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Strength and Stiffness of Wooden Joints having an
Angle of 120° Fabricated by Finger Jointing™*
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2. HHBEIURRE &

BAMC K s RECEATBOFIRERYBER IR S b, XFRCEWTLS v
—} Bok¥) LT O)EIECHGLEERMOY»YF, Q7= Y D1lcmEF I S
Y, FOBEFEANEVCERXTSL L 55 KBBES LLARRO 7wy 7 (EBOBIES
FERBREOHEHRE—K) O 2EEL AV, ¥, 74 vy b @) 22— Al
“REETHLOTR, BROREMIEEST L, BRAEEAR VDI, X IZRE
Br@TslBbhs =R VBBEEHLERALL, P75, 7TH=V7IHEI20TL
7wy 7RECEBEST I, TTRESAOY v I RELY MTAKRRC X hRD, K
T, BIHACSE LBcEEE L, AU @FRERRC X vBffcERTRO ¥ v 7R
Bakbic, ZhbAMERBRIVThPREFFEARTH D, BH V- EBHER R TH
90 kg/cm?, FBEAH I CTH 6kg/em? & Lz, Bbhivy v 7% Table 1 wind, IR
BT, LLIEINSem &b ko, MY I TIRIWMERITAKR, 7Hh=V <=V TS
KA RESRELAYBCCHBESL, 1 vy — ' 2EHLER, Mo ZEL, 7a=Y
=Y CRBEF A ECCEZ IO L, 7Y 7 THEBOBMEF AL TETEL, R
EoOMBEH R —K I,

BN, ERWESFEERED 7 » =V <Y, b V=YD 2cmE7 I+ BIXVT 2
=V =YD 1lecmEZ I+ THDY, £5 3 F&iE1lem, X 160cm iwft BFAK, S8k
HHRREHRHE (A2 v140cm) © X D v v 7 RERHE L, R, ¥ v 7HREDIERT
Lisb 5T I FEERED, lemEF I FEBHE LT 11 x5em © 3 BEBEM % 156
HIEM L, BEECIRRABBESA (=—» 1 F120, BHE LUOERLEER 1% &)
FHE, EREH10kg/cm? ¥ BEE Lz, AR EOBRA B 2%, M@
W o THIBRRNS 2O SE L, BES5x5cm, £X 150 cm OEBH % 30 (k¥ Lz, 2 h
iz oWT, A4V 140cm, HhREPHEC L 5HTMERBREZ TRV B V-8 90kg/

Table 1. M.O.E. of materials for inserts

No. E, E, No. E Ey
(t/cm?) (t/cm?)

A-C-1 117 10.1 B-C-1 115 9.8
-2 111 4.3 -2 112 3.8

-3 98 71 -3 112 43
A-T-1 77 95 B-T-1 113 5.0
-2 80 8.8 -2 112 3.2

-3 71 11.3 -3 112 41

Av. 92 85 Av. 113 5.0

(Notes) Ey: M.O.E. in the direction parallel to the grain, E; : M.O.E. in the direction pe-
rpendicular to the grain, A: Katsura, B: Ezomatsu..
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cm?), HEBHOY v 7 FREE RSB, BRI TXTEERBID L LTHERX ML,
Thil, #eRHfEcEy — 2T AR, oM uTRORY v 7R EE—EL L
oWl ThH 5, BohiliFy v 7 Ens, &71v—-7OFHY v 7 FRERREE LKk
55Kk, 64T o% Fig. l tRT4 /-7 E Lz, thb 4 7 =13, (A4 vy —
A Y SHEERALEDDA 247, BRI 7=V =YDRRR7 ey 7R L
P3DBEAT), O74vy ta—F—HECZKREELLLDC247), BIUD) &
WD &4 7)Thd, 2hbBitOMEY Table 2 wiR$H, WTFhd 3EOFEHETHS.
EBBH YRR TET Y L, HYEEY 60° OBECYE Lk, 74 vr—Yad

P P P

Tz Tlge

L83 S

(A): Katsura

{B): Ezomatsu \ X \
4 i )
P P P

Fig. 1. Diagrams of test specimens and testing method.

Table 2. Properties of members

No. b h E RW. . u
(cm) (cm) (t/cm?) (mm) (%)
A-T 5.01 5.06 109 26 045 122
-C 5.02 5.06 129 2.0 047 110
B-T 5.01 5.04 118 2.7 045 119
-C 5.01 5.04 120 2.6 0.46 109
Cc-T 5.01 5.04 17 2.2 045 120
-C 5.00 5.03 17 23 0.44 113
D-T 5.01 5.03 116 27 043 118
-C 5.00 5.05 116 27 0.4 125

(Notes) : Width of specimen, h: Height of specimen, E: Modulus of elasticity, RW.:
Average width of annual rings, 74 : Specific gravity, »: Moisture content, 7: Tension type
loading, C: Compression type loading, Each value is the average of three specimens.
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VbR TEAAE 1200 0RBGERFER L, WTFhiEA—7 1 7AR LM% L)
wl, BRLE7s vHF—vaAviig, £E2120mm, €y F4.0mm, ¥ v 7 04mm D
bOTHY, EEEH 10000 rpm THHI L, BEEMOEF IR U RFEEMESFZ AV,
EfHERH RN LT 50kg/cm? & LT, EROBAZAVWCEM LI, i, 74V y
PR CREETHL0TIE, BHESBOREMBITLCEL LK, =K+ BEYHAV
TEELREYN, EfC3z7y v 72FB L, ki, 74 Vy PRIIEHE vV /7R EE b
BHERALCLOEX AV, 1EMOREYM L S\ c, Fig. 1 @R¥T X 5, EfMH R X05]
BEHMOMEYRBEO LK T o, FE 5 kg BB EAREI S X O EAN DR
~»T30cm OB COHRBELENMY, 1/100mm BEDOFA YL ¥ — R BWTHIE Lz, ¥,
—~WORBEIC OV, [ v — P FRRBESTEO RN RET 5 BIES R & REAK
FMoOEE, HEOkg BRBE L, FALLA NV, vr—i3, HXABEHO Y- PR3
mm (K-3-A1-11) $ X010 mm (K-10-A1-11) 03D TH b, zhbi 8% SRS Gt
FMBZH ASB-52E) w8 LT, ¥ v 2 ABHIEERE (7 SD-500A) X b 7V vk X¢i,

3. ER&HIUER

AIMRB S X O ERRE B % Table 3 wRd, RHOEMOFHEMI, BAWLE LK
ELTRAR LY RDOR D,

_ PS-r?@2S+n)
= 12ET (1)

T8 MEANDHENCH - C, Elir OB BT 2HEEM (TinbbRBO 6
BRSO, 6 MR PREOER), S: WEALLRBHOXRETONRE, P: WE, El:
BHOmIFAE TS,

TR GHEME)/(ERE 2RIEHRE L, r=0, 30cm BT HHREFHLTAS L,

3,

Table 3. Test results

Observed values Calculated values Joint efficiency

No. 8% 83 Minax dp J30 Mmax o O3 Minax
(x10-3cm/5 kg) (kg cm) (x10-3cm/5kg) (kg cm) % O  Mmex

A-T 28 8 9780 30 9 14058 1.08 1.16 0.70
-C 26 8 13340 26 8 16550 0.99 1.09 0.81
B-T 26 7 7110 31 7 15058 1.21 1.04 0.47
-C 30 9 9070 28 9 15289 0.94 0.98 0.60
C-T 26 7 6240 30 9 14842 1.16 1.28 043
-C 29 8 13540 30 9 15051 1.02 1.13 0.90
D-T 33 11 5720 30 9 14759 0.92 0.89 0.39
-C 39 13 6920 30 9 14943 0.77 0.73 0.46

(Notes) T': Tension type loading, C: Compression type loading, do, d2: Refer to Fig. 1, Mmax:
Maximum bending moment, Each value is the average of three specimens.
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ABEIVC 2471, WThdEABTHSD 24 7 X b IHRIEL, ThFRORAIE
EMBEBBER TS, BIHROE»-7d DI, 74 Uy PEZREZELILC 24 7 TH
D, FIREITFHL22, EHETHL08 &, WThdRbBVESERL R L, ZhidE#
LRAREERTH S, i, H2470Thd, EME X D 51RBOHH 10~20% BERE
R ELRLTWSD, ChiZE— 2 V7 - a20BREIBHDTH A, N)REBNT
3, BRHWE  PREATAHEVIRECE STV AL, BRCEHECE LI T—2 v
b7 — ADENE LS TDI, WEEHTFE— 2 v ORABGENERPHR, FRIHER
HAILEL 3, Ticbd, EfBOBAKY, RBRECEH LI TE—2 VT —A
R eh, BRFIRBOBAHIEL Inb, £0kcd, A—DOFHECH LTHFE—2 vt
CERPEL, -2 Vv FOREVGCERE CRELIAEL, BRFIBER CREMINVNE I
%, CORR, EREI)IFRBEOFLBVAIMGRERTIERRDDTHA S, WE,
COWMEOEMEDERLITH T DK, SIEBLEREOFHHRL S » TRIBHRET S
&, A B G D #4733 Fh X 1.08, 1.04, 1.15, 083 BE LFEMI N 5,

K, BRBMFE -4V OFEME M KRR X DRD, (ERME)/GHEE) 2HRERD
RE LI,

Moz = 0, Z = 0.006 EZ (2)

T oy RMOMITHME, Z: BHOKMERE, E: B0 v v 7H&ETH 5,

EAHTHAHD 24 T onTiE, FIERT0.39, EHE 046 R CIIrh-Fh 044,
048) DHEHRER LI, 74 Vy b= B o MIETRES LEC x4 7T, BER
T 043, EfFAT0.90 (BE#HR T3 043, 0.83) Th b, EHFECHEBOHRLrP2LE@ b D
O, FIRECRABRER L EE o1z, LLEREL, ZOFEMcOWTIELLR7 4 Ly
P OHBEEHOMARRDON, BEROREFBELZAC IO TR EHEFH T —2 v
0% BET7 4 Vy POHBENRE UlcorM L, XERO =£* VilE T2, Wb ks
fiFe—2 v D 95% ULTHENE U, T, OFEMHERKITS 0.90 &\ 5 HMERR
3, BAWTHDD 24 702 HFECHLYTHIRERFRLEVCHETH H, B EMURE
®EG5H LB LT, EECEY» OBELRFETHB, 1 v — t BV
ABHE&472OWTL, AV FHEFERLLA 24 705 ERMc T, HiffXhicldc
i horEREDBR, 0.70 (BEH 0.58) DMEMELR LI, i, EMEKI\VTH 081 &
B 057) KX EE S, Zhitd v — r OBROZBRR IO THAHH, ZOE
WROWEHBC VT, D74 v =Y ad v FBEEDA vy — PO BYhE[E
CXHENNOHEERNETTEIDOTH oI, DI, EhiE Lol v — tHOF
BFE ORI NEELETHE Liclkh), ZOBEDKEYKEL LEEAEROBROBRIC
X2H0TCHhA5, TH=V=YDEHRRDOA v — BBV B 24 7013, BIERC047,
FEAERC 0.60 (5L 0.58, 0.57) & &% b, EMAUCABEOHEEL R LoD, 5IRE T2
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BEREYTEAERELote, 2OB &4 7OV, BHERME 7 v A3 Fioi@ld
H2BRBIDB 74+ vi—vad VI ERTEERELCTED, 1 v — F OE3IRBBEL K
KL KE, HEHAOMTFRERENMET LchboERTHA5, T, AERLB VT
BHBEOE -2 Vv 7T—aRHEBLTWEWeDR, EBOBKMITE— 2 v+ Mnax i3,
FHhOKMEL D LI RETIIEL, PCEFBTIRL LB TTHD, TOKDd, AEDE
LERHTIEL 54 LEL, EMETRLI >V LEDREMIR X 5, ¥, Abh5EE,
E#HBOME—FLMEY Figs. 2 BIV3RTH, WwThbt—x v I 7—-s0FEE
BLTwiWwhkedie, SIRECIFERCERYE Lo RE, EMRE CRIFRHHLEELYR
LT3, 0¥), RECHEP YL - Bai, A—ofECs LT, T Crlide—2
VIDERMELTW ALY, T—2 V7 —a20BWERECREMIAE L, HiER
TREMIVNEL e B 7edTHD, DR, ZOBORBRCEWTIRE—2 VvV 7 — 408
E, ThbbBRBREFROKFEMOMENAAR EBh, i IHE QR e
AVIREBRETHAD, ¥, ThR Lo CERERKET E— 2 v 1 B X OREHRHN
BOIhBTHA5,

Kic, —MORBBIC I\ THES hiBEH % Figs. 4~9 1wR$, Figs. 4 L0513
AZ4F7OEBHBE—REBEDH Y SHA v~ PRTCRELI-BHHTH D, Fig. 4 1
BHEF 1, Fig. 5 PR ERFRAOEIMTH S, ¥, WThLHE 20kg Fic 120kg %
T (BHOBH VA LTH 180kg/cm?), & EOBYER THALIOTH S, MEHAD

P
(Kg)
300 /

L e
L/ [/

Iem

Pig. 2. Load-displacement curves (Tension type specimens).
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Fig. 3. Load-displacement curves (Compression type specimens).

A-C-3 ¢,

o o et —
5% (x10%)
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Fig. 4. Strain-distributions parallel to the grain observed in the insert of A type specimen.
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ELHCOWTUE, BERCRT S L) RERIHELRIT, 1 v -+ ORKHRMAE TEE
PR LT, WHOHhOPINZ ERRER T3, Fig. 5 o BEAKROES,
HCOLTRFEINLE R VR ELBORELRDOA, Thick-T, bAMKICETS
EREEN (FST7AAFVvA) KRB LG IORESHEE ST, Figs. 6 38X 74K
D7ey PFAVIEB 2 4 7OEKBEF—RBREO £+ v~ bhRFEOES B Y, Fig. 6
ABRER ), Fig. 7 SRMECEAHADO SO TH 5, BEFAECOWTE, WA A 5147
LRERBESTHERLTEY, AUERSHBELE bF, RBHES< ok TaN
RERMA LT3, Fig. 7 CR LEBECEATRAOBSHcoOWCEAIhBC i, A
247D DB LOERBIVNIWC LTHD, Thid, B x4 7B TaARRD
AvF—trRAVERDI, 1Y —1DEIFRDOY vV 7 RENKELBRLEERTHA
5, WiC, BABTHS D Ho3RERRGOBA ML IE LR HEY Fig. 8 1,
AU EAFAEY Fig 9cRt, Hho A), B) 2ARAEOBNEMEYRLTH D, B)
BEAREIS 16 mm BRIE GEFH7 4 ¥ - DKM S 10mm BhifE) ©h
B, ¥f, WFRLHE 20ke BCABLEBR TR, 180kg ¥ COPMERLTHS, R
(A), (B) iaEB B LTV 5 bbb Y, £0BH IR K&k RABDD
hb, BEFATCOWTE, 2B A) CLEER L RREIHHETH50H L, fE B)
ishEkE CEALTHIMG FHABBL, #oRCkVTABRS L5 KBHELRL

A-C-3 €,

120 | [100 80 (60 [40 20 (kg)

\ (x10°%)
000 -500 500 1000

1 2 i A A

Fig. 5. Strain-distributions perpendicular to the grain observed
in the insert of A type specimen.
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120 00 80 60 40 20 (X)

Fig. 6. Strain-distributions parallel to the grain abserved in the
insert of B type specimen.

Fig. 7. Strain-distributions perpendicular to the grain observed in the
insert of B type specimen.
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o, s, 0 U0 e s o D-1-1 %,
(&) \
E/20Kg €/20Kg
LR D SN DY [N B BN NP A ANURL B BN NN NN § bbbt bttt
0 500 1000 0 500 1000 (,o-l)

Fig. 8. Strain-distributions parallel to the grain observed near the corner
of D type specimen.

(A) (8) .ﬂ:
whole (\x‘o 80\ go\¥ ‘

D-T=1 e

PR SN DU U S S T W T | O dlnd. LU SRS T L I S T
0 500 00 0 560" 7000 1500 m(,o-c)

Fig. 9. Stram-dlstnbutlons perpendicular to the grain observed near
the corner of D type specimen.

w5, BECEATAOESMOWTR, LB A) KB\ THROM v ¥ — tRELL
D LAREIHHENIEI LN, BB itd kﬁmﬁmf;iﬁmﬁ;m&bbh £ 3= gl
R COBMCERTAOKIEFRBERS LS, BEE, WFhh—FoWER WO
BIERERTH BN, BPOMBEHC OWTLRE LR, BB o2 HHkITHMBEIEDL
hiz, A, D4 7O RRRBMKIC T2 AB G WY B Fig. 0nd, 74 v
PRSREZELALC A TTR, 74 vy FOHEE LS, ARO D 24 7L ARABEY
BERLE, ZOXK, B 24 72BRBIBHER T, TRT74 v H—2La vV IH
O WEHRAETEHRARBELTE DY, Wl LEBECEATAOESIfirbdERIhL
SYTAAL VAN LEKEIBG I, CoRBekR {BEE LT3 ERRIhE,



REFHRED OKE (£A) 311

TN

Fig. 10. Typical type of failures in the tension type specimens.

4. B b b

74 VH=Yad v IhIESHE 120° OREEFRLERROWT, 203 REM R

u THRENEORMEYERIENELT, A4 vy —t (BohY) OBRIEREYEDS L L b
K, 74 Ve b (Bf) 2 TREFETHLOTCREREHEBEOR =R+ ViRBEFH O H Y
Abte, Eh, —MORBRBICOVTIE, BEBEOREF M XUORBECEAHFAOES
MROWTHEE TR Te, BERUTOXIEH IS,

) Av+—teBEEBONY SHERVICA 24 713, 3RE, EgRV-Thoky
Th, HEHROKEA LANRD LRI, FHEHECOWTE, 1 v+ — FOBRDHBR LS
LDTHH5,

2) AvY—trREBRRDO T ey 7#HWEB 24 713, ERECEBLEABRETH -
b DD, FBREBRZONTIIHCEEDRIIETF Lic, 2hi, 1 vy— F2H#RT55K0
WO 5B 2HROBOBMES FLBHEEBER LT\ de, it sE9EO R e
T tcb o L Bbh 3, ,

3) Zavyt=Fr VBIBBERF CIRER LIcC 24 7 TR, BRORERIRES
A, BESHRIIEME TR L, SIBRHCRRABECL YE o, L LR
b, FIRBRESWTHELIE 7 1 vy b OHBISH OBMANTED SR,

4 ABWEATDA vy — bpRFPCUESIHBHESAOETR, BERCBTST
SIMERSHERIT, 41 V49— P ORMRTE S woh Taficid L (Figs. 4 8 X O
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6), . Tichd, REBHETCREHOEADOIIN ENFEIhiz, ¥k, RiEcER”FEHO
FLOWTE, FRShILBHYRERBORENBDO (Figs. 5 KLU, Zhicd»T,
PABMICETBERIEN (3CTAAFVR) BB LEENORERER IR,

X 3

1) 4AER-ZE B: KEFE4H~07 4 vr—Cad v P THOMEA. AW IEEXHRE
#, 9%, 1977.
2) BE B AEBFE: 183mm 74 vH-Yad v OBESRECET AR dokiEk 33-1, 1976,

Summary

In the previous paper, it was.shown that the strength of wooden joints having an angle
of 120° fabricated by finger jointing was low for the tension type loading under which the
inner corner was in tension. It might be seen that this was mainly due to the lower strength
properties perpendicular to the grain at the corner. ;

In this paper, two kinds of inserts were used to improve the strength properties per-
pendicular to the grain at the corner. One was made of Katsura wood (medium density
hardwood), and the other was a cross laminated block consisted of Ezomatsu (spruce) five
laminations. For the test specimen in which a fillet was secondarily glued to the inner edge
of the joint, a kind of epoxy resin glue was used. In addition, for the partial specimens
the strains parallel and perpendicular to the grain were measured in the cross-sections at
the corners.

The results are summarized as follows;

1) For A type specimens in which the insert was made of Katsura wood, the joint
efficiency increased largely in both tension and compression type specimens. For the com-
pression type specimens, this increase in the efficiency might be due to an effect of the insert
configration.

2) For B type specimens in which the insert was a cross laminated block consisted of
Ezomatsu five laminations, the joint efficiency was nearly equal with the previous test value
in the compression type specimens, but it was lower in the tension type specimens. This
might depend on the reduction of effective cross-sectional area in bending.

3) For C type specimens in which a fillet was secondarily glued to the inner edge of the
joint with a kind of epoxy resin glue, the joint efficiency was slightly higher in the compres-
sion type specimens than that of the previous test result, but it was nearly equal with that in
the tension type specimens. In this tension type specimens, however, the resistance to a
split between the insert and member was largely increased.

4) The strains parallel to the grain did not show linear distributions, and they reduced
toward the apex of the insert. These strain-distributions parallel to the grain were shown in
Figures 4 and 6. As was expected, the strains perpendicular to the grain developed largely.
By this, it was confirmed that the stress similar to the radial stress occurred in the direction
perpendicular to the grain. These strain-distributions were shown in Figures 5 and 7. All
these strains were measured in the central cross-sections of the inserts.



