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Experimental Studies on Efficient of Joint with Glued Plywood Gussets

Report 4. Effect of Glued Plywood Gusset Plates to Deflections
and Strength of Wood Gable Frames

By

Hiroshi MivajimMa
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BldE SIS T 5 H 2y + ORI OV THRE L,
CORBERENS, B2HOMKET - 2ol LALL, 2oWES — 2 vKE
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W7 — 2 vt LR UBERS O = v <
VSBEEMERMEL, R-1eRiT s, - B FHRBE (6 120)
D2REBEEALI2 L, BEER QADR gy 1. Specimen for preliminary
FHz oW T) 20X 10 em? —E T, EX 9,12 5 X O test (jointing angle : 120°).
Bmm D77 YEHR (TR S5ply) Dy Mo X )T CHEEES LRk fERl
L, ArevARBREY A, EMAATEC X 25ERBY - W BFHRy R,
CORRE R-LRT, 2 TREMOMTERS DT or & 0;=EX0.006 & LT,
TP DHEERKMTE— AV M % M=0,-Z (22T Z3RHOBERE CLoT

Lauan plywood
(9,12,15mm in thickness)

Grain direction
of face veneer

&~ Ezomatsu-
laminated wood
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Table 1. Results of preliminary test

Thickness of plywood (mm) 9 12 15
5 Width, & (cm) 5.000 5.000 5.000
"g Height, A (cm) 10.165 10.115 10.160
E Section modulus, Z (cm3) 86.0 85.1 85.9
€ |Modulus of elasticity, E (10° kg/cm?) 9.6 98.4 102.2
= lop=Ex0006 (kg/cm?) 574 590 613
M =g}XZ (kg+m) 549 580 627
Mmax (Exp.) (kgem) 336 378 389
Max/M’ 0.61 0.65 0.62
Type of faoe Bucding in - Shesr n - Sheat in

(Remarks) Exp.: Experimental value, Mmax: Maximum bending moment.

Kb, LTOERMEA Mmax EHB L, Muex/M %4 o> TEFHRE L, ZORBRTIRY
y PELTImm EHEHA LD FO N vy POBBCIVBEELAOT, T
FHey b ELTHMARRTH D, Zhicdl, 12mm KL 15 mm GfRE A7 D
CThLBHMOHMESO AL P ArLORAMBEIEC X 572, £ D Mu./M OfEix 065
FLU062 C, 9mm FROIEDH - ERERWD, Ty VCEENRALRILVLOT, #
FHRIZNIOVKRTHZEELZONLDNE, BT~ AV LTI D 2BEOAR
CX2Z0F8EERNMI0OLEL, ST LROEERRY 26x10cm? 2754 D%
Avnsz iz, ERHBORS > 12mm SRICLS2EBOAZID Ly PO
DLELHEFOER LI, Fey MCEHALELI 7 vRIT VY +EROME Y F-2 1R
T, KBZDF v VERIL TREWER) OldicdtipE THERBRSCEEKREA LD
T, MEHIVv Yy FI 7V RDLDTHS, EET2ECHYT S,

£2 rvevy i BAKOHH
Table 2. Properties of plywood used for gusset plates

Modulus of elasticity

Kind of plywood Thickness E for 182x91 cm? size 2?::;{;;:
(mm) (103 kg/cm?2) Tu

Lauan-5 ply 12 80~ 82 0.54

Lauan-5 ply 15 105~115 0.62

Shina-5 ply 12 98 053

2. BYRERMOMESKUZOHHE
W7 — 2 voHicii="~<Y 5 BERMER L, Z0=V <Y I3 LRFER
FEEKBTREEXS 10 KBTI LIz 6 KD 7 » = < (Picea glehni MAST.) fit
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BAR (BEERE 50~66 cm, iR 27~32m, f5# 150~2604F) b8 L, &R L-L0
TH 5,
ERMOEECL, FTEI 2cm KYEIMA LT LCEY 12em, & 3§ 3.8 m DR

£33 BRHMHHEERMNOBER

Table 3. Composition of laminated wood to be used for main member

Laminated
wood No. 1 2 8 4 o
1 114 126 123 101 123
Modulus of 2 108 137 100 95 108
elasticity 3 98 99 85 84 80
(103 kg/cm?) 4 84 120 106 9% 114
5 114 126 123 102 114
All 110 126 119 100 113
1 0.48 0.51 0.46 0.47 0.48
Specific 2 0.49 0.49 0.50 0.42 0.49
gravity 3 0.44 0.52 0.48 0.47 0.44
Tu 4 0.44 0.45 0.49 043 037
5 0.49 0.49 0.47 0.49 0.50
All 0.47 0.49 0.48 0.46 0.46
No. 1-1I, III No.1-I, IV  No. 3-Iil No. 2-1I, III No. 2-1, IV
Frame- No. 5-1V No. 6-111, IV No. 5-11
member .
No. No. 6-1
Laminated
wood No. 6 7 8 J 10
1 127 126 124 122 120
Modu!u_s of 2 121 116 112 106 105
elasticity 3 17 113 110 106 102
(103 kgfem?) 4 119 115 110 105 106
5 128 128 122 122 119
All 126 124 121 118 116
1 0.48 0.47 0.47 0.47 0.48
Specific 2 047 0.49 0.49 0.48 0.48
gravity 3 0.47 0.47 0.43 0.49 0.45
Tu 4 0.47 0.50 0.46 0.49 0.48
5 0.48 0.49 0.48 0.37 0.51
‘All 0.47 0.48 0.47 0.46 0.48
No. 3-1 No. 4-II1 No. 4-11 No. 4-1 No. 3-1V
Frambe- No. 4-TV. No. 6-11 No. 7-111 No. 3-11 No. 5-I11
e No. 5-1 No.7-IV  No.8L IV No.7-L II  No.8-III

No. 8-11
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Table 4. Properties of main members
Frame Member b h I E EI
No. No. (cm) (cm) (m)  (Clkgem?) (0kglemd)
I 477 10.08 407 126 51.2 0.49
1 o 478 10.06 415 110 45.6 0.47
pug 4.77 10.12 411 110 45.2 0.47
v 4.78 10.15 424 126 53.4 0.49
I 479 10.17 420 113 474 0.46
2 o 4.77 10.14 411 100 414 0.46
m 4,78 10.10 410 100 410 0.46
v 477 10.17 419 113 473 0.46
I 4.96 9.98 411 126 51.8 0.47
3 o 495 9.98 410 118 48.3 0.46
TiE 492 10.03 414 119 49.3 0.48
v 4.89 9.99 406 116 47.1 0.48
I 496 9.95 407 118 48.0 0.46
4 I 496 9.97 410 121 49.6 0.47
1 495 10.00 413 124 51.2 0.48
v 4.96 9.96 409 126 51.5 0.47
I 4.88 9.96 402 126 50.7 0.47
o 497 9.98 412 113 46.6 0.46
> LI 4.95 10.00 413 116 479 0.48
v 490 9.87 393 110 43.2 0.47
I 496 9.99 412 113 465 0.46
o 4.73 9.98 392 124 48.6 0.48
6 il 499 9.99 414 119 49.3 0.48
v 475 100.0 396 119 471 0.48
I 477 9.99 397 118 46.8 0.46
o 4.79 9.98 397 118 46.8 0.46
7 iR 4.96 10.00 413 121 50.0 0.47
v 492 10.00 410 124 50.8 0.48
I 476 10.00 397 121 48.8 047
o 476 9.99 396 126 50.0 0.47
8 I 472 10.02 396 116 45,9 0.48
v 4.77 10.00 398 121 48.1 0.47
(Remarks) &: width, k: height, I: moment of inertia, E: modulus of elasticity, EI:

flexural rigidity, 7 : specific gravity at the time of test.
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CoWT, HieEedTHREBIUCHMTY v 7 EHE (22 300cm £ LT, 3%45 86
HIZLY 2kgT2510kg $ THL, Lbi ¥ HEAM 80 cm OXHTHEL, HE—1b
LZEROBERTE SO E#FELR) ZHEL, KX HREMEBHCTT, IHI
TIFTOHEERE YV IRBIT L - TEDI,

BEEH L REMIEESS RERER=— =1 1120, B{HL L TER06% I
m wE, r—F Rl L 0 BETAEER, AECOVTH15g/100cm? DEG T
WL, EFENH8kg/cm? TLEE AL FCEM LIz, BRCHEE LD, Filo
Dn?&;i LTuwgus,

COEEMOBR, vV I/RE HERICEREBACEEM No. & -3 1R,
ROV Y 7B E R rhzRE LT E=(Z EL)/ ek hRdle, Z27TELITE
B A RT %5 3 romiTRit, | IERMEONME T RE—- 2V +TH D,

BE SR ERMARARC 25 L, ThZhi@sSem ittt bW 2 FETH - 7eh,
LT e Teb DS o1z,

FEF ORIMEILRTE O MO E LM oW _KRE— 2V IOREIC X - TR
W, ZOEICLoTUHT — A vOREMOBERTEBEL KD, TR T — £ VEH
DT E OHEEM 0p b L DEBM D E #HEEEL L, 6,=EX0006 12 X - TRDI, &
ZD0006 LI BMBIVEZBOLELFAUETH - T, =V v VERIAHCERIh
HZEETH S, ZORBCHCICEBEOMEC L, —BCREARHHLATL DT,
0o/E=c DEHIXLZh I /&L 75D, 22 CHEFHROFFMEOLD, WEFTERL
BEXBW2 & e L, BHORAIRACTTLEI THD, ZORLLDBID
XY v 7R, HELL =/~ E L TEIREVEYRT, ABREOSKKILTE
108% (9.1~116%) T&H - 7=,

3. Ay tOEES®

B &y b &EOBEEISIEMES nailgluing) ek -fc, 7, BETLWHE
CREBIEEER (KARA VBT 54 7 3 v J-402 TBERI & LTHEEX08%, L *
HEX@D Db RER 1% M) #FEC>E 15~2g/100cm? 04 TRAL, WH
hb¥, EEEE2cm® Y1) 1 ROFEOEHIT BT L AEMH T, FHEOR
R H ey PROBXOH3IFELL, 15mm AL N45 (£ X 45 mm, £ 2.41 mm),
12 mm &8z N38 (38 mm, 2.11mm) & L7z,

4. RIERROAE

M2 RT X5 VERALBIC I Y ET TS — 2 v 284 1 m iR
THIRALF + VAL D ERETT, HEACRELY»TF, Thi sk L CHEEEES
MARMRBREE 6 P villEEY vy ¥ 2MHER) X 0 WELY T, BABEMB IR 1 H#
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o Ply\lnood gusset J¢
(12,15mm in thickness)

|
|
|
2366 B i ! Grain direction
iy of face ven
/ ‘ f £ eer
i :
!

75 , 75 1 -
N '

5 75

=

. Steel channels anchored |
I 300

Unit:cm
B—2 WEs -+ vRRGoSE, HEHES L OEMRELE
Fig. 2. Specimen details including loading and locations of dial gages (A~G)

for measuring deflections. The specimen is a three-hinged gable frame
with nail-glued double plywood gusset plates.

CoOWTT AR (@EEEMEES D s IOHELC, E T, KPEMIZHOLH B, F
BIomEHODR A G T, FREFRFA YAy — (1/100 mm fFE, 30mm A b=
—7) kb, HESOkg & (—EHIZOWT) L 600kg ¥ TSEIFERLBIE L, F-5
R EMOERMEE - oM E—A VBRI AEBE T LRDI L D DT D
ArG BrF CLEDEnZhoPHEL D OETS A,
5. MEEBROLE

RiGRERE TH, A G2 xR KAEMBEMEBEC lmm B OnELE O, &
EEC X O HE100kg & LB E CEMARE L, 1H0 5 b 1 EBEEIMOED
LA, BREFC3ERD ¥ THRERRET, BFHEERDI,

BREXUEE

1. BIRERERER

AR OER S £-50RT, CORCENT, BAOREE (Exp) 120 TEE
S Ljent, SHEME (Cal) 3o ¥ X 51 LTRDE,

-2 Rt L5 AEEEO L X0 M (fiFe—4 v 1) B, Q (wAKN) Kk
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Table 5. Deflections of frames
Plywood gusset Location of Deflection d (10-3 cm/100kg) Av. of
Frame 1p; 1ness Glued area  measuring Exp. Exp.
No. deflection Exp. Cal. Cal. Cal
(mm) (cm?) :
Av.of A& G 154 166 093
Av. of B& F 174 196 0.89
1 12 20% 10 0.93
Av. of C & E 174 174 1.00
D 304 339 0.90
Av. of A & G 158 184 0.86
Av. of B& F 179 217 0.83
2 12 20x 10 0.87
Av. of C & E 180 192 094
D 323 376 0.86
Av. of A& G 147 169 0.87
Av. of B& F 153 198 0.77
3 12 25%x10 0.82
Av. of C & E 146 175 0.83
D 274 343 0.80
Av. of A& G 147 162 091
Av. of B& F 155 191 0.81
4 12 25X 10 0.87
Av. of C & E 158 170 0.93
D 27 331 0.82
Av. of A& G 161 179 0.90
Av. of B& F 191 208 0.92
5 15 20x 10 0.92
Av. of C & E 171 184 0.93
D 331 360 0.92
Av. of A& G 146 165 0.89
Av. of B& F 164 201 0.82
6 15 20X 10 0.90
Av. of C & E 164 178 0.92
D 317 348 0.91
Av. of A& G 152 168 0.91
Av. of B& F 163 197 0.83
7 15 25X 10 0.81
Av. of C & E 138 175 0.79
D 242 342 0.71
Av. of A& G 137 168 0.82
Av. of B& F 143 199 0.72
8 15 25X 10 0.78
Av. of C & E 142 176 0.81
D 258 345 0.75

(Remarks) Exp.:

experimental value of elastic deflection, Cal.:

theoretical value of
elastic deflection, calculated from flexural rigidity of main members.
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N @FEN) Mitrhfh M-8Rt Xoichsd, BEWoEMiT—Bc

(MM Q0 NN
ELTEHEIRSD, Z0EDCELHEIECLLN, AE25I0EIENMMEIFERT
NEDT, ThEEEL, HEXF1IHOAT Lo, Thbb, ZZRRLLUWE
T = AV OWTIL

MA
I= §—ET

X o TEMAYRDE, 2w M3ELNEMER P=1 OEBHEY LT L X ol
Fe—2v 1T, EEMAENBCSVWTO MR B4Rzt isiciksd, LRicXs
ZAUBCRITAEMIISED L 5 i E IS,

ds

Q-diagram N-diagram
B3 MQxIONR
Fig. 3. M, Q and N diagrams.

pa|

0.2378m

0.585. 0.585 0317 03I7
Y ->Q S4
1075 (©) 0.25 tos (D) o5
M4 M R

Fig. 4. M -diagrams.
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A-G o
_ 132.37 30.90
daa= (EIIH‘EIIV + EL+ELn )PX 103cm
B-F 0¥ty
—— 130.55 61.60 R
Opr= <EIII+EIIV + EL+E@Ln >P><10 cm
C-E ¥
_ (11310 5733 \
b= ( Eln+ ElLy + EL+EInL )PXIO cm
D
_ (222614 106.71 * ,
o= ( Eln+ELy + EL+E@Ln >PX 10% cm

£ (=) BERoF RS P=1 OBEHFALETH D Lx7T, Eh~EhLy i3—
HD T — A VHERT H8H I~IV ofikTth 5 (K-258),

£-5 OHIERBROBER AL B &, B0 (KBRE)/GHEM) OfEix 0.71~1.00 ¢, £
BREDTHAHEMEL D /DI, Lich- TRIRBROER,S, oW y+y rEEE
WE2BEETHRIRST L2 D, ERBHREIE»S DT — 4 VOBMOFENZ LM
TTEDHZ LR LD, ¥heHty ORINFA—OHEIEBTREORE WHNEAL (E
i) nhE v, Tichb, —ED T — A VITETHEMOEEEICOWTAR B &, 12mm
BEWROE D\, BEEHEE 2010 cm? D 3 D TiL 0.93-0.87 TH 523, 25X 10 cm? ik 0.82-
087 &7¢h, 1bmm AWMOIEHTIZFN L 092:090 3 L ¥081-078 L7gB, L A
L, ety POEIOBCTIAEMOEIRDLAIL, ZOEREND, BETFHRYH
TR Ay POEIERET I SERYETHIELRD S &2 5, ZRITERRAR
(FE1H) OESPERUERTH S,

2. wEERER

BERB s T, Bido XS I~ 2 vD B, DRI F & (N-28B)
1mm HE D OWES 21, Efik 100k &Ly 22 THAKLY, 205 b,
WA (B $7cik F &) ORME—ZEMEGRY M-51m-d, ZHREKEFAOEMTH
B TOREDNTARDE, WEMEBIYDEIVI DL, Ty FERBEOEERBTES
BB AMEEC Y -4 1B, 1F, 2B, 2F 7 &) CLBEITE T, +0RFRILE
BERNTHS, LrLEBHOoMTFHER 3wy rOBBE - b D GF, 8B,
9B,9F, 10F ig &) Tk, AL 0BFRCkVCTHBARERED bR, MO
HFRARECHELT 2EELLRD,

PERABROBER Y RO RIOTIRT, ZORCKTHERBELE-LDOESEAL
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Fig. 5. Load-deflection relations at fractured location (B or F),
( ): max. load in kg.
TH5B, FT, FHuy P 12mm SR, EBEEE20X10cm? DEH\ (Frame Nos.

1&2) w2 ThbHE, EFHER (Muax/M) 12049~077 THE 0 KE 70D, B
DRRIFIGTT (00) 1% 360~414kg/em? T, =V < LFHEEN O sf,=180 kg/cm? (45
BEFRICNE, ) 02U EoREERT, Tithb, sfoic L AFE Tk 0BT

CEWTIREE VLD, IO COBEBHRBIGCTHLIBHNE £y ML D
BERORABBIE (KR 60~90%) TH2HDOT, EHEEEIATETHD LHB S5,
DERZ 12mm FFROEEFEE 26x10cm? D (Frame Nos. 3 & 4) TIHEFHRII L



102 B ERFRFRHBHRTERE H26% $F15

=6 wm B R B & R

Dimension of member

Frame Member zZ E o}
No. No. b h
(cm) (cm) (cm3) (103 kg/cm?2) (kg/cm?)

1 I 4.77 10.08 80.8 126 756
o 478 10.06 80.6 110 660

1 i 4.77 10.12 81.4 110 660
v 478 10.15 82.0 126 756

2 I 4,79 10.17 82.6 113 678
L1 477 10.14 81.7 100 600

9 il 4.78 10.10 81.3 100 600
v 477 10.17 82.2 113 678

3 I 496 9.98 82.3 126 756
o 4.95 9.98 82.2 118 708

3 m 492 10.03 82.5 119 712
v 4.89 9.99 81.3 116 696

4 I 4,96 9.95 81.8 118 708
i 496 9,97 82.2 121 726

4 pug 4.95 10.00 82.5 124 744
v 4,96 9.96 82.0 126 756

5 I/ 4.49 10.00 74.8 113 678
n 448 10.00 74.7 100 600

5 T’ 4,59 10.02 76.8 121 726
v’ 4.60 10.01 76.8 126 756

6 I 4,96 9.99 82.5 113 678
I 4.73 9.98 785 124 744

6 i 4,99 9,99 83.0 119 714
v 4.75 10.00 79.2 119 714

7 I’ 476 9.92 78.1 126 756
jing 4.76 9.92 78.1 113 678

7 T 4.96 10.00 82.7 121 726
v 492 10.00 82.0 124 744

3 I’ 4.76 9.92 78.1 119 714
o 4.76 10.02 79.7 121 726

3 T 4.72 10.02 79.0 116 696
. v 477 10.00 79.5 121 726

(Remarks) &: width, 2: height, Z: -section modulus, E: modulus of elasticity, a}:
calculated value of modulus of rupture, by sing ¢4=Ex0.006, M’: calulated
value of max. bending moment, by M’'=¢4*Z, Pmax: max. load, Mmax:
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Table 6. Strength of frames

M Praax Mumax oo —Mmfx Type of fracture
{tm) (kg) (tm) (kg/cm?)
0.609 368 0.49 . )
0532 1250 0.297 369 056 Shear in glue line (W. F. 60%)
0.537 412 0.77 , .
0620 1410 0.335 414 0.66 Shear in glue line (W. F. 90%)
0,559 360 053 . _
0.489 1250 0.297 364 061 Shear in glue line (W. F. 80%)
0.487 366 0.61 . .
0556 1250 0.297 362 053 Shear in glue line (W. F. 90%)
0.623 540 0.71 - -

Shear in glue line (W. F. 60%)
0.581 1870 0.445 541 0.76 and bending in gusset
0.587 519 0.73 . )
0566 1800 0.428 596 076 Shear in glue line (W. F. 50%)
0.579 450 0.64 : :

Shear in glue line (W. F. 70%)
0.597 1550 0.369 449 0.62 and shear in main member (I)
0.614 499 0.67 ' ,
0.620 1730 0.411 502 0.66 Shear in glue line (W. F. 50%)
0.508 620 0.91 . :

Shear in glue line (W. F. 60%)
0.448 1950 0.464 610 1.04 and comp. failure in member (1I)
0.558 604 0.83
0.580 1950 0.464 604 0.80 Bending in main member (IV)
0.559 504 0.74 . .
0585 1750 0.416 530 071 Shear in glue line (W. F. 70%)
0.592 458 0.64 . .
0592 1600 0.380 481 0.64 Shear in glue line (W. F. 70%)
0.590 2950 0535 >685 >091
0530 >0 >685  >10L
0.600 9950 0535 >647 >0.89
0610 >0 >652  >088
0.558 29950 0535 686 0.96 Bending i . ber (Il
0578 2 . 672 0.93 ending in main member (II)
0.5 2250 35 o7t 0.97 hear in glue line (W. F. 40
0577 0.5 673 0.93 Shear in glue line (W. F. 40%)

experimental value of max. bcnding moment, op: experimental value of
modulus of rupture, W. F.: wood failure.



104 REERFRFREERTEGRE $26% HF15

BT vFERT vy r RBREOHKERBER
Table 7. Strength of frames with glued Shina-plwood gusset plates

Dimension of member

Frame Member VA E gy
No. No. b h
(cm) (cm) {cm?) (108 kg/cm?) (kg/cm?)
I 4.45 9.95 73.4 126 756
9 o 4.45 9.98 73.9 110 660
9 1L 430 10.00 717 110 660
v 4.30 9.99 715 126 756
I 453 9.96 749 116 696
10 13 4.53 10.02 75.8 110 660
I 452 9.98 75.0 113 678
10 v 451 9.98 74.9 124 744
M Prmax Mumax g8 Mﬁfx Type of failure
(tm) (kg) {tm) (kg/cm?)
0.555 2050 0.487 664 0.88 Bending i I
0.488 . 660 1.00 ending in gusset plates
0.473 686 1.04 Bending in gusset plates and comp.
0.541 2070 0492 688 091 in member (IV)
0.521 9950 0,535 >714 >1.03
0.500 > >0 >706 >1.07
0.509 2100 0.499 666 0.9 Bending i ber (IV
0.557 : 667 0.90 ending in member (IV)

(Remarks) Thickness of gusset plates was 12mm, and the plates with 20X 10 cm? and
25% 10 cm? in the glued area were used for Nos. 9 and 10 frames, respectively.

HL, 062~076 759, 0, & 449~541kg/em? &7c%, = OIEH\ - OBEELREL 20X
Wem & & EFUTL, BfE T2y PREDEEBOCANICLEY, ZhicF ey b
WOMTHERS LOCRBMOEAMBEENE 72 b0bHbbh, Fey MIOBEFHR
NER L ExRT,

15 mm AR OEH N, FTEEBERE 20x10cm? © 4 @ (Frame Nos. 5 & 6) Tit,
THHiL 0.64~1.04, 0, 11 458~620kg/cm? Z/R L, FRAMOBMIBEECILL0L 5,
bbfife, COLSCHBLVEFHRLER LI L 51k 575, B oOBAHTE—
AV Muex OfEI 12mm G0 25X10cm? DIEH LB EA LR U TH DT, B
DE L DOLBD LT, BFHRNEA LI DT, EFLLTOMNAFELEEVE
bigwWwkz b, ZOZEFWEETRE, ey MUZOWTEFOEI T L v L EHE
BT ADDRN DD EBRTCERLEELT LR LRV, vl rey b
WOMFHZOWTH S L (R-2), 15mm EROFNA12mm G L H, HE- v v 7 HHK
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EHRE, ZOMADEN EBROBRLL-THObAELDEELBRS, 15mm &
WOBEFEMER 25x10cm? D4 @ (Frame Nos. 7 & 8) TREFHRIIES L2 25, T
ithb, 2TEEMEIL 2250k ¥ Xz h b, #BFH%iL 088 LUl 0,1k 647 kg/
em? L B &R,

FAEy PMRELTOF Y YEREDHED - B 10Tl » fc v 7 12 mm &4 % A
Wb DDBBRER R KonwTaBE, EEER20X10cm? oL o (No.9) TiT,
BEF PRI 088~1.04, 0,1 660~688kg/cm? L FEHICE MERRL, F—HEDTV v
I5mm GRUEDOBERE LD, LiL, 2ORBEHBIVThE 7vy MROMITHET
E%5b0T, HEOERKCIVEFHROEEAPHEIL S, Tihbb, BEEMEE 25X
10cm? D (No. 10) ik 1 EiX R OfFBEIC X v, fibid 2250 kg CTHEEE L7eh »
oo TD 0,12 666kg/cm® LI ETEF L L COMRITSTHSH, 20X 37 12mm
ARE Ay PELTCTY V15 mm AREFARE 32 h LogBLr Lo 25,

PEDHERMDL, B Lt — 2 vicksuwTil, BFLLToF 2y MR
k7 v v15mm SR Ffil > 7 12 mm SR CEBER 26 X10 cm? 0 4 o % v iul,
BEFHRILT V2 5,

#

i

FRY 2y VEBEC X 5EEETHRCETHFROGHARBOVO 2L LT, &
RICHE 3REUF 7 — 4 v ORBIRBGL R L, Bl OBERRC X v EFHR
B L, W — 2 votEiiA-2v3m, #EX2366m, BHOFGE 1:4/3 L1,
ZORMICIIHIE 10 cm (\)X5em (1) o=V <y 5 BERM A AW, Htv T
X7 v 12, 1I5mm AREB LY 12mm G (FThi 58 OEEERE 20x10 cm?
QAFORBHCHL) 3L 0°25Xx10cm? Db D& AV, $IERMIC L 585 (nail-gluing) %
5o tes RBOBERSED L 5 1CEHSh 5, |

1) RIERBROMR, BMLOERMEICTHLRMEIELLOHEHEL VXL, &
FHRIKET THoTe, Hey PBAREL LD EEMIBELD, Fiy FOEIDOLA
WX AEMOEIED BRI H 5 T,

2) WERBROKE, Fry 1277 v 12mm SROESHEE20X10cm? 0L DT
TEFHRIDCPREGT TH o7, FOMOLOEITEHBETNEGELLL, LT
Zyv1I5mmEB LY F 12mm GO 26X10cm? O D OEFHRIIFED TH - 7o,

X [

1) BRE R ARrey ARSI 5 BEEFHRCETIHNE (B1R) v r ARy vy sk
T EMRER.  dLAE M, 25-1, 85-106, 1967.
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2) BB B AWy ey VEEBC X 2 HEETFORCETINE (28 ARy vy FEFER
IS — A v bR GFS22%5 -2 voRER X ORE. JukiE#E 26-1, 57-72,
1968.

3 BE B OB AEY ey ' EERCIIBEETFHRCE T AHE HIH/ RKET4 v
7+ 5 AORIMEBMELE T Ay PR OWT. JhkEE#E, 26-1, 73-89 1968.

Summary

This paper reports an applied study on the efficient of joint with nail-glued
'plywood gusset plates by using large size specimens of three-hinged wood gable
frames. The specimen details, loading and locations of dial gages for measuring
deflections are shown in figure 2. In the specimen, main members were Ezomatsu
(Picea sp.) 5-ply laminated wood. The member size was generally 10 (height) by
5 (width) em. The gusset plate size was decided by the preliminary test shown in
figure 1 and table 1. The gusset plates used were made from 5-ply lauan (Shorea
sp.) plywood 12 and 15 mm in thickness, and 5-ply 12 mm Shina (T%lia sp.) plywood.

The gusset plate was glued to the main member using a kind of urea-formal-
dehyde resin under pressure of driven nails. The nails used were N 38 (38 mm in
length and 2.11 mm in diameter) for 12 mm plywood and N 45 (45 mm and 2.41 mm)
for 15 mm plywood, and the number of nails was one per 25 cm? of the glued area.

All structures were tested in pairs, and loads were applied by two hydraulic
jacks with 5,000kg capacity. For the stiffness test, the deflections were measured
by dial gages (1/100 mm readings and 30 mm stroke) at 50 kg load increments until
600 kg loaded. This measurement was done five times and the average of deflection
per 100 kg load increments was obtained. For the strength test, the deflections were
measured by bamboo scales (1 mm readings) mounted at B, D and F points shown
in figure 2 at 100 kg load increments until failure occured.

The moisture content of the main members at time of test ranged from 9.1 to
11.6 percent with an average of 10.8 percent.

The test results are summarized as follows:

1) As shown in table 5, all experimental values of elastic deflections were
smaller than the theoretical values calculated from the flexural rigidities (EI) of the
main members. The experimental deflections of the frames with large size (25x10
cm? in glued area) gusset plates were smaller than that with small size (20X 10 cm?)
plates. The results of the stiffness test indicate that the glued joints had sufficient
efficiency.

2) From the strength test of the frames, as shown in tables 6 and 7, it is
concluded as follow: The efficient of the joints for Nos. 1 and 2 frames is slightly
insufficient. The efficient for Nos. 3, 4, 5, 6 and 9 frames is almost sufficient and
that for Nos. 7, 8 and 10 is perfect. The 12mm Shina plywood can match the
15 mm lauvan plywood in the strenth as the gusset plate.



