YEZOMATSU YJ and YG are com-
paratively large, but the width and depth of delamination lines are very small.

3. Strength tests

A. Strength tests of laminated beams

(1) Method of test

The bending tests of the laminated beams which were glued with these laminaes
by resorcinol-formaldehyde resin adhesives, have been conducted upon test beams
with the grain direction parallel to the axis and perpendicular to the direction of
the load weight, so as to test the bending of the laminaes. The test beam consisted
of a pillar of a sectional square, with a side length 10cm, and 200 cm in the length
of span. The side length by the length of span ratio is the same as the test piece
of laminae in the bending test (Phot. 26 and Fig. 27).

The test machine was a wood testing machine (Main capacity=100 fon, Sub-
capacity=20, 10 and 4 ton, of the TOKYO KOKI CO.). For measuring strain, the
deflection-gage was used, but ten laminated woods glued with the laminaes of MI-
ZUNARA Q were measured by the electric strain gages. The width (by), heigt (ho),
coefficient of cross section (W), second moment of cross section (I), and the test
conditions (speed of load Ly, temperature T and relative humidity H) are shown in
Table 30. Table 31 shows the ratio of the computed strength calculated from the
bending strength, tension strength, compression strength and shear strength of the
test pieces to cut the edge of final surfacing laminaes, and the strength grades.
According to this result, the ratios are very nearly 1, therefore, the strength of
laminated woods have been computed from the strength of its laminaes.

(B) Analysis test of strength of laminated woods

In these laminated woods, the parts containing the glue line and the other parts
that do not contain it were measured for the properties of each part and their strength.

(1) Method of test

The tension, compression and shear specimens cut from the tested laminated
beams in bending as shown in Fig. 29 were tested. The method of test were con-
ducted in same the method of laminae.

(2) Conditions of test

Table 32 shows the results compared with the width of annual ring (b), width
of summer wood, moisture content and specific gravity at test, and those results of
laminaes. Moreover, Table 33 shows the speed of load, temperature at test (T) and
relative humidity (H).

(3) Results of test

(i) Table 34 shows each Young’s modulus in bending (E), tension (E;) and
compression (E.) of laminaes, glue-line contained parts, and other parts of tested

laminated wood. Among these qualities of specimens of three kinds, no differences
could be found.

(ii) Table 35 shows each tension strength (o,), compression strength (o.) and
shear strength (7) of laminaes, glue-line contained parts, and other parts of tested
laminated wood.

(iii) The special qualities of strength (w, 7, r and q) of laminaes, glue-line
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contained parts, and other parts of tested laminated wood are given in Table 36~37.

(iv) Table 38 shows the ratios of the strength of glue-line contained parts, and
other parts, and the strength of laminaes. According to these results, Young’s
modulus, tension strength, compression strength and shear strength did not reveal
any differences.

Significantly the shear strength of glue-line contained parts is equal to the glue
joints strength, but according to our results, the adhesives did not have any influence,
such as would strengthen or weaken.

(v) Table 39 shows the calculated Young’s modulus in bending, proportional
limit stress in bending, and modulus of bending rupture computed from the results
of analytic test by the method of computation, such as the strength of laminae.
The results compared with the strength of tested laminated beams in bending and
the computed values are shown in Table 40. According to this result, among the
Young’s modulus in bending, proportional limit stress in bending and modulus of
bending rupture computed from the results of laminae testing, and these bending
qualities computed from the results of analytic testing, no differences could be
found. Therefore, in general, the bending qualities of laminated beams were presum-
ed from the results of strength test of laminaes.

C. Strength tests

(1) On the scale effect

According to the results of the bending test of the specimens that were cut from
the final surfaced laminae (20X20X300mm) and the laminated beams (100X 100X 1,500
mm), the scale effect could not be determined.

(2) In order to presume the bending qualities of laminated beams, compression
strength (o.), ratio of compression strength and Young’s modulus in compression (w,),
ratio of proportional limit stress in compression and compression strength (y.), ratio
of tension strength and compression 7y and ratio of compression strength and shear
strength (q) must be measured. These values are the special qualities of each wood
species. By such a simple method as the measuring of compression strength of
laminaes of which the laminated beam will consist, or by any other method (example,
hardness of laminaes), the presumption of strength and other qualities of laminated
wood is possible.

(3) Simple way for presuming the strength of laminated wood. The table of
standard strength for strength-grade wood is classified by 50 kg of compression
strength. As to the increasing or decreasing of strength grade by the special qualities
values, such as ¢, w,, 7. and q these are shown in Table 19, the standard value as
zero.

This computation method of laminated wood strength has many problems in
actual utilization, and in order to accomplish a rational method, the complete

strength-grade table must be studied further.



