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Fig. 2. Bending test (1) Flexural rigidity test E= PP (1)
before jointing (2) Destructive test. 48461
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Fig. 3. Sizes of laminae and testing method (1) Flexural rigidity test before
jointing (2) That after jointing (3) Destructive test (4) Bending test for
control taken from non-destructive part of the specimen.
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[ Picea jeensis gzzzz0uercus mongolica var. grosseserrata
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Fig. 4. Arrangement of laminae in glued laminated wooden beams and testing
method (1) Cross sections (2) Positions of finger joints (3) Bending test, D1:
dial gage for measuring mid-span deflection all over the span, D2: that for
deflection between two loading points.
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Fig. 5. Bending test for 2/x 4/’ lumber (1) Tests of flexural rigidity and
bending strength for 2”/X4’’ lumber (2) Bending test for control specimen
taken from nondestructive part in the 2//x4’’ lumber tested.
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25 R o R B
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Fig. 7. (1) Tosional rigidity test (2) Instrument for measuring rotation in
a 180 mm length (Designed and made by K. UEDA).
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M,
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P(S—rP(2S+r)
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S AT 6, (LHE AL S B r SISk BB, S IHEANLHHOLEE TOEE, EI
BEHOMTRIE TS B, kL, CHIX2EHAELCEICES SR TwDE WS EE
AL Tnb, ZOBFOMTE— 2 v FR% K-9TRT,

Wt 5 CHERHL, HOARMT -« v
F M, BARMITE— AV Muax, SHGISH
0= Minnl Z B RV,

s P (S-1)?2S+r)
™~ 6E1

Finger
joint
('ross

section?
5xHom

B9 LERREOMisroME
B—8 L&EHRBRKAK Fig. 9. M and M diagrams for
Fig. 8. L-type specimen. L-type specimens.
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PS5 — 2 v : BES0X50mm P F=Y 3 BEEHLLELIEMD 7 4 vi—
3 MVIRLIBAAYI0mMm, HX600mm DLDT, BEHOXH L vEEtEL LA, HD
TR DL ERETAE&AEYH, Chid7vs—-LikcF v vEAL EZAAL FTEREL
o, RBELI0GT, £546 T ¥RERLPRKEHETRRLL,

SREMEC T 2RIERBIXK-10Q1) Rt & S B HohRiF i EbHER T, HE
RERFAEBNESYAREEG VIEY + » F LEFH) CX ), HEORLAOEBELED S

|
Q .

(1) Vertical load

.- PHLZ # 8+34)
0, =

VOET192E1, (2+8%)

O 5 __8erLiR

8, U f 128E1, (2+34)

600 mm ——

B

E

(2) Horizontal load

P

—rO- -
u%s . P (24348
ARV S

O 5 CPEE(1144 )

4%F HaG HF 96F 1,

n
Q

< L=1000mm —————>~
4 4
H—10 M7~ 2 vRBRECKT 5 EMBEN &

Fig. 10. Positions of dial gages for measuring displacements
in tests for quadrangular frames.

Ik H?

=]
Displacement Indicator Load Indicator
Load Cell
0y | Specimen E
| .
i #0r l e
ee— =
Tirfor H i
| !

B—-11 M%s -2 v HBREOKEHERR &
Fig. 11. Method of vertical load test for quadrangular frames.
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WEZFLHBHO T2 (PS-7005 8)) % H\ > 1kg B CTHA K, BELAHERE TR
VHEHOPRFTEREREF A YA LA —2 (0mm A kv~ 7, 1/100 mm L) CHE 20kg
T L OMTI A 180 kg/em? Ik ET B ¥ THEL I, & D 180kg/em? 13 SHEERH 1T 1
BREM OB DIE T HMFFBEDE ofs TH A, BERBRIAROFE T,
AREFMEC L 2B K-1LIRT X 5 R ERBE TV, AFRF LA -1 L) FHTT

(1) bt AB 35 £ 0F CD o> iy Ml 4 £,

M, \ E‘l P El, /‘ M, HE BCHENE EL
El El
2 — 1
B \l/ o L z
P )

M, (eI T
VA :VD :O.SP
o BAPL

470 T8H (2484)
—q;_ A D_ff——'— MM — 34PL
v BT 8 (2484).
| L ] PL 4+34)
0. s =TI
P PH PH, 2 @z T
7 — [{, =V1) :H/2L
3 (7+124)
44=T6 @130
— 11+12¢4
" =16 (2+84)
_ 3H (T+124€)
te 2 X D
Lo A _ H (5+12#)
lP”/L R S TRCIE Y
_H(11+12#)
=716 (2+34)

=

=i

D fo—o
ryA

\all

Vo

B—12 M5 RBREOMKIOCME
Fig. 12. M and M diagrams for quadrangular frames.
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ofc, HERHABESIE M HEIER2 Fvesrea LT-2A) 28y, BB TRE
RETC X WAL, BEMLAHEAEEHOPRBCLhEh ) HNBENEGEHRE DT-
100A (R} v~ 2 100 mm, &4 0.03 mm) vy, = hi RS EES 47832 ASB-50 A
YRL, F4 A ADTRAES SD-500 A 2B X, BERRCIFEI0kg ZLE
MLRBIE, OIS 180 kg/om? 1Z& T HHE 120kg - C2EEEL, 3SEECEE
HABE 1T 7o,

COMHT ~AvEBTAZEART (V) 8XUCHTFE—2x v (M) 32o¥0k 5k
bh5,

[K-12 1< 35\ T## AB 3 X 0 CD iRl % EI, %4 BC 0t hi EL & L

El, EL

#Eh_ B (15
& 36. < -]
AR 1) AR O A
Va=V5=05P (16)
3kPL
Ha=Ho= 515130 o
3kPL
Mo=Me = 5 ue
_ PL{4+3R)
Mz="5orsn 19

QAT AKEHEOBFIALOMEIMRD L LD Lig s,
@) IEFHOPRMOE A RD DD M HT, FEEOEDX 51tk 5,

~Vu=Vo—Hp2L | (20)
Ba- %%}3-@ 1)
Ma= % (23)
Mp= %‘?21%1 (24)
Me= %1(1—2—?3%1 (25)

DB ) AWERHC ST HEM 0) 0D X S IFHEI RS,
R-10(1) OMREFMEICL 5 E, FH5I0G AOEMEEhEhliFE— v btk 530
DRIDNT 5=}:SMM/EI dz X hRDAIDED L 512l %,
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13mm 74 ¥~ a 1Y hOBARBRCHT ST (B &H)
(26)

3 — PHL E(B+38)
£~ 192ET,(2+ 3k
. 3EPLH?
vor=vie = TR TT. 3438 @
(2 DKPHERKC LS B, FEI0G AOBL L ABCRDAEDEDL 5107 5,
(28)

_ PH3(2+3k)
w5 = 12ET,
(29)

. PH3(11+4k)
ﬁF*Bﬁe_W

3. MRBIUER

3.1 BEE®HE
B a v rr—1 L LTO solid oW TORHE—EHOBREIRERKC =y FL &2

LoD, BERMODHIHE, LICHMOEREIRE V. ChRXBEATNETPAGE
NTNRNWeDT, MEL P VAR THEXERMGRERY, 2~4 + vEEF TH <,
CHHUERRS LBUCERBEIHAL, BEARCALHOBRENEL L DLEEXBRS, &

R-1BmRT L5774 vH—n vy 2~ THHEILA2 MEEERILL THAGIELRE

3 54" o Selid wood
4800} o o o o « Finger jointed
(kg) b N o S without glue . . _*
4400} N ° N AR o
“000r A T ‘o F i .
° ° ° o .
3s00f : . : :
. s M | e - F°
32001 . o o o ; . .
, . A 5 /o :
2800} ° K . ; :
: ol R :
24001 ° . N ¢ o N : :
. * N . . ©
o N g N °
92000} ° : s ; 31 T
4 o ° ™ N J |
16000 : S . : ’
3 o ° . ° '{ . 8
Y ; S i T A =
oot 5/ sob Soi
: 4 : L T
aoo_ :’ “ : .’f : .. : .. J_
° 4 ° . . . ° . : Y/
o e a . s .t N . Unit:mm
400r 2 ¢ s W - e A Finger jointed specimen
: L] °c. . uo o .. °° . .
c L 1 e b 1 e = A A . L N 1 i 1 1
0 02 04 0 02 04 0 02 04 0 02 04 06 08 10 12
-Detormation (mm)
B—13 RER-BIT2HE—EHHR
Fig. 13. Load-deformation ¢uryes in compression parallel to grain.
(A: Todo-matsu, T: Shinanoki, Q: Mizu-nara, F: Bunanoki)
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DIGHE R solid HOWFME L b b2l v/ pEv, ZOREMC BT IHE—EHHEDOE
BRCBEREHERS S L5 F LD, COEBBCHTH TR, bl LRBIER L
b, ThHLDEHETERS, ESLAHRCOWTESHELRDLELDOTHS,

KRB 5 TRDISEHDICNEL R-LERT LRI TH S,

I, PHETHRDE, PPy EsF s FRRER L TH S0, 100, 150 kg/cm? TH
%, I XFSHRELAT, 125 205 290kg/cm?, 3/ FiEZh X H#50kg/ecm? oM T
»5,

ki EMEE L TR UEROBBOHOMTRARYT-1c2d, ToMBOoEEY:
E-21, HREEY RICTT,

BELBENCELDDHLO¥DL RS,

bRy O X EMIC TR L AV b O TR 613, Fi5680, HfEME T 757,
X867, LRRfET 630 % L0 718kg/em? T, WFhLRSRBENT LD LWL D, K
BRI THRER,

I X5 PR 718 kg/em? P LT, KRERLWTHOEME L 5 TLHES &
2%, MM OEAEHERADL DT IWCRE H ETEGS, ZhizEory 7/ fKE

&1 BREMELABEROLNIE

Table 1. Stresses in proportional range in compression
parallel to grain (kg/cm?)

Species Lower limit Middle Upper limit
Todo-matsu (A) 50( 45~ 65) 105( 95~130) 165 (145~195)
Mizu-nara ‘ Q) 125 (115~140) 205 (200~ 220) 290 (280~ 325)
Shinanoki (T) 60( 50~ 70) 105( 95~120) 150 (130~170)
Bunanoki F) 75( 70~ 80) 155 (130~170) 240 (190~ 270)

(Remarks) (A): Abies sachalinensis, (Q): Quercus mongolica var. grosseserrata, (T): Tilia
japonica, (F): Fagus crenata, The figures in parentheses show the range.

s ®2 MIRRBRGEOHE
Tablg 2. Properties of specimens for bending test

Species - Rw \ T “ E
(mm) (%) (10%kg/cm?)
2.2 (1.2~3.3) 0.43(0.39~0.48) 11.1(10.2~11.9) 117 (84~153)
Mizu-nara =~ (Q) ©1.6(06~2.3) 0.70 (0.6‘1'4'0.78) 12.1(11.2~13.4) 133(83~169)
Shinanoki (T) 1.3(0.9~1.5) 0.46 (0.43;047) 10.9( 9.8~11.7) 104 (95~119)
1.8(

Bunanoki (F) B8(1.4~25) 0.6&(0-5§70.71) 12,6 (11.2~14.0) 107 (80~128)

Todo-matsu (A)

(Remarks) Rw: Average width of annual ringé,‘;y): Specific gravity at the time of test,
u: Moisture content and E: Modulus of “eldsticity. Number of specimens is 12 in
each species. T T
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Table 3. Results of bending test

Species Pressure* E Gop o a/E W.F.

(kg/cm?) (103 kg/cm?) (kg/cm?) (kg/cm?) (10-3) (%)
50 117(115~120) 504 (463~553) 680( 613~ 707) 5.8(5.3~6.1) 99 { 95~100)
Todo-matsu (A) 105 144(139~153) 627(601~685) B867( 757~ 966) 6.0’(5.0~7.0) 80( 20~100)
165 92( 84~ 99) 472(457~505) 713( 630~ 758) 7.8(7.5~84) 99 { 95~100)
125 148(138~159) 581(518~655) 1052(1023~1097) 7.2(6.6~7.5) 78( 60~ 90)
Mizunara Q) 205 155(140~169) 710(662~803) 1184 (1110~1294) 7.7(7.3~7.9) 63 (.50~ 70)
290 97( 83~112) 438(377~517) 854( 718~ 983) 8.8(8.2~9.3) 93( 80~100)
60 107( 99~119) 439(379~498) 600( 521~ 669) 5.7(4.7~6.8) 51( 15~100)
Shinanoki (T) 105 101( 95~107) 418(414~423) 571( 518~ 634) 5.7 (5.3~6.5) 65( 50~ 90)
150 107( 97~119) 423(408~453) 563( 551~ 571) 5.3(4.6~5.9) 63( 30~ 80)
75 95( 80~110) 423(375~478) 741( 591~ 860) 7.8 (7.4~8.5) 71( 50~ 95)
Bunanoki (F) 155 126 (121~128) 553 (507~605) 933( 804~ 979) 7.4(6.4~81) 65 ( 30~100)
240 102( 94~115) 413(380~453) 732( 587~ 920) 7.1(5.9~8.0) 100 (100~100)

(Remarks) * At assembly, E: Modulus of elasticity,
proportional limit, W.F.: Wood failure.

DENB DL S5 RID I —7OHBOBENMEL D H 5 Tl »TH 5,

o»: Modulus of rupture, gzp: Stress at

Y% WS OBIMES 518 ke/om® THEY D BT LY, KBKLPLFRED
LORBBA,  OREOENER S HIECTROEFEC L > TR BEADE, b

h% &‘I‘X)_J: 50

Fr ok BE ABEEELCFROEMHELL > TbESTH,
PED 4 BHIC o TRIET 5 &, BB S8 L ORBRNDRT, Lbo FROEHME

PEMEELLTLARGTTHB E 2D, LL, ZOEE,

FF=YBIVVF 27 FDL 512

HEPRGHDOLDOTE 7 4 v —DF» 7OXEFRTERILL RV, I XFFBID
TF/IFOXOIRLRPEHMTREIRBELRBZ ERE L, 20k 5 iz kgohiE
PHEELERHETHB EELLRD,

HEH R OES T 5 BIEEMHELTH OMECOWT,

200kg/cm?, >/ * 60kg/em?, 7 F 7 * 150kg/cm? AL x 5 Xh 5,
3.2 EEHASIFOEEERE
¥, 7 FOESRBROBRICOWTHRNS,
HERBIVKPEREY 4 v -2 a AV MEDOWTDRKEYFRER FA B IS IR
T, B OWTOEGHESY EJE ORTHD L, HK/1N0.86, F1#30.94~0.99 TH 5 DT,

FF=Y50kg/cm? IXFF

&é&%&ahaﬁormtm;mzéoﬁém%bfuﬂﬁm%mﬁaammpoﬁabr
061 3B 5%, BEWMT L FEHARGEOHEDOENS S = &L EETIUE, FHHIZ 091~
099 TH2DT, ThIRTHRESHRE V25, MFBRITIL obfos iZ= v = 065 Ll FF
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Table 4. Bending test results for laminae with vertical finger joint

Jointed specimen Control* Jointing efficiency

No Rw @ E obp 05 Omex WF. Type of E o0 o _E_ dhp o
(mm) (%)  (10%kg/em?) (kg/em?) (mm) (%) 819 (gakgrem? (kg/em?) E oy o

P-1 16 041 133 85 307 588 53 100 T 87 (397) (588 097 1.00 1.00
2 19 043 136 83 401 634 57 9%5 T.F. ) 456 779 092 088 081

3 19 042 120 95 473 643 49 90 » | 9% 451 775 099 105 083

4 23 039 121 04 467 585 44 80 ” : 9% 418 747 096 112 078

5 26 042 129 109 544 703 43 70 » 109 605 875 100 090 0.80

6 20 048 129 119 505 631 34 100 T 124 (505) (631) 096 100 1.00

7 23 049 132 126 52 6% 33 100 T.F. 124 509 998 102 084 0.69

8 23 045 126 120 462 695 34 50 " 125 488 835 096 095 0.83

9 24 047 133 118 573 674 33 100 » 137 53 803  0.86 1.08 0.84

10 26 048 126 122 569 689 35 100 . 139 520 777 088 1.08 0.89
Av. 22 044 130 107 489 653 41 90 113 489 781 095 099 085
0-1 09 063 139 75 234 52 51 100 S.L. 74 (234) (5200 101 1.00 1.00
2 08 063 138 78 28 553 51 100 T 81 (268) (553) 096 1.00 1.00

3 09 059 137 80 232 608 67 100 S.L. 82 (232) (608) 097 1.00 1.00

4 12 062 133 76 401 692 8 100 T.F. 82 421 837 092 095 083

5 09 065 125 77 369 682 68 100 T 84 (369) (682) 091 1.00 1.00

6 06 067 133 85 339 646 64 % T.F. 90 377 761 095 090 0.85

7 14 066 132 94 468 824 72 100 S.L. 98 468) (824) 09 1.00 1.00

8 13 069 129 109 507 942 69 100 » 114 (507) (942) 096 1.00 1.00

9 24 071 135 112 401 847 73 100 » 127 (401) (847 088 100 1.00

10 14 o7 131 122 538 83 57 100 T.F. 132 605 1107 092 090 0.76

Av. 12 066 133 91 379 T15 66 9 , 97 388 768 094 098 094

(Remarks) Control*: E was measured before joining, and ¢sp & g5 were obtained from a clear specimen taken from nondestructive part
of the jointed specimen, P: Picea jezoensis, Q: Quercus mongolica var. grosseserrata, T : Tension in clear part, T.F.: Tension from
finger joint, S.L.: Slope of grain.

(4:18

HEBAW RS EY R

1% RegH
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Table”5. Bending test results for laminae with horizontal finger joint

Jointed specimen Control Jointing efhciency

No. Rw T “ E’ 9bp 6p Odmex W.F. Type of E ™ a5 E: Gy 0h

(mm) (%) (0kglem?) (kg/em?) (mm) (%) U (okgiem?)  (kglem?) E ow @
P-11 2.0 0.43 13.3 104 421 586 47 70 T.F. 101 420 825 1.03 100 0.71
12 21 0.38 11.9 101 344 494 39 60 » 101 448 734 1.00 0.77 067
13 2.0 0.39 11.8 94 379 533 39 20 ” 107 491 788 088 0.77 0.68
14 2.1 0.43 11.3 116 418 635 50 30 ” 115 375 720 101 - 111 0.88
15 2.5 0.44 129 126 455 584 36 40 » 125 449 821 101 101 071
16 2.4 0.42 11.8 128 419 611 41 90 » 126 526 839 1.02 080 0.73
17 1.5 0.45 11.8 122 460 670 45 100 S.L. 127 (460) ( 670) 0.96 1.00 1.00
18 2.0 0.44 11.9 133 457 645 42 40 T.F. 134 523 834 0.99 0.87 0.77
19 1.9 0.47 11.8 139 548 641 33 10 ” 136 608 982 102 090 0.65
20 2.0 0.46 11.7 136 536 689 42 0 ” 140 607 1026 097 0.88 0.67
Av. 19 0.43 120 120 444 609 41 45 121 491 824 099 091 0.75
Q-11 0.4 0.53 13.3 . 52 229 343 53 100 T 54 (229) ( 343) 0.98 1.00 1.00
12 14 0.61 13.0 " 69 266 441 52 100 S.L. 73 (266) ( 441) 095 1.00 1.00
13 0.5 0.61 13.6 71 229 405 46 100 ” 73 (229) ( 405) 0.97 1.00 1.00
14 1.0 0.60 12.7 89 305 602 75 100 » 92 501 736 097 061 0.82
15 3.2 0.71 13.1 93 343 733 85 90 T.F 96 450 761 097 0.76 096
16 1.1 0.63 13.7 98 371 687 66 100 T 99 (371) ( 687) 099 1080 1.00
17 3.6 0.76 13.0 122 411 805 70 90 T.F. 119 473 875 1.03 087 0.92
18 1.0 0.75 13.8 127 536 807 54 100 S.L. 134 (536) ( 807 095 100 1.00
19 1.3 0.74 12.9 137 537 951 69 90 T.F 132 455 850 1.04 118 1.12
20 1.2 0.78 12.7 163 578 747 35 40 » 165 606 1127 099 095 0.66
Av. 15 0.67 13.2 102 380 652 61 90 104 412 703 098 0984 095

(HF-FE) VW EHABFAEHO L AP b~ Ve wmg]

€81
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#50.75~0.85, : X+ F 0.66 Ll EF#0.94~0.95 C, FiZANBETFEGD, BRI’ 65% Lk
THH LT, RETKT HEERMOEK T joists and planks DBRE O TH 5 select
structural DMEHH 65% L L TWBZ L E—FKL, ZO7 4 vF—CaAv P LERLY
FERARE S HENE TEROLONLEETEDZ LD, ERORERCKT=
V=Y DBEETHR (0h/or) BETEM - 1D § XF FEATE EFEX=Y =Y &E T
o) =y =Yk Ahlclcdie, EERIORBRE =V <YL, TREZHETRP T L
RIBEEZLRB, LhL, =V <YRBREDOHMIFMEX ob 1X K/ 494, F15609~653, &
K 703kg/em? TH D, TSI EBOD 04/0,=0.65 Db DY of ik 641 kg/em? B 1, FoHIcfET
HrHlwxb, ThORBERCENT, KPRTIENERXCEARLLHML o2}, Mg
BB D b O TLARBERIT 10~90, F545% H b, F-SREE Tk 50~100, ¥ 90% T
Hol,

IRXF T OEBHRIFEFICL L, AERIKFHTI0% & 50% DL ORE LED T
2%, SEEZEDMIT T I0~100% T, BEFXRFEXCTbhiEATI W, HE - K
ERE 20 6 5 b 12 RBABUSN OHBCHB L, oifor DIEA 0.66 DS DB B A%,
COFEROMTEE 0512 1127kg/em? b by, BEEABEDOR b 1 747 kg/cm? TH 52 b DT
56;it,dﬁﬁ¢@%ﬂghﬂ@%@ﬂ$%$ﬁ@04mm Y v 7R 54X 10° kg/cm?
D 2H AMT, EBEBUNOES CHITHBEL 2L D TH 5, 0L > CEBOMIE SR
1000 kg/cm? Bl ED b O TIRRBEAGHRIZETED 528, L O#MTHE I OfHiX\Fh b 750~850
kglem? %D, KRB L% 5,

¥, BBHOEHE dmx DREL, FORMECIIEERENRR,  XFF0HRK
L, :

DOER, TaVvF—Ya VLTI FRIBERMOMTFRRBRERICOWTHRNS,

BEMCETDHT I 70N E RO6ICTRT, 74V F—LaAVFLbDRDOWTIX
RO L E LEGRDY V7 RBE S XU E 2L, M0 X Swize A EE(EL,
EEMOYV I7HREE (-6 0 E ¥ E o all Off) 3WTFhid U THELTYL
Xwewnx b,

RBERY Z-TRT,

¥, =V VOLADERMTIE3EL L ENRIERILTHBEDT, obp 3L U o) B
THLAFBR3ALLBIERULTH D, HHI P3O 8% THDH, P3OBEXTHE
HOBABOLREEC Y 5, BEE—KOATLELTHY, Ul MM
BIILAEAbRE ST, ZOBEETRHEL TRAHOBEABOBMECLLSLEIDR
B, I XFTOROBRE, EEnd D, of RESHECERL S, EdiEkbiL, of
DIELIZIE—FBERY, 74 vH—2ad v DEBIBALNLTR L, o, BRREbRER
Q3N h sz,
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Table 6. Properties of laminae in glued laminated beams
Beam Ry r» E  Beam Rwm E E  Beam Ry E F
No-  (mm) (10%kg/em?) N (mm) (0%kg/em?) N (mm) (10%kg/cm?)
P 141 22 044 142 P 2-1 15 044 143 138 P 3-1 16 047 141 147
2 25 044 129 2 20 043 137 138 2 26 044 130 135
3 09 043 105 3 20 044 119 118 3 22 039 107 11
4 1.8 043 132 4 13 042 131 123 4 21 040 121 130
.5 26 045 136 5 20 046 152 148 5 26 044 141 142
all 20 044 137 all 18 044 144 140 all 22 043 137 142
"G 11 18 079 147 O 21 08 067 106 110 Q 31 50 073 104 101
2 11 074 106 2 11 064 92 88 27 09 068 83 87
3 09 060 85 3 23 066 7 70 3 28071 65 65
4 1.0 065 117 4 1.2 062 107 91 4 09 058 90 93
5 22 0.72 148 ) 1.2 065 105 103 5 ; 0.9 060 104 101
all 14 070 139 all 1.5 063 104 102 all”~-21 066 100 98
QP11 10 071 127 QP21 18 08 167 162 QP3-1 16 075 149 147
2 22 040 104 2 30 044 142 139 2 2% 043 129 135
3 1.8 042 100 3 24 041 125 118 - 3 1.1 044 124 119
4 23 039 105 4 20 ?.44 138 141 4 22 044 133 139
5 09 071 115 5 29 08 1711 171 5 04 066 135 133
all 16 053 117 all 24 059 162 160 “all 15 054 139 139
(Remarks) E: M.OE. me;sured before jointing, E’: that after jointing.
‘W7 BEHOMITHRBRER
Table 7. Bending test results for glued laminated beams
o’ A (4 14 7
Bﬁam E FE dp of Omax WF. Ié ———55 __th Type of failure
o (10%kg/cm?) (kg/cm?) (mm) (%) : . :
P 1 045 137 157 392 638 20 — 114 1.00 0.0047 Tension in clear part
P 044 140 155 390 643 28 30 111 0.99 00046 Tension from joint
P 044 142 154 391 536 22 30 1.08 1.04 0.0038 ”
Q 1 072 139 147 459 894 52 '— 106 106 0.0064 Slope of grain
Q 066 102 103 323 691 55 100 101 1.02 0.0068 Tension from joint
Q 0.67 98 99 346 622 34 100 1.00 103 00063 »
QP1 053 117 119 389 644 35 ~— 102 1.07 0.0055 ~Slope of grain
QP2 060 160 171 417 928 45 30 107 1.04 0.0058 Tension from joint
QP3 055 139 152 345 628 23 70 1.09 1.06 0.0045 Tension in clear part

(Remarks) £: M.O.E. calculated from M.O.E. of the laminae,

from deflection between two loading points.

E’: Observed value, calculated
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I RFS-= Y <V EASERM TR E &AL QP33 D g BIX0R{EL, D, TbhbiE
b dhote, LoL, 6513 628kg/em?H b, MEMNCIXZEWHET REXMETH S,

WO bARY —ROICHRD L, I XFT70HRDLORKLKREL, DWTHE, =
V=Y DRDLODRERD,

Yy PEEEE D OB E X b b ERH CORAE E 0FRETF K& X O
EFE 13 100~1.14, #5106 THotz, COBEOEIEM LT & A LRER,

ARVERILOWTOMBELHADERE & LITEM I (RANEREEL) RRIE—K
(@/6=099~1.03~1.07) L, MIEFHEIREVEETTV 552 S ¥FHERL T,

o}|E DL 3 X+ 5 DHED DA 0.0063 ~ 0.0068 THRHK, 2 THEEMH 0.0045 ~
0.0058, = =¥ D& 0.0038~0.0047 DIETH » T

DEDY 5 cERMOBMFBBIRBRICE T, 74V H—CaA vV OH5HDIETHEHKY
DEDOMEHSHEL I, WThLHEEREL, TOEMNOEALEL 2RV EVE
X5, L, ZCERBLAL ) REATEABCERD Z LXBEETCORASE
%hﬁb%@ﬁ,w&#a;s+mxﬁ6&é%umunmu£§¢&gfbaa
3.3 24 AR

REfEL Liz b Y SEHOBEY -8R T,

P, BFRBOMZERE K- wonwTHHT 5, BEH - RO Y v 7 RECOWTAD
L, ARVEERRDOWT D bAanbRDI E & BT\ T, TDFHEN 95 & 96X 10°kg/
? TCHBET ENnbbnbXIRFDOERLNEVLD, MERMOLbANLRDI En &
Er CB W THERE-HLTWHE 2D, 2O L ®8 204 BIFRBMEOEH

Sy v /7 RECBEL TS X 3 Eid/cn & Table 8. Properties of 2//X’’4
specimens for bending test

¥ EhD,
BT HAREC DN TIE I ¥ b R —AD apy A No. (Rﬂ ru -
mm (4
BED ofp 12 258~375, F#313kg/em® TH 5, 02 41 0.42 14.8
Ohplosy DFIIHEIL 0.89 TH 5%, No.08 35X 10809 03 40 0.42 147
) ‘ _ N 04 25 0.39 14.5
OfEirt 0.78 3 L 08 069 TEFE -, Zhikohb 05 09 0.40 147
Dz > 7 N b >
HAESRBEDOERUCEEND e lcdTHD & o - 037 "
H¥F I 5, ChbiREETE BELCHOMHM 07 2.9 0.39 139
TR EH O 0% B i METED L 08 3.1 041 14.3
, 09 41 0.41 14.8
wz X5,
10 2.5 0.37 14.4
BRSOV TIR =Y b B = Doy 51528~ Av. 31 040 145

2 -rs o q P
698, 1 601 kg/em® THH DKL, BB (Remarks) Species: Air-dried Todo-
D o) i3 444~553, F1#510kg/cm? TH B, WED matsu wood.
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Table 9. Bending test results for jointed 2’/X 4/ specimens

2/"X 4’ Specimen , Control
After jointing (3830 mm)

Before
No Jointing
E E. E E, o o 0w WF. o0p oo 0tp Ei En dhs 0}

!

Jointing efficiency

——

(10° kg/cm?) (kg/em?) % (%) (kglemt) @ B Em @y o
01 100 127 97 116 317 544 058 85 355 576 062 098 091 089 094
02 102 122 104 127 355 531 067 100 318 603 053 102 104 112 088
03 99 116 99 117 375 553 068 80 406 683 059 100 1.00 092 081
04 92 123 91 101 314 517 061 100 354 575 062 099 082 089 0.90
05 104 126 102 123 356 540 066 90 395 698 057 0.99 097 090 077

06 84 101 87 99 276 464 059 100 324 523 062 104 098 085 0.89
07 92 101 93 102 298 480 062 100 322 556 058 1.02 1.01 097 0.86
08 108 136 111 134 318 542 059 100 409 663 062 1.02 098 0.78 082
09 9 102 92 103 258 485 053 90 375 607 062 102 101 069 080
10 83 9% 85 94 259 444 058 100 277 524 053 1.02 099 094 085

Av. 9 115 9% 112 313 510 061 95 354 601 059 101 097 089 085

(Remarks) Species of the specimens: Todo-matsu (A), E; & E}: M.O.E. obtained from the
elastic deflection at the mid-point of the whole span, En & Ej,: M.O.E. from that be-
tween two loading points, Av. width of annual rings of the specimens: 2.1~3.1~4.1 mm,
specific gravity: 0.37~0.40~0.42, Moisture content: 13.9~14.5~14.8%.

Mo 00/00 12 0.77~0.94, P 085 THRARBEEDEL DL W25, 204 HERF LT 54kD
structural light framing TITHEH %M O select structural OITFHELY 67% &L L TW5HD
T, D74 VH—Pa AV FLICbDODBEGHEN EBRDO L 51 77% P ERIE I X, #
BOREBEBEL, 71 vH—Ca AV THILRIST, BRESROMEEIHTZ L8
TEDHIERILS,

KRR D 80~100% DFE\EEZRL TE Y, BHFIREFETFLTH Tk wr b, ¥, M
TFHRBLEIC TN T EMBEENRELTEY, B AlbAEDL 40~50mm &) KEWE
EnD, BERERGHRECDERELOLO LM I D, ¥, RBRE 105, EENEATLL
Ny THEL -,

DER KX 300 mm OEEOREMABE R (F-10) oW T2,

KBGOV v 7 BRECEL TRz v b e~ LD EJE 2096~1.04, F35102TH5
ZEnD, OB LwE V2D, REMEAREICOWTYE 06/00p 780.93~1.05, Fi
0.97, A XY 093~101, FIH0.96 THb, BACLIFEIEZLALZbRE,

LLECED, 204 % 18mm D7 4 vH~2 a2 4 v b CEALLSE, BFHELCER
e LT, select structural DEFZOBBH TR S Z L TEXBH L W25,
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Table 10. Test results of .compression parallel to the.
grain for 27 X4/ short columns

Jointed Control* . Jointing ethiciency
No. E’ alp ar E Top de E’ Ohp ol
(10°kg/cm?)  (kg/em?)  (103kg/cm)  (kg/em?) E Tep 9o
01 117 209 313 1.04 0.93 0.95
] 113 225 328
02 109 210 304 0.96 0.93 0.93
03 106 210 345 1.03 1.05 1.01
04 106 194 317 } 104 200 342 1.02 0.97 0.93
05 108 194 339 1.04 0.97 0.99
Av. 109 203 324 109 213 335 1.02 0.97 0.96

(Remarks) *: End matched specimen, o}y & o.p: Stress at proportional limit in compres-
sion parallel to the grain, ¢5 & ¢.: Max. crushing strength.

34 & 0 &
204 HOR Y RIGRRE R R-1LCRT, |
BB 1500 mm (o oW TEENOE A NMERN G LESRO GOk A5 L, G
G i3 094~1.00, F45097, EAHiE T 180 mm KEIC O\ TIREAR Gn REAHD Gh
D 091~109, F35097 T, EAIT L 5L ANMERBOBRIL R LHBISh B,

S¥I, R BRRROERY R-12 07T,

FSEX [ 1000 mm 317 5 ¥ AW RE OBEA ] L BEW O GG, 1% 0.99~1.06, F
#5102, ¥7-, 180 mm KD Gu/Gni% 096~1.16, FH 106 TH b, ML, BEECX 5
BANBEAROER I E VW2 b, BROBRBRBC I LHRER =Y r~1D1,
2% 55~64, P 58kglem? THH DKL, BEARBRED 51X 47~67, F#5 52kg/cm? T r3/r,

FE11 204 5 OR D RIMRBRER

Table 11. Test results of torsional rigidity for 2””x4’" Todo-matsu wood

Betore After Jonting

R E jointing jointing efficiency

No. w Ty u ’ 7 A 7
G Gm G} Gh G} Gl
(mm) (%) (103kg/cm?) (10%kg/cm?) (103kg/cm?) G: Gm
01 21 0:37 14.2 84 48 5.0 4.6 4.7 0.96 0.94
02 2.9 .. 039 13.9 92 5.2 5.3 51 58 0.98 1.09
03 31 041 143 108 5.8 64 5.6 5.8 0.97 0.91
04 4.1 041 14.8 90 73 8.4 7.3 7.8 1.00 0.93
05 25 0.37 14.4 83 51 5.2 4.8 51 0.94 0.98
Av. 29 039 14.3 91 56 6.1 55 58 0.97 0.97

(Remarks) G: & G): Modulus of rigidity for a 100 cm distance of the specimen, Gm & Gj:
that for a 180 mm distance including a part to be jointed or that jointed.
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Table 12. Results of torsion test
Jointed specimen Control (end matched) Jointing efhiciency

No. G} Gy 7% ¢ Phax ™ Gt Gm 7p 7 Pmax Tp __'r _‘»_ o T Phax
(10°%g/cm?) (kgfem?) (rad) ©  (10%gfem?) (kgjcm?) (rad) * G Gm 7p 7 Pmax

06 49 52 50 115 059 043 48 44 5 124 0.76 045 - 1.03 1.16 0.89 093 0.78
07 47 49 47 107 052 044 44 46 56 126 0.70 044 1.06 107 084 085 0.75
08 55 64 67 117 042 057 56 57 64 124 052 0.52 ‘0.99 112 1.05 0.94 0.80
09 45 A7 47 89 049 053 44 47 55 116 058 047 1.03 0.99 0.85 0.77 0385
10 46 49 51 94 045 054 46 51 124 0.58 1.00 0.96 0.76 0.78
Av. 49 52 52 104 050 050 48 49 58 123 063 047 102 1.06 091 085 0.79

(Remarks) Species of specimens: Todo-matsu (A), tj & rp: Shear stress at proportional
limit in torsion, r* & r: Shear strength, P4,y & $mxx: Max. rotation.

12084~105, FH09L TH5H, BEEOBALAMIEELI Y b 7 1T 116~126, ¥
123 kgfom?, BEAREBT89~117, TH 10dkg/em?, WHD M /r 13 0.76~094, #5085
Lieh, TOMEIL204MOBTCHTIBEAPREGIFALTH S, ks, EHNo. 10D v
FE—A D, DIEMVDIE b 7 —R D AF + — F THEAB LK CE Lol ted TH
5., HOREORKALAMISHCHT B ot ika vt rn—1 047, BERBEK0S0 TH
oo REBOONKEERE 450 mm I OWT O BEARD AR Y b e — L (Pmx) TFH0.63
rad. (3609, HEARBE (Che) 050 rad. (28.6°) T, BENEY 2 WEMETH 12,
BEPRBIE, =2V e —ATREVCEAOPRRTIC 1 RO AMBERNECLOTHL,
BESRBRAETEINOB (2 v rr—L LFEUHBE 2BE, 2~4ROBEENEUL, ¥,
FOWHIBLAEN T A VH—La AV EOF » 7HEE R - T T2 DABBPRSGT
Fy ZRBMCTEMAS B L&, TRMAANEBETFy 77 SCORARL THEEZ
Sk XL, CAMTADETRR S ENELDRD, CORBRBTRIDL HHC &
TABRKHCIIEDbheh o ey, RBERLLART, »AGOEMEDRANR NS
BENEECARZTWEELIbRS, '

E13 @RMTSRRER @BERRGER)
Table 13. Impact bending test results for 2X2cm Todo-matsu wood
(Number of destructed- specimens)
Specimen No. of Ry ’ Energy of pendulum
specimen (mm) (10°%g/cm?) lkgm 2kgm » 3kgm
Jointed (V) 12 25 0.44 105 11 1 —
Jointed (H) 12 26 043 95 10 -
Control 12 043 97 - 9 3

24

(Remarks) V: With vertical finger joint, H: Horizontal, Rwp, 74 and E'are average values,
respectively, E: Measured by static flexural rigidity test before the impact bending test.
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3.5 wWdhiTHERE

BRE Z-1BrnT, AEE, KPH7 1 vF—Ya v iBIPavie-1£124
D3, REPO lkgm OFR= XA ¥~ CHEBELOXHER 114, KFRI0E, =2
=0, ILRBIICOVWTD 2kgm OBRBRTIXHAER, KPERE LW, =2vre—19
B, HREORY 34k 3kgm TEMYELL, DL oK, BERBRGLz v e~
& ORI BERENTRLDORWE X CORBRCARIr - L TH D, BESFHoERMT T
HEMIBOL L DI, A0 ERL TWS EARRITRIER LR,

BEPRBIBER T 4 v -2 a AV DO TREIEMDO7 4+ v —F » FECHIEK
BET5L05%<, KEMCREEMDOA N 712l TWHEEBLOHEBENREL T
B, ABERITIZE100% THH, ERALCEEFVRELERBBRCh 1o, ToEi
BEAEEZDRIG,

ZORBERCOWT, BT RDIY v I REEOBEBRLBRHL ThI, COBRED
HEOBHEN TIXLh b HBIBIRIZRD b hisd - 1,

DEDXOR7 4 vH—YaA v b ZBEEBIHERMICH 0T, FHEZO/E
BETH0ENDD,

3.6 aA—F—aAv PELTOHEE
L MRBREOTHOFE, HEE R-14c, FR% R-1BErT,
¥, AL CEET S, R-8FT7r=0, 155 %030 OB B 2EHEIT

#F—14 LERBREOBMOUE

Table 14. Properties of members of L-type specimens

Type of loading No. b h EI 1 E z
(cm) (em) (106kgem?) (cmt) (103kg/cm?) (c¢m3)
C-1 5.00 5.02 7.82 52.7 148 21.00
2 4.93 5.05 7.38 52.9 139 20.95
, 3 4.95 5.02 7.15 52.2 137 20.79
Compression 4 5.01 5.00 6.76 525 130 20.88
5 4.98 4.97 6.40 50.9 126 20.50
Av. 497 5.01 7.10 52.2 136 20.82
T-1 5.01 5.00 7.57 52.2 145 20.88
2 5.00 5.08 7.38 54.6 135 21,51
3 4.98 5.09 7.29 54.7 133 21.50
Tension 4 4.97 5.01 6.73 52.1 129 20.79
5 5.00 5.00 6.63 52.1 127 20.83
Av. 499 5.04 712 53.1 134 21.10

(Remarks) &: Width, h height, EI: Flexural rigidity, I: Moment of inertia=5bh3/12, Z: k
Section modulus =bh%/6.
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Table 15. Test results for L-type specimens

Calculated values Observed values j __ Jointing etticiency
Deflections at Deflections at
Type of loading No. 7=0 r=15 r=30 Mmex 9 =0 r=15 r=30 Mr Mux 9 A{:’% () (2) (3) Mpey
(10-3 ¢cm/10 kg) (kgm) (kg/cm?)  (10-3 cm/10 kg) (kgm) (kg/cm?) T 6y (7)) (8) Mmax
n @ @) @ ® ©® @ ® 9 W @y a2 '

C-1 92 58 29 191 888 143 89 48 34 80 383 042 065 065 060 042

2 98 62 31 171 834 153 94 50 30 77 367 039 064 066 061 045

3 101 64 32 170 822 156 102 56 30 76 367 039 065 063 057 045

Compression 4 107 7 33 164 780 152 9% 51 29 74 353 040 070 070 065 0.45
5 13 N 35 154 756 159 99 50 k 3. 75 367 040 070 072 069 049

Av. 102 65 32 170 816 153 96 51 31 (i 367 040 067 066 062 045

T-1 95 60 30 182 870 142 8 45 46 64 305 073 066 072 065 035

2 98? 62 31 174 810 140 8 47 47 57 266 082 069 073 065 0.33

H 3 9 63 3 173 798 148 87 47 43 52 241 082 067 072 065 030
Tension 4 107 68 oM 164 T4 45 BT 47 a2 49 237 086 074 078 072 030
5 109 69 M 160 762 151 93 51 43 56 269 076 072 074 067 035

Av, 101 64 32 169 803 145 87 47 45 56 264 080 070 074 067 033

(Remarks) Mj: Bending moment at proportional limit, Mmax & Minax : Max bending moment.

(HF-EE) WG LMAWBHEROA A L~ Ay 2 wmmgl

61
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ThLBAREFLRRITH S LEELLHEMC b0 h K&y, ERMBHECS
T, ZOEMERFEMEOEHER 150, 1.49 $5 L 07 161, FIRBME T 144, 135 3 L V150
L s (FiEfH), B sT 288K OWR LD, 062~0.74 TEMUMHEDOHEL
EFE L, ChoMBRBI2ERr=0%L r=15"TIRIZLAERVA, r=30 TIXZhb XY
WLEHES, BEMCECEE COBBRARE N Z Libh b,

HOMRIIF ~ 4 ¥ b M, (RERRET20~34, T 31kgm, FIRETA2~4T, 45
kgm T b, EEOHIHY5HMATH T, BABIFE—~ £ ¥ b Mane THERAHEL, A
%C74~80, W 77kgm, HE T 49~64, ¥ 56kgm L%, Licdio T, My/Mnu Off
12 0.39~0.42, F#50.40 & 0.73~0.86, F#H0.80 L\ 5 KEHLBHNTTL 5, ZThbHDORE
momfu&%%m%ﬁamﬁﬁﬁKOhf#ﬂkﬁﬁa&&ﬁbnwﬂﬁ@%&vmf,%
BOBREE Ly, BEBBAOARB L, 2—F— a4V CREEGRBREOHFRR
%175 L 3 B EECOFIEREC X s EES, ERMcsT B 45° HROD Y
ABRDAEEM T 7 LH Sh b, BHAEART 6 CHMSATLHT L, HOD
DRI L OBIERY, FUMOBER L OWMLER N EBOBBEL L bDEELD
h3, . '

HHMFIES] o) % 0b=Mhax/Z T X DR D 5 &, EMAGE T 353~383, ¥ 367 kg/
cm?, B|3EAC 237~305, 5 264kg/cm? 78 Y, FROMEEDBEL VAR VENETH
. WHOMIHREE 0,=0006E & L THEL, oblos 2WNOEARKE THIZERFH T
au~um;$ﬁ&ﬁ,ﬂ%ﬁf&w~a%,¥ﬁu%amac

CDa—F el SLERFIEEHRIMELOPAIKAD L, »iL) ENETSH
%, KIE, BTEARECHNDLEAETHD LD, Tiebb, BEYICINT,
7 7 % DWHE 30 ($E)X50 () mm HHOLEHEAC L LERRGOT I RUHRAR T
BHWRILAIE 042, BRARMHTOI2TH Y, £+ 7 v ABEDELTEAC LS T HRARG
TIRREFRENOT6 LV 036 THofo, ZORBLERLTARBEL, 74 vH~PaAVh
THILZITESCES, Bl WHLLT<Ch, EXRMODESDRIIIFTH S, T,
BEEALIHMEAUMER DN, SOREIHBLL S IENEDL 5 b DT, BOHZES
WL 20ecm B LA THRABRGTHSOT, LEELT, BEDRVHMEL RAUFRHRIZH
BONELRBLDETESND, T, BABIRERLZI2HE, EAO L 5 L
PPyt ERCES, FEECEFCRLIOT, ThbiEBTHE, 74 v -
a4V IPETI—F—Ca AV IELTLBAATETHDEVLD,

SER, 3—~F~Pa AV INLEOLHARL L T MET - 2 vERGICOWTD
BRICOWTHRNS,

RRGEHOTE, HHY R-16 17T, & TRAMOMTAIME E1 3T 5120w
oLz, BIERBEREY %17 CRT,
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¥, BEFERROBES, BHMPRDOIbAR 10k XEETLAILEEL THELE
I D 28~39% KX\, =Dk, BEOBESHR GHELHLINENHAR)12072~078, F
#5075 e s, LERBREOEMAMEDSEEL062~067 THL DT, ZhbX hETFK
X WMETH D, WHORRBOKEFAOEAILEMED 087~0.97 T, Rt EORIMITE

%16 M7 -+ vBHOHER

Table 16. Properties of members of quadrangular frames
Load Fll\'Iaome Member b h z EI E

. (cm) (cm) (cm8)  (106kgem?) (103kg/cm?)

V-1 AB 4.975 4.960 20.40 6.779 134

BC 4.950 4,980 20.46 6.470 127

CD 4.975 4.975 20.52 6.841 134

2 AB 4.965 4.975 20.48 6.521 128

BC 4.985 4.985 20.65 6.433 125

CD 4.970 4.985 20.58 6.516 127

3 AB 4,970 4.970 20.46 6.508 128

Vertical BC 4.960 4.985 20.54 6.452 126

CD 4.955 4.985 20.52 6.445 126

4 AB 4.990 4.975 20.58 . 6.144 120

BC 4.980 4.975 2054 6.134 120

CD 4.980 4.980 20.58 6.407 125

5 AB 4.970 4.990 20.63. 6.072 118

BC 4.975 4.975 20.52 6.126 120

CD 4.960 4.990 20.58 6.060 118

H-1 AB 4.955 4.970 20.40 6.793 134

BC 4.970 4.960 20.38 6.772 134

CD 4.950 4.975 20.42 6.451 127

2 AB 4.965 4.975 20.48 6.521 128

BC 4.960 4.980 20.50 6.483 127

CD 4,980 4.980 20.58 6.407 125

3 AB 4.980 4.980 20.58 6.407 125

Horizontal BC 4.955 4.975 20.44 6.406 126

CD 5.010 4.980 20.71 6.445 125

4 AB 5.000 4.980 20.67 6.433 125

BC - 4.985 4.975 20.56 6.394 125

CD 4.975 4.975 20.52 6.381 125

5 AB 4975 4.980 20.56 6.144 120

BC 4.965 4.980 20.52 6.030 118

CD 47965 4.990 20.60 ) 6.066 118
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Table 17. Stiffness of quadrangular frames

Digplacement Jointing
Frame Calculated k Observed efficiency
Load , ,
No. vom vore 1253 vip.a Vafj _QFL@_
(10-3 cm/10 kg) (10-3 em/10 kg) vog vir.q
V-1 14.7 3.0 19.8 26 0.74 1.15
2 15.0 3.1 20.3 2.8 0.74 111
. 3 15.0 3.1 20.9 2.8 0.72 1.11
Vertical 4 157 32 20.9 3.1 0.75 1.03
5 15.9 3.3 20.5 2.9 0.78 1.14
Av. 15.3 31 20.5 2.8 0.75 111
No OB HOF,G 2oy 78 g 0B HOF,G
. ) 7
(10-3 cm/10 kg) (10-3 cm/10 kg) 70y HOF.q
H-1 98.7 59.5 155.0 94.0 0.64 0.63
2 102.0 61.4 157.0 97.4 0.65 0.63
. 3 102.9 61.9 152.9 91.7 0.67 0.68
Horizontal 4 103.1 62.1 154.8 94.6 0.67 0.66
5 108.7 65.4 149.9 88.9 0.73 0.74
Av. 103.1 62.1 153.9 93.3 0.67 0.67

(Remarks) ydz, ydr and etc. are shown in Fig. 10.

{Teonte, BEEMILERSLM TR, ERExETFH0T, ALK BZKPRINIGTEMEL 9
NEL, 2~F—HCOMFE—~ 2V FOELNILBDT, LBRORERER-2LDT
5%, |

KFEHERBROBE ZBEEHIT I T BERL (205) (XFHEMED 38~57% KT, REDOE AR
H11 0.64~0.73, ¥ 067 Lizgd, AHOFRFTLIZITAMKDMEL LY, Fido L BHRGE
D EMHEROBE L ZFRLEMETH 5,

PEDXdk, 74 vH—YaAv P THREZXFHS — 2 voORIBTEST2H & KE
Lick&D65% BE LD, ERAFEMIHEMBED 1.35~150ETHHEHTI N,

ZOFHS — A viIEEWT, KEHEOEHAYz —+ —~HicliiFe— 2 v F ORKENA
FHOT, WELHEIC 2RI~OHEIILETC EnTX 0L ELLRS, EHO5 Y
Hle LT No H-1 & 2088 % R-14Rd, &2 Tk, 2~ —TOBHOBIFIEH (M/Z)
23180 kg/em?=sfp ICETH L 5, ME120kg ¥ T, 2EEELTAML, SEHBAKBEE T
HEXHMLL, CORRT, 1EBORELXMF, 0L ELd & 1~2mm OBRFERH
HAbiicdy, 2EHBDORMEYLELEZRITZEAEARALRY, 3EED 120kg ¥ CTOHE
CEWTREMOEIF 2ERICRE—K L, 2OREALRE L 5iC, 3EAOKBEETD
AHCRBAMEOK 10ke FHio LEMENSMCHML 2, RREEHCE L THOD
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Fig. 14. Load-displacement relations in horizontal
load test for quadrangular frames.

DRBPETLTCNBZERTLOTH B,
BEFRROERL T LD L R8T STR5B,
HERERBROPIILARENBEHOFRTCMPEEL, LOMIBEE oi=Mn.=/Z

1% 615~815, 15739 kg/cm® T, FEHICKE L, £D 0,=0006E ic X % HEM & 133 —F+

5, HOIBHMTE— 4 v X FOBKED 050~0.68, Fi5057 ey +2, Bl e— 4

Vb Miax 12 127~168, ¥ 152kgm TH H, AW THHE LI DR 56% THHD T, F

BHT8kgm BE LY, LBRBREOEMUMEOHGOFISME 77kgm L h HEFRE -,

CHhIEERO X 5k, BARMATR2CHITRWAY, 2 -7 —0fiif <~ x v+ OfEIXFEE

LV EWZ Lk, ARBC KT HIOBESHRIIFEHL TL0 LHEIRS, ¥, K

GIRHT € —~ 2 v + My XM7Y sfo=180 kg/em? ICETH L EDOMIT T~ 2 v + Mg ®

2265 E, BRMFE— 2V MX34EHUETHY, BHOFBREHEC Y v L BEHT

&5,
KPHBERBCREARCRRKMTE— 2 v I 24 F50T, HEMERBROBACLD



196 T RERFRHBRFLRE £33% H15

18 M7 — » vRBREORERBRER
Table 18. Strength of quadrangular frames

Frame Calculated Observed ggg;ﬁlcg v
Load Mo Ms Mmex My Muy o My My Mgy
(kgm) (kgm) (kg/cm?) Mmex  Miso  Mmax
V-1 367 156 93 156 761 059 252  1.00
2 369 155 87 163 793 053 235 105
3 368 155 80 146 710 055 218  0.94
Vertical 4 37.0 148 87 127 615 068 234 086
5 369 148 84 168 815 050 227 114
Av. 369 152 86 152 73 057 233 100
H-1 367 155 39 54 266 072 106 035
2 369 154 42 54 21 078 114 035
3 368 153 39 53 254 074 106 034
Horizontal 4 369 154 39 49 240 079 106 032
5 369 145 39 54 261 073 106 037
Av. 368 152 40 53 256 075 108 035

(Remarks) Mig: Bending moment when the fiber stress reached sf»=180kg/cm?, sf5: Allow-
able stress intensity in bending for Todo-matsu wood under -short time service.

N, BEEHRINLIEDLDLILCIRD, Tihbb, HOBEHTE— 2 v X 39~42, ¥
Okgm C, PEFHED L XDOHES, BAMITE— 2 v ML 49~54, F#553kgm T3 5
D1ITHbH, MTHEE D 240~266, FI5256 kg/em? TEWETH 5, R-14KKALALBRB XD
2, CORBTORAABIEFDOBREOENCIZE L, Mp/Mux X FHT0BTHS, WHD
BEABRII L AARGDOFERMEDOBS LIIFRA L T 032~037, F5035 THo1e, Fi,
HOIBRHIG £ — 2 v b My (3304 o i (F JE 77 4% 180 kg/em? = sfy ICET 5 & X DED 1.06~
1.14, F#H1.086%, BAREMFE— 4V MEFD13~15ETHIDT, OFREHECLS
B cHEORRI AW EBbh 5y, BELHEYXT2BACTESPHRLZET HLE
BHH5,

4 # E]

£ 183mm, Fo» 704dmm, Yo F4dmmDT 4 VH —Laa ¥ FDOESHEEZOWLT
—HOERNAREY T o, TORBEIOXEDI S ILELDLIS,
1) BEEEEN _

T4 VH—Hy B-LEDYBIE N2 MOPARDOBEEMECEL, #EMHBITS
HE—AEHMEOERTFTCEBL, O TR, Tk XU EROEHEC DTl HABRC
Lo TRHALLEBR WThofCX s TIRFOBEGHENZLONDC L HRA L, TR
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fEIX b F =Y 50kg/em?, > 7 7 & 60kg/em?, I X+ T 125kg/em?, 7 F / * T5kg/em? TH
D, IIL, IXAFT, FH/FDOISERRLECHTIII R b 30~50 kg/em? £ B
hBEYTH B,

2) BEMBAT I FOBESHE

BEE20mmOERMT S FELT, =/ =Y BIOI X7 TREBEACECT, ¥ v/ H
BIEAR LIRS AT, BT HARET90%, #MFHRE T80% nEAMRALET
EHZ LXREDI,

TA4VH—La AV LT IFIE55BERMOBTRRCETEALESOR D
O EAEDLN, TOEMADHEHLEL Oz Wvwr b, 2L, By H—
ECERD C LXHEEE TR ST H50T, BETS7 1 7OBEETX 10em Lk
BT EnEELLW, ‘

3) 204 HoBEETERE
m&%ﬁﬁoﬁ%bﬁﬁNOE%%&LT,Wﬁﬁl&%ﬁmﬂ@mMﬁmbmf,:@
TaVH—LCa AV IRIBLDOMITRICHEMBEEYRRL 228, vV /7 iici
100%, BVTHE 77% DLk, BEFEMEE 93% U EOBEAHRND 5 2 LR I, ThiT
Xb, THRESHORBBEERD 7 4+ v —2 a4 v 2k b select structural (HIFEE L
67%) HMUDERMEIED T2 ERNTHETHD L\ 2 5,
49 B v % #
CRYBERBEAH LA LR L R Bk, BHERRIC L B4 AN HOEA BRI 85%
THoi,
5) MR
T4 VH—=La AV LR bOOREBETHHSACED SR,
6) a—F—vafvbELTOMRE R

50X 50 mm WHEH O B #% 457 IC UM, 28HE 0° KT v H—Ua v L L
HRBRHBICOWT, EHUHE CEABRIAET65%, BARHT 6%, FIBEBTITER
BERT0% 35 X0 33% T 1z,

COGARREL TS — A v D W T oRRB L, BECHISEWERE i
272 ,

DEDX S5, TZFARLAL1BmMm D7 4 vH ~2 a4V M, AMORESTIREE
W, HFRIORDEECHL, FRCECESDRY Lo LARES L, FomRH
ﬁﬁ%uw&bﬁ??&:&ﬁbmoto?—f—va4vrabru§é@$uﬁﬁé@%
B BRERT D2, RERIVEFPESTHRL VBRI TETHBE VLS,
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X [
1) 2 &E-FEEA: =275 vr-—vadvioBREMEE K ILE 288, 355-357, 1973.
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Summary

The use of finger joints as the fastening mechanism for structural wooden members
has been now widespread among the wood industries. In this paper, stiffness and
strength of the finger joints with 13 mm length, 4 mm pitch, 0.4 mm tip thickness and
1:8.1 slope were investigated with respect to the various problems in connecting wooden
members.

The results are summarized as follows:

1) Determining the adequate pressure in assembly

The specimens jointed without any glue as shown in Figure 13 were tested in
compression parallel to the gré.in, ‘and the relations between the applied load -and the
deformation measured about the total length ‘were obtained.  The stress values at the
upper limit, middle and lower limit in the proportional range of the curve were taken
as the test pressure values to join two wooden members. These values are shown in
Table 1. ‘

The bending specimens connected by the finger joint with urea-formaldehyde resin
glue under these pressure were tested as shown in Figure 2. The properties of the
specimens and the results are given in Tables 2 and 3, respectively.

In view of the experiments, it is recommended that the minimum values of the
adequate pressure to assemble are 50, 60, 125 and 75 kg/cm? for Todo-matsu (Abies sp.),
Shinanoki (Télia sp.), Mizu-nara (Quercus sp.) and Bunanoki (Fagus sp.) wood, respectively.
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2) Stiffness and strength of Yezo-matsu (Picea sp.) and Mizu-nara (Quercus sp.)
laminae connected by the finger joint

The mechanical properties of the horizontal and vertical joints in the laminae were
investigated with respect to modulus of elasticity (£), stress at the proportional limit
(9sp), modulus of rupture (¢s), the maximum deflection (Jmax) at the time of rupture and
wood failure per cent in the joints. The test was carried out as shown in Figure 3.
The results are given in Tables 4 and 5. ‘

This series of experiments shows that the joihting efficiencies on stiffness and
strength of the finger joints were 88 to 102 per cent and 65 to 100 per cent for Yezo-
matsu wood, and 88 to 103 per cent and 66 to 100 per cent for Mizu-nara wood, respec-
tively. The differences of the efficiencies between the vertical and horizontal joints were
not clear. ,

The glued laminated beams consisting of Yezo-matsu and Mizu-nara laminae with
the finger joints were tested as shown in Figure 4. The properties of the laminae
arranged in the beams are shown in Table 6. The results are ‘givén in Table 7. From
these experiments, the followings may be drawn: (1) There was a rémarkable agree-
ment between M.OE. (E’) of the jointed lamina and that (E) medsured before jointing.
(2) The observed values of M.O.E. (E) of the laminated beams -coincided closely with
those (E) calculated by equation 5 in text. (3) A close agreement between the observed
(6")'and the calculated (d) values of the mid-span deflection contaming shear one was
obtained. (4) The values of M.O.R. (¢;) of the beams were comparable with those of
the clear wood. (5) The finger jointed laminae had enough strength for ‘a face lamina.
3) Mechanical properties of 2”x4” Todo-matsu wood with fhe finger joint

- The properties of the specimens are shown in Table 8. The testing methods of
bending and compression parallel to the grain are shown in Flgures 5 and 6, respectively.
In the compression test, the deformation of the central 100 mm part of the specimen,
in which the finger joint was contained, was measured by usm’g‘a set of mirror exten-
someter. The results of the bending and compression tests are given in Tables 9 and
10, respectively. o '

' M.OE. of the jointed 2”Xx4” specxmens c01nc1ded closely with those measured
before jointing in both bending and cornpresswn tests. The Jomtmg efficiencies on
strength were 77 per cent or more in bending, and 93 per cent or more in compression.
It seems possible, therefore, that a 2/X4

7 s

select structural” structural light framing
can be made of the lower grade lumber by cutting defects and connecting defect-free
pieces together by the finger joints, because the “select structural” has a fiber stress
in bending value of 67 per cent of that allowed for clear, straight-grained wood.
4) Torsional properties

Torsional rigidity test was carried out as shown in Figure 7, using 2”X4” Todo-
matsu specimens. In the results (Table 11), the modulus of rigidity for the jointed
specimens coincided closely with that for the specimens before jointing.

Torsional strength test for 35X80X 600 mm Todo-matsu specimens was carried out
using SHIMAZU’s machine for testing torsion (RET-50, capacity : 5000 kgm) at Hokkaido
Forest Products Research Institute. As shown in Table 12, the maximum shear strength



200 FEHERFRFREABRIRRE $£3B% H15

was 89 to 117 and averaged 104 kg/cm?® for the . jointed specimens, and 116 to 126 and
averaged 123 kg/cm? for the controls (end-matched specimens). The  jointing efficiency
for torsional strength was 76 per cent or more; and very similar to that for bending
strength described above.

5) Impact bending strength

Todo-matsu thirty-six 20X 20X 300 mm specimens were provided for this test, one-
third of them had the vertical finger joints, another one-third had the horizontal ones
and the remainder was the controls. The specimen was oriented on supports with
a 240 mm span. Fifst,ra ‘hammer with 1kgm energy striked the specimen by center
loading. If the specimen was not destroyed, it was striked again by a 2kg m hammer.
Then, the energy was inc¢reased until the failure occured. As will be seen from Table
13, the impact bending strength for the Jomted specimens was clearly inferior to that
for the solid wood (control)

6) Propertles as. a corner joint

L-type specimens as shown in Figure 8 were tested in tension or compression type
loading, and the stiffness and strength of the joints were investigated in comparison
with the calculated values based on the assumption that the specimen had a perfect
rigid joint. Bending moment diagrams for L-type specimens are shown in Figure 9
and the results are given in Tables 14 and 15. The average values of the jointing
efficiency on stiffness were 65 per cent for compression type loading and 74 per cent
for tension one, and those on strength were 45 per cent and 33 per cent, respectively.

The fmger Jomts were apphed to the corner joints of Wooden quadrangluar frames.
The members were Tt;do matsu glued laminated wood consisting of three laminae.
The dimensions and propertxes of the members are shown in Table 16, and the tests
were carried out as shown in Figures 10 and 11. Bendmg moment diagrams for quad-
rangular frames are shown in Figure 12.

Vertical load test for quadrangular frames: The observed elastic deflections (y0%)
at the mid-span of the beams were 28 to 39 per cent larger than the calculated ones
as shown in Table 17. The jointing efficiency on stiffness was 75 per cent in average,
and that on strength was 100 per cent in average

Horizontal load test for quadrangular frames: The jointing efficiencies on stiffness
and strength were 67 and 35 per cent in average, respectively.



