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Dimensions of timber connectors tested (measured values).

Table 1. NDS!? LEEBE k2% 7 &5 —BAFEWAITEKT /95 1 — & — L SEO LR
Parameters related to allowable load of timber connector joint according
to NDS!” and the scope of the experiment.

® B XREE A moems x  BE
I Scope of artially included not included
tem experiment par y include ot include

x5 - DR A 2WETTU=bE2WRRTY R ) T

Connectors 2 %" shear plate, 2% ”split ring

S A THARY, SAVH, 1Ty, RF

Species Douglas fir, western hemlock, ezomatsu, sugi
FEODH[AE o ano

Load direction T 0%, %

a7k® x [K

Moisture content Air dry

Bt oE X % NDS iCHE S N IcHFERIOER LT O ERME
Thickness of member Minimum thickness for full alowable load
SREERE A YTTv—r05ROA

End distance Limitted to O° tensile shear plate joint

B A YTTr— b O EMEOS

Edge distance Limitted to 90° compression shear plate joint
M & « G iRl

Spacing Out of investigation

B OB NE % ;a7

Net section of member Out of investigation

2R 85— DY % 17—

Number of connector A pair of connectors
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Table 112, NDS @02 %2 % —H&ICMFRT L5 2 — s OE L, AEROTWHE 2L 1,

4.1

4. 2%/ (67Tmm) 77 L— FOER

HRkLEBAE

REREOIAR, MmnkhdE HBERIELELHT Fig. 2 & Table 2 TR L 7,
HREoRX g 00 ARERRd) K520 5 ERE S L U5 RE, #MicERm AR (900 4

Table 2. 2%" ¥ 7 7L — F EAHAERE
Test joints with 2% Shear plate.
WO M & B B
. End distance Edge distance
W & m7 i (cm) (cm) SRER AR
Species Loading method
Loaded | Unloaded | Loaded | Unloaded Number
side side side side of tests
~NA =Y Oo}_{ﬁ %ﬁEGCO%*
Bt?/g_g?l%vﬁr 0° Compression 15 15 4.5 10k
Ezomatsu 10for each
)] o species
2¥ 0° [EAE . 22.5 7 4.5
Sugi ' 90° Compression
$4vﬁ 0° FEM 15 15 4.5 5
estern 0° Compression
hemlock 10.5 15 4.5 5
9 15 4.5 2
7.5 15 4.5 2
[3) 15 4.5 2
0°5l5k 18 45) 4.5 5
0" Tension 14.5 (45) 4.5 5
12 (45) 4.5 2
9.5 (45) 4.5 2
7 (45) 4.5 2
90° FEME 22,8 9.5 4.8 5
90° Compression 2.5 7.8 4.5 5
22,8 6.5 4.8 2
22,5 5.5 4.5 2
22.5 4.5 4.5 2

Note* FIERROD BB LZBEEED

Test specimens of which data was ommitted because of troubles in measuring equipments are included.
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Test specimen of 2°/3" shear plate joint.
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Fig. 2. (o3&) (Continued)
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Photo 1. ¥77L—+OEDAH
Grooving for shear plate.
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BRTTEILBUL-1bDEEZOND, 7B ScHoLten i3, KEBRTH O i 90° HRIOKRATHS
AMOWTE TR L - SRR O B ERY 1 60 & LTHATAFRO~N— 2 22 ¥, KbV,
HBIRRER S22 ) » 7 —EROFEIC>WVT 0 AllE 90° Hla L DhERD, 0% 0° HEOFE
WINT LT 90° SR DOFEMIERD TV B,

4.2 0" HAEREEE

ZY w7 Fig. 3130° FRAEMBRCRONHMALHE—R ) » 7HBRERLALLDTH B, H
REBD AR ERA SRS S 5, L LEHS, &b c—HEA (7 70— 1EY472H 0.75,
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Typical load-slip curve of 2°/;” shear plate joint subjec-

ted to the compression load parallel to the grain.
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N E Al & test specimens
% ps
nJ W . ;
FI b E=19mm
Diam of bolt
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0 2 4 6 8 0
Z1) 7 (mm)
Slip

Fig. 4. 0" HEERNS 2%/ v 7 7L — MEER ORI K
BIHRRE N P RBORE, X¥F

Effect of bolt hole diameter of side plate on the load-slip

curve of 2%/;" shear plate joint subjected to the compres-

sion load parallel to the grain, sugi.

1.0, 1.25tonf) L7-BOBELER I 90~95% & A&, FAEEMAL 2L 2OEE LB L
HEROT, ZOEEIEHNL VL 5,

CHETOREALOMRATILFBERIVFEHI N TE ., LA LANS, ThiXHFoBEHRET
D fgth [HHEEET] Th b, /ki‘ﬁé%m:ﬁébéf'é%imh\$+§7bf&)of:f:‘b'crai %, SHRHLTULS
TEUZE ) K obNAMKBRTVOT, BROBOLHEARERJc>LWTREBLEWIEE L,

FE—R U v ZTHRICEIYIPEC S FROBHMH 5, ChdEv rEASLEUERT, R rRHK
LEEREODKREY GRIE 2mm, 7 7= 13 0.5mm) JERERL TV, $8bb5, HERiE
HuBpicsd LEhtih - oS L, HESFREMEZOR LI TOERIREVWILIZLE
DTH b,

Fig. 4 BEBRMKO A 4 P AEF VP EEBEFRECC LABEORTE—R Y » 7TRAKERLISOT
bb, TOBE, ME3tonf (Y77 —b LEA%ERD) UTTRRAY v 7I3H80% P LTWA,
LiLhs, £ bk%/]\é KT 2L IHRBZREIEbDD, vTTL— M EAEIDIEEDOH
HRHEOETHR oNETOBBTHE LA LI,

WA & MARE IR 0 BT & - TR B, NDS© < 100% OFAR NS5
S>h B iREERE & L AR KM 0N, FAMIEERT 2 MERE S L SREREASHN kO
HTHTIDFER, Photo 2) TH -1, Ed Fig. 5 RT LIy T 7L — FOHEOEKTHRE
TEHREARIENCE 26D EEZ OGN E, WEMERIVTRET ) v bV TH -7

HAMNEER T 2R E L SREERE, S8Boy 7 71— b 1B OEREARNER
Table 3 ITRT & 512 ~1 =7 D 6460 kgf~ 2 £ D 3790 kgf TH - 12,




YTFL—FEATY oy M) v SEAVVEEARNDAR (M)

BARERORY » 734 =YD 7.06mm~x V=Y ® 4.97mm T, HRARELADHERMMES 5,

WEEMEARE D RIS DWW TIZ 6.4 TEET 5,

FN P ESLORE Fig. 6 3HE—RY » 7HIICOVLT, RV METOBSLEBLALLOTH
3, AM» S, v77L—FEHVAILILIOBARAEH2MECERT 2 ENBERENS,

2y FRAEBE, FEH L 25tonf HLET
By 77— bOEMWRS VA, ZhUTTR
KERE OV, L LSS, HREBREE bF L
AR, RAPEYT AL bERLREME
EEESETHARET-LERTHD, EED
BIEHETER, ChSHEOHIHRY » T
ZONBLEZDBNETH S,

Z O, BEOMIEE (XA AOERE=
FUFE+2mm) TR, £UBEHYOERK
BRERDL ST,

A—
mhEm | — R+t
Load direction Wood
| —< 77 L—b

Shear plate

Fig. 5. MAARICEAHEOIG OFA:

Generation of the forces perpendicular

to the load direction.

Photo 2. ¥ 7 7L — b 0° FHERBAOHIE
Failure of shear plate joint subjected to compression load
parallel to the grain.
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Table 3. 0°HREIERE 2%" 77V — FERBORAMEELZDEEDR Y » 7

Max. load and slip at max. load of 23" shear plate joint
subjected to the compression force parallel to the grain.

HEREE [EHEE BAR/] BRR/IROR Y » 7
B B Number Density in Max. load per Slip at
Species tested air dry connector max. load

(g/ci) (kgf) (mm)
~NA ey 10 0.590 6457 7.1
Douglas-fir €)) (8) (8)
_RAVH 10 0.499 5753 6.5
Western hemlock (5) (9) an
e 8 0.430 4495 5.0
Ezomatsu (4) (4) 12
2 F 10 0.367 3789 5.2
Sugi €)) (11 (14)

Note) 1 : B LU (EBEH; %)
Average values and (C.V. ; %)
21 N4 YHICH > TR ERREHD 10.5 cm Il T OERBREBRA LTS 5,

Test specimens of western hemlock whose end distance of loaded side is less than
10.5 cm are out of the list.

2mm
Kb

p) i}
FU S ;IR e B fit 4mm

2mm 0. 5mm 0mm
v 7L — MES BR b b v L —+t

EX %) & 2.5mm

LitioT, HIOBBAEESHRY v T7RFNMREDOHPKECL S,

5, VT L — MEATE, AMOFA P RETNCEEBHELBOEVIBBLORAESY, <
RAFI L RS BRI NT VS, THbb, FROEL FREEFAVMEEEZELLL, Th
AEEICERS S ARAED, BOAARICREILFTHEL N EBTHET, COHECLL L4005
% 1mm ETiRd 3 EM8TE S,

4.3 0" HASIREEE

Z2Yw T HE-2Y o 7RRICHSREDE, 0 HEICER LB LTS 5.

BEFEEEBRANE ©7 7L — OB YASGESL SHEC LT TERSTREL, REASERICH
VAL S T ERMEA L U (Photo 3,

DREREEE BN b0 TR, R L AEUNEORD, hUIMoBEICLIHFE—A YO
RN E I k> THERS N bOEHESNS, 0° HSAEHRBRTS S0k 557 OFROYMKE
38 U2 d - o

BATEA Table 4 1o U te, SREREE S /) & OBRCIEMROBE & OHKIT>V TR 6.4, 6.5 TIT

70

AACETZ 247 5 —BAOHARIOBEERE LT, &< RRE  RBORY, oicThzBiE
LEMILORY Bid 5, CNORBEYSLEMRE LbDTHEN, ¥T7T7L—MHbBEHTESS
o LTHhRic2 TR 2T - 70
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,“g: 2 %' P7L—F 2 %" shear plate,
= al 10tk o {E average of ten
ol test specimens
= F
S
K o3
=3
- e
¥ 5
285 ot
L 8 P R LR R P PP T EEETEE bbb
e | Y% " FKILMES % bolt joint,
8 KBk 246 two specimens,
- —E B single shear
«! S
N g 7 SRIRE =4.5mm
'r“; ~ 7 thickness of steel plate=4.5mm
L 6 8 0
ZY v 7 (mm)
Slip

Fig. 6. 2%/ ¥YF77L— ALY, ¥A EEORE-R Y
u THIFRE OB, 2F, 0° HEEMMA
Comparison of load-slip curve of 2°/;" shear plate joint
with that of ®/;" bolted joint loaded parallel to the

grain, sugi.

Photo 3. ¥ 77 v — b 0° 55RAERA DO HE
Failure of shear plate joint subjected to tensile load
parallel to the grain.
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Table 4. 0°AHMEIE 2%" 77 v —  EATORAHAEEDEEDRY) » 7, FLRNORETEE

Mazx. load, slip at max. load and values calculated by Takeyama’s formula
of 2% " shear plate joint subiected to the tensile force parallel to the grain.

e FribRic & 3
6] ®@ BRI ER by Takeyama's formula
W |RBRGEM | KEEE g@;ﬁ?ﬁé BAHE gJIX Yy 7 ® @ ) ®
End Number| Densit ear Max. ip at - pee = =
distance |tested “in Y| strength | load | max. load Egmﬂg Aﬁfwwizjle ©|®
air dry stress load
(cm) (g/em?® | (kgf/ed) | (kg (mm) (kgf/ed) (kgf)
18 5 0.508 122 4810 5.4 37 96g*2 0.30| 4.97
(5) (11) (18)
14.8 5 0.534 127 4980 6.2 47 968%*2 0.37| 4.65
(@))] 12 @7
12 2 0.807 125 3810 6.1 43 8g7*3 0.34] 4.29
9.5 2 0.492 113 2650 3.1 37 721%3 0.33] 3.68
7 2 0.484 131 2430 2.7 44 554*3 0.34| 4.37

Note) EHMHEE (EBEH %), WEIxIVH
Average values and (C.V. ; %), Western hemlock.

*1 o JIS Z2114 ORBRETRY S

Obtained by the testing method defined by JIS Z2114.
*2 BHOFBERL HETRE

Determined by the allowable compression stress of member.
*>3 B OFANNISNETRE

Determined by the allowable shear stress of member.
iR, 7427 ¥ —OXEFDIOEMGHE L 2 %7 ¥ ~Ic X AHMIE/E L 0 FEMNERET 3
LbOTHB, §UEbB,

P=(Dt+D'T) f, = cormermmreeen (1)

P= [( D2, )27[+an—%(—§->27[] Forreneenmnnenianens (2)

P, = min.

Z Tz, P, =357
P=&RTHEE MBI
fe =AM OFARERIGHE
fo= KM OTEIWIEIE
D=v77Lr—-t+DER
D'=vy77L—tONR
t=v 7 7L — bDESX
F=v77Lr—t0) v ryoRfloREs (Fig. T BHR)
d, =VGIREE
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TH 5o
feo fo ELTENZEN Okgf/cm®, 10kgf/cm? (BHREETRE 179 5) ZHUV L 2OFEMA,
R Q) LHFELABEREAERFOIMICE, 1 2B
HMERTRD A OB S 12 &% Table 4 iR
Lo

HERD oKD AR EFOIIMIG /S 1 A58 '~4f_i:‘t,________fjl'"_“{.~
BB OMOK 1/3 LBV, TOohRIGERCLS
T, BE—EDMERLTVS, £, BAMOOEE

LB I T 2% 3.68~4.97 2/RL TV S V’m\\

OT, BEANIRLUNELGALbDLELL I, LD . 3
PTT L= N

Lahs, SRECHWRNEERAOERT 2L RAG Shear plate

S TWBHET, BEMNES,

Photo 4 &, BB L L - HOESKRETRLED
DTHB, 77—+ 1EHDH 4tonf OREE
ZHLBROMTTH 30, AMBooERhsL, v
77V - MESGHOERIERP Y T L — DR
R@ﬁ%pﬁﬁénfbactﬁbméo Fig. 7. WREBET 3 E 20

4.4 90° HEENEERE D EDE

ZY v T HE—2Y . 7HE Fig8) 545L, Dimensions used in Takeyama's
LK O 1535 B0 BABED 2/3 FHECRED A B formula.

Photo 4. ¥ 77 Vv —t 0° 5REBMADIERIEH]
Unfailured side of shear plate joint subjected to tensile
load parallel to the grain.
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5
- BlhogiE EXofat::[b g3 |
“é Development Bending failure
= 4 of split of main member
m A I —
=
Sy ¥
&g
25 i
g8 % L— zolhoRt —ShoHB~0E
g b Generation of split Reach of split
f\\ 3 4l in main member to end of main
% S member
0

0 . . . .

0 2 4 6 8 10 12 14 16

2 7 (mm)
Slip

Fig. 8. 90° K 2%/ v 77 v — bEAROME-2Y »
T AR & O ETIREL, N v A

Typical load-slip curve of 2°/5” shear plate joint loaded

perpendicular to the grain and development of the failure,

western hemlock.

Photo 5. ¢ 77V — b 90° RERAD S

Failure of shear plate joint subjected to load
perpendicular to the grain.

R E N O RESHED LD, TOREIESICHEREBER U, hoREd, —RICH
FE—X Y o THIRTRIBAE L,
WETEEEAHE BYOUNOREH,S 2EHUEOR Y » 724 U THASMIRICERZEL /2. 35
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Table 5. 90° HEIEHE 24" v 77 v — MEATORARANEZDEEDRY v 7
Max. load and slip at max. load of 2%”shear plate joint subjected to
the compression force perpendicular to the grain.

BRI SETEE BYMfrog X BAWA N AL
P Number Density in Shear Max. Ay
Species tested air dry strength load Slip at max.load
(g/ci) (kgf/cd) (kgD (mm)
;;4 1}’ . 8 0.537 102 3320 12.8
ouglas-iir (4) (8) (16)
A A
Western hemlock 10 O(‘ 30)2 1o ?:1{5)()) %27?
;771 7 0.382 94 2440 14.9
zomatsu (1) (10) (34)
;*. 8 0.377 79 2390 15.7
uga (3) %)) (25)

Note) 1 . s LU (EBFK, %)
Average values and (C.V. ; %)
2INRAYHRD TR, HEUREHS 7.5 cm ICHBROARKRIBRALTH 2,

Test specimens of western hemlock whose edge distance of loaded side is less than 7.5 cm are
out of the list.

2, RISk - THEIS N BEAAERT IEE A U CTRAMESIE L/ (Photo 5.

BiEC L MR AREIL Table 5 IKRET LI~ =Y @ 3320 kgf ~RFD 2390 kgf (VTN b
vT 7L~k 1S D) THo-t, BERERL1OETERNLILL, BALLARARICHROE
INKLDOTHENS, THSOHEEIBEICLEDENETHS I,

IREEREOEEBIC SV TR 6.4 DIETEET 5,

4.5 @HRTELIOPLIOREERDSILOER

PO OEE ToOEASERERE 0 HASERRBATE, FArEEATN 100 kef < cm, 400
kefeem & L, SEABFORY v 7E2RAEL TS, 22T, M7 ORBEARB DI INGE
AMEORRRAELEZ, = T EHOMAOKERD L (Fig. 9.

REBEIC L > THHEODNS Y EBELNDH, b ONSOESTEIRAMEY, L LEds
2Y o 7 1mm BLEIREZEMAERELL TV S,

7, BRI 16 ORER{IAD 9K P 2 100kgf + cm T, 7428 400kgf « cm BITHELTHD,
RS OEEIEEVEVL B,

RXOIWOEE FALOF o FERADIISHZDIRERC YT P L - FOXEEESPEL, RV
O VEEfl L D R Y v FHERE L LB EFEEN S,

22T, 0 HEBERRBIC BV THERF v MULBEISEFERAL TV LREL, ThEhE
SEORBAEEEAR RV » 7T T AHEEHE L2 (Fig 10),

BT TAHLEF o ASDT LML D EVHEERLTVES, 7Y+ &b DA
REILEELTEG,
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ge 1.8
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AL
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S& 1.4t

25

8- t.2t
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™ 0.8
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€5 0.6}

w5 Kig="EfE
28 0.4 heavy line=average
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% & 0.2
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”'QC) 0 1 n n n L
o F 0 | 2 3 4 5 6
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= 8 Y w7 (mm)

(

Slip

Fig. 9. 2%/4" v 7 7L — FEATO RV FEET b Lo AT
N RIETTHE, 050k ~1vH

Effect of tightenning torque of bolt on the load-slip curve

of 2°/s" shear plate joint subjected to the tensile force

parallel to the grain, western hemlock.

1.8

3

= 1.6t

h=}
gg I
§%o ,
&Eo
& 8
S |.
P
R3 0. N
E® ) HEREK=10
S5 o6t A =Tl
@ =
-: -2 0.4 test specimens = |(
-i'« ] Heavy line shows the
— 0.2 average.

DO i 2 :I; 4 5 6
Z 1) w7 (mm)
Slip

Fig. 10. 7 7L — +EABORL RS+ » FlOTFER,
0° AE5lak, ~4 v #H

Ratio of the load at the nut side of bolt to the load at the

head side for the 2°/3" shear plate joint subjected to the

tensile force parallel to the grain, western hemlock.
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5. 21/, (BAmm) XFVYUw PUVTOER

5.1 RHBEIHBAE

Bk oEaEN, MAhhk SBREKSEELEESHT Fig 11 & Table 6 ISR L7,

HBAoEX ERM, 6L REMEIHELEL0 HABLY I HATHERTSH B, 90° HH
FERRTR, PRMOSEBHCEMLRDONESZS S,

HESIULEDOT F Y 77— ORREELEIL 4 B>V TERET > oo LER 3H
DD, E£1, HUEETIREATEOPHEATEZLTELL NS L SEEL 2,

ATV bYYY vT7 7L - EEUCRELH (Cleaveland steel specialty Co.) @D %W
1o

KEOME, SHIEK, BIEM 74 ) HORHEE, NDS® T, HEAMNIOERETIERMEE L1,

mMIT Bniasid, BERTHRENTOIBETNYTIT->/ (Photo 6); TOMNYE ¢5.5mm D+
Y —F Y vEdLE LTIR 4 5mm O TH/ 1 F2iEERT 2{1#s L1 -T2, BOEHIE/ 1

PEFBELTIEESICRAEIC U, MLLABREEOSVWSS 2y, R4y FTCRBHDTLY
Thorh, REOEVT Y2y, A¥TRERTbMSSAL,

BNTO®, £v5—F—LEHFAFELT ¢l mm ORTHFYVTEL N FREDF, FLb
i3 $3/4" AR L1,

MABIT MAOFEOHsHBVEI R, FTRBEETHCHA ST THAIL T, £+ ofHft
FhAZ7E 10kgfeem &L, 7y ¥ e —id 55mm f], BX 4. 3mm OHREEHWV, ZOES
13 NDS™ o5 6.35 mm & b 2P,

TOf0HE FEOOLD, NDSO OBEFELORVF L EZHOOT, HBROLHEEE S HO
Kb (91/27) VKRB E 2KiTo70 £/, KV MESLORBEDLY, R+ ($3/47) K
ORBE 2(KIT- e, YT 7L — FORBOL Z LRI, DMRAFICK RO EREARR, WHERBR AT
=712,

WmhrE MEAHE 77— rORREEHETH B,

5.2 00 HAEMEELE

AU w7 Fig. 12 FHABGRHE-RY » 7TERERLLLDOTHE, CORMSRTY) » b ) v Y
DROBREIFEERZI L LA TE S, ,

0.75, 1.5, 2.25tonf (XY » b Y 1%L Y) OAMROBELEIZ 456~60% L K&, i
BANKFOMKROEZ ILMLEEK L v ELDT, 20EFIEHNTS 2,

BitE (MROMEZ) 2554, BREOHMNE S bICHBEDLTEY, Y7 7L — MEAPEL - BES
D& BPHAO 7 512 X BBHET IR0,

BRMED 50~60% &7 b T—EBNLHEO Y — 7 HHA, %, dRERNIcs, Chicow
TRRFATERS 5,

HEEELBAHE RENLTBEOEEIhRMOEh (Mo EE 535865 5) THEH,
HRBREL RS S L, o, &% () vy 7 THIAALKRRE) O3, Y v ZOfF~OEEE S b biA
&, VYo UhPEAEOERS L8RS (Photo s
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a
oAb

st
Displacement T -
transducer

200

2 Vo RToM)r s
Split-ring

Ya " FIb .
Bolt

e
55X 55%X4.3
Washer

100

200

(mm)

End distance | i BE B \

at unloaded '

Side
]
I

a. 0" HRERMRBRE

Test specimen subjected to the compression load parallel to the grain.

!

puloky
Displacement t'—3O4 HETa v (8K)
transducer Loading block (hard wood)

100

i
“‘E:T

200

50 | 50 , 50

%"ﬂiM/
Bolt
Ty sp—
Washer
55X55%4.3 1
90
450

b, hit 90° Al EREERE
Test specimen subjected to the compression load parallel to the grain of
the inner member and perpendicular to the grain of the side member.

Fig. 11. 2Y/," 279 » b ) v 7V EEHORERE
Test specimen of 2'/,” split-ring joint.
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Table 6. 2% "271 o + ) v VHERE
Test joints with 2% "split ring.

- VBB e R
o M nd(grligance Edge(gllsgance STERIARY
; ; Number of
Species Loading Loaded | Unloaded | Loaded | Unloaded tests
method - ! ; !
side side side side

NS 0° FEHE BRI DX
Douglas-fir 0° Compres- 15 15 4.5 10 #&
\/;lest/ern hemlock sion 10 for each
Iy species
Ezomatsu 90° EHE*
ZF 90° Compres- 22.8 11.8 4.5
Sugi sion

* b oM LT 900 F, QR U ik momA

Load direction is perpendicular to the grain of inner member and parallel to the grain of side member.

Photo 6. X7Y o Y v S DOREDIAS

Grooving for split ring.

RBHCBRE L BBOSTESERE—R Y » 78R T & Fig 13 0k 518 %, TXTORER
FicBWT, FRHEOHE0% (Table T BB) TRYIOFWEE ~ 7 BN, ToRV L 2hDOE—7
EREUSOHBI LA, RAMEOHN 5% THRINZENSRE LI, 75 7 88EEREZL
TWBEEFILH->TH, ARNRITLOBWEORREIR AL -, £, ERMICALIDHLOD
735713, RYOHEL-7LFIO73 70EE Fch 5, Licw-T, EEIL S5 7 0FRIZRABE
WNEORETHESHEEIC L2 bDERA 3,
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7
< 61
ot
e
o Sy FOTRT 7 —
Licy Douglas fir
e [
=5 4]
R .
~ |\ S e T
ame .
3 3 I Y
I 5 Ezomatsu
® =2 -
N L
%S 2r i
n

| A

0 N . R . o

0 2 4 6 8 10
2 1) 7 (mm)
Slip

Fig. 12. 00 FEEMWALY,) 27 » b ) v FEGRORE
B EE-R Y » 7HIR

Typical load-slip curve of 2'/," split-ring joint subjected

to the compression load parallel to the grain.

Photo 7. R 71U v b U v 7 0 FERREBEOISE

Failure of split-ring joint subjected to load
parallel to the grain.



VT FL—bEZRTY M) Y TERAOEEATRAORER () — 57 —

° EMBhORE
. r Generation of
S . split in main
= 4r BB OFEL-2 member 2
84 Ist peak of
iz [ load
E 5 3k EFneE~br5Eh
o g Developping of split
E&] g L , to entire length of
z o M main member
I 5 2r HELHEFTSDME L
D Rohih ot
* § r No failure could
n (L be observed in
appearance
0 2 3 4 5 6 7 8
2 w7 (mm)
Slip

Fig. 13. 0°HEMA 2/, 270 » b U v SEEHICE T 5
HORIFRE, ~1 A

Development of the failure in the 2'/,” split-ring joint

loaded perpendicular to the grain, western hemlock.

Table 7. 2" A7 U v b U Y 7TEESEH 0 SHERRBROESR

Test results of 2% ” split-ring joint subjected to the compression force
parallel to the grain.

1EROE—7 @*
B3 1HEHov
® ® — At first peak %?f%g%
B E |AREY|SETE |(IMEs (RAHE DA ,'j 5T , ® Fﬁﬁﬁ ®
Species Num(})er Density |Shear N %Vlaé(. Slip at HE® IR ) v 7| @ S&Z:; ®
teste in strengt. oa max. |y o4 Slip in core
air dry load at 1st peak
(g/ct) | (kgf/ed)) (kgf) | (mm) | (kgf)| (mm) (kgf/ch)
S 1 '71‘7 10 0.543 135 4310 5.3 2650 1.2 0.62 42 0.31
folgras (8) (14) @) (@ | @ (23)
wos t;/rf 10 | 0.843 | 128 | 4610 57 |2000 | 16 |oss| 42 |o.34
hemlock (6) (13) (29) (20) (22) (20)
Ezé “7| 1 0.402 | 101 3340 6.0 |2000| 2.1 |0.60 32 0.32
Bao (6) (5) | @D |0 | @ (2
¥ 10 0.405 82 3670 7.8 2000 2.0 0.55 32 0.39
Sugi (4) (12) (21) [@RD) (23) (11

Note) : SEffEs (BB %)
Average values and (C.V.; %)
* CHOBBIBARATY v MY v 1 EOABT AHED 1/2 (Fig. 13 DiEa) & LTEHE
Calculated under the assumption in which the shear force in core is half the load of one split-ring
(see Fig. 13a).
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a P b P C. P d P
T \
| v
P J b
-- _J Pl %
14 re
L[}
P P P P
a. BHTHEIRAE b, BEMELILE c. BWEIKDEE d. HOBIWTEE
Ideal condition When different diameter When too wide groove After shear failure
of groove of core

Fig. 4. 279 » b ) v 7 ESEROADFHEN
Shear flow inside the split-ring joint.

COBFNBEER, )y 7oA ~ODDIAB L EEZ SN LN, BEORETRIKROYIMBIEL L
T3 HOMBEN,

B ORI, Fig 14 CERMIRT LS ALONTHEE (BORPBEOEY) IKL-T
EEsnsEELAONS, £2T, THEANNSEH (Figlda) OTTRYIOFHEL — 7 Icd 20D
MG AR L T, stERNE, GIEHE = (ELABEE/D/ BOEm# TH 5.

58T Table 7 0mRd & 51T, A ARVINRB TR 7 5IWiH & © 30~40% L, REEEZT
(Fig 14b, ¢) Bm< BB->Ts, 60~80% THMHRSICELE L,

COHBETRIENEDORBHNEERINTELT, T, ELORELLETLbDTH L0 5, HE
DERASHOIFTEVENET S ERTER L, LALBASDC LS, IOk nEBAXTHKO
BRI A F = » 7 T2 LRAABEE RS TEWTEL D,

BB, HOUNEEIESROREATHN L ZEENLERICTVEEAsh S, £0ENE, Fig 14d
R LS, HREhiaBE) vrohick-T, Yy 70 ERE THROMTHERET 5BREERY
EMLIUTLNLS,

@ 1/27 KL P EERALIBEEOHEE Fig 15 11, ¢ 1/2" KU b, 93/47 Fu b 2HWBEOR
F2Y oy THEAEE L b0 TH 5, AREA2 EMEOMICEREL, vt FrboRVoRE
BIIIWWEEZR B,

R PESEOLE Figleld, 27U v b » FHEAEE, ¢3/47 Fut 23 oBA% GREME
THEREL) OFE—RY v THEBARR L b0TH S, BR»S, X7V v b ) v SEATRIE ¢3/47
F P EAWICHENT, BARAEHF2ME, 20y FRV2ET (FLVFEEHRRII70R) » 7LD



A% sz — AL 1 OFE (tonf)

AR R—F 1 EELFOTFE (tonf)

SFFL—rERTY y b Y Y IEAVCEEATRNISR ()

4 v
BN b Y bolt
10RO ¥)(E average of ten specimens
3+ LogpzIETTRIIRIIILIIIY
5 FI b Y bolt
3 - iXER1K 2 15 two specimens
e f
(]
o
(o8
T I 4
o ”,
S 2
T D 8 i0
2 w7 (mm)
Slip
Fig. 15. 2" 27U o b U v 7ESHIc BT 3 X0 b FEEDORE
&, ¥, 00 ARHEFEINS
Effect of bolt size on the load-slip curve of the 21/,”
split-ring joint parallel to the grain, sugi.
’g 4
2
[ |
o
wn
S 3t
£z 2% 2T VNI B | 0 OFHIE
2 2 Y2 "split-ring joint, average of
5 ten specimens
v 2 .
k=1 L Lsamn--eSSTESISITIIIIINNIIT iilzzrrisssozs
g Y " FoubiEr % bolted joint
§ XB&{F 21k  two specimens
5
(=%
o
T
<
_J 4 S S SR
% 2 4 6 8 10
217 (mm)
Slip

Fig. 16. 2Y," 27U o b ) v 78E& LY/, K b EASOHE-

2y THEOLE, 2, 00 HEAEHDH

Comparison of load-slip curve of 2'/,” split-ring joint
with that of 3/,” bolted joint, sugi, loaded parallel to the

grain.



HEHRBIRRE HUTS

5
= L MR T IR
S Bending failure
~ 4+ of main member
o FhoRE
S _ Development of split
o 2 3r
o8
amEe
3 Ll L - ‘
T s T h DA~ DEE
a2 Reach of split to
B in member
2? | Liﬁ%ﬂhm%& end of main me
n Generation of split
In main member

; 2 3 4 5 6 7
21 v 7 (mm)
Slip

Fig. 17. 5 90° AN 21/, 27 5 b ) v FEARO

BE-Z Y v 7HREBEOHRITIRE, ~ v
Typical load-slip curve of 2'/," split-ring joint loaded
perpendicular to the grain of the inner member and
development of the failure, western hemlock.

Photo 8. 27 ) w k1 ¥ 2 90° ABRIFEDOHIH

Failure of split-ring joint subjected to load perpendicular
to the grain of inner member.



TTL—NERTY oy M) YT EROEEATORR () — 6l —

Table 8. thRtt 90° HRIEM 22" X 7Y » b U Vv SV EABOBRARHEZDEEDRY o 7
Max. load and slip at max. load of 2%" split-ring joint subjected to the
compression force perpendicular to the grain of inner member.

HER (A IEEE BMrodg & BAfitH AN /1D X
B Numb Density in Shear Vw7
Species b utmd er air dr strength Max. load Slip at max. load
este (g/ci) (kgf/cd) (kgf) (mm)
A 7y 10 0.5626 129 2750 4,1
Douglas-fir (4) (3 Qan
warn 10 0.506 122 2410 5.3
hemlock (4) Qa4 1s)
ey 10 0.392 94 2000 5.4
Ezomatsu (3) an (38)
zF 8 0.391 81 1840 5.6
Sugi (4) (7 (30)

Note) ¥HEBITC (EE3FK; %)
Average values and (C.V. ; %).

ELILHIOREBLMbE) T, FECBRATVWEI VDL S,

5.3 90° A EsR:AE

ZU T 0 HFEMAOEE LER, BENEHE—2R ) » 7HREERL TV S (Fig. 1D.
WIERRELBATE 90" SlEfHo v 7 70— EASK L ERBEEEIRER L, $4bb, il
HoRBH L O ORE~E ORELMIFENORFEPRH OMTEE TS5 (Photo 8), HAM/1%
BEITICHTE, BEONA =Y TEY 27150kgf (R7V v b U v 7 1HY2D), HED2FT 1840
kgf T% % (Table 8),

)y A cEERET E0T, 90° ARMATREMEE I ZRABKELLD, v T L- b &
DAFITHELEZON D,

6. FBRMANICBETIRENER

6.1 HEIEAWN

HEORVWEALRE (FE) 0BvEEZ, HELHALKE LTAY » F—EROMITCRAIAINH
BT & 3 hENICDWTRETL 720

Fig. 18 43, 2 Y v 7 1 mm 8O, BAMAIELEOHEERLILbDTH S, KR Mc>L
TAHBE, HEAROMEMEBRKIE, »T7r—F, X7V U ¥ ZEbiEL, 0.77~0.95 2/RL TV
3, LHLBAS, 2 v 7 1mm BOMAc>0Tid, 7Y« 1Y 2 Ti30.90 (0°), 0.81 (90°)
EEVEBENS B, YT L - FTIR0.33 (0°), 0.36 (90°) LIBEWMEICE EF - TV 5,
TLIRFHLLCABDI, ITmm HUADRY » Fiesfitd 5 /1 & B & OHB%EHE N, Fig. 19 13,
COMBEHERY » TEOBFRER L LOT, A7y b YRRy THRSVIBHOE O
Bi4 g, YTFL— IR 5 7HRELLZC LA - THEGIRSLZ I LBENEINS,



Load per connector

AL 8 — 1AL N OFTEP (tonf)

Load per connector

Qo2 —EH: O OFEP (tonf)

MELRBRBTRBE HUTS

. D~
& p—mq 2y Douglas fir Euq)
H=~A"V# Western hemlock HH Hu/JD D
6 E=TVY Ezomatsu
S=ZX  F Sugi D
5_
EEE/EEE Maximum load
St¢S "E - P=—0.56+12.090
at / T TE r=0.947
Sé 3 x,-"' \ _
~ 5% EE TR
st 5"_5_--" Lower confidence limit
21)57 I mmBE OO 77 PooT iz
2| Load at slp=Imm o
p B
s E E H D D
EE H
L s S Y H—py—"H H D
__ s8> " E E E H H HH D
ss s ss H o D
E
0_'/1_[ It L ] i 1 1
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R[EEE (g/cm3)

Density in air dry

a. 0 HEERE2°/," v 770 — A%

5/ n L. . .
2°/4" shear plate joint subjected to the compression load parallel to the grain.

5
b
PN P P=0.17+5.950
4t Maximum load r =0.782
3_
E
S
/sség Ay 7 I mmEs O
2t f;% Load at slip=Imm
_______ . P=0.18+1.30p
H r =0.363
| H o
I H H_y-
o /“ ] DH B ®
s s D
3 E
0._/[1 1 1 1 1

0.3 0.35 0.4 0.45 0.5 0.55 0.6 0
[EE Ko (g/om?)

Density in air dry

b. 90° ARG 2%/ v 7 7L — MESH

25/8" shear plate joint subjected to the compression load perpendicular to the grain.

Fig. 18. =2x7 9 —#amLHE (EE) L OH
Correlation between the resistance of connector joint and the
density.
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Ax 72— AL NOFEE P (tonf)

Load per connector

Load per connector

VTFL—FERTY y M) T EAOCEESTHARR (B8

7
c
B K P=0.66+7.020
6 Maximum load r =0.767
H
H H
5t o D O
) e
ar s /"HH o e
S D DH. .-~
E 53 ¥ 5
& E & 0 .. - D
3l — P E s EE— ) o > b H
e - H'H/
e DD ..
)
2l o
/ D “
H H
Esss "
E ]
I+ EE/%{ EE
— ZY o7 ImmBEDT S P=—2.08+7.930
load at shp=1Imm r =0.900
053 0.35 0.4 0.45 0.5 0.55 0.6

RERE o (g/om)

Density 1n air dry

c. OCHHEEF2YY R7Y v by v FEAH

21/, 5" split-ring joint subjected to the compression load parallel to the grain.

5
d
al N ) P=-0.08+5.18p
Maximum load r =0.840
3..
ooy b0— 0
i
et / """"
Al S m it
% S e
------ qughe o
It %@;ﬁ—s/" ot
— s
E Ry T ImmEE DTS P=—0.17+2.630
L/ Load at slip=Imm r =0.809
0.3 0.35 0.4 0.45 0.5 0.55 0.6

AE®E o (&om)

Density 1in air dry
d. R0 HREM 2, 27 v MY v rEAH

21/, split-ring joint subjected to the compression load perpendicular to
the grain of the inner member.

Fig. 18. (23&) (Continued)
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1.0
IR T e A RTYSNTO
; .. Split-ring
= 0.8p , X
2 b SRT )M
> L/ Split-rin
LK pht-ring
"5 L LT Te—bar
LS = A Shear plate
&L 0.4 -
z38 -
DA
0.2 Shear plate
0 ) ) . ™ i
0 | 2 3 4 5 6 7 8
2y 7 (mm)
Slip

Fig. 19. 2 Y v 7—FEWHOM /& HE & OHEBAFRE
Coeflicent of the correlation between the resistance at a
constant slip and the density.

ZOEHR, Y7L FEAKBYBYIER ) » TOKEAN, BREEC VT SL-bOEL K
DERTHI-HEELLNS,

ERRER ALV E SOTRIBICT 5 90% EF FIR (24D 5% THR) % Fig. 18 12 58 ook
Ltze COTRBEREZZERTHS,

8B, ERFRAOVLRKER/ NS, REEBELERERRES TROTHHEMFRIIEALE
50,

F/, HEOEL ICERRE LIRS 2HELKE L T & OBBEEFE N, 185N HEaRE
REBEOHA LHREDL, PREVETS -,

DlbotRergs s s, BESEHRAFER) v 7BOVE» SHBRMAEED 5155, TEECL
BOhED 77— OFBEMAEHECLSFTEE—FE LTRSS, LELESS, &K
WMHEN—2T 20, HELEEL L TRHBOFAMHNEED LT EMBTE S,

6.2 00 & 90° OMNDHE

A—RAPFFYT, 2a-V—3 Y FRBIIAHBEMND 0 X4 5 90° Okiz, BE&E V771 —
PERTY » by vy, WEILV-7, FMOBEXRLITL > T 46~T1% ODRILBHELT > TV BEH,
EKRTH—AIZT0% L8> T B, .

AUy T—EROMAN Fig. 20 KAERICBIF S0 L 90° R Y v 7—EFOWRALERL Iz, R
Uy THANE ORI, BABLHBICL T v 05 50, REHTAEE2Y 7 0.5mm D&
%73%, lmm ©& % 68% TILKOHKELIBZIBFRILM XV v 7HKELLBZLE61% @mm), 5%
Amm) E/NSVHIZE > TW B,

BAMH JTid~ckHic 90° ABREDORAM N REAREOREEZY TV IOTIELVWHERT
EOV, BEIIT L, 90 OBRKMIIE0° D 50~65% L1 - T3,
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1.0} .
.. _-SP W.hemiock
A \'\VSR Ezomatsu“/-.
i SR Sugi
0.81/¢ N
‘s \/h;(SP Sugi

&
=
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@
w . -
2 : T - <. -
Ru 0.6 _‘/?: ™aotTo SeeTTC T N\ -( """" .
Eg :
- : cis
So g.4f SR
P2y E N SP Ezomatsu SP: 7T~} \
. SR W. hemiock SR_SgﬁiﬁwJ \
=) " v A s N
0.2} SP D.-fir Split-ring .
SR D.fir
i S B 5
ZY 7 (mm)
Stip

Fig. 20. 0° ARIMADMSIE 90° KRl o HtB
Comparison of the resistance of connector joints loaded
parallel to the grain with that loaded perpendicular to the
grain.

BAROBDORY v T 7L~ DIFE, 90° OHEHKEC0° DL 6~3.0TH7H, 7Y v
R v TRBINS L, 0.TI~0.90ETH o1, 90° TR 7Y ¥ b Y ¥ 7OEMWNS VD, Bz
LB Lit&» TEMERORSNBRELNLBZNLDBTHS D0

6.3 YFTL—FERTU Y U YT ORNDEE

dtkicBiF B 2%, vTFL—riHTB 2 ATy MY S OFAMALIZ0.95T, 2%
S —BORERLIEHE-TVE, A—R TV TIBYBHFEMALIZL 25T, BOPEVBRTY 5 b
Y v T OLEMEFERITEREY,

AEBRICBIAEI %7 5 —ORBETIELUTOLSIKE 3B,

2y T—BROMA Fig. 21 KAT LI CHBEEMADOAHEICL > TNI Y *F08HEHM, RV v 7
PNEVEZRIZRAT) » b v 7ORNDBKEL, 2OhRIHBOREVREBIEIEAREL, TOBHR,
27y b v SONBEREREESEESS 3, T 7L - bOFRRREE OHBEBEVRDTS

50
2y IHRKELEBEVT AL — L ORIOLEHBKEL LD, ZOEREDORY » FREHT 2.3
mm Th b,

BAERSD HELEARAIOEGERAEHE-T, ¥T7L—bHTBERTY v MY v S ORKRHA
HAER®wZE, 00 HEAOBAHE0.35T0.85 HE060TO.73L%55, BBFANEEIERNEMED
&, HEIBREC 0.765 £ 3,

90° HEOBAOR L HREBEE TIiidd L, HE0.35T0.77, LE0.60T0.81TH 5,

BARABEORY v T R7 Uy b Y Y TORKHAEDORY » 713, 0° FRADOHE, ¥T77L—+t
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S 200 4T N0 D.-fir 0°
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ES Ly N W. hemlock 0
S = .8 f;(k 4, T
Tg 8RB, NP 90
25 : W%, W hemlock 90°
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2
RE 0.8
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S »n 0.6 Ezomatsu 0
§ 5 0.4 Sugi 0° (.
=~ o " . . N
-_{_—: § 0.2 Sugi 90
TNz ] Ezomatsu 90°
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Fig. 21. 2V," 279 » F U ¥ P EAROMAE 25/, v 77
L= EGE O DB

Comparison of the resistance of 2'/," split-ring joint with

that of 2°/3” shear plate joint.

DO0.74fE (A4 wv), 0.8845 (N4 vH), L2 (=/ =), L48f (2%) T, WEBIZL-TK
NOMERIHR - T B, ‘

90° DA, 0.31~0.51fETY 7 7L — +tDHBKED B B,

6.4 MESRESEIERE

SHIEME Fig. 22 37 7L — b 0 FRASIRABRIKBY 3HRAMAH S5 VIER Y v 7 1 mm KOET]
LIREEEE ORRER LI BOTH 5,

Ko i i3 NDS™Y DR & 2F AW N OBERHSEHRAMNC S TEDTRLAL DT, KR
LR —HLTVWEI bbb, TOEBMGHER SsoLtEn' OEBRE S LKED SN SDT,
Cuu®™ OHEBRTHEHOBENBONTE, ChCHMLTOMBERZVEVLI LS,

Fig. 23 @ ¥ 77 — b 0° HEERARCBI 5ZAMNH 5 Vid 2 Y » 7 1 mm B0/ & nbbk
LOMFEER L bOTH B, OB IIFIERM ORIEREEE L boT, RBROBESEREMA
TIDLHIBEBRHLILEITDRS,

Mo g e NDSY o# A oEsE (212 LIRS £RLAb0TH 50, MWERI o
(B EEXDOMADERIIIERROBALENTENITH 2, EHROBRE, 5IROGE SHTHM
NOESNADBRILY, TR~y FICL3ENOMEEZI L LHEVORKEEZEZ GRS, O
& O BRB IS RBM OMEEH O LEE BN L ERBORAICHL S BV EFLL S,

SRIERE Fig. 24 3v7 7L — b 90° THHEBRIC BT AERNGIEH LR AL 0BRERLILODTH B,

HERE A TR L7z NDSY OF RN OERAED SRIMF @A TWEH, ThiddTiil~
L, IMSHEENTHEELTVA LY TH D, BARARORARIEEICE, 41 Th~NES
2, EHE, HIEE NDS OREBL O KELTILEND B, IO LR—RFETHLIICED



n oiitH (tonf)

Load per connector

A5 —HEHT

A2 — @Y1 0 DD (tonf)

Load per connector

YTTFL—bERTY b YIS EROLEATRAOZR (FA)

7
—— Fi9
6 Average .
----- NDS &R H % ¢ [
5t Reducing method of NDS | e
o
3+ BRXFE .
Maximum load
2 -
| b Ry T ImmBEORHE
Load at slip=Imm
fi] 1 { 1 — 1, 1 i i 1
0 20 40 60 80 100 120 140 160 180
W B B (mm)
End distace

Fig. 22. 0° ARBIIRE2%/" v 7 7L — MBS OHERE & M7,
_A A

Resistance of 2°/;" shear plate joint subjected to the

tensile force parallel to the grain vs end distance, western

hemlock.

7

— El
6l Average : '

---- NDSOMER A . AT TR
5L Reducing method of NDS <

T BKHE
4 Maximum load
3 -
2y T ImmBENTE
2 Load at slip=Imm
I -
U 1 1 1 — 1 1 1 1 1 1
0 20 40 60 80 100 120 140 160 180

i E M % R OBE (mm)

End distance at loaded side

Fig. 23. 0° AAES 2%/, v 7 7L — MESER OB & i/,
XA YH

Resistance of 2°/” shear plate joint subjected to the

compression force parallel to the grain vs end distance,

western hemlock.

naH, NDSRIXZF—PKLMNEEOESIENCL BAMOACERMMENEDF « v 7 ZREIERCH
FELTHED, BAICE->TIR, EAMRESGEAROMIITIZN K KM OKEMBE cHitxh 514

KL ->TWwWh,
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a — FHE
- I Average
IS ---- NDSOERH &
= Reducing method of NDS
S
nE £ X7t 71
me 2t Maximum load
8
[
» &
NE-BRS ZY s 7 I mmBE D 1
:.‘,- 2 Load at slip=Imm
0

10 20 30 40 50 60 70 8 90 100
wOE AR E R (mm)
Edge distance at loaded side
Fig. 24. 90° AENA2%/" ¥ 7 7V — b A OKREER & W7,
A YA
Resistance of 2°/3" shear plate joint loaded perpendicular
to the grain vs edge distance.

ITO W HEERZGRED >, BEEMS/NEVHOE, AMOKEYMTRAMNRES Fof—
Va2 VR -TWADT, UTEBREOKENMIEAEORERIC > WL TREITEIT S,
BRI X BAMOKETEICNIE, ti0ixr & (Fig. 25 &),

d,z 5D DBH

3Q
TJOINT = —2-ng .............................. (3)
d,<5D DS

3
TJOINT — % di, .............................. (4)

kL, d,=iIERE

D=23x2%—FdFrOER

b=AHODIE

d=K#to¥uv

d,=FHHEZiF AR OREMIca %7 & —FFZF N b OEREINA FHE

Q=AM OHMIE S
Tooivy PEFBEME, d. 2 5D OBE, KHOHFBKEMMEHED 1.54 d.<5D DIFE, Kif
DOFFKETMRISHE & 75> TV B,
HBRTOBANEIEIMOKEYMRBEEROMITBHETHRE > TV 225, Wiic L 3Enb EMEHETIc
FELAWELREELL, 22T, &8T5 @ 2AVTRAWEDL S ty0vr ZEEL, HBE
TEDA BRIFIMRE 7,5 EOERDT, TOLEREMEOBERE Fig. 2570y P L7,
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1.0
Q Q
0.8F f { L)
Q 'UWIO]: e
[ ]
w T . [ ]
G 0.6— 20 e . 4
T~
= e
g 225mm  225mm . *
i .
0.4 _30 d v
TJO\NT—Zbde 4
0.2r b: EHOIE
width of main member
0 10 20 30 40 50 60 70 80 90 100

T E OB & E B (mm)

Edge distance at loaded side

Fig. 25. NDS 0X %2 AV T E L BAREROIMIENE (tiome) &

AHOBMRE (1;5) DHE, 2°/4" v7FL—1F, "A4UH
Ratio of the shear stress (7jowr) at the maximum load calculated
by the NDS to the shear strength (r;5) of wood.

Table 9. H:&HE 90° KRR IC 351} 2 BRI ER O/KFHIWIG HE D SIME S ioxtd 3 1,
7 joint /T”s_
Ratio of horizontal shear stress at max. load to Shear strength, rjoint/
Tys. 90°test. :

2% T 7L~ MESE 2" 27w b ) v TERAE
o @ 2 %" shear plate joint 2 %" split-ring joint
Species B Tioint HREREH Tioint
Number tested T s Number tests T s
A =y 8 0.41 10 ’ 0.34
Douglas-fir (13) (7)
_AvH 16 0.30 10 0.33
Western hemlock 12 (18)
/=y 7 0.32 10 0.36
Ezomatsu (13) (10
ZF 8 0.38 10 0.37
Sugi (20$) 10)

Note)l iTjoint RBR M@ LD, Tus 13 JISZ2114 OARHORLAMBREELORD 3

Tjoint was calculated by Eq. (4). Tns was obtained by the testing method for the shear strength
of wood defined by JIS Z2114.

2. NAVYH 2R T TV~ FESBIONWTRTTOREROABRKL ST
Tablated valus for 254" shear plate joint of western hemlock is for all the specimens with
different edge distances.

3 FHLEE EBRK . %)
Average values and (C. V. ; % ).
Tsoint/Tors 3, BEMINS BB LA TROTBEMICH 24, £OFALIE Fig. 24 L
~TEST, R @) IREMOXBES ZEEHMALTVELVR L,
Table 9 &, ft1d 90° HHATEMHABKICOVTD 1087/ Tos PEETRLALSDOTH 2, BEICE -
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< 5

il

€
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Ql\ g --- [£#8 Compression
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Fig. 26. SICEITHEONEZT B <1 v H 2%/, HEHO
RE-ZY » 7ERICB T 35 R L EROBR L
Difference in load-slip curves between 2°/;" shear plate
joint subjected to the tensile force and that subjected to the

compression force.

TRBLONS Y EHBLONED, IR 9 -—OEENENEN0TOLELBEERLTEBD, #HEE
KEBERTVWEVLR B,

R (@) 13, BECXZAMOKEIWEE % 10~40% BAFML TV 3, LA LSS, KHOKE
BN AIG I, ERICHIENTEONEBLER | THRREMOBE LD BEPINSSRESNT
WEOT, R @) EAFHBEMNESES SBEESNAHNUEEROBARACH L THABRBE D
S TWB, CORBICOWVWTIRG.6 DIETEET 5,

6.5 0 AAMAICET B ERRE S &5 IERD & OB

T A Y A DREFHEE NDSO ¢, HEHEE 102mm (EFOHE), 140mm GIEROHE) LlbE
Thid, FRMARELHLZ->THD, HOETLREKRTS 5,

Lip LRSS, <Ay HERWAEERTIR, BARIOTEE BEAHAIHROR Y » 7OEEHEA,
EfmTEhENn 5750 kef, 6.52 mm, 5[38T 4880 kef, 5.8l mm &, FIRISEMED 85%, 89% &L75-
TWa,

BltkizcowTd s L (Fig. 26), JIROBAMNIOK /4 UTTRERA WAV (RTHRHEROBE
FESOBELD R Y » 7P WVERSS SN EH, THIRARBETEHCTFTIERDBLVOTH S5 &
WhNE{TEiHEBEDNS),

HH, 4 (102mm) DYTFL—rEZAFY » b)Y TRDVTOF—ZA M5 ) TIKBH BRADE
B Tk, EMESRETHShRRAENBED Oh, FEORETELETORIHEREY ©, JROBEH
BEMNEERTSE @ D375 - LTOR) JEHRRBEATWVS,

6.6 MEWHOBAEIZONT
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HATIhE TCRBES WD %7 5 ~BAOHFAMNOEEER, MLoR® caohs k> aEs
EEAOAM OIS IE L BIMIS I E P 5RO BHHTH B, TOHEIE, 225 —OFkEch
LOOTHEATE ZEREHH 5, £OKME BEEALGRMT ¥ THRESFRIES N TR ORLEL S
50 LEci-T, HBLEN/a X7 7 —TARROL I ICERT -5 —Hd 5581, ERICEISEH
BHIIERDZHEPELEEL SN B,

LLROMBRHEHOFEEE NDS® OZ7Y .y b Y v 7 OFAM I, Sholten' #SEES SREL K
BN~ R > TV B, SHOLTEN OFEBLERIRDOESVTH 5,

WA OFEMS, P.o:

3

9 1
P)a‘ozlnmaxxf>< &

6:_—,13"1”><I .............................. (5)

X

—
M#H
—

TLT, Puy WERTELEART WMAED OFEM, 3/4 X TRBERK 1% 3LLE (R
EFERICXT3), 9/16 ITHEHAESBORABRK TS S, 1B, P, DEEICBELT, P, QHHIMR
BREOL/BE2BATVWEWIEEBEL TV, TD5/8 DEGMERHMOFEERETH 5, HBTH
B 5,

it cEAAROFERT], Pow;

Pu,':)O:PP,QOXé— .............................. (6)

ZIT, Ppg RERTELLFMBERE (MHcEAAR) OVEETH S, 1/20fEic>VTidkiE
B,

8, SHoLTEN DB L7 Lo WBIEEICBIRLE L Py DT0% L1 >TWBEDT, EBIC Prgy O
EREN» S P, o #FBF L & IEBDNIEV, SHOLTEN BEMICEAHRIOMIOERIC>VWT, &K
WATIARM OWEJHEPL X HHEOREEZTTVWE0T, hEEEEY, HARERED 2 AR
RICERODEHEBVALEBRNTWE, LM -T, 1/2 OEOERIZHMSRICE T 3B & HH
BRER & O, 2 HMOHARERNOHERE L bOEEL ONDH, HEOEEHIE L,

WEROFATH ORI, ERTHALBERNRTCLFMRER ISLELERBEKRCS s,
HEEEE L TIT>TW 3,

IHEERECRERRE L AT & OB, EREBREEREOEEHVTL A,

3%, NDS® 0FAMA: SnoLten DREMD 10% BEE-TW3, TD10% O, FEHk
FEMOBABEM /16 NEVLTELLOUMIz L2607, HRELTERKIIS/S LT3,
COMOEFI DL TIPS HFELIRHAL TV 3,

BEONBHNOERE BACIESMOFBAWM OO LL LFHFEMNTV, BEILI0E, 8
ML 7o 7RBOME LHBRLIE (£ IFBWS) LOBEKRTS 5,

ARTOTRAESEML EE . GPFEE: REFSHEORI3:2:17T, ILkoaxs5 -0
FCHFRZ3:1.46 (1.27) 1.1 TH5 (Fz£2L, T TIkDEMIE normal duration 2L TV
3, gdbXoEHOBRIMECLRICTT 3E, 7 aRNRFiond 3. BALIkKERET 3 &,
RO/ 10%, HECRCT 5 37%, —BHoTicxtd 3Ed 57% BARDHHE L,

BEY OBEER IBEEEE T FORBIC L » THERREIC LD 225 308, REHILREBEERESR
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OHFEIE, BERLF» ) T —va VvABBREI VDA TVWS, FOEKTIE, EE0d 3K
DEMHFEMAEIRORPOME L THOWTORERVWE VR LS,

R REPFERNT, BRORFOERCHATILROBR YL TELRET I L3, Lkt
HHMEPROMERGHHNE 1BL LTED, RRMEHF VT ETVL R LS5 cBbhsds, HET i
OERMEOMFHHEMBELRIL L LTw2ARGBRAIKS 2 X H5icBbh 3, WFhiclTh, T
R ERGEHEORN 2T ERELIATREVDT, BXOHER Lt EHTHL,

K, EAROFENNOFHCEEL T, ToLTHS EHRET ) v Fvd, ¥25140D0) %
EWTELVIELT NS D, L LUNS, EANOEIIES L BEROKE & 2SERT 201, B
DEFCHRHSN/ABE Y 2T 1L 5607T, FIAK L 5 2DIRE, BAWHK T v bLTHESIHS
7EANTHAIN, BEEREEEGBRLIV, Lid-T, BAROHFARNIEERENLTI0EEL
TEAZ, ZUEAOLBEIBE 27 2 LOMBTRI <RI bDEER 3,

6.7 HAWMOORELHEHRY

HEWMODORE (£0 1) Table 10 i3, HERRI: BERRFOMEHERVERF -5 —% b
ERERFLAFERNTH 5, FUHESEILTORVWOT, ERF— 5 - 42BAUNLOBRBINS
X2%BUH -1, FRORFZVERG NDS® 28F1cd 5 & & L

FTELLHTE SN, RPHEMSI P, %

_ 3,1
Pa_Pma.xx4XS_F'

X

l\'Jlr—A
~
-3
~

ORTHEHT B ELEEELD, JIT Puyy REAWAIOFEME, 3/4 3TRLERE 1/2 3ERPHE
RGHRIOMERMTH 5, S.F. RXLETH B, BREMNLMELE LTRERMNSDLI, 2L 3KE 15
LT ERDOBH >, £ TROFETHERMAEHFNAL /2,

1. L0BATSF.=2&LL, BEOREMRETHE2RFO v 7 7L — b 00 FROHFAR %,
EBROBEARIZE~— 2R (D »oHENT 3,

o, fhoEES V- TOFBMNR, SV-THORLBREOEVEEO VL EEEEL L TMK
S B, KL, TOHETIE S2 & S3 LoEVALLEIDOT, LEORD D ICER®E, S1:
$2:83:54:85 (R¥, <4 2%) =350:325: 300: 275: 250 kgf/cm® 2 H\ 3,

NORTY Y P )Y SOFAEME, NDS® BTV T AL~ b0 0.95{5E 5 (ERTIZO0.73
~0.85 %R L TWV3B,)

= 90" HEOHFAMSE, NDSW It T 0 AED0. 71543 (ERTSRY » 7 0.5~1 mm
Dt /IEEI CHBERL TV ),

T, RAYHOYT 7L OERTE, FERRERBRIO 85% 2R LTV A0, Hitoff
AEZEUCHBMIET 5,

~ AMOES I X BHAWOHEIZ NDS icH#L 5,

LtcdioT, REBRIERMIC2~1L52BALAILEL S, TOFIRSOVTRETHLLTANS,

5B, BROFBEMRNOBBIINA Y HFTUTOLI T -7,
(AADEHHFAMS) = 0.75 x (7 £ ) # O normal duration 233 3 FEW )
EROBAWNEHNBR A LOLE EROBE~ OBEARIERE L 2HBRIOL FERK 24
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& Fig. 2TDEHIEH B, 0° HADPAE, ¥ T7T7L—FT455~T.60, FHE6. 11, 7Y v by v
7T3.95~7.10, ¥55.11 TH 2, 90° HEDHFS, Y7 7L — +T3.95~6.65 F55.07, 27 »
MY Yy T3.41~5.22, Fi54.07 Th 5, )

5B NDS® et 21, 90° ARMAOSEBFIIBARTE L, BEIK L 2 EMOKEMIFIEN) THA
HAMHEEINE Fod— Y3 YiRE-TVWB, JOEFHEVHMOFRNMILARE (BEEELRET
SHBIL) E~N—-RICT AL, Fig. 28 KRTEHICHIR 7 ¥ -2V - 5D/ FHEERII 8. 80~15. 22,
SER11.29 E@WEIK I 5. BEMOFALIE BREETRE1795) B8MO 1L.55T, Thix

Table 10. #EL/2 275 —BEEOFEWMT —€01—, MHEAHROEMNEICNS 5H*.

Recommended allowable load for timber connector joints —1— . Values
are for the long term duration of load parallel to the grain*.

FFAMS  Allowable load (kgf/connector)

2%"(67mm) Y771 —} 2" (64mm) X7 w M) T
& B = Shear plate Split ring

|
IVTN gpecies L @y 2 AT L B 2 ESI
Species Sﬁgﬁiﬁ Double shear Single shear | Double shear

group

AMODEZLX Thickness of piece (cm)
630k, |38LE 3.8 |80 Ik

more . more more

3.8 3.8 | 5.0

_A =Y
Douglas-fir

SL 17{07'7 910 |710 |93 | w0 |70 | 9% |720]| 930
uromatsu
Th=Y

Akamatsu

o=y
Karamatsu
~4E

P.O.ceder
k/F
Hinoki
A
S3 T\,Sjr‘gyaﬁ 780 |60 | 800 | 840 | 670 | 80 |62 | 80
Western hemlock

S2 850 660 | 860 910 720 870 670 870

Ry
Benimatsu
| VA
Hiba
€3

Momi
S4 Ty 720 560 730 7720 610 730 560 730
Ezomatsu
AT W— R
S-P-F
hF=y
Todomatsu
AF
Sugi
PRy S 650 510 660 700 560 670 510 670
Red ceder

*RECHEATAONIHUTRRD 10% LT 2
Seventy per cent of the tablated values for the load perpendicular to the grain.
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8
; H H H H
H H 1o
h :h nho PR
*‘ B F
E°® g Eef 7 D h
“E§ 5 P n h n
2
oy
&<
E E 3 —— D=~1='Y Douglas-fir 1
K x H=~A"YJ7 Western hemlock | /48
[ § 2 E=xv<Y Ezomatsu compression
S=X ¥ Sugi
I =  h=~qvH (5]3&) Western hemlock (tension)
0 | 1 1 | ]
0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65
EETE (g/cmd)
Density in air dry
a WBHECTTHEONESHE 2%/ v7 7L — FEAR
2%/ 3" (67 mm) shear plate joint loaded parallel to the grain.
8
! H
S H
E 6 m. H
E D
E % 5 g S HH | H n B
{@ § P S SE E H B
%2
©
.K >
%3 2
|
0

0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65
T E®E (g/cm)

Density in air dry

b, WMECEASEONERY S 2%/ vT FL—t

25/, s" (67 mm) shear plate joint loaded perpendicular to the grain.

Fig. 21. B3 3BATHERR LA HBWAOH GIEHEE

Ratio of the maximum load obtained from the test to the recom-
mended allowable design load (load factor).

— AT REMERKIIEIZO /1.5 4748bb587~10.15 F97.53 &7 5,
EBRNOHELIBRARHO 5% TRELSARDEOLE RBICALLAMISNT L b2okEL
REL TV RVOT, WERDLFHERKIFBHLEREREL TV, BEELOR, SEE - I38E S
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8
7 5 H
© n H
8 6 5
= $ H H m
) | S D
R% 5 E!D S mH D
%g ES G EE HD
g E|°E BRo
N o
[T
2 3
K
W= 2
|
0
0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65
REEE (g/em)
Density in air dry
c. HWHECEITERMONERT S 2/, A7 v b U v TEAKE
2 1/ 3" (64 mm) split-ring joint loaded parallel to the grain.
8
7
h=}
g s
@
£S5 n
%o E_s Iﬁ D
w4 sEgE " D
B £8 s H
g2, I
|
o
2 2
|
0
0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65

[E T E (g/cmd)

Density in air dry

d. hAMOBECHEAFRMONEZTE 2L/, A7) v 1) ¥ IHBAK
2t/ ," (64 mm) split-ring joint loaded perpendicular to the grain of
the inner member.

Fig. 27. (o3%) (Catinued)

V=T DEKNRAOTIREICH T 2HFEMNIOELTS 5,

ZITW, ERTELHEIRAMN L OBFHEEHEY, SHBOLEOSHD 52 ORAHID 5% T
MRflE %R, FFAREHEL 7.

AR ARESEES 0T,



B/l H

Max load/Allowable load

BAFEE/

it

Max load/Allowable load

K&/

-
HX

WEHRBERE FEUT S

16
14 —H
H
g D
12
. | s BBB 5 o
S S H
10 § 8— H- H
S )
8
6 ‘e
4 D=~4<'Y Douglas-fir
H=~4"V7 Western hemlock
2 E=xv""Y Ezomatsu
S=2Xx + Sugi
1 i

0 L L |
0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65

TREEE (g/cm)
Density in air dry

a. WMCHEAKEONESTE 2%/, v T L — MEAK
25/8" (67 mm) shear plate joint loaded perpendicular to the grain.

m
I
I

I
i

=

w
v
win
I
T

1

0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65
[EEE (g/cm)
Density in air dry

b, hRMOBECERSRONETIS 21/ 70 b v IBER
21/ ,” (64 mm) split-ring joint loaded perpendicular to the grain of
the inner member.

Fig. 28. ERICBWA2RAMAE, DRMOHEITRREES N3 FE
Aok

Ratio of the maximum load obtained from the test to the

allowable design load based on the horizontal shear of the

inner member.
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YT TL— b0 Bl P =10947 % p
0% =143528
ATy b Y T 0" HE: Pray,=837T%p
0% =208242
121U, Prae OB kef, o WAMOSRELE EE), o REESHTH 5,

BRBEOLEI, EEMIOVTR TBROKRM ™ 25, ABREMICOVTIE MHROFHAM 300
B »oilALK, 2L, ThooBRIcIhEOEROERILT VDT, ASTM D 2555 5%
i, TR 0% OEBMGEREL .

HE»SOBRKHAICHTER, Zo0RREYK (LE, ORoHEE) oMoMETH 505, HLLTEE
FHRVOT, ROEIUWEVFAMDY Iab—Yavildot, THbE, EMERESETCHERE
B, EOREBERESHTRIBOBELRYD, BAMNIEHET 55ETH S (Fig. 29). R LHE
B3 RHEIc> X 3000m & L1,

HELZBRAIN/I% Table 11 Z/R L1, BEE IS V- 7HTROLEO/NSWEED 5% TIRME L
AHEDHE, Y T7L—-rTi3415 (S ~4.75 (83), 27 » b Y 7/ Ti33.14 (S2) ~3.58
S &1t
“EMOORE (E02) BKAWHO5% THEA (Table 11) »SHFAMNIEHB LI, (ZD D)
ORRLAETLEERETILRDL DN S,

D R (D T Ppax x3/4 0ROV ICHEIHITKRD - TFREEH VI &,

2) Maxsy—OFFWHOOLEE—ELLET, Eilickwizl &,

3) BEISA—7THL, BB VWTHARNERELLE,

B, (F0 ) or—n, (=), GR), (N @}, TOFEEALL,

ERnEE
Error of regression

ERER

Linear regression

F2EOEBRE

- 2nd generation of random value

Maximum load

&K H

B ol BEE

. - “lIst generation of random value
-

BE

Density

Fig. 29. a%7 5 -BAOBRAMIONHERDLE F AL O
Monte Carlo method for obtaining the distribution of the
maximum load of the connector joints.
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Table 11. HEA~N—RCEVYFHLAY I 2ab—Ta YTHELL IR ¥ —EEOBRHHD
5% TRRME (BAMER )
Lower 5% ile values of the maximum load of connector joints
(parallel-to-grain loading).

kgf/connector)
YR B (
® ;-3 BT~ & R Maximum load
A . . 25%” (67mm)| 2 %" (64 mm)
dev:;izge Species group and species “/78’7'1/— b Z;’ Doy U
in Shear plate | #° Split ring
e o iy (S HTFER| #15 |5 B TR
LY 1 kY P2 S
(g/cid) S1 52 53 S4 85 | Ave.|5% ile| Ave. |5% ile
~NA vy
0.55 }i)ouglas- 6020 | 4840 4610 3550
r
7oy
0.54 Kuromatsu 5910 | 4730 4520 3470
Th=y
0.52 | Akamatsu 5690 | 4580 | 4360 | 3330
e 4 v Nz=y
0.50 Karamatsu| Tsuga |Benimatsu 5470 | 4420 | 4190 | 3170
~ 4k
0.47 P. 0. ceder 5150 | 4120 |3940 | 2950
<A
0.46 Western 5040 | 3990 | 3850 | 2860
hemlock
[ AV
0.45 Hiba 4930 | 3860 3770 | 2800
e/ * %3
0.44 Hinoki Momi 4820 | 3780 | 3690 | 2730
RV
0.43 Ezomatsu 4710 | 3690 3600 | 2660
0.41 Z; P 4490 | 3500 | 3430 | 2500
0.40 Tayb 4380 | 3420 | 3350 | 2420
odomatsuy
0.38 3y :’i 4160 | 3250 | 3180 | 2280
AR F
0.37 Red ceder 4050 | 3160 3100 | 2190

GeBREDELILEZOHFEMNI%E Table 12 iWRL i, FBAMHRERHT L DTH 3, ERT
1, XLy HOY T Fr—+ ORI IFRH D 85% LL - T3, Likd-T, Z0&5HEA
HicH LA s E8HT &, ‘2RI LT ELS,

6.8 HME—RY o THEEHR

BEWMOBET TRBE L T TRAEESERIN B 2 EHBB LV, £0LHEEE, FEMHUT THEET
THEIELEAONS, Lib-T, FERNUACERHE I V-7 L OME—R ) » 7O EEEHS
S5Z 5N TOVNEEFITS 5,
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Table 12. |EL/ 357 4 —BEEOFEWH —Z 02—, BEHIRORPEERICH SHE*
Recommended allowable load of timber connector joints —2—. Values are
for the long term duration of load parallel to the grain*.

Hrae

TR ?’Fﬁﬁlﬂ?‘] Allowable load (kgf/connector)

wOOE W oE WOE 2% (67Tmm) ¥ 7 7L — b 2BTRT Yy RY) T

Average 7 —F Shear plate Split ring

density

ai;ndr Species | Species EE%{? 2 Y Ak 2 EEI

Y group shegr Double shear Single shear |Double shear
A#DESE  Thickness of piece (em)
6.32L E 3.82k 5.0BLEk
(g/cl) 3.8 3.8 5.0 |° e | 25 | “more | 38 | more
085 |SA%Y S1 1130 | 880 [1150| 1210 | 740 | 8% | 680 | 8%
Douglas-fir
0.54 I7{ oy S1 1100 860 | 1120 1180 720 870 670 870
uromatsu
o.s2 |7FZ7 S1 1070 | 830 |1090| 1150 | 690 | 830 | 640 | 830
Akamatsu
hI=y
Ka;}x:amatsu 2
v
0.50 Tsuga S3 1030 800 | 1050 1110 660 790 610 790
Ry S4
Benimatsu
~Nq ke
0.47 P.O. ceder S2 960 750 980 1030 610 740 570 740
Ay A
0.46 Western S3 930 720 950 1000 600 720 550 720
hemlock
(A
0.45 Hiba S4 900 700 920 970 6580 700 540 700
£/t S2 ,
0.44 Hinoki 880 |60 | 90| 90 | 570! 680 | 530 | 680
Momi S4
0.43 |[T7/%7 S4 g0 | 670 | 80| 920 | 850 | 670 |slo| 67
Ezomatsu
0.41 é‘_f,_’;—l S4 820 |e640 | 83| 80 |50 | 630 | 480 | 630
FFEwY
0.40 Todomatsu S4 800 620 810 860 500 610 470 610
0.38 g 4:- S8 760 590 770 810 480 570 440 570
ugi
~A R
0.37 Red ceder S5 740 570 750 790 460 550 420 550

*REICEATRONIKHLTRED 0% OBLTS
Seventy per cent of the tablated values for the load perpendicular to the grain.




QR o8 — AL NFE (onf)

aOFx s — AR NFE
Load per connector

Load per connector

HELBIBTIRRE F3M4T5

T T
a : Plate 0° 0.60

_—10.55]0.52]

LR
\
2
[

10,40

V.

N
2

I 2 3 4 5 6
Z 1) w7 Slip (mm)

YHHEAONEZIS 2% YT 7L — HEAR

AESIRE =4. 5 mm, AN RE=21 mm, K4 +E=19mm
21/ »" (67 mm) shear plate joint loaded parallel to the grain.
Thickness of steel side plate = 4.5 mm, Diameter of bolt hole in plate
= 21 mm, Diameter of bolt = 19 mm.

C: R'ing 0° 0.60
A Jos] 0
//////////////////UAU:EE—J/
T
/// ///
/ gy
17
///
: 2 3 a 5 6

21 w7 Slip (mm)
c. MWHMEHMITHEZTS 2y 7Y 5 M) Y IEBAEE
2Y5 (64mm) splitring joint loaded parallel to the grain.

Fig. 30. %7 5 —¥EGOME-ZY v 7EEMR
Standard load-slip curves of timber connector joints.
Note) BHofHidkeEt&E

Values in figure are specific gravity in air dry.



A% 2 — AN NEE (tonf)

a2 — AL NHE (tonf)

Load per connector

Load per connector

YTFL—bERTY o by FEROCESTARER FE)

b: Pllate 96’

VAN
L]

%
=
|

DN

/

NN

4

0 I 2 3
Z 1) w7 Slip (mm)

b, MHICEAFROHEZH S 2%/ YT 7L — AR
RRMHE =4.5 mm, FKEN b RE=21 mm, K FE=19 mm
25/, 3" (67 mm) shear plate joint loaded perpendicular to the grain.
Thickness 6f steel side plate = 4.5 mm, Diameter of bolt holein
plate = 21 mm, Diameter of bolt = 19 mm.

-
w
o

d : Ring 90" 0,60
/ A
55458 |
2 N fkm—,f\\j
7 ZamaN s
i A NN
///-/ 0.37\/\—
) a7
| //
) &

Z 1y w7 Slip (mm)

d. SECEAHRONEZTB 2L/, Z7Y v b U v TEAER
21/ 3" (64 mm) split-ring joint loaded perpendicular to the grain.

Fig.30. (o2%) (Continued)
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Fig. 30 3EBoORRR L D RO EEMBTH L, IO o, LEEREERLEL TR » 7 0.05,
0.1, 0.2, 0.4, 0.6 mm—(UTF 0.2mm T &) kT 3HELRD, FIHRTHATGDOTHS, £0
fodh, WMESKECRDLEHENN TS 7R Ty 1) Y FEARTE, BobTRVEAHTE
fed, BUBEBLEABLTEO»ICTEIEbHEETHS D,

7. &

#

25/ YT L E 2V ATy b)Y S EAHORBE TR, CREDIXYS S —HEL D
Ex THEAMINED SN, BHELHILTWEDT, BATHVLWOLhZTELRHRE, ~1 <y, ~A
vH, ey, AFEWHREL, FLLTZORERNERD D& & Lz, —8, iR
EZLEBGIT - on, KBS ORBRAOKIERE, SRIERE MEL S ICREORGIE%E NDS THAm
JIDEEE RS 2R kL L,

FRTII AR EERT 5 LR L 5 2 B,

L ¥77v—bESR, YT7Lr— P AREARMEORREMI/PNS L, BVEREAEEGE LM
GHETHEH, YT T — b EBRRIEEN P ENLTHBRESLEZDT, A PRICBYEH S
NOEEFEARMCEE T 5, LHLEMES, BURAEZE>FLVMESEE~X3 L, AfoxL
FADRIECES LIS WA T, LOE LGRS SN B,

2. ZRFY L b)Y VIBATIE, A7V MY v ZEAMBECERTEST 20T, #ARERE V.
3. MM CEMAMOIENEZIABAEDR ) v 7 Imm UTFRMET S, fiaixss-—&b,
BHEHENCIE 1% 2 B HAOK T0% T, ILROBARHFEHRIOLEL BERILETS - 12,

4. BHICHEMA ARSI LACERTIE, EMAKEEINS S TEREL o, BEEAROREKIKA
ERDBICHES B oo LKORFHEEERCR, COLD BIBEOKEHWIGHEETF = v 2T 3
KB TH LD, zOREROCRAREROKEIIMIEIE A RO 1R,  RBIBIMEER <R
DIAMOFTHEE D 60~90% TH -T2,

5 YT7L— bESOERTE, RHOMfFRLIOML2%2EZ TS (100kgf * em & 400 kgf » em),
Z Y w7 Imm LRSS 50 ) ERAMR ICRESS Wik - 1,

6. ATV b Y Y IBGLYT L - MEROBRRRNERRT 5L, A7)y b)Y TERED TS
&<, RO NEZTRHGOhE, 0.85 (GHBEHF0.35 0L %) ~0.73 (SLEH0.60 D& X)
TH -1,

7. BHESROSBENEZTESA Y HOYT S L — FREHMOBKM L, SHEEHAE 4em BT
85 LIETT A ERAER L f, % DA /) &G & OBk, JLROFEMS) & ikkest & OB
HREBEEHLTH -1,

8. MMEICEMABRONEZIENAL VAL T 7L — MESHRORARNR, ARSI N0
BN BIE L > TELUE T 2% R L fe SAR RO M OKEIEMIE % 4.
TR OEIHRERTRD 5 &, BEMICIE U TR T 30RO IEC, RIgHEH
DEEEHLRERAL TVD bbb -1,

9. BHEHMIISNEZUENA v H T 7L - PEAORAMNG, FERESIRE TR, TR
FERID 81% Th - 1o BROER, FIHROBRAMIOK I MALUTTRS SN Hh -1,
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10, HEAHEOBRBIEREEL, 2 v F—ERORIPERFHJIc > W THE &L OHBEH A~
B, BARAC>OLTREI 7 7 - L bBOEMER LI, NEWVWRY 5 Fiiwhd 387 & O
i, A7y MY Y TESTHBM -0, YT 7L - MEATRIEL, MHrbkECLSF3E—
EThH-T THEY T 71— b EGMOYIIAER O EEFRRIRO F L+ RO TH - fofcd
LEZOLNE,

EEBF - 4 2B OOFETHFEMNZER L, —2E, vY7 71— b OEROBARA» 5%
DHFAMNEED, ILKOBAREOHFEMAE,ASZATY o b V7 OFEMNEED LSO TH 5,
O, BHESV-TOHE L 5% TREARN (ERD ol 2FEMNOLE, ¥ 7 7L -+
TA419, R7Yy P U YIT3 14 &M o1,

2EEORRR, EBAOSBLAIRI ¥ - KOV TORKR LLEORFERZ AV, ERORE
CHEOEHAEEZELTEYFHILTY I a b~ 3 YTRBELBARAOTIREIC 1/4 203 TED
bDOTH 5,

WM EAREONEZT SBEOFEMGEHE SO 0.7 /& Lichs, 4 T~ EMOKET K
EHEOF = v s REEAT 5 &, FEROBBKROFAR M 2B ARAOLEFIGTH 7.5 &t
Ricis b,

ERRXEAVTHE S LOME—2 Y » THEZRY, SR L TRRE L, CofhigE, #aW
OEFEERL THRERTET2LE0BELNS ),

BB, COPETERSALMESEEETZLROL IS,

1. 77—t (A HPH), 27w b Y v FESOTE S EREOR 2=,

2. M EMAEONEZY BIEAORER,

3. WIFMR. WEEO I %7 ¥ —%2FVk & XOR S,

4. BOKELGE EHHE SKREZEHEZY 3L zoMR (B, ESHEIC>LWTRY V- 7H
BETTILERDTTH B),

5 KEWHA XDIX2 ¥ —DWS,

6. AEFADIEHE,. IO TE 5 LENPHNIL S OREIT T 5 FRIAAIERICZ D, BIEM
ECHERBS LD IERICEDL T ENTELI,

f ES

Aok, BAEE « KAMERt Yy —OFEWE [ REMEOBEHIERER | ObTIT- 70

%75 -OAF, EEMOBECEEHAMIER &4 ve7 TEMOOWNEZI 2, £, &
BB L TEHAM RBERE, KEFROWMA%E0/, 515, 237 5 —BEOKEOHBEC >V
T, #—ZF 7 )7 CSIRO ® E.P. Luuene K& 0 £ OEWE VI 0, TIEHEOEEEL
£7,

1k, AEBF 5 -48-T, 77— THIEHSEHRL OBEERMICE 3 5 — 2 Y HEY,
BATHS TET R,
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Test on Timber Joints with 2°/,” (67 mm) Shear Plate
and 2'/,” (64 mm) Split Ring

Fumio Kamrya”

Summary

1. INTRODUCTION

Timber connectors were used in Japan before World War II when many structures with
a long span were built of wood because of the lack of steel. Since there was no standard
for timber connectors, the design specification for wood structures in those days recom-
mended that the allowable design load of the joint should be determined from the local
compression and shear stresses of wood near the connector.

Timber connectors have been used less since the end of the war with the depression of
large-scale wood structures. The current design specification for wood structures
published by the Architectural Institute of Japan (AlJ) addresses very little information on
timber connectors.

Following the recent development of techniques to build wood residential buildings
with a high reliability on the resistance to the earthquake load, some designers have given
an eye to timber structures and the dozens of long span buildings that have been built
during the last several years. One of their problems during the designing stage was the
lack of information about the joint.

This research was programmed to provide more detailed information on timber
connectors and to recommend their allowable design loads to the design specification of
AlJ which is under revision.

2. SCOPE OF THE TEST

2%/," (67mm) shear plates and 2!/,” (64mm) split rings were tested (see Fig. 1).
These connectors were made by Cleveland Steel Special Co. in the U.S.A.. Since shear
plates and split rings have been widely used in many countries and their allowable load
was already established by their design specifications, NDS”, CAN 3-086, AS 1720-1975°
and others, the test program to investigate the effect of all the parameters on the bearings
seems to be inadequate. Many of the definitions in the specifications of the foreign coun-
tries could be adopted in Japan too. However as the load duration factors and the deriva-
tion method of the allowable design load in Japan are different from those in the foreign

countries, the test was programmed to determine the basic load of the connectors for the

Received December 22, 1986
(1) Wood Utilization Division
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species which are widely used in Japan, Douglas fir, western hemlock, ezomatsu (Picea

jezoensis CARRIER) and sugi (Criptomeria japonica D. DON). The scope of the experi-
ment 1s shown in Table 1.

3. TEST OF THE JOINT WITH 2°/;" (67 mm) SHEAR PLATE

3.1 Testing method

Three types of joints were tested ; the bearing with the compression parallel to the
grain, the bearing with the tension parallel to the grain and the bearing being perpendicu-
lar to the grain as shown in Fig. 2 and Table 2.

The side member was the steel plate with a thickness of 4.5 mm. The bolt hole of the
side plate for the 3/4" (19mm) bolt was 21 mm in diameter. Thus the possible gap
between the bolt and the bolt hole was about 2mm at the maximum. The fabrication of
the joint was made so as to minimize the gap when loaded.

In the majority of test specimens, the width, the thickness, the end distance and the
edge distance were the minimum values defined by NDS for the full allowable load. The
distance between the loading blocks in the test loaded perpendicular to the grain was 13 ¢m

and much shorter than those adopted in the other tests!!*%

At the beginning of the test,
the distance was 35cm. However, as the main member failed in bending prior to the
failure in the horizontal shear, the distance was shortened. A similar problem probably
doesn’t occur in the other studies because the widths of their main members were about
double that of the ones in this study.

After the test, the compression and shear strengths of wood were obtained as per the
testing methods of Japanese Industrial Standards JIS Z 2111 and Z 2114.

3.2 Results
Resistance when subjected to the load parallel to the grain

Fig. 3 shows a typical load-slip curve of a joint compressed parallel to the grain. As
the tangential modulus when reloaded is much higher than that when initially loaded, the
deformation of the joint can be recognized as plastic rather than elastic.

Studies in the past were concerned with the proportional limit load. This was due to
the philosophy of elastic design in those days. However, as the current design philosophy
is not tied down to the elastic range, no discussion will be made in this study.

Fig. 3 also shows that there is a region where the load increases at a increasing
rate. This is due to the initial clearance and the difference in diameter between the bolt
and the bolt hole, i.e., the clearance causes a large initial slip, and then the widening area
of the contacting surface between the bolt and the side plate as the load increases makes the
tangential modulus gradually larger. Two test specimens in which the side plates of the
bolt hole were relatively small, 19 mm were added. The slip of these joints is by about 20
% smaller than in the case of the 21 mm bolt hole (see Fig. 4).

The maximum load and the slip at the maximum load are shown in Table 2. The
failure mode of the joint was the split or the partial shear of the main member as shown in
Photo. 2. The slip at the maximum load has a negative correlation with the maximum
load.

Resistance when subjected to the tensile load parallel to the grain

In this test series, the end distance was changed. The discussion on the relationship

between the end distance and the maximum load, however, will be made in the follow up

section.
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The failure mode of this series was the split and the tension of the main member as
shown in Photo. 3. The tensile failure seems to occur subsequent to the split, i.e., the
decrease of the effective sectional area and the bending moment by the load eccentricity
cause the tensile failure.

TakeyaMa’s formula® for the determination of the allowable design load of timber

connectors recommended in the past is as follows (see Fig. 7) :

P= (Dt+D’t’) fc ........................... (1)
Allowable load = min.

P={(5)r+d.D-5(Z)a}sr. @

Where f., f. = the allowable stresses of wood for compression and shear respectively. D=

diameter of the connector ; D’ = inner diameter of the connector ; t = depth of the connector ;
t’ = depth of the inner shaded area of the connector ; and d, = end distance.

The shear stress at the maximum load calculated by Eq. (2) was listed in Table 4.
The values of shear stresses are almost constant regardless of end distance. However, they
are about two thirds the shear strength of the main member obtained from the small
specimen test. The ratio of the observed maximum load to the allowable load estimated
by TakevyaMAa’s formula is shown in Table 4. The ratio is about four and similar to the
load factor in Japan. However, there is still a problem in the formula because the failure
mode of the joint tested is different from the one that the formula expects.

Photo 4 shows the unfailed side of the joint after being loaded by about 4 tonf per
connector. The relative slip between wood and shear plate is very small while the defor-
mation of the bolt the hole in the side plate is rather large. It can be said from this figure
that the stiffness of the joint would increase if the side plates are thickened.

Resistance when subjected to the compression load perpendicular to the grain

In this test series, the edge distance was changed. The discussion on the relationship
between the edge distance and the resistance will be made in the follow up section.

Fig. 8 shows a typical load-slip curve of joints compressed perpendicular to the grain.
At about half of the maximum load, splits occurred from near the connector. The split
then developed slowly as the load increased. When the split reached the end, the upper
portion of the member which was separated by the split was failed in bending. It is clear
that the bending failure of the specimen is affected by the loading method adopted
here. Therefore the maximum load listed in Table 5 should be considered as only a
reference data.

Effect of the tightening torque of bolt on the resistance .

In the test series of the tensile joint specimen which has two joints at both at ends, one
joint was tightened at the torque of 100 kgf * cm and another at 400 kgf » cm. Fig. 9 shows
the comparison of their resistances at the same slip while considering the two joints as
independent.

It can be seen in this figure that the torque affects the resistance at an initial small slip,
but there is no significant difference between their resistances at slips of more than 1 mm.

4. TEST OF JOINT WITH 2'/;" (64 mm) SPLIT RING
4.1 Testing method
Two types of joints were tested. In one, the bearing of the connectors had a compres-

sion parallel to the grain of the three members. In the other, the bearing had a compres-
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sion perpendicular to the grain of the inner member and parallel to the grain of the other
members (see Fig. 11 and Table 6).

The species tested and the moisture content are the same as those in the test of the
2%/y" (67mm) shear plate. The thickness, the width, the end distance and the edge dis-
tance were the minimum values defined by NDS for the full allowable design load.

A mistake was made in this test series, i.e., bolts with a diameter of 3/4" were used
although 1/2” bolts are recommended by NDS. Therefore two test specimens with 1/2”
bolt were added in order to investigate whether this wrong diameter affects the resistance.
4.2 Results
Resistance of the joint when subjected to the load parallel to the grain

Fig. 12 shows a typical load-slip curve of the joint loaded parallel to the grain. It can
be seen in this figure that the deformation is rather plastic as is the shear plate joint and
that the curve goes in a zigzag when the load is more than half the maximum load.

No failure of the three members could be seen while the zigzag was recorded, as shown
in Fig. 13. The failure mode of the joint was the split of the inner member. The shear of
the core and the rotation of the ring were observed when the members were separated after
the test as shown in Photo 6 It is suspected from this observation that the zigzag march
of the load-slip curve is due to these local failures. The maximum load and the slip at the
maximum load are shown in Table 7.

Fig. 15 shows the load-slip curve of the joint with a 1/2” bolt and that with a 3/4” bolt.
No significant difference between the curves can be seen.

Resistance of the joint subjected to the compression load perpendicular to the inner member

Fig. 17 shows a typical load-slip curve of this joint. A similar failure mode to the
shear plate joint loaded perpendicular to the grain can be seen. The maximum load and
the slip at the maximum load are shown in Table 8. This data should be considered as
only a reference data because the failure of the test specimen was affected by the loading
method adopted here.

5. DISCUSSION
5.1 Species and the resistance of the joint

Considering the density of wood as a predictor variable of species strength, the correla-
tion between the density and the resistance of the joint was investigated.

Fig. 18 shows the correlation between the density and the load at a slip of l mm or the
maximum load. It can be seen in this figure that the maximum load of both the connector
joints and the load at a slip of 1 mm of the split-ring joint have a cross correlation with
the density. However, the correlation between the load at a slip of 1 mm of the shear plate
joint and the density is poor.

For further detailed investigation, the correlation of the density with the load at a slip
of other than 1 mm was calculated and is shown in Fig. 19. It can be seen in this figure
that this correlation for the shear plate joint increases as the slip increases. This tendency
seems to appear bacause the deformation of the bolt hole in the side plate which with no
relationship to the wood dominates the overall slip of the joint at a low level of load.

The correlation between the resistance of the joint and the other parameters of the
materials, compression and shear strengths and Young’'s modulus in compression, were
obtained. But their correlation coefficients are almost the same as or lower than that for

the strength-density correlation.
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5.2 Comparison of the resistance loaded parallel to the grain with that loaded perpendicu-
lar to the grain

The ratio at the same slip point of the resistance loaded perpendicular to the grain to
that loaded parallel to the grain was plotted in Fig. 20. The average value of this ratio is
roughly between 0.6 and 0.7.

A similar ratio for the maximum load is between 0.5 and 0.65. As already mentioned,
the maximum load observed in the joint test loaded perpendicular to the grain is not really
the one that the joint essentially has. The maximum load seems to increase when the
length of the main member increases. No further discussion, however, is available.

5.3 Comparison of the resistance of the split-ring joint with that of the shear-plate joint

The load ratio of the split-ring joint to the shear-plate joint at the same slip point was
shown in Fig. 21. The load of the split-ring joint is higher than that of the shear plate
joint when the slip i1s at a low level. However, the load ratio decreases as the slip
increases. The ratio of the maximum load of the split-ring joint to that of the shear-plate
joint for parallel-to-grain loading, obtained by using the linear regression between the
strength and the density, is 0.73 (when density is 0.6) to 0.85 (when density is 0.35).

5.4 End distance and edge distance

Fig. 22 shows the relationship between the end distance and the maximum load or the
load at a slip of 1 mm observed in the shear-plate joint test with the tensile load parallel to
the grain. The dotted line in the figure shows the reducing method of the allowable load of
NDS. This line is drawn so that the average load for the experiment for the end distances
of 145 mm and 180 mm is 100 percent. The experimental results nearly corroborate this
reducing method. Since a similar result was reported by Cuu®, there seems to be no
problem in this matter.

Fig. 24 shows the relationship between the edge distance at the loaded side and the
maximum load or the load at a slip of 1 mm obtained from the shear-plate joint test
loaded perpendicular to the grain. The experimental results do not agree with the adjust-
ing method of the allowable load defined by NDS. In the design of the joint subjected to
the load perpendicular to the grain, NDS tries to check the horizontal shear stress to the

main member resulting from the joint force by using the formula ;

3

when dngSDvTJOINT: ZbZ .............................. (3)
3

when d,<5D,T 0inr = Qb?i % .............................. (1)

where d, =end distance; D =diameter of connector; tyo;yr = horizontal shear stress
caused by joint force; Q =shear force in member; b= width of member; d =depth of
member ; and d, =sum of edge distance at the loaded side and half the diameter of the
connector.

For this type of test specimen, Eq. (4) should be applied. The ratio of the shear stress
at the maximum load determined by Eq. (4) and the shear strength of the member obtained
from the small specimen test is shown in Fig. 25. The ratio has a tendency to decrease as
the edge distance decreases. However, the decreasing rate is lower than that of the
maximum load. Therefore, it can be said that the NDS formula predicts to some extent
the effect of the edge distance on the horizontal shear strength of member.

5.0 Comparison of the resistance in compression with that in tension
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In the foreign design codes the allowable loads of the connector in compression and in
tension are the same. However, the experiment’s results for the shear-plate joint of
western hemlock loaded parallel to the grain show a 19 percent higher strength in
compression than in tension. Their load-slip curves are shown in Fig. 26. No difference
in the stiffness can be seen.

A recent study on joint with a 4" shear plate or a 4" split ring conducted by E.P.
Lhuede®™ shows that the strength in tension is lower than that in compression provided a
standard end distance is adopted. Further experiments on this matter seem to be
necessary.

5.6 Recommended allowable loads of connector joints and load factors

Table 10 shows the allowable loads recommended by several AIJ (Architectural Insti-
tute of Japan) researchers who are involved in the revision of the design specifications for
wood structures of AlJ. The general rule for the determination of the allowable joint load
has not been established in Japan.

The outline of the method used to drive the allowable load of the connector joints is as
follows; First the allowable load of the shear plate joint with the compression load
parallel to the grain for group 5, including sugi (major tree in Japan), was determined by
multiplying the experimental maximum load by three-sixteenth (3/4 for variation, 1/2 for
safety and 1/2 for load duration). The allowable loads for other species groups were then
determined in accordance with the proportion of the allowable compression stress. The
allowable values for the split-ring joint and for the perpendicular-to-grain loading were
determined by using the same ratios of NDS (0.95 for split ring and 0.7 for perpendicular-
to grain-loading).

The load factor (the ratio of the observed maximum load to the recommended allow-
able load) is shown in Fig. 27. In the case of parallel-to-grain loading, the load factor for
both the connector joints is 3.95 to 7.60 with 5.95 as the average. These rather high values
are due to the higher density of the wood used in the test than that of the species
group. The load factor for the joint loaded perpendicular to the grain is 3.95 to 6.65 with
4.57 as the average.

If the NDS formula for the calculation of the horizontal shear of the main member is
applied and if the allowable shear stress of glulam lumber is adopted, then the allowable
design load of the joint decreases and the load factor increases to between 5.87 and 10.15
with the 7.53 as the average as shown in Fig. 28. If the allowable shear stress for sawn
lumber is adopted, then the allowable design load becomes two thirds and the load factor
becomes one and half the values shown above.

The 5th percentil strengths of the connector joints were predicted for every species by
using the linear regression between the joint strength and the density. The Monte Carlo
method shown in Fig. 29 was used. The ratio of the predicted exclusion limit strength to
the recommended allowable load is 4.15 (group 2) to 4.75 (group 3) for the shear plate and
3.14 (group 2) to 3.58 (group 1) for the split ring (see Tables 10 and 11).

Another recommendation for the connector allowable load was made. The second
allowable load (Table 12) was derived by dividing the predicted 5th percentile value of the
maximum load by four. The test results on the shear-plate joint for the western hemlock
show less resistance in tension than in compression (ratio is 0.85). Therefore, the safety

factor in tension for this case decreases to 1.7. These two recommendations will be
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presented to the revising committee.
5.7 Standard load-slip curves

In the design of wood structures, information about joint stiffness is sometimes
required. Therefore, providing the standard for load-slip curves would be helpful for
designers. Fig. 30 shows the load-slip curves for the connector joints at various lumber’s
densities. These curves were made by plotting the predicted loads at their different slip
values corresponding to the indicated density. The load was predicted by means of linear
regression.

6. CONCLUSION

Design loads for connector joints were recommended based on the test results. The
important findings in the test are as follows :

1) The initial stiffness of the shear-plate joints depends on the deformation of the bolt
hole in the steel side plate.

2) The correlation between the density and the maximum joint load was very high.

3) The correlation between the density and the load at a constant slip for the split-ring
joint was very high, while that for the shear-plate joint at a low slip level was relatively
poor.

4) The relationship between the maximum load of the shear-plate joint with the tension
parallel to the grain and the end distance was similar to the NDS relationship between
the design load and the end distance.

5) The rate of decrease for the maximum load of the shear-plate joint resulting from the
decrease of the edge distance at the loaded side for the perpendicular-to-grain loading is
higher than that of the NDS design load. However, as the maximum load was affected
by the loading and supporting conditions, no discussion about the validity of the NDS is
available.

6) The NDS formula for checking the horizontal shear of the .inner member for the
perpendicular-to-grain loading showed a lower strength than the values obtained from
the small specimen test.

7} The maximum load of the Western Hemlock shear-plate joint with a tension parallel to
the grain was 25 percent lower than that in compression.
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