HOKKAIDO UNIVERSITY

Title BRAEY MEBEEAICET 2HR
Author (s) BEH, %; FUJII, Tsuyoshi
Citation LBERBRERN HEEMMRRS, 29(2), 223-297
Issue Date 1972-12
Doc URL https://hdl. handle.net/2115/20907
Type departmental bulletin paper
File Information 29(2) P223-297. pdf

Hokkaido University Collection of Scholarly and Academic Papers : HUSCAP




BWH 2y N EAESCHT R
B OF B

Experimental Studies on Joints with Glued Plywood Gussets
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HE, EFECHTIREIELHEAL, TOoFEARA»OEMCH), BREORE
PRBE TS % 20 F£McH 3000 TRARRAER TS, TLT, OIS RBELYEELD
AT REZRFENS LOBEMNU L RENERCE L ORI I EABTR TV D0, 00D
i, EREYIREN ERBOBAC LS HEEEEOTH, EEBHEEED Y AT AbaliED
Bhiufis b iz,

ABEECETLHNTEIHD 2T, LEzil, 7V~ 7EEBETRAFALFRNP2 =
y PR L o TLEL, v A7 AMERRAORTHS, TO X5 RFAXEROEMETHE
LEEY S, ERTECPKESRENKECLE Y ARDRD LD o TEh, KEEER
KHBHIDL S HEROBYIES LOX, HHTRERTHY, THTES a1V FThBE
Bbhs,

HEROBEHFIRIEKR TN ) B nbHEL, FOABR LBFEATRIA TS
DML T, bHETRELL TLEARER L L TEbh, TOBENEL L TOFBILER
Twb, ¥, aA v bPOBRBREKTREALL, UG FESELEOHBIT L - Tt
BRATERLORAL, HbAE TR LARTIR L - THELKFERMLEINTERIh TS,
Lil, COBOESHRIIEL, Yval v tEABECKSTIBRAOBETH), +ORE
NERBEEEYEE0RLMICBERTHENY T, BITO®RSE, TEHM, THS L
REEBEEZ D,

—7, BEEFMEOR BT it T, RMESCIEBERIMELI S X5 Kok,
HaRC EREESI ey PEAR, EFHLRI-TEBCLERER NEE 2 5 nail-
gluing & L b, ABEOY a1 v PRIESEDbR DL 50l TEE, OEAEIER
DE, ALt FECIDZLIDELERTELLGENEL, L CRBERTHEINTV5D
TAREPFN I ARSIV T~ 2AvDL a A v PCXRBTHH EBbh b, £, A FZALDX
SITHh M LR M ENEAINCEEHDCKTh, BAKTES €y b EEPOEFHNED
bhb,

DX BERI Yy P EAVCAIREEDCEL CKETRARBE LRTIATEED
BT LEYL > THD L5 THD, LIAM, LRETRINETRERMYEL L LRE
RICETEASATHS04LT, —BREOCIIRLEEZADEBICEL Tk, LaL, EWE
R OBITHEOERIBEFI ORIV LDOTH D, FORDICOLAHEH €y b OSIEHERC L
TORFABREHAIN TS, L7dE, ZOEBIIHEMET, TORELENIZENECKS T
LRI IR TR,

ARETIE, 7y b AT 2 ERA Y BRIOCRA L, LOMMES £y b
BEBIC o\ CELIHEC & » THEHET 5 £ & bic, ERREHCNT 5 LB o fn B 4
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BIEXEMELI, ARBIV T £y M EATIIKRBROLE S OMBERD LM, ARy v
FOEBEHLMNTT HBIC 3 DD TEBRN L VBRI v .,

1. BXRFEMBELTOY £y P AROEBRIKE

2. ity FAROBERNES

3. BEETFLL CONEHES
ek, DE3DRI=EN—EF%EL, ThHEHTAELVHARYET, BUHT, dFrty
FOEBEATIBLEBALOEELLND, TOLDHIE, ROAFBI &1L L TERYRS
[0, F RN ' ‘

1. AW L ORBEROME e

2. AWy vy EEESCRTIINNEREEVOBE

3. BiRAty VEBERIDKEZ 4 v FIARKT AT £y FHE

4. [ stiffener CEFBINTLEW A2 BT 5y MR

IhbHAHBET IERBERLCDOCERND, ARy o P ESESERRIE, BE
HECSCTEBRCTETHY, Bty OB IVEHOTRHELTEETHS S
ERBLMC IR, LT, BHBLIOAROBERELXMD Z LI v ABNLEMNTT
HETHHLORBLE L.

A REE I OCHR ), KRIEZIRE TR T Ib Bl K B AR B R A M I T2
HEORHE BREE, BEE EPEBCRIOMELRTHL LI, BRERCH- T8
B ieti e ERERBF, BRAMEEF, U T, tEETHRERRS AR MEERNOFRE
BERE, AUl RERIVBAEERRSHORHAE=K, 0O, EREBCIHHL L
Lo e AHMMTEREDOERL, ESBILXHFLOXS,

2. AEBLUHNEY MEACHMTIREOHR

EHROBEHEE, <ECHEAL MRLEASACIBESR, SHLRARYAGEY vy M
BLINRIBREr FARBIVT — 2 vIBEBCET3EFOMATEHETITSED L LD
TH %,

BRI A v - L THELRAELORMEBAMEL THOD R 1930 ERZ T
EhDEBN, KLEOEM, Ky 7A—20Y .7, BEEFTOF vy MR E~DOF|
RREEAE DO R T, FEOGRERENMEC - TE A, 1940 E£RICA H, MARCHD®) 3
RO~ EREFRYENL, BESTRETORR L SROBIHRA % E x, HEARMON® (I B
WEECOIEER T ERYEAL THEEROETELH L T\ 5, NoOrRrsTE) 31
AREECTTABRKECKRAEOCE B iH~, CurrY"® 12 3ply A e ML TH
WERCET 2 BEARYIREL, BEEAOBECOWTLHRFAL T 5, Freas™ i 1iFR%
B TERMPLERERLHET 2 HEEREL T 5,
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=75, brECBWT, K, RE™D, BRED, 4K bicl- T, BXRHEK
OFetE, BB IVEEAROIIBEMFICIT5REE, BEMEHE, <Fo8AKAIE
ARIC BT HEGACOVTHEZIR T 5, 0F, KED XESROBBRIOEE IS\ THRHE
bt r s Zie o T, BREBRY SREREEGRREE > TERL, &L TEEROVE
WL Tw5, RERT® IRERYELEEBLLE P SR, FIEBLE Q AWR%E(E
B, FEARCLIMEEREROBBMREAL T DL LB, HANKRCEL TEShH
REREENZ T 5, EH® AR PTERE2E - THIFRHORBRE S v, EXES
HHEROBSHELHEID, BMETEHK E, G, ) RThFhHMEOMEN EFH YT 5D Tk
, SEENFFCHEEL LRLEATAZ L2RERTOHEREY#E - THHAL TV 5,

DL CARDBEEREICTT HERLAROEREIBE (RSN TELR, GREL
VFhEEA v A— T 5EEMCE T, FORELTFHL - ECoRBEERRRS U
EHEORRALINBBBCIRIZEL TRHY, BELHET L 2EREHHELONR
DWTORRT — 4 —~DEBEPBMS BT T B7E0,

ABBECRTSY 2 1V P ORRIAFORT R LIOMAZFBC L » TR RS, <
¥, A, vrF, ONFOESOWRBRENEHBELONTEL, BRKRTIRELLT
SN ORI L - TEAGHROM EXRMLOR TELOIHL, bETILEBEY &L KO
BHCE U BB ORFR IO IR LR TOFIC I > TELHENTE L, TOMOD
HEBIOEBOY a 1 v 2w Tk Wood handbook®, HANseEN'®), BIR™, HHY, #
I, RED, AED, @I, BlULOEBOFHENMIL TS, ¥, KEOKTIE
L Tix Timber construction manual”, National design specification for stress-grade lumber
and its fastenings®, Wooden structure®) i X ONAKHE S HHEE™, BE T HEEML RS
JASS 11 KRITHEY g LB Ih T %,

T, BEEOERICE - THLVW Y a A v F TEOMESARSBHIATEY, K
#H 7 ARMEDLR T 5 gang nail O X 5 KEBHESHROB DO IFbRTEI,
ThITHRGREBIHEEXETE 0T, EREOBEDC- LD a4 v P 2EA
TEHENML, Bava v PHEENSH D, —BIWIIIRETE RV, BEYOEH LR,
BEEMCEEIRLINOBBLREE, RHOBELTE BEARORIACHTIHER
B, BWL&#, a2l vt HBOBGEPRIOFES A« 5EB LI LTRELEPIS
HEERBENETH B,

AMOBEERC OV TULHAY Y TBERH L L TOFROMEL LOFIAl TORTWS
Idie, BESOWMRBCL T, »¥1 v, REHIE 75 sviilg =748 vv
s = nBifale EOBERIOARMBEECHTHHEHENTERA IR TS5, Ty PEAK
BI#T % b DL L T, QUIRK®T® & K L EEBOMMBE L BEL, Kuenz® (3 8%F
BoORAWGEIYEEL T5%, %7, RICHARDS™ |t # FEE&DHEN 13~21%, multiple
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mortise and tenon joint 33 X ¢" fingered scarfjoint 73 40~50% & #MEL T %, DoYLEW i
douglas fir K#fic 5/8” douglas fir S % { FHHEH L& EDER D%, KaLna® v
a1V M EEEREBEE OB GE»LHBEEN L ERHCRD I, CurTs™W 1 FHEEF
BERHT Ly PEOWT, FEBHCHER Ty P FHEEEIOREEY, SUDDARTHY (18
BAHECHBAOEREL EConTHL T 5,

DPRETREELORANREIN TV A8, v FBIVTT 7 VvaREE W £y FE
BETORBYH I, T, #tey h A, RHEIN, BHESAE, BERE:BEE
FRR L OBIREHES 2L T 590,

WY 2y P EEEAVEEDCHEB IR OIS VY, BB AMEbhIcbDEL
Tk, Boyp? 2BEEBEA T AD 2RI %ML, SUupDARTH®*) 3 | 7 AZEMIEH &2 E
ETHELLE, BHEIV NS ADHF vy FREFEPREL L, FUHE, RADCLIFFE® §, <
XITEEBRIB F 7 A% RBRL, SLkIN® & & 4iC, metal plate fastener ##/HL Iz F 5 A D
BLL 7Y -~ RPN, £0f, ANDERSON*Y, WILKINSON® b L, ZFEOBRE + 7 21
MLT, BB VEBELSICRBBABREARC L 2BAHEOFLLREL Tb, ThbH
DR %5 E 1, Douglas fir plywood association'® #s L v HoyLE!™, ScHRIEVER® L% b 5
AEBHOERARFTERS IO IEXREERL T 5, BESO5MET -2y, 74 v 27 b
FA, BT — A viE BT SBEEFHRYANT, ARY €y M EREEI RIS IOEET
ML TEDLTRCHRYEFE O L HEEL 2,

SUDDARTH®Y HIC X o TEHER T & » MEFEAICH T AR BB ARBE IR TE L,
ThOoRLTLIRBDIE B LOEREFRT 20 TR D, THRBEEXF2LD
Tik7ee Thif, EROF vy P EEGEL, AT ART - 2 vVRBEYC BT HEE
BREDFULES X5 hBARAEREEThD, i, FRECEL TIEHoBEYHARY
SHURIEL TS BERS S5, '

ARAFACEL TR E R Sh SR 1940 ERICABMZB OB B B £ L D72
REHRERBE TR I bh BRI T2 —BORRE TORROFETH 5, Marce™ix
SRR 5 TIMOSHENKOMN DR 2 b AT~ 5 R A B B IS I E R+ H ¥, douglas
fir 5ROERBRERER L, Norrs*¥® i 0RO FEM% yellow poplar, spruce &
CHED, BBEBEOETEWK effecive width ratio (B KEEIGH/EEIEN) #Rdi, Vos¥
Bk AKICR L T MAaRcH R REEL, SABEBARERCRERERIC MG HELL, .
RINGELSTELLER™ (X TH B U EE, MMz #s 45° EW AR OEMCxtT 5 B EABRYIFH
Lz, e

R O ¥ I ixp R stiffener P EETHLEL (BEEF IOCERHEL TS, <
D X 5 ¢ stiffener %) BizBE T 5 L3Py, TRAYER™ |1 yellow pine DR R 1/4”7 ~
38 AR B BE I ET B L AUXE, X122 OFBOAIARLHEACAR Y Ex ok &
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© ORIMER X OW SR REL, A5 THEOEERLRL T 5, SMITHS® 61X AR K stiff-
ener % 1 INL 7= 485 O kit 2 BRAYIC R, yellow birch, yellow poplar &K< & AT
L CEAEL DI, HEERINKY b § = A A F — R X o THEHEER < F OB EOHER
TAEHR R, yellow birch &#i & L DEEERARIC X W BRXLBIEL 12, £/, Norris®
B3 45° DB E DM MBI RSB L, stiffener ic & 544 < x A OEEHEO BN S, A
DHEEER D Y IC stiffened panel HAEDOERZHAVT, Mg h ERRHER I,

HREDZ OBEOHRIIV VA, WED LREGRB LT T » v o A OERRRY
BlloTHD, WHDY L LBEO SR L OBRAREH Y b ORE % 4 OEM & AR
THRME EEMEYARTN D, 20, BED L 0L AKX, BU™050KE
RV AT AF L ORBEBMEINTA, Zhbhik TRaYER ORBERABED O T, -3
AA ORISR LCWAHOEME FERFOREEXHL AL T b,

AR AFL ORISR LR DHER, EREEH, S BRI TELH, PRrbRFEE
bOEBEDARFARKNTHERERDC LIXEETHH I T, stiffener b OO %
HT5L0 AL DEREREHLHI DXL ELREREHLAFTEL T 5,

3. MERARORELE

AFRRIEIEELTH Ly P ERONFHEBOER L K DEERERD LD E L
foo Tiobb, BlE, [EM F, wANSORHRETCY vy FARNEAREHERTH
ZOHEBHEOLBEME L COHMEER L B EEROVCKRD, ThiBETOHERNIRF %
z . .

3.1 AlEHEy MEMERCHRETIAREROHERLZORER
3.1.1 BETHIREHEEOEN

EEARYty ML X TEAIALBEDCHELR» 1SRG, Vo PICHEHEI»S
Tl e, ETHRERM, 2WTHty FNEEZBINHONBBTHD, ZOBE, »iF
LRENIEERH D, BEROBRERLE Yty FARKIELON S, FIRATIR, B
HEENUORE L, ARAEEBYET, aR2bcinsb0LExbRS,

LAatio T, ARV ey FEBESCRCTULRNEZRLEREETSERLL T, &
W, BEER, #SHeoBER, SHRROEEBISTLH, Lo NRBALLTKERG
N BRBS) OHBECREEROBBSER S ORI ALEL L S,

3.1.2 BEOCEKIMNESRK

AFWROBEMREE, BE BN HE BERFCL, TEEIRLY, BHRHEO—&
RTHHBEHUNRKELE B EL D LR hoBDLA, &R 15 (FF L HA)
& 27 (T A1) w3 5REX L 20 IhTw 5,

AEROMEXYRETHIERYBEULCBEL TEL DL, KRAK 0 OREkSE R
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BRIOHEZ) duid, BHUEE ¢ OBHNR a L LDOHERE RO OBRERREL T
KR Thlczbhb,

Buo = fua 1= k(0) | 3-1)

ERD E0) i 2ERE a-k0) ORBAEC L SHEDCE KLY b b, SIRLEMDOBAE, k0O) 12
ABAE O° (L @) ©0, 90° (T H) TL, wAMOBERHFIKOTL W0°TOLisE
Exbhd, EHE, EHOFKMAEDOKE ¢ % L 35 L0 T HADKE ¢z, dor 2255
Bins, 8-) R0 Xorics,

oo = £ Gz, $ur) {1= a2 0) | 5-2)

3.1.3 SiIROWHREY
BROBXZESGHTHLERODFMEEIIEET, ChEy3KRTHELLTRIES Z
ERBETHHE D T, REOHEMARLE T TIRLENE TERIABHEIP I,
Z ZTik, face b core DEINEFEL AROBESELY 2RITEIRETCROIES,
Fig.3-1o X573 %k7‘5%%%f‘ibéh%éﬁ@%%?l%&mhﬁ%vﬁsﬁ 5
Fig.32 DX 5B L, BHODOBWEERIZKRDL 5D,

Y Y
i 1

v ey

:L 3
Tren Tery _
!
5 |
< 2
3
S 2 sl 55—
Z(R) K 3
) &
[\ e
ﬂ Tfew 61 Fexy
b - v
Uy oy
! !
Face Core

(1) 2

X(L)
1

Fig. 3-1. XYZ (LTR)raxes of plywood.

Face .- ‘Core *

Fig. 3-2. XY-axes and £7-axes of plywood.
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0, =050+ 0ca)

0 =optoey (3f'3)

0= szy'f"l'my

ZZT, o LA BV face, core DEEGS, t X AWGHTH S,
¥, face & core REBE IR TWBHT b, £ (BH) ERRKEXTELEIRS,

Efr = Eox
Efy = ey 3-4)
Vtey = Tczz/

Z T, ek face 3 XX core DEBEZE, T I AMBTHD,
(3-4) ROERZICHCERL T, 3-3) XML TRTE, face is LU core DI NE S

BBoh5, XY #RTIik

-

(61 [05 0 0 05 O 0 |—1(o.
Try o 1 o0 O 1 0 0
> 0 0 1 0 0 1 0
i I e 3-5)
Tex Sfll Sm S}ls —Sezz —Sear —Sez 0
Ocy St St Spzs —Sez —Seun — S 0
\T pzy J _S;ﬂ S;sz S}se —S.’,ez —S.':el - ';es_‘ 0
&% BRTIX
(0] [05 0 0 05 0 0 J-1( cam?®
Gy 0 05 0 O 05 0 o 1?
T 0 0 05 O 0 05 —a.mn
rén - (3—6)
Oot SuuSm 0 —Sez —Sen 0 0
Oy Sa Spz 0 —Seiz —Sen O 0
\ TogrJ L 0 0 ste 0 0 —S.,ss \ 0 J

Lg%, 1L, 35, 6) RPDOHRE Sy LU Sy RRANLHEII S,

S = El,

S = L}”

S = Su = —Lar =t

St = Sum+(2Su+ Su) mn+Sunt = -

1 (3-7)

Séz = S11n4+(2S12+S56) 7l2"l‘2'|‘ts'zzﬂ'l'4 = E
'
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Stz = So = (Su~+.Sz) m?n2+ S (mt+nt)— Seem?n? = — #E”' = — ij"'
» ”
So = 4(Su1+Soa—2S13) m2n?+ Ses (m? —n?f = Gl
oy

Sie = —Z(Su mz—SzznZ) mn+(ZSlz+S65) mn (mz—nz)
Sée = —2(511 nZ—Szsz) mn+(2S12+Sse) mn (nz—mz)

m = cosb, n=sinf

FRDE, G, p i2FhFh Face 35X 0 core DY v 7 {BE, BANBMEK, R7V kT

H 5,
¥, (35,6 RETBREBT DL, face KXV core DER T BB D, XY BFRTIX
Efz Eca -S§*11 S}lz S}IG- Ofx i Sen Seat Sézﬂ Ocx
&y ¢ =6y { = |Si1 Stee St ] {0sy } = |She Sinx Seis| | Gex (3-8)
rfzz/ rcxy _S}Sl S}GZ S}GG_ Ttzy S;GZ Séﬁl Séss_ Texy

&7 R TIX
&re
[ }Z
Tz,
Litd,

Mk ks, HESIEEDREBICRT S face 38 LU core DISHRG L BERGFNELH
E, MG TAHEHR SO BRCHEERERDOObNh D, od 2iE, KNAKE 6 ogHRO5|5%E
Yy 7R Eo i3, AHREECIERAT S 2 HRADOIRGS 0x £ 3IEE a(=cu=ca) &b,
KO L CEEIR S,

lece l [Sr Sz 0 ] (o2 Sezz Sz 0 T (oo
Eop . sz1 Sz 0 Opy ¢ = oz Sen 0 Oey

o =
lrcéyl | 0 0 SfGG_ 0 0 ScGS.

Tren Tesn

Ey=-"22 ' (3-10)

&z

3.1.4 ABEORE
EROWHEBIL TRAFEHHSEILL, GRADVTHIDIDIENRSHBRAEG
TECEL L ECBBIABI D ERETEHE, BXHEGERDOGITIX face 38 LU core D
WEBH R OME Frr, Fr, For, For L% AKX Frur, For NBERCEST5EFOERN L
Exbhb, Lo T, KRAE O OBWHOBE F5id, face 3 KU core O FEST [
E—FKT B WROIIBSGF EXNCHIET HHEND, KDOLSKFHEIRS,

Fo = Og*

Frr <or Fyr 0 Frir or For or For or F"”) (3-11)

T
are Oty Ofey (] e Tegn

R0 F IENRB IO EHAEINAWMIL L » TARLHEYR TN, 05 bEDOfER

EWROBE L L THAHT S,
—F, BRAOWTRHDEOLME=FAF ~ 55 I AME= F L F -2V RER
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BLEICEBAKCBERETSE, BEXRHUHEGAL AR LEAROBI F iXkA
DIX>ELIND,

F, = __ (3-12)
J%%i+ﬂiﬂ+lGL~ -Lﬁgmw

2T, B, RLAROBETHAROBE, Fo Xl AMEE, tu tadRT7 YV VI, nik
BRERIOEEHHRETH 5,
) n=n=00 ¢ %
sin?20/4F\ F, DE % J\HL 1B S K
i) n=n=2Wttypy D& F
St A F— LD & SHER
i) n=n,=10¢ &
Norris™ X » THE IR AME=FLF — 1L 3 {HEIK

tiat Yoy A4 Uy L x
Ntz 121 (2 p112) 2+ )

HAMBH=FALF b & 3<HEAR
3.2 MHEEERAG®R
3.1.1 BHOEN
FHRIFHL 1o+ (Tilia B) dib¥eE EEE 58T (EIRERX 118 MHt) ZET, <
HIb15mmksI30mmEDEFEREML A, <ORED 12157y HH6mm
3ply 15/+30L+15)) i lERML =, HFEIEEIHRERBRBCEREL 12, Lo
BERIRDO LB Y TH 5B, '

g & #H: XKHEER41 v+ $HDI1002

(# 7 ¢ vIMEARKBIEEEA)
fii & t: $HD 1002 100

iv) n=n,=

REISr—~ 10
hoE OB 1
NH,Cl 1
w o A 1
H;O 25

B i &: K E 139 g/30X30) cm?
cold press: 12kg/cm?, 2 #[H]
hot press : 105°C, 10kg/cm2, 4 4R
LED X574t 90cmX180cm ® 6 mm Ak 20 fER L, Zo&RE P afLH
ER
—%, BT 55, FEOBKABRIET LA 12 0#ENL SBOFTHESKE 18
DEXERBEEREFEHL 2. TOERBRERRICRT,
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% e Lo L B oK B X (mm)
Face FHAR (F) 15/ +15)+15 +15)
Core AT AR (C) 3.0/+3.0/)
Face-core 478 (FC) 1.5/ +3.0)+15)
Face-core HAZAW (P) 1.5//+3.0L+15])
COABOERLI TN T4HecmX45cm O 6mm ST, K42 5T UERL A, O
BIEL P ARICERL, KD X5 K& THARFRECERML 2,
EEFEAL: $HD 1002 100
" E B 10
NH,CI 1
H;0O 25
W i E: FE13~15g/(30X30) cm?
cold press : /& L
hot press : 120°C, 10kg/cm?, 5 4R
3.2.2 HiEOoRMAE
ERL B2l 2 BRIENCEBRIELE, 50cmX50cm  ARKH Y, 1.5mm iy

200 #, 3.0 mm ¥#z 100 B> TKROBBREY B2 s T,

plate gh {JE B

Fig.3-3 ERID X 5, BROMHEY lemX2em D I A+ 5 M 2R TEIZZATH
EECEe, PRO15cmX15ecm AD I X+ FHCGEMEY MLz, A -2vit45cm, B

T-direction L-direction

P
AN30
P
| 25N
/ P 1 i :
/ / 50| i i
/
/I
/ [/ /] as0 - i
/ / i
/
/I H
L 70 Lo -3
dial |
gage i i
i
— 225 225 i i
i !
1.,5mm or 3.0mm 50
SHINA veneer L i
1
P

1.5mm or 3,0mm

P
o
L<150><150

Fig. 3-3. Bending test specimen
of veneer. (unit: mm)

SHINA veneer

Fig. 3-4. Tension test specimen
of veneer. (unit: mm)
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HXXZL, 15mm HK2320g, 3.0 mm BiEAS 200g C, hREXE A =~ 27 30 mm,
1/100 mm AR D £ 4 ¥ L4 ~ S CHEL oo

beam g (73 kA

Fig. 3-3 0 FRID X 51z, HMfFED lemXlem BD I X T HICHSEMEL ML I,
Asv4130cem, MEXEZE15mm2g, 30mm 28 20g C, plate B & AHEOFHET
FREZZHEL 7o,

HBLHITE % 250 kg o L+ v RIRBBCHT BERR Y Sk, PREPHEHRT
AR vE IS SmMm A 75em, 3.0mm 3 10cm & U 7=,

SERE R

Fig.3-4 0k 57c L s X0 T K3 HERA R ERL, 250kg 41« v BIREBHE 3 ER
BWEBREY B It T,

3.2.3 AlEOARE/

TEBL 2B » AR TFHRABRY Sk T, F#RBCEHATIARESEL L,

Flifdh T H R

FTARTDScmX4S5ecmD6bmm EHRDO ZAHH3emX40em D L) X T2 H
MORAREED, Aty 30cm, PREPHEFRCTHIRBREY S o, MEXIAL, F
f1&48 (F, C, FC) © L s KOEHZ AR (P) © 1 K200 g, BERER 2 K 100 g,
FHAER T HmR20g TH D, BAUEHIEROBE LAETH S,

¥ {§ plate shear &5

TR I ED 40 cm X 40 cm D& BT K L T plate shear RBA R = 7c o Topt, 0O
FER O T &R D plate shear BEEDOHTOND

EXNHHER

FTRTOFRCOWT, JASKHEZIR TS ERIVOBRORFCESENRREY S
Zieot, i, RBORAR T rolling shear strength 3 X ¢f horizontal shear strength % 4,
BIEL =™,

block shear & E&

TRTOEER» LB FREORAZEHRL, JISZ2114 D EET block shear A% k5 = ir
- 1

3.2.4 EHOBBAEE

55R B R

FATEBIC D Tk JIS Z-2101 KM 5 RABRECEL (5 ERBE B IR, Thb
H, 6mm GROKMAEY XA %L CTRBESEL TRE18mm &L, Zhsb Fig.3-5 0k
K (0°AA) SIOAEK (15°~90°) 0 X 5 R R L 2. —F, BEXAREIARRAEH
pbbF, 6mm A5 5 Fig. 3-6 0 X 5 BA &Moo, AL ton 35 L 0 250 kg 4 1 &
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p
15 1T
18 A
p
60 |=—25
100 a5/ T
30
40 i
gage ! 40
length i gage
0 wol| ! length
Y
i
6mm 0- H
SHINA !
plywood
A
P
P Fig. 3-7. Compression test
Fig. 3-6. Tension test specimen of veneer lam
specimen of ply- inated wood or plywood.
wood. (unit: mm) (unit : mm)
190 vHRBE TR IRy, BER K RICHEL /2 mirror
extensometer iZ X » THRIEL /o, £ = I Bk Fig. 3-5, 6
L CRTERD TH D,
J ERBICAT V2V HER
’ FEAMFRERIL JIS Z-2111 KM EMABKICEL TR Tk

Fig. 3-5. Tension test speci-
men of veneer laminated 7. T70hb, 6mm EREAFEBEEL THERN 25 mm

wood. (unit : mm) rL, Zhpb Fig 37 @mi+L57%25emx25cmx
10cm OBEFHERL 72, FEZSton AL v HRBEBcE:, BRESE#4cm LT
mirror extensometer THIEL 7z, F 7, FE—RAFPRECET v v EHIEHD mirror exten-
someter X REL THFHEXE - T, EMCI2RFREBLLELCRE7 v viErRD T,

51 d o -

Fig. 3-8 D X 5 i A-tv 20cm O MIFRA O PRI FMHEL N2 fo, HEE X ZTAKM
AR 0° A5 90° ~ 200, 100, 40, 10, 5g Wb L, fRELEZ A P v~ 27 30mm, 1/100 mm
HADLEA YAy — 2 THEL 1o, AIMRRE, 250kg + 4 v BRAREHE > T, A—R %
Ay 20em, FREPHEHATHEEL .

plate shear B k&

F# plate shear B THONI L 51T, TRTOHFHTTHL T40 cm X40 cm O F 85 TR
Bk i Zio fefh, 20emX 20 cm ORI AR - 7o £ O & RBF BRI Fig. 3-9 1R
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EBHITHS, MEEIAL, 0cmX40em 7R 20g, 20cmX20ecm A 50g T, HEATO
BATHTRBRE AR AFETHEL .

panel shear &k

plate shear HEBK T HEORF 2HTomnt Fig. 3-10 0 &k 5 e RB AL ER-L-, F, C,
FC, P SRR L Tid 0°, 45°, 90°, P’ S#icxL T 0°, 15°, 30°, 45° DB % I 3 64
DOfFBL Tz, Ston AL v EIRBRECHEL ML, ARONAR L -4~ 2K 30mm
DAL VA Y P =S ko TERMEL 2, '

rolling shear & k&

Fig.3-11 0 X5k, 5cmX5cm®6mmP GROMEIZ 2cmXS5ecmXbem O = = Y
M ETRlem TOFLLTEEE L, TOL5KARBREY 15° X 4EFOERL 12,
S5ton 4 4t v RIRBECERMEY S 21228, oL xABEREFACH C Lok
Y=Y MAE Y B B S 2 e, MESADH
BEGMPA L2 ~7 5mm, 1/1000 mm {4 % 1
Yy —-oCcHIEL, TOBRBETLE CHEY
mz iz,

ks, TRTORKOBBECIKARA v+
BT T3 ]-402 (T3 v RESIRE

P
100 a 100————j y
30771 A w‘ dial 6
L gage
L= " om
gage

Fig. 3-9. plate shear test specimen of

Fig. 3-8. Bending test specimen of veneer veneer laminated wood or
laminated wood or plywood. (unit : plywood. (one point loading
mm) method, unit: mm)
6mm SHINA P
veneer
1007‘
laminated 5
wood 50
or 50.
MIZUNARA
plywood
- 110
Y :;;:1" 100 U 60
. X
- N
>\ MIZUNARA / 6mm SHINA (|| 50 EZOMATSU
. plywood V}
MIZUNARA 20 L
lU 20 7
~ . 50
. 6 >6le
T 100 —>ke—75 100 —) 202°E 503 <—20=l/
Fig. 3-10. Panel shear test specimen of veneer Fig. 3-11. Rolling shear test specimen
laminated wood or plywood. (unit: of veneer laminated wood

mm) or plywood. (unit: mm)
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BA) 2EALL, %7, B8, Efi, iToRF OB, 5% (F, C FC, P, P) oAk
TR, RRAECH»H I FTI KECTBIGTOTH 5,
3.3 BRLER
3.3.1 HiEDMEME
3.2.2 BRORBGEIT L » TRIEL Ic B DO E D FHE% Table 3-1 17,

Table 3-1. Mechanical "properties of veneers

Thickness of veneer

1.5 mm 3.0mm 3.0 mm/1.5 mm

Young’s modulus of L-direction in bending

of piie (105 ke lem) 107.1 119.1 111
Young’s modulus of 7-direction in bending

of beam (103 kg/cm?) 112.7 108.5 0.96
Modulus of rupture of L-direction in bend-

ing of beam (kg/cm?) 984. 919. 0.93
Tensile strength of L-direction (kg/cm?) 811. 1008. 1.03
Tensile strength of 7-direction (kg/cm?2) 44.0 23.8 0.54
Percents of lathe checks (%) 20. 50. 2.50
Spacing of lathe checks (mm) 1.0 1.0 1.00
Angle of lathe checks (degree) 45. 45. 1.00
Specific gravity 0.51 0.52 0.99
Moisture content (%) 9.8 10.1 0.97
LERIY R B

HFRRFRERC L D2HECAKREL, 2BIROH5% NHIERFETH - o, BEhM
'R 7o, WEEHL TR TIR2em L, MR2RF TRESECHEI R,
plate B F o L HAD ¥ v Z%¥0L 1.5 mm Tit 724~133.8, 3.0 mm Tit 89.4~134.5, beam
o 1.5 mm ¥ 783~1175, 3.0 mm L 68.9~135.7X10° kg/cm? ¢, plate B 7B 1.5
mm BROFARELfEE ez, LinL, ATV FnKREL, BEHEREI D LIEV
IAHBOHNEL, TOHER LT E ZRDJZCIHYUBORI BNDBETH S5,

L 7 rydh (TR R Fo

BIEME T 1.5 mm A3 761~1365, 3.0 mm % 694~1297 kg/cm? & fx » foid, Eoz ICHA~TH
RO AT VERKEL, ¥, BHLAEHBEBIAY, REHRMBEC L > THEEL W5
DN\, For OFEERLLYENLD LN B,

LEAs LU T HR5IRRE Fur, Fir

LEAAF BB TRECT > TR BAAS cBICh RTT [ RBEETHE 4215
¢, 15mm Tk ICHEET, Fu OELETETLTW S, Litss T, RADMERDS <
TRLELR, BOT2METHILERDS, —FH, T HEO15mmit 440, 3.0mm ix
238kg/em? ¢, BADIRIFPRTHEBEL 1o, ZOMELBELRENORMOBEREET S L,
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15 mm 751530, 30mm A5k 492kglem? Lic Y, FDOERXLTHNT% T, HCZOH
EEDZLUENBFTOR T2,
3.3.2 HifOXRENLEERY L)

Fls XTOBRKEREY 3-1) RIRATB L k0 B ELI D, HIRERE dw OWEL B
ST D, FIAERPLHET S ¢ ZHEL, T OMEMN MBI £(0) & BHMERE 60 &
FELE, Thbb, 3-1) RickwT, BEIhEORKLD (ap=02, ac=05, ax=035) 3 &
DFTEED du & a BILH, 0w & kO R METDIODHBRA F C, FC) 12T, 2
DOFORBEVL THE, ThEThOFEEY 0w 8LV kO OfEEL L TEAL 1.

Fig. 3-12 IWRER T B X 51, k(O Offiix, 5IELEM ¥/ RELBRSOERY
<, 0°~15° CABICH ML TO6~09 Lix 52, 30°~90° TREALA PR, 1
Lhote, RO>1 KB LABRES ) BRLOTHE, RAFH, WESIOHEE
DEECL > THELLDTHA D,

BIEEMX Fo koW TEBT AL, 0° Tk L HAREGLH o HXENT, BEOZER
L, LEMCHTAIBUNOPEEIFTTH D E0)=0Lkd, O°1hbHRDIT
Lot T oz 3BT 55, LT B AMIGH tor 36 200 T HAREILD or 23EML, T
RN EREICETS LHEERRI Y, S0, or W THEREILITH LMD, Tz 02
ORINCE L5 TEO) O ER TS, tr7i3 45° TRA L DDA L T, 90° Tk ar
BT, BEOXERE L DHDT, k0021 kb, Fuwe ba s 2 REHEY S OFH
DB ICE U ME Fuwe=(1—0a) Fase 725 L E2 BN D, Ef, TLTY v 7 REEOWT
LEETHA .,

1,2~ [ 1.2~
gy
’/
/

P B o ~ 10— — =
® / e Tensile
r Tensile / ~ strength
- Young-’s ,’ % /l
§ 0.8k modulus / 3 0.8 /
C) ,;‘ © /,

- °
~ 2
o l »° Compressive < " !
~ 0.6 ‘" Young-s : 0.6 7
o modulus ° ,’
2 / z ! Serengen. "
S o.af [ A 0.l Jf ne
9 ! & ]
2 y
< 9 h
) 4 Q
-] A Q
o 0.2]- 0.2

0 1 i i ! } o 1 | i l -l
0 30 60 90 0 30 60 90
( degree ) ( degree )

Fig. 3-12. Coefficients of lathe check %{8).



ARA 2y P BEREACHETIHE (BH

3.3.3 SWRDOMBEHERE

YOURME

FATEHRE L OCERZRGRO5IE, EfE M3 v o RE% Fig 3-13 Wi,

FATERD E, 0°TREER, T, HMFD { Er=104~136X10*kg/cm? T 5 D
WXL, 45°~90° T 3EOETAROM THrL b DEND 52, BELPBEOE I OK
RAECIEINBOERLDE X EDOHEOEELTHELA T Add A5, BERXAEED
E 3, 31ER LUEMT Er=FEx=585~655X100kg/cm? &, EITEHROH L FTH 5, 45°
RRAMEE L TR ER DD, FIBRCENTERD Es OFMRETFTEL, TORFELH
EV. BT Er=965~1023X10%kg/cm? &, EfFEHK L h 20/, 0°~45° CEA T
525, 45°~90° Tixdh ¥ Y BEL 7R\,

DEER, -7 RD Sh, SeRExMH- T, HEXEIAOE, G, ¢ hHEBEORRAED
YV /7B E R RELC, EREL LTS E Fig.3-18 DX 51k,

558 E OMEE GHEME/FEAME) X, FITEHRO 30° TETFEL LD, BEXEARTIE
51063 & BRI, FATARD 15°~30° TIXERIME, 45°~75° TIXFEMEDH AKX L
55, ERARTIIIOL 5 R ERNENRD Bhist, Thbb, FAAHO 45°~9%0°
D kO IZLTEL, EH Ewe >OROTEE Eo NEBERZ TES Z Li278048, 15°~45°
DEO) N, BENEEELREY L TB0DT, Ffll Eme OENSFFE LTSN
b, HEAWTIE, Ew & Ew OfEDOENP L, face b core NEZL T 5% b BENE

14"‘!' 140+ 140 -
‘-. - 1
120 v Y120 120 f-
~ \ S \
o ' = i ~
1
E \ ™) \ a
o 1 " 1]
~ 1 o |' o
g 100 |- =100~} w0100
B ! >~ ! e \
- ‘| Veneer @ } Veneer S \‘ Veneer
-~ i\ laminated 2 { laminated o \ laminated
2 80 b= |'wood 2 8of .lwood = 8o [ \‘ wood
- g 1 Z \
8 n H =
© K \ b
= ¥ i g
@ g 60 ‘ o 60
¥ = b
3 2 ]
- - g
® 240 40 |-
- 2 0
b . 8
] 2 g
] g &
& 3 ]
\, 20 |- 2 90}
\\ o \
-
PN \‘,~__._
SRR S S { S Y T R N ¢
%% 4] ol
30 60 90 0 30 60 90 0 20 60 20
( degree ) ( degree ) ( degree )
Fig. 3-13. Calculated curves and observed Young’s moduli of veneer

laminated wood and plywood.
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BLELKBNS AT 520, HEEOESGELROTHS5,

FEfE Eo DBEEX, FIAKRTTH 0848, BAZARTO095L &, FIEOBECHSTE
DHEGEIE, BELERBECIETER D LLD, BAERCLIEITThRZDLR
5, WThicbek, EMOBESRF OMEKARSEIE-Z &, BRMENAERORERER
ERX T, PAAROEIENRAZ Y 7032tk 2 b0 L Bbh b,

T Ev OFEFEE, FAEHRTEH 0930, BLAHRTO05L &, EMCHNTOPOH
WA, EOEFITEUL TWB, BTFOBE, 15°~75° TR A OEMFA TS Mt E#h s
AThbcd), TR BRI E R, pure i constant FRE T2 - L X BET, D
BED.5 Y+ 3BT BRIV THS S, '

Lichio T, “FTERICHL T, FHREOEBEES LS Ew 2 ¢ OREHBEIEL, B
EhEBLREV-OT, B-7) OFEXILBLNHHEIZERESR 15~25% TEH T\5, —
7, BEEREEHL T, E, Ey, Gp, tp DENAKEHNREL Tish, BIhP®LNX
DT, FHEMEIIEMECEL, RO, FELEBL TH, BEIT 10~15% R EH
WIhs,

W (RXEH) F

FOERSICEZAROIIE, EM HPES G IOHFEEAR F %
Fig. 3-14 ©= 7,

EEAWRD Fix, 0°TERIMITOMEINIITEL L, Frr=963~1049kg/cm? L /b, E
D Foo (L Z DEDK 35T, ZORFEL LB, EXLAHRD Fi, 31ERXOER
O 0° & 90° TIRITEL L, FITAHRD Fe D12 THD, 45 HBMEEL THBLE

1200 1200~ 1200 —~

100} . 1000

1000

~~
o ~
£
5 N
~
& N
- )
- %
- ~
+ E-}
4
EJG L ¥ 600 *
19 [
£ 2
R
™ w
2 H
0 ™
n k-1
s g
a Q
5 m
=]
(&7

800

§

T
g
1

Veneer
laminated

Veneer
v laminated
\ wood

O

8

g
1

plywood

1] o ¢
o ©

Tensile ltrepgth ( I(g/(:m2 )
@
&
1

¥eneer
laminated

wood ® T
1§ 1

ol—1 1
0 30 60 %0 o 30 60 90 o 30 50

( degree ) ( degree ) ( degree )

200

Fig. 3-14. Calculated curves and observed strength of veneer
laminated wood and plywood.
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Table 3-2. Coefficients (n) in Eq. (3-12)

In the case of tension In the case of compression
Kind
) e Np 7] (] ne Nn ns

F 0 0.204 1. 2.399 0. 0.189 1. 2.499

C 0. 0.136 1. 2.990 0. 0.144 1. 2.852
FC 0. 0.169 1. 2.676 0. 0.169 1. 2.674

P 0 0.369 1. 1.253 0. 0.353 1. 1.244

P 0 0.379 1. 1.260 0. 0.360 1. 1.233
(Remarks) : Face-veneer laminated wood

g: Core-veneer laminated wood
FC: Face-core-veneer laminated wood
P: Plywood
P': Plywood
K& B D, FEMORFEOHIE, BT OMEIL 45° THRANE e b3, 45°~90° TRHET
DEANRBOONLIBETH S,

DEIL, (8-12) REfM - THEFWMHT RO F, F, Fip, o b EBEORRAEDOHE F
WEEL, ENE: EETS, b4 oD% Table 3-2 IR dh 5 X 51T 0<ny<n<
n<ns<3 LB, TD5HLEAK (n) LD () DERBOFEOFHEME L £ DRAMEY Fig.
3-14 i,

BEEX45° TRLEL B0, 5EOBE, FAERTIXR075~085 T, REin DL X
B0, HZARTIL125~1407T, n, DL XCRE LD, EMOBE, Fi7
AROBEERAEOBAE LD EL, 060~070 L5, BRAKRTIZ095~115L, 7|
EIDEG, COXSREAERCI» THABRCENDDD, TOEIF~AT~8% THEMD,
(3-12) A0 n HEHM n=n=0) L TLRELEBINTHAH 5,

LkiioT, (3-12) Rieflio Tl F #5HET 286, PAHGRTIRMY —30%, BEXE
WTIH +20% OREXRATRERLHEVWTHAH S,

Shear modulus G # LU shear strength =

EHERE L OVE R G ] D panel shear, plate shear, rolling shear %35 G kX5 ¢
% Fig. 8-15, 16 iR,

panel shear DB A, Gpao=Gpase T, FTAREBZARDEDLIFEAE A, 45°
TRFETERD Gpave CHENXThTFMAULMERLEWCORL, EXERTEH45Fdi
%, plate shear DFE Y, Gpo &AMKIC GorooF G T, FAT A B L BLEROES I\
2%, 45° TRATEWAH 0% BETLTH50EHL, BERXARBEEH2E LR Th5,
rolling shear DB HFRELERIC OV TORAEL 1288, KA IS ERIP L, G.=
2.18~267x10°kg/cm?, 7,=22.3~26.7 kg/cm? “C*Z*év;fco ¥, BIEMRAHLEE o 12 F
15 276 kg/cm?, horizontal shear strength (X% 60.0 kg/cm?, & ¥ EF /113 F5 31.1 kg/cm?
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T, £OARBEHRIL80~100% TH - 72, ‘
DFI, (1) O Sk KMo THEEMERD E, G, p hbEROKRAED G %
B, FHH{E L HEL T Fig. 3-15 R,
45° DEEEL, FITERD Gpaase #0454, Gprus 73096 L7 5 DIKL, BELESHED
Grause 121033, Gprase 280921 L0/ D E\se D XD, Ey, E, G, OEREEDOREHNTT
BT, Ld E & ELEDENNIVCVELERTEESENB S, Er & Ex L DENRKE

30~ 30 i~

25 - 25—
~ ~
o
Ns =
< 20 - ® 20}
-4 )
s 3
s >
— -
o -
1
2 15 215
=l )
] LS
=]
E E Plywood
S
8 g
g 10 ,5 10 ~
“ Veneer 4 ° Veneer
I laminated - laminated
o ~<
ﬁ [ wood = d ~\ wood
g . -~ a o
d e 5 Treil
5 -
o i 1 0 1 1
0 15 30 45 0 15 30 45
( degree ) ( degree )

Fig. 3-15. Calculated curves and observed shear moduli of veneer
laminated wood and plywood.

-
L
o

Q
L

o
=
I

O
O

Rolling shear modulus ( 103kg/cm2 )
©
J
(o]
o
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ob—L 1 1 1 ob—1 1 1 1 1
o 30 60 90 6 30 60 90

( degree ) ( degree )

Fig. 3-16. Observed rolling shear moduli and strength of plywood.
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WREITAHRTIE, LK, Ew AHELORECESNYELZTE 1D, TORELEE
Thh, BEELFRETETFTTEOTHSS,
Lchis T, BEREHRD Goix B-7) Rl THEF#MHTHOENLERCHETESD
2% EIAERTCRLOBERN LV EL LB D LBbh B,
3.3.4 BEBLICESRMOBMBHEREDHLE
CurRRY” (3 EEA A% » CHEROBMEME 6 1O EREE ¢ ZFHEL TV%%5, 6 mm
3 ply (154+30+15) AR OMHEEIL face 35 X 1 core DYEE ¢r, . MBRD IS ERDHI B,
5, EMO%BE

$,=05%+059, (3-13)
HFoBA
¢p = 0.875 9,4+ 0.125 ¢, (3-14)

EROTHABEE, o0 LB THAEMTY v 7R+ 3EERIOE &
% Table 3-3 w1,

(3-14) ROAELD by, ¢ @ 1.5 mm % X 08 3.0 mm B4 H D BFRER D 5187 L TR
BB LAAMTY Y 7B Enr, Ear ®RALTETERD Epnr 25t E T34, %
DFESEIL 0983 LEDTE\, %7, Table3-3 TREhTwWb L5k, FAKRE CEHHRD
flici

Emr = 00475 Ecoz,  Ecor = 0.0348 Ecy;

RAHBENHBH DT, ZOBFREMES &, BRARD Ewm, Ep: & 8-14) AnbKDO L ST
3}?&)6“60

prl = 0.875 Ebe +0.125 X 0.0348 Eur } (3 15)
E 52 = 0.875 X 0.0475 Epz + 0.125 Eopz
Table 3-3. Basic mechanical properties of veneer laminated
woods and plywoods
Observed Calculated Ob-
Young’s Young’s Epz-» Evrs Cl)gasgrred served
Specific modulus modulus cal. cal. ; 2 utu: shear
Kind gravity in bending in bending ol rupture modulus
‘ Epr Epr OfEI;E;e ofEEEim Esz obs. Esz obs.  Foz Fyr (10?”'
(rw) (108 kg/cm?) (103 kg/cm?) (103 kg/cm?) kg/cm?2)
F 0.65 103.8 49 107.6. 1214 1.040 1.125 968 104 7.10
C 0.55 1114 38 1185 1088 1.058 1.052 995 81 6.96
FC 0.59 106.0 49 1035 111.2° 0983 1.045 1045 97 6.73
P 0.58 96.5 21.9 96.1 99.8 0.979 1.011 697 366 8.68
P 0.52 102.3 16.9 617 306 7.53

(Remarks) L, T, LT: L-diretion parallel to the face grain, T-direction perpendicular to
the face grain and L7-plane, respectively.



244 mEAFRFRRERAERE F29% H25

FRRCLEIED Eny, Ear DEXRATE L, Em=92X100kg/cm?, Eu;=18.7X10°kg/
cm? OfERELN, FOBEEXFREN 0976, 0854 THDH, SD LS, face DILTIBSG
HAEEMTH S (0.875/0918) 1 HADOBEEIIED TH DN, face & core DILTIRS
REEHIELIL Ty % (0.042/0.167, 0.125/0.167) 2 HATRFDOBEETZ RS ETL T3,

Licits T, EEAIC L THEED Eur 5 b FETEHRE L CEZ RO @G E O T v v
SEBYERCHETEL DL BbhB, kKL, BEXRAHED 2 HHDMHE Ep: XL Tk
10~20% DEXEX RAThEEbLRLTHAS,

DEI, (3-13, 14) ROEUOE 1HIC F G8Hh b B face D¥kRER, H2HRK C G
b core DERERFRERNRAL, FiT (FC) AR EBER (P) AROEREZIAL Tt
DEEEEBRFNT 5,

EHARCHT 2 EEERARBARECHrLLTED TE . Tihbb, face L core D
PREDENPNX L, FORIMAEDLIZIE—HL TWHOT, BEE S EERFOILIIREBELU
LTEH, FORBIIEBREROMECE, BREAMNKILBSWRELXHEL TS5, LiL,
HFD > HIR O B> X 5 s &% pure constant DWTEHREET, free constant 2 )
1, FOBEERETETL TS,

BERZARTIHEETEIMANOBAERE VA, BEAFHTREL LBy, F#MATROSHE
BECOWTRTTREBEIRTWD XK, BEL TS face b core DEBH R OHEENK
o, BERLEHEORKOAOIEINEEMCE L, TOBKREENEEL L TaRE
BRICECTL 5, DB ROIEIIED TEVWOTEREL TLIL o202k l, ZDHR
PIOBEENE h->TBbDEEZLND, ZhiHL T, EHAHATIX face & core
D BEEEE G 1 O RES R BSE L, T ORIRG LD T, WTFROBERY L ER TS
EMTER G, Lo T, ZOBE, face & core DYEDRMAEALEFICL » TUE, &
BLIDHLOCIGIREE L DELAROUMEXHETI I L XEETHA 5,

3.3.5 SIEO5IE/Y TR E,

ZREOIETTRBC BN TUSHDOD Y H AR EEBELEHERANBL IV, BRREKOK
EOLAROEREEFTET I ENTES,

fod 2, BEGIRICHREC KT 5 AROMEIL B-3~10) Ric X - THEIh 325,
COHEFCBLID face & core D XY iR L & @R OGRS # Fig. 3-17 w1,

Fig. 3-17 iR &N T 5 X 5 I, face DHBEWEED M core L h EHR DT, XY il
ROBEILS 0. 28 1 (EROFEERS EFLMHE) &iedABEIL 45° Tikie <, o 12 0° fllic,
O 12 90° WIREFTFTH TS, [FRRIC 05y, eyy Troys Tory DRIFE L TXT90° it L0
ThTwb, Fi, TBRTY 0.=1 DAEIX, g 28 0° IS, 0 25 90° fIICES TR T
Bo 0p X0 b 90° b TN ERAL, oo HTHY L, tm BL O 0 12 45° %BE LT
BIERBRE 7L - T B,
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g ~ . ~ e
) LTS SEREI L A e . R
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b3 Tfay —de
w Trer
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Face ( XY-axis ) Core ( XY-axis ) Face ( é7-axis ) Core ( &7 -axis )

Fig. 3-17. Stress components of plywood under uniaxial
stress condition.

”( Behic XY @RS RS % (3-8) RiLRA
LTERSERD, (3-10) K& THEL 23]
| EYv 7%k Fig. 3-18 KT,
EPHECHTHHAEITFEH 1100 &g T
WhHAS, FHEOEBEMEIC & o M ER ORIERS
or EroHmL T, ZOoBEOREZIRLLAWT
HH5, THLIEMBITY R I 5 ditiy,
R W P EERS OB L 5 TRELHR F1

60( q

Tensile Young-’s modulus ( loakslcm2 )

20}~
© T e & bR EEOD 5\~ REHT ) 58 B B
b5,
R LisLicith, HABEDT Y +OEAER
( degree ) KT E - THI bR bOT, EHEORM

Fig. 3-18. Calculated curve and observ-

ed tensile Young’s moduli WKL TE, BHDOH HULKHR L EERGER L
of plywood. CIb, BREEOMEND ARG IR &
CRMEREYHETS Z LRNTHRTHD L Bbhb,
3.3.6 SHOIIWEX F,

ETHLRL TBMREIRS LA BEROBMI L B-11) AR ALTHEL &K
BB X % Fig. 3-19 kR T,

EHEIHTHE A EER, 0°, 90° T2 1120 L RS OBA L AE R, 15°~75° Tit
0881 L5 BPMNHE IR TV, Thbb, EEWMAFRTAINERFAE—KTS LHAOH
WORNHEENTH 57D, FIREBEIERTOBEKFL, THICERZTSHHDHEK
BMEHESREL R TECTE R, Thicxl, 15°~75° CARDOFIERI L LTHBLRSE
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FERBICIIEREROE AN BICh L SfET
H5, BRIt A DBERSDIET 23,
REFOBRMBECIIEL THHT, TOLDER
THERLHIBEOMBHEL L DEELDR
00, BEOBMEABICY > TROLCERD
MR EBL LCHBEEL VIETEL LD TH
55, febkxiE, BEheowTh, ARTIRE
OHEOFEER T Hms, B#ix LARENE
ZLT3cdD, BERBONELXLISDT, B#
BIHECE OB EMIh D REDEE
2Zbhb,

Lo T, SHREBROERBIE7Y —
DEFDOLELVLETRAETAZZ L3 HD,

Tensile strength ( kg/cm2 )

(8-18) Ric & BEIEMEIXES NS b, £ D1 of——L 1 1

® 15°~75° O & Bix 10% BEOE T4 5 % ( degree )

D& nghz)o . A OA : 33?35{3%@53‘1/37% based on gy or o,

0w} Caloulated value based on 05 or

3.4 MEREHROBEHEOHE ) " fa
. - N Fig. 3-19. Calculated values and ob-
RBEREEEZ»OREHEROBEMEIC served tensile strength of

DNTRDL 57T & BBS ISR, plywood.

Q) BiEo LAGE#MEYy 7B I T Ha55E% X2 Fig. 3-3 3 X 0 Fig. 3-4 0
ABRFBC L W RETETH S5,

@) BEEoMEL B-1) RO S CHEMUEILEBROR IR o LHEFRK LO) OF
FRETRDOND, kO X5 BEEBMLOLORCTY VY /7 EZREBEIC L > TETOERDS
2, RERAKEO 0, 15° ¥ CRAELAL T06~09, 30° L Etiz 1 B ERXRL T3,

(3) CurrYy DEFHI% AV THEEELSETARBIVCELT SROEELHET L
& FIERCHTIEGEIRNAECHbOTERD TH VA, BEXERCHL Tk
EHEHAECHHE > TERTETHS 5,

@ B-7) BIO (8-12) K&\ 5 &, BitkEETFE O D£SBT S H OB
BEBICEIBRDOLNLH, Ho#EGEIRTELARCHENRT, EFEH TR £20%
BEOBREYRATRILbRVTHA S, '

6) HEhsRIENDREO L 5 eBE, GROIBHES LBRFIZ20 &k 3-3) &
BEE R B-4) 1Tk » T face & core DEBWBMERE N LHBEINDN, ThLOESFME
ROIEGRY v 7 RELFIREBE L OFEREIA R VG LD L KIS R D,

6) LIEDX 5 nBENREOKE, BEMGROMESECHL TAKD L 5 R#EER
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NARETHD L ELDR D,

FEH LW E e —2—> BRI e —? BREWRELE
E;, Ep, Ep @ (Ez', Ez, Grz, /LTL) ¢ (El, E;, G #12)

Gir, Gir, Grr Fi, Fr, Frp F, F,, Fro
MIR, MLT, MRT N ©® @ /
 Fi, Fx, Fy ™ v
Fir, Fiz, Fr RIRAE 0 OB HEE R
-6, Giz—o, f112-0
() HoBFIHEEY Fo, Fizs
KN RMOES ' :

Thbb, BHREEEERRED S LRIEWRL LD By, Ex DX THBHN (1), RHE
BRI, D, BENRLFEREC IS EY I E, BREEOHENAIETH S
(2)e HHHEWEREEOH EIX CurrY ORLA HIXAVWIIEE B THD B), KINAE 0
DERBEERIHMEFH AT AOBENSGHETELIANY TR @), 20hREGERLE
BEREREM > THEEE,AD LROLND B), ZD@Eh, FEM, B, AHROBEHEER
HOBGRENEMOBEX DA THETHZENTELTHA I,

4. BEHEy MERBRALCHIDILNERLER

EPRRTIE, 3. MEAEGROBERETHBLEREL LKL, ARy P EEBESCHT
SIENERELERC O TEEM L VR EBMBRHN M lc, ARy € » F ARG DTE,
BT AR KT D INEEOBELANL LIS, FIBBIVCEMEYRTLIER Sty bk
IO=ZAETty r OEBERMEL T, #Fty FRFCHTIEREGERD,

4.1 BHEZEEEORMR
411 WHiEEMEERD

Fig.4-1, 2, 3 DX 5 AW A+ » VEBESOELSBERIED TN WOT, Bk
L URE LML K5 DRRAOHTH B, LT, NOGEECKSTHARY «y L OBRK
LT, G, MRER (& {ER), BER, ARNEEBLEHITOREN, 05 baeH
ERBETRY oy MCMABRENEFED L ONRERATHORIL T, Zo0EERBCILE
LLTHEADRAMINE EExbhs, ZORBRELESHT ARy FON Pk
OBRETL, FEFROEEFORINLLERDOLICHIEEIRS,

[ woE o
P,>P, DEx P=P, (58
Py>P,>P, 0k &  P=P, (RE-GHNEER
P,>P,>P, Dt % P=P, (EHR SHEHEER
P.>P, DL¥  P=P, (Hk) '
TZT, Py, Pp, Py, PriX, ThZh, R, &K BEB SGHEANAEEBR,LEHLCR
NTH%. BE, Pp>P, Bo>P, Thh, ERNEBENIVLEKRO RT BORAMMBE

(4-1)

oo
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(rolling shear strength) @ FAMEV-DT P
P, Ofi & L TIX rolling shear strength 5‘7
b LS ERRATS, y:
BlsREH ’EZOMATSU_ 12042
Fig. 4-1 O X 5 & A £ » M| i
EXNMERTAHE, EREAGWTITEL
LTI, MEERCRENEEAR 6mm SHINA/TL__, n /
plywood
A DT, BEROIER D T 2K Y
120+a
DY SWEHEIND,
T, =F, X A4, ‘ 120
T,=Fy, X A, (4-2) |,
Ty =F, XS, i
T, =F, XS, \l,
e ’ P
== Fig. 4-1. Tension test specimen of
F, F,: FERE l,(ﬁ%ﬁ@%li&ﬁé plywood gusset. (unit: mm)

Fo, F,.: B#&J ¥ X rolling shear Series 1: §=0° a=10, 20, 30, 40, 50, 60 mm

strength Series 2: a=20mm, §=0° 15° 30°, 45°, 60°, 75°, 90°
g \ Series 3: a=30mm, §=0° 15° 30° 45° 60°, 75° 90°
Ay, Ay RIE IO EROMTEHE 6: Angle of face veneer to loading direction
- S, Sr: BEBRIVCARAEER - .
DHEHE : ~ 200 200 200 ﬁ
(4-2) KD X S eRDI To, Ty, Ty, T 2

P
[ 50

DEIDKRMIFEEFART, @4-1) R 4o _A; _All;”i'gg“m'
300 —a a a><—300~-a

DRFRNDLELE T bOENE, § LZOMATSU  6mm SHINA

WA 2y OBV L 3R 2 RE , plywood -
Fig. 4-2. Bending test specimen of
Iha, plywood gusset. (unit: mm)

154 Tpal . ) Series 1: ¢=0° a=10, 20, 30, 40 mm '
N " ' Series 2: a=20mm, §=0° 15°, 30°, 45°, 60°, 75°, 90°
_ Fig 42 DX 5wl AMEHT 5% Series 3: a=30mm, 6=0°, 15°, 30°, 45°, 60°, 75°, 90°
&, B AR, AESEC é: Anglg of face veneer to loadmg dlrectlo.I}
ERYAEL DT, FEROMIMI M 3RARD L 5 CitE s h, FORPMEENS RS

£y P OBME L MFRNSRE S 1B,

- M,=F,X2Z,
M, =F,XZ,
My = Fy X Iyl ) i
M" = F" X IPr‘/rr 4 H%&EE (4_3)

“My = FyX ky X a2 X b,

¥ 2 : 51) -
‘M, = F, X k. %Xa%xb, )Eﬁ;&%}%
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ZIC . P

F,, Fp: EREIOCEROEFH
BRE = MIZUNAR

Z, Zy: FE X OBRONELSR T e

(I 6mm SHINA g
ﬁ plywood

Ipg, Ip,: FIREEEBOWIHRE 2 R 6

20

seavr s M e

Tg Tr & Hﬁ?ﬁ%’%@ﬁlﬁ 2RFE Fig. 4-3. Panel shear test specimen of
® ~ plywood gusset. (unit: mm)

ko, k, : EWEEEBOWIREGEED Series 1: §=0°, S=20, 40, 60 80, 100, 120, 140, 160,..

’ : o o 180mm

ag by, ar, by FERMEERBOTE  geries 2: S=50 mm, #=0°, 15°, 30°, 45°, 60°, 75°, 90°

Series 3: S$=50mm, §=0° 15° 30° 45°, 60°, 75°, 90°
TAMED (dotted line)
Fig. 4-3 © k 5 24 A Wi f’FFﬁTZ) 6: Angle of face veneer to loading direction

&, FEREAFCIIERIEC panel shear 7%, W& B IZiT rolling shear 2UE< DT, %
BERORAMMN Q KR D L 5 i EEh, TOXRPEBHLAHR €y F OWBHEL
FABR IR REZI NS,

Qv = va X Av
gp z j: m;( XSAp (4-4)
Q, =F,.xS§,

ZZTC Fpy, Fpp: T X OB D panel shear strength,
412 EERXOES
Fig. 4-4, 5 DX 5 H 2o tDFTERKECH AR LZOMEHREL L LERL LEE
THOLENRDD, COFHE, BEBLUOSty MIELEBEBETHENLG, IAMLbRS
EMBRECCRTOESEWRL >0, Brb3ER TS, £LL T, BHIMTFERL
ey MIBIREIOEMER TS, LT, ey b ?%ﬁﬂf, %H?’EF&E%&&?‘I
T, Ay F?ﬁﬁ'ﬁ?k%ﬁ%}%ki#@éﬁk@

P
180 280 A FRRROEW L E2 bR S,
% i' By FORE
L40| LHLEHEEFERE R Do ;’ﬁ":sgfoﬁzfg ------- P-- Fig. 44 CREATWHEH €y PDEX
" ?] tRLOT Y SEHE, B—FT, Wb b2RY
= 1——-——‘1(—51133%%%-1: \rl,, BUT—ETHE0, KEB A b—ELis,

beam member ; Li=pis T, ﬁﬂéﬁt v b k:%@"é%%ﬁﬂ(‘/}jiﬂ

Fig. 4-4. Test specimen of rectangular

* “wbod gusset. (unit: ¢m): CRBKD L SERbLIRS, -
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a Egt
EI G = by =y (4-5)
hib
A 4%1tb =& (4-6)
LB Ro—BBREDRS, ,
y = é*(A cos B.x+ B sin B,.x)+ e #*(C cos 8,z + D sin 8,.%) (4-7)

@7 RFA-OEFEEEZ D, CORECIZ4ADDOERFENLETH S, Fig.44 0
HEMT €y MROHTE— 2 v FERABINALIAAONRTEL Y, 2O008REHALRTR
LT3,

LoLissihd, ERERBCEFHERIOE -2V M Ahh o LBEOBAHBRR, BXx
A, e — 2 v FRBICRAE LT T TIMOSHENKO® BIZ X » TREAD L 51 RD LR
TW5DT, COBYFAL Ty PEHBXLHETS,

HPFE P Obb o B E
= L2 o p)
dy _ Pg
- dr = —’k—C(ﬁx>
d%y P s
3,
Q::-EL%%~——%;0@@
22T ¢ =e#(cosPr + sin fx)
¢ = —e ®(sin fz—cos f)
0 = e cos fx
{ =e®sin fx
EF—AVF MOhhotz e
v =J%ECW@
4-9)
- g%y _ M
M = —EI dE = 2 0 (fx)
Q = —EI Z;Z =MT’9¢’(ﬁx)

Tiebb, ERERRROM 4-8, 9) KAV THBRRRE @R /¢y +) OREB LB
X, FREROFMCE T, HWIFE— AV FBIVCCAKMNOBRNBCRL L5, BHh
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WEP, L, KIVEBRE—- v b My, MpoHmL T, EBRERZOMBCERTITI VL
Zxbhd, Fig 44 DFEHH vy kT, BRMEP LE—2v F M Ao B s
@ Pl’ P2 %J‘J:UMD Mz bi&@l 50:7‘&2}0

P, —0.5 8. 058.9(8.1) —05 0.50(8,.1) -1

Py| _| —054.2(8.) 058, —056(8,10) 05
M, 05 058(8.0) 0.25/8, 0.25 ¢ (B, 0)/8,
M, 050(8,.1) 05 0.25 ¢(8,0)/8, 0.25/8,

—05 P8(8,.]) —0.5 MB, ¢ (8,.0)

05 P —05 M3,
(4-10)
—-0.25 P¢(8,0)/8. —05MIB.I)
—0.25 PJB. +05M

EXX BRI P, P, My, My & P, M 225, BhEDLEFEEYAWT, EFrty
P (BRRE) OEMERD D, EMisb r BRI HOBMOBER v, 3RO X 5185,

. = 5o v{p0-2)+- 2 cfp.0-2)

+ Db o+ D ofp 0|+ 2B 5 20+ 22BE (5.0 )

(4-11)

ZAEHEY POER
Fig. 4 5 DX 5u=AFr rty ORIt BIVYV /7GR E, 3—FTHH7, I8b:
B A»BOEBCHAL TKRDOL > ZE L
T3, ‘
b,=xtana (4-12)
SOT, a REMEAAED12THL, Lk
No T, Fﬁﬁﬂi%@ﬁﬁkﬁf%ﬁ ke ODFEAL %
U\ sam caowrsy ERTHE, SAMF v Mo BEBNS
A e R HBRE

15mmx 30mm

EZOMATSU i E1£y—=—ky=
beam member | dx* ¢
Ejtcos’a  y

tan a x (4_13)

ERBR, ZOBREYBALZLIIRETHLIMND
FAOER « #EREARLLT

Fig. 4-5. Test specimen of triangular 4/ E,t cos’a L — B (4-14)
wood gusset. (unit: cm) 4Eltana x

LRE, BV ey rtRABOBSFRRIC
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EHLT, ZAK Iy rOEHRERDD, S840 2 Bhl SO0BRA n, 1IKDISK
5,

y,==cosa-[f7? ¢{ﬁxb—xﬂ-ri%?§c[ﬁab—x%

+ P 5,0+ B o5 0—0) + DL 5,0 ML (50— )
(4-15)

ERCY > TEBLhAIEL 2 SOSAH7 £y MERLOEHF €y F DBABTH DM,
HAHTAMNG, HEAHTCLERCHESRTnE, LictisT, OO L5 kH
?%“C“ﬁiE-&z‘acft: Bt

ZAWS L, POMESAMIENAZ L, BRAELAZVORESRT, #AMEER~E
{, BARELASGOT, £ L CHEAHORAFERIBYHET S, Thbb, B&H
DEEMEIMALE 2R IRDH, B AL B, BHERS 2 Z0F €y  OBHE
RETHELELT, ZO/HADH Ly MBERF Ly PAMOBIKLB L5 2y MIEYE
AU, REREEEL - RCBaBLBHET D, COFRXIKOLED Th%,

FF, 412~ REAThy B £TD, DX, (4-15) ROBAEYEL B
BRFBEROMA R T, bl R OMBERRDD, ShEIb, #ey B L, B
KDY SIBEINRS

b, = xtana-RJl - (4-16)
,_ Egtcosla R 1 A
ke == tan a I =z (4-17)
,_ 4/ Egtcos’a R 1 B
Be=N"4ETtona 1 = (4-18)

COX 5L TRDB I K, Bl & (4-15) DBAROD by B AT HE, ZANF €y b
DWEBARNBLNS,

Ty MR

FHH €y P BIOSAMT €y L OERIECR T, ﬁﬁﬁ%%ﬁﬁ%xk%ﬁTb
BB TREE P, Py AR — 2 b My, My 35ty h OB et B35 BER
HECHHHN, P, Py, My, My i3 Thi Bl OB TH B, Licais 'C,‘ﬁl'biia ty POE
HrErRLTHREEEL 5N 205 ,:h&ﬁtyr%ﬁ%ﬁa%u/agffib?:
rict s, I amstidRl EL ﬁtzbﬂ%mﬁEg wey VR Ky ViEb, R
BEAAE 20 »bRO L HICHESRE,

W7y r DBE

r.- 1= 355 | (4-19)
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=AY P DOEE

Iy= Bl = 4/ Egt-Pecos’a

4Eltan a (4-20)

4.2 HHEBREER

421 # H

HEWRA Ly FD5ER, HIF, CAMRBRCHEALLAHRL, 3. BERAROME I
SlebDEFABED Y 3ply6mm ST, +EDOMME R EI BT CCHEBELLEXEA
L7,

By PBIVZEARS €y POF vy MRICIXIBERETER S HERED 7 5
=y =Y 3mmEORPEH LI, +OHEL 040, F#HiE35mm, 4KKL106%, LK
FD Yy 7 80 967X 10° kg/em? T 5.,

BB O = v = Y Ha A Lo, O hEIZ TS 043, &ARi: 108%, L Hi
Y v 7 HHIT 110~140X 103 kg/em? T - 12,

4.2.2 &HHEyY rORRR

BIRE B _,

Fig. 4-1 Dk 51c, 2emX5emx(12+a) cm D 2 KD = v = v a2 EME, 20D 5emx
2acm @ 6mm EREEHCHE L T FFTBLEF L7, Series 1 TIXRARDOKIAEY 0°
—EL L'TC, Fry bRaXl 2,345 6cm BB X7, Series2'Tid a=2cim,
Series 2 'C.“_?._I a=3cm L LT, KRAKER 15° F &2 Tt

5ton 4/ & v RIABREY AV CIEMEY T TRAFNELNEL, BEVMEL o
BB L BEERBCEEYT - THEL,

TR

Fig. 4-2 DX 5 C5R & M BRICA B BRIERL 248, ZOBHMIZ 2ecmX5ecmX33cem 0
Yy =VH, ey FibemX2acm D 6mm >+ EWTH D, Series ]l T AIMME O %
0°LLT, a%* 1,23 4cm L& %, Series 2 Ti¥ a=2cm, Series 3 Tit a=3cm & L T,
REAE S 15° TOBBH I L7,

250 kg 4 L v RRBELHGT, Av60cm D3EL5E2 SHEYNT, BAHE
HEL, EEVELREL 1=,

A M N |

Fig. 43 0k 51c, 3cmx5cmX(S+1)cm ® X+ 5 M 3 B~ 15em & L, &
Kl lemFHL, WEK 5cmXSem O3+ 6mm A% < FITHEE L 1-, Series 1
CRARAER®C —-ELL T, 2ANBE S 2cm 55 18cm T 2em FoF % -, Series 2
$ X O Series 3 Tix S=5cm L LT, KEABES 15°FoBB X7, Series 3 (% Series 2
DHBRGEDT £y FHRRDO ETEEREY lem $OFI M- T, Hty b FEE—ERIELL
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LD THDH (Fig. 4-3 O SR,
S ldem ¥ TORBMAICIL 5 ton 4 4 & v HRBEY, Fhil FORBREICIZ 150t 7 A

A5 —HRBEAY A CEMMEY N 7o, 2O L ARG EAACH R X 5 8 < (U

FRIxt, 0kg & LM EAOHBELEME A P~ 27 5mm, 1/1000mm FEHDX 1 ¥4

¥ o CHE L, REOBENECABLIFEIEALLDOT, TEERT2ECTHEY

i, BAMERRETS & &b CHERELREL I,

4.2.3 EXHEZy PELUZARH Y OB

Fig. 45,5 Dk 5, #ty b=y <Y 3mmEDOR (E,:=29.0x10°kg/cm), FHIT
= V= 135cmX30cm f§ (EI=662~737x10°kg/cm) 2 K% {F» T, # -ty b xEHHHE
EATLETLESELL,

250 kg + 4 v RRBEY AV T, RABRGBOERCIERS L OCEMMELNS, ¥ty b
i Eic lem BBCHERACH -7~ RB1BHF2010mm A v vy —oREsT
EXPEL -,

E1EHORBRKTHE, EHFty MIAMIND, ZARF €y MR WEM »5
#3cm FoYhPote, FLTHE2EAD
ABEY RSy, EHE3em FoU) D ER-
TRBREL VIELI, i i
4.3 BREER 1200 |- ‘ -

4.3.1 &EEHEY POFIEES

ERHF Ly b DFRBRBO K EY Fig.
4-6, 7, 8 iwRT,

Fig. 4-6 W #:EEK &L AT REEOB
FHERIR TS, #EEHBE10cm? ¥ T i
T,>T, ¢, BEECHEHEL, T, SRAFHE ol e
ELTHbRTWS, 15~30cm? Tik Tp> *3&
T,>To>T,, 30cm? Tt Tp>Ty>To>T,

-4

-1600. t~ .
Tensile strength of plywood

Gluing
. strength _J

Tensile strength
800 |- of veneer -

Maximum tensile load ( kg )

Liedh, LLRREGRAEERCHIER 0 L1 L L
) ) 0 5 10 15 20 35 30
L, %h%h Tv & Tr ﬁ:ﬁjﬁﬁfﬁ&f: Z) & Glue hond . area ( cmz. )
MEINDLN, RBTIE T, & T, CEWE Fig. 4-6. Maximum load of gusset in
‘ X , tension, Series—1. '
Llg o THBDEIHLT, 20em® TET —Relation between maximum load and
I AB D5 RBEEI > T B, CDLDE glue bond area—

BAMEOCHEREE Lt TV 2ERELORYEBEOTHEE IR, £hITH I BELKPDE
BROBILEC I » T, BBERBRBCIZVOEIHTETNELELLID,
AEAE L BABIEMEDRMEN Fig. 4-7, 8 KIRE W T\w5b, Series 2 (X EHHEENH
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1600 - -

1200

Tensile strength
of plywood

Gluing strength

400 Observed maximum -
tensile load
Rolling shear strength y

Maximum tensile load ( kg )

)
\ NN
N ensile strength of veneer

° I 1 ! I
(1] 30 60 90

Angle of grain direction ( degree )

Fig. 4-7.

Maximum load of gusset in

tension, Series—2.

—Relation between maximum load and angle
of grain direction—

(in the case of 10 cm? glue bond area)

255

1600 ~ -

1200
~

Tensile strength
¥ of plywood
~ f—
=
g
~
[
.o 80O .
a8 k Gluing strength
3
.
R .
E Observed"
% maximum
E tensile
load
Eé\ Rolling shear strength . ~
400

N\ N

Tensile strength of veneer

©
-

o 30 60 90
Angle of grain direction { degree )

Fig. 4-8. Maximum load of gusset in

tension, Series-3.
—Relation between maximum load and angle
of grain direction—
(in the case of 15cm? glue bond area)

9cm?, Series 3 #J 14 cm? D4 T, Series 1 Cit Tq,‘ T, "EFRTTHHOENLT, -
ek Ty, T2’ BT E78%, 0Tk Tu2T, T, iﬁ@mwt&%@ﬁ&%u Ty F72i
T, WRAHE L L TRbh B, 15~%° T T,>T,>T,> T, %L ARAEERCHE
L, T, R AKMEL LD ETFHEINAL, 15°~30° CRBEFREE T, I 020Gk
Twh, Febb, rolling shear ICHTH2HHHKE L TRHOBEEREREL T 50
90° 2> 15° I p i CRMBHTHOY < » + ORIFOBMERL 220 ICEHITE L EHTS &
Licieh, BEERLE LBEEL CZOEHEELHMAEL, EBO T, OfED0 LREX 116
TLDLELZLRS, ;

L7ehi5 T, rolling shear DFEREBEDORE L L WCHIEN B TW5B2, ARy €y D
SIRM L, AHRERROFIRME, #E S, rolling shear strength hBFHETH Lt T
5%, MK, ThHOENILF 2y bOFEELRKRAEYRETAZELANETHLEELD
h5, Fig. 46,7, BB TRLICERABRYSIERNBIO Nty P RFOKMEL LB ET
»5b,

4.3.2 SiEHEy bOBAITIRD
BERT £y + ODMTRBROKEREY Fig. 4-9, 10, 11 R,
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Fig. -9 CEEHELERMTe— 2 v  DBAFENTR IR TS, EHZHEScm? Tk
M,=M,©, BEERCEBL, M rBAX#iFes— v L THbh, 10cm? ik M,>
M,>M,>M, ©, RELERAEEBCBEL, M, 2RKRETE— 4 i), 15em?
DT M, >M, C, &R\ AHMTEEL, M, AR AfTFe—4v L TRbRS, HR
OEBEHEIZI SR DRINL DEIEVN, M, 3L M, DEIF5IERINGHEL T3
o, 15em? Ll EOFHEMBIP LA o ThB EELbILS,

KEFEE L RAfT € — 2 v F OB 4RIT Fig. 4-10, 11 KR I T\ 573, Series 2 (38
EHBENPWOcm?, WHEB2KE— AV b3 #20cm?,  Series 3 1T FhFh # 14 e, ¥
9emt DB A THD, 0°Tik, Series 223 Mp>M,>M,>M, ¢, RREARNEFBCH
L, Mg AkMFE—2v 1L L"Cﬁb;hb DOwxtlL, Series3 it M,>M,=M, T, &
PEoEEL T M, oERBHLR TS, FOMOMAE TIL Series 2, 3 & i My>M,ZM,>
M, T, B ARABERRE AR CREL T2, BAMIE—Av ELTRM,
CEGERBE DR, 15° 55 90° N[ o THEALTWD, ZOEMIRREKRIIREED &L ZIT
ADLALELDERLTHS, ZOBED, BHRHTECKT S5 €y P GREBHEOEFIC
I BBEEOBMUAND < WiAREBHEEC L 5HBEC L - T, rolling shear X33
EHEBCIBMNEL, M. 0ELThicl - THEBTA, LiL, M itd b3 TRA
DEHERIUVF vy PREEZBIRLIEKRE
BEIEEWTHELE. 1eoot

Lientin T, &7 4y b OfFRIE
BIEM & Fig, FREAROSIRRS, # Tensile strength
%7, rolling shear strength -5 ERIEE o prent
ThHy, B IhHOENS, #ey FERE
LEIBETH S5, Fig 4-9, 10, 11 O
BRGENHTMDE €y PR OEBET
H%.

4.3.3 AEHtEy POBAKED

EWA £y P ORAMBRBROKRE® Fig.
4-13, 14, 15 iR T,

AW EI L BERXEAH A EOR FRIX
Fig. 4 12 R &R T\ 5, HAKEZ2em
TREEBHABEL 50, 4em BLETIX G1ue bond area ( on? )
TRTHERIRAMEEL Tkh, TOWE Fig. 4-9. Maximum bending moment of
L R Y | gussef, Series'l.

—Relation between maximum bending

LT, it beam action 2 X » THEITOX moment and glue bond area—

§

Gluing
strength

:

Tensile strength
of veneer

Maximum bending moment ( ke.cm )

g

1] 5 10 15 20
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1600 |- N

g
1

Tensile strength
of plywood -

-

Gluing strength

g

Observed maximum
bending moment

O

O
ghear strength

Maximum bending moment ( kg.cm )

-
=4
o

VS

o 30 60 90
Angle of .grain direction ( degree )
Fig. 4-10. Maximum bending moment of

gusset, Series-2.
—Relation between maximum bending moment
and angle of grain direction—
(in the case of 10 cm? glue bond “area)

Gluing strength

1600 |- -

i

Observed
maximum

bending -
moment

Rolling
shear
strength

Tensgile strength
of plywood

Maximum bending moment ( kg.cm )
g
Q
%
&

g
1

N -

Tensile strength of veneer

o 30 60 ) 90
Angle of grain direction ( degree )

Fig. 4-11. Maximum bending moment of

N gusset, Series-3.

—Relation between maximum bending moment
and angle of grain direction— .

(in the case of 15cm? glue bond aréa)

5IERL T35, ﬁk&aﬁﬁﬁoﬁ%uﬁﬁmr * OREE R TRAE ABIG T (panel

shear strength) 1% 127~164 kg/cm? L7z b,

block shear i X % {E #5 100 kg/cm? X b As/g b

B, BHEECI AHRSENE DR TV 530 EBbh b,

BAWE S L FRELOBEY Fig. 413 ©7 T,
10em M FCii3igE—ERME# 012X 10~ cm i ILE L T
R THORNE bR EDTHS S,

- ARMAEE LR ARSI DBAfR % Fig. 4-14, 156 iR,
, Series 3 IX M OB BHCHITORLBETH S, Series 2

5o TTERER/BED LT <2,
Wb, BANEIN TSR THIES

BRCHERST bR icHE

TIRBREAMIEINL 0°~15° T ERL, 30°~45° TR ALY,
block shear = X % i X8/ ja] © shear strength 75
fE () L HEET A L, Bkg/mBEEL, BHEBCIBLOLELLRDAR,

90° TIREUCERL T35,

10cm ¥ TREABR S OMM L L

Series 2 X4+ » b AWRICHE

60° THWATHH, 75°~
FELE
e,

ﬁt/biﬁﬁﬁ&&kﬁﬁﬁﬁ&bﬁﬁbﬁﬁkﬁu%%&WTH ﬁ%%lUﬂH@%A
aﬁﬁ%mﬁ@@%mgt<rﬁL1u5@#mb5n5

“‘Series 3 0)% , 0727907 Tit Q,5Q,=

Q. (=
ﬁi%&ﬁfﬂtbqurQ =Q,=100kg/cm?® DEAE R T D,

Q) T, AﬁitiAﬁmﬁﬁﬁfm%L
15°~75° it Q,>
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Qp(>Q0)>Q, T, RRLERNEFR THREL T, Q.=100kg/cm? DEAHbh, HEBEERK
AR DTz Q,p (panel shear strength) DR R BT 25 F T\ H 9, rolling shear DREE
BRIl i Eitin, Tnbh, LinL, Series 3 DRBMEHEHML AR OEAM
WHERET 2 DXL T, Series 2 DRBROFIEEEHELARL Tl &, ARy +
y FMCRAMIBERT 2B EX L W BRCHBEL TW5,

Lichino T, BHEEOHESRELERNERLLONE - T4, GRSy FORA

2000 = 3. ‘X
(e) ~ 2,
5
0
~ 1500} T A
o
w ~ 1,
= Observed -
~ maximum
vg load o E
S 1000 o0 % 0.5
p \
Gl
£ ° 0.3
% ® \
£ z
500 = 0,2
-y
w
0.1k
o ! I L L ! |
o 4 8 12 16 20 0 o 12 18
Length of gusset ( cm ) Length of gusset ( cm )
Fig. 4-12. Maximum shear load of Fig. 4-13. Sliding of gusset, Series-1.
gusset, Series-1. —Relation between sliding and length
—Relation between maximum load length of gusset—
of gusset—
L- Observed Gluing strength
- 200 ultimate ~ 200
o shearing
E stress N
N J N Calculated
E - » u;timate
- - shearing
oSS SN Tovised'] - 150 - stress 4
% ultimate H4 Observed
4 ultimate shearing @ ultimate
pro shearing k5 shearing
stress L stress
100 / ¥ 100( &
& b Rolling shear strengt
: £ AMIIIHIHNHNW
i 7 AR
3 ®
% 50| - £ 50
£ ]
» el
=) =
= S
o 1 1 1 1 1 o ! i 1 1 I
0 30 60 90 0 30 60 90
Angle of grain direction ( degljee ) .Angle of grain direction ( degree )
Fig. 4-14. Ultimate shearing stress of Fig. 4-15. Ultimate shearing stress of
plywood, Series-2. gusset, Series—3.
—Relation between ultimate shearing stress —Relation between ultimate shearing stress

and angle of grain direction— and angle of grain direction—
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Wi ik, A& BiRD panel shear strength, #:#%7), rolling shear strength #-5 #E 3
BLENTE, WCIRDOMENDH €y PRIANTETHS ), Fig. 4-14, 15 OFHRHER
BOMHWEEE 7y PRETOEEMTH B,

1.3.4 HEy POER

Fig. 4-16 RE5[EH B X 28 W» € » + OFLS A%, Fig. 4-17 w55k X CEMAE
IA=ZAHY 2y OB ML, Fig. 4-18, 19 i FhbOB S A B AR TED

LCEHREL L& TS,

Tﬂk&dtﬁ%ﬁim;%ﬁ%ﬁtyromﬁifamdxﬁ%gnfvaﬁ,m%m
DREEDHH 10~20% %\, LirL, Fig 417 DL o5&, 5IEMELEGBHEC L 2ES

FDOERIIBLEAERDLRIR,

BH €y POERRER, Fey rRINPEWEE (=24, 48cm) CIXBEERC KT
HROBHMMTICLALNS L HERSETRL, PEOE & (=72, 108 cm) XEMFPL

] T T T T T
v P
g2 ——23 -
S
-~ g 2 - X¢
w 9
[T ™
o ¥ v Vl'p
- Y
~ ©
18.0cm
=] : l4.4¢cm
few . n
= i Fgusset g\lsset 10.8¢m
5w o gusset
w g A -
4 ! 7.2cm
£ '_{Ig- gusset [4 gom
I3} ° gusset
2 i 1 1 3 1
18 15 12 9 6 3 [¢]

Length of gusset (cm )

Fig. 4-16. Observed strain curves in
rectangular gusset plate.

o

« T pa9.0cm | T T

wl gusset, i
I 12.0cm
A 2 X gusset 15.0cm -

N gussetl8.Ocm

T3 gusset]

o P 0 e

- Y P / )//‘

~ © Pl e \)% e

a6 v [ N *~ T

= Y k% N

E % S X : 5 \\

2] Sa '-|' : \\‘ .
Ent oA -
oIl Y T ! \

\
8 1 Pl I 1 L
'o 3 6 9 12 15 18

Length of gusset ( cm )
——: in the case of tension
----- : in the case of compression
Fig. 4-17. Observed strain curves in
triangular gusset plate.

YEETAHATNR ik, KEWEE (=144
180 cm) KIXMERMBE S AirRL Tn%, ZO
THBOELIC L b7 C, Table 4-2 RTE
fizehy R OB L BEIT528, [ 4108cm Lk
i b E—ElE 47 cm) RIEGRL T3,

ZAMT Y POBELERST Ly b ERU
DESHERTH, Fty FEIELT DD,
FOEMBORERIZEIDICEDS(RD, M
RLL I OWMELIE—EDEIFTBELT
Wh,

Table 4-1. Values of Sfe(X ) dx in rectangular
gusset plate

Length of _\'Re(X) dz (10-6 cm)
gusset L ,
Tension Compression

(cm) side side
24 510 400

4.8 250 250

7.2 185 175

10.8 145 130
144 110 95
18.0 105 95

(Remarks) e(X): strain in X-direction parallel
to loading direction
R: zero displacement point
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Table 4-2.

A Y RERRERTRRE F29% H2H

Distances between zero displacement point R and gusset edge

of loading side in rectangular and triangular gusset plates

Rectangular gusset plate

Triangular gusset plate

Length of Observed Calculated Cal. Lengih of Observed Calcu[af\ed ‘

Cal.

gusset value value gusset value ~value - -
(cm) (cm) (cm) Obs. (cm) (cm) (em) - Obs.
24 125~ 120 0.96 3.0 - 1.69 -
48 2.35 2.48 1.06 6.0 — - 258 T
7.2 3.45 3.61 1.05 9.0 3.20 3.16 099
10.8 470 4.68 0.99 12.0 3.9 . 340 1.06

A 144 4.75 4.74 0.99 15.0 4.30 3.77 0.86

18.0 4.70 469 0.99 18.0 4.60 4.03 0.86

Fig. 4-18, 19 /R IR TWD LOIL, Hty FEINNIVEEXOFHEHEIIX, TOER,

BERER & b, BRIBGELULTW52, ¥ty PEOKREVEE ((=180cm) TiX, iR
HOHEENFCIEL TWB 0L T, BMBXRLZMKL TEHT, HTORBEDOEN
HAdonD, BrhOLOMBIoWTE, Table 4-2 IR &R TWA XS, EEF €y 1T
BEELEAN L —HKL TH55, ZABS £y b CREFEEOHRES NI, HEMT
% 7z, Table 4-3 DHEMDOBRARFIEEDHEEE (
WMhe s b7e- T, ExH vy Tl 1.33~174,

Iofk‘%o

hEHAL T3,

DEDRHEARDHEREND, Kty FDEBCONTROL I BRI ENREZBbND, H

Tensile strain

Compressive strain

L]
]

=}
~

-4

10

['=]
! -
9‘ ~~~~~~~~~~
17 18,0ecm 0 TTmmeeT
gusset

N} 10,.8cm
Sr gusset
|
7 ! L ! i
s 15 12 9 6

Length of guasset ( cm )

O ! observed strains
: observed strain curves
_______ i calculated strain curves .
'Fig. 4-18. Strain curves in rectangular gusset plate.

HE/EM) X, ey FRD
ZHEYH 2y b T 0656~152 & FhF
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BRY €y P EEEACHTOWE (BH

Tensile- strain
1074

1075

6,0cm
gusset L

=]
o
g%
w9
Py 1
>
a
Pl ]
g 7
Y
3 P
L
[ ] | ] 1 1
~0 3 6 9 12 15 18
Length of gusset ( cm )
O : observed strains
——: observed sirain curves
------- : calculated strein curves'
Fig. 4-19. Strain curves in triangular gusset plate.
Table 4-3. Tensile strains at gusset edge of loading side in

the rectangular and triangular gusset plates
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Rectangular gusset plate

Triangular gusset plate

Length of Observed Calculated Cal. Length of Observed Calculated Cal.
gusset value value gusset value value
(cm) 10-9 (1079 Obs. (cm) 10-9  (10-9) Obs.
24 800 1060 1.33 3.0 — 540 -
48 205 283 1.40 6.0 — 175 —
7.2 108 143 1.32 9.0 180 117 0.65
10.8 61 89 1.74 12.0 93 95 1.03
144 48 79 1.67 15.0 64 81 1.27
18.0 45 78 1.74 18.0 46 69 1.52

oy FPRAVIIWE ZIX, ¥y FAIESEBHICEXTEFCEGCCDICRM ORI L,
ZOBEMEIBHORBICEEIN T3, Lo T, BHEhh o NXEDEEr £y b
WMCER IR IO E-2 v P ELUTERL, ey MIZOX 5 e NEl%R LR EELD
EBERL, LOBFMIBRASIRE, SRAEMELBHOIHLID, # ey b END
BBERMNE, Aty MRS ERL TRHERLHRTS 2 En Ml b, WEKE
DERERCMEB AN T, LOEMERE, REFHENL»SHAM L BRCELL Tu
5H, Hty PRVIBIECKRESCKRD L, JEICHEACIBL 2T, 5IEBLEREX L VIR
L GRBEL TREBCH A THIRT S, LTOEBIMER EOBRERCHY TS %2

bbb,

Hty PROBICE blco TH 4y FROBXIBBICEL, WEMOELHLE COMHE
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BEBEBNETZ S (K BEARDS, By ty P CTRHESE COEEIELL, 4D
HREE > T b, BMPLE—EECIET L, ZAF  ty P CRWELSE TOMHE
BV EDLDL DA NEREDVEARTIOT, BNPOE—EORKTHMTS I LLLEDTH
A5,

R EOBFRRREEARR LI €y FOERAERNCI 2ERBRENL 9 L F VA
BB75, CORRELTES £y P DRFROFMH DL E2 N5, (45, 13) O HE
RCBWT, KEEDOFH AL L TEFRDOZ LR HIF T D5, #ty F DRIHFEDOHEK
LETRXHH2ETTHE00, EBOKRBRBIESTEL L TW5THAH, ¥, BHoth
MVEEON £y FEERE - TREREHBEL Tw52, BERENBIFTHLILENDLEH
LT #ey MEEL CREMEDEEL DL WEBEERHALLHNERCS 5 L EBbh
B. Licnio T, COBERBEILORAEIEFLEATI LD T, HEEELES
EL LRI bR WTHA S,

4.3.5 HEv MR TP OBRE

Wty b OEHOWESW S SR, B D R OMERY €y FEHH B
Ay P HREROTOOBELEX B LNTES, —F, MMLAEX 5K, EHHER
BOTEBHREREDL T ¢y PHERE T 2AWT050, CoOFEREy €y FBIOR
BOTERRELDRENSEE S0, 'L ROBGERSLALDb- ThWhE, #t
vy VIR BBCHRTH LN TELLEELLRS,

Fig. 4-20, 21 0 X 5B MBIV =AK» t v
FEBEEL, WBHERIOCHESY AR 100 cm,

LWL EDT, EL Ed, S, a %R DX 5 wef{bxy (P-1)
T, Efrhi R ofiB#5ET5, kL, Bt
Bt EI 02 %3 b, @R L unitnEHET 5,
ET: 1~3000 (103kg-cm?)
Eyt: 1~1000 (10°kg/cm)

beam
member

(P=1) P=1

N
100-8
&~ 7]

o 1(M=100-8) q

gusset I beam
plate ""*}_ member

.

S TreT

¢
v v P-1
(P=1) P=1

Fig. 4-21. Triangular gusset for

Fig. 4-20. Rectangular gusset for calculation.

calgulation.
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201 \ -

e e e e e e e e N e e e — e ——————————— e ]

60~

Zero displacement point R ( % )

100 L 1 1 ¢ " N L
0.1 0.2 0.3 0.5 1 2 3 5 10 20 30 50 100 200 300 500 1000

Specific coefficient of gusset I

Fig. 4-22. Relation between zero displacement point R and
specific coefficient of gusset I.

S: 10~100 (cm)
a: 0~ 90 ()

Fig. 4-22 = I' L R ORGSR WHR BB A TREN T35, Sl (D) xEkry «
y b (@=09, EiliE Q RE=EF .y b (a=45) OBEDO I~R B THD, LOMDMA
BoMmRL g 2 CiiE-%7T5,

g (D) kT, I'<06 Tk R0 (Hig), 06<I'<14 T O<R<20 &7 C, ZEfL
LRGBSy FORE FFEA B XhD, 14<<3.0 Tk 20<R<70-T, I'=20, R=
50 FME L L TRIBLLBE TS, 30<I'<30 Tt 7T0<R<I00 ¢, BUREentiny,
30<I TiE R=100 &, #t vy bOEMHE TBETS,

B 2 kBT, I'<06TRF29 L BIF—ETHAH, 06<I'<15Tix29<R<40
ERIIMEMCD - DBEIL, 15<I'<3.0 TiX 40<R<60 T, I'=20, R=50 ¥ L& &
LTHL B, 30<I'<100 Cit 60<R<100 ¢, BOHEMIC b, 100< T Tk R=100 i@
Py THERL T <,

I'<06 OFE, HF oy b TR RFOKNKRTHOELHNL T, ZABH v b T R=
29 CRERL T2, ZOBHAXHELLTEV., Lal, Fty FOEI LYV 7 HREN
—ETHE0LKEHIBSHLFL, ZORBEROBIOGMikRHLT=ZAFOELOME
PBBTHLIENLHWTEE, EMPLIIOELIEALHOEGERS DL LD LB
b, keil, EBEORBEHCRE O TIRMOBEEBEL LTI - Th vy F DFEEFT ALY
NS TeB e, I OfERIEE»ckEL{ -, Fig. 422 0% DI FRATIHTC
Rudies,

4.3.6 AHHEY PORIKHRE
— B, FHRF €y P OFHRIEEYRBCEXTINIVWOT, BEHOER N TLL
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DEBIEH IR, BN ELRSEL L E P-1
BRHAEIRTOE0, REUET —2vicErn €y
FEERESE D REWLOTIE, FORIKESEND S
BEPHFTELIOTRRVWAEELDRS,

EE %3 Fig. 4-23 D X 5 kARG AT,
¥y P EREl, BB, BHMESAE, BEFE
BEEFHRLOBEFEEBHLMNTL T VDA, HA¥ \V/
W RAOHBELERRBOENEIIEREL VXD
MEREL, BBy vy FORIEHERD LIRS
ERRERT, ZORIMMELHET DD, s
Hey P OBEMPLYARBEOMAL L TBESFEL st A
PGB & BT > F B L T B T pN
%, Fig.4-23 0 X 5 el E& MBI 2H &EA»D
0em OEBOBMNHES - H O BEX 2 B% Fig.
4-24, 25, 26, 27 TR,

Hey bERAE ot

Bizc5emx5ecm o= V< vEKHE BT Fig. 4-23. Plywood gusset specimen.
6=2a=90°, L=Il=15cm &L C, 4HRE%* 3,6, 9,12, 15mm ¢ T +BEOLREEHNEY
Fig. 4-24 2R,

KRETFRAMEORMC L it TRIE-EDEATETL T3, AHfOETO LR
BEMBIED AT YR I DD THA S, FEEIBHAMED 5 Y 2R KE Wb Thix
DIRE)T 52, KAMELRL ETOEHACHD, Frrddd Ao et EfE R ERET
A<, EXCARBIEDOFBEIY €y F ORIEHENKE VDT, BMAFWE ML 55
BEC BRTLDOFESERIZ0IEHL, B EMEOMICIZ30% BEDEND D,

B4 R

HAty FEH9mm, [=15cm, =90+ LT, BMHE®1~10cm ¢ E 2B EOHRHE
i E% Fig. 4-25 TR,

KEME S X OFHEMEIR & bICRHMEIEOINC & b7k TREERHCETLCW5, &
HMERERS T ET £y PHRMECOT, EREEFEEOZIVR VA, RHBIEDEL
ETHTRMEH £y F ORERRENE 2D, BB X 55 BENEIECE - DXt
LT, SIS E 5HEMIIN50% bERCER IR TS,

BMERAR

MW E % SecmX5cm, ¥4y FEX9mm, [=15cm & LT, BHESHEY 0°, 30°,
60°, 90°, 120° 150° L & x 1B & PR BEE v E% Fig. 4-26 27573,

-~

N, EZOMATSU
| beam

member
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\
1
i
1
FAY 'y ~ 0,81 4
/ s Displacement / E A
0,5k / \ calculated by/ © \ Displacement
s / \ negle:ting / ' .kl/ calculated by
< ‘ \‘ gusss - - \ neglecting
|° \ 7 ~ \ gusset
- \ ’ +©
\ ’ £
-~ “ / )
- K £
H gi 5 / s 0.6
[ \ <
£ 3 / ~
o \ a
: \ :
! SRR S
n O.4p S . —_ \
3 \ 8 %
- \ o] 5\
3 Diipl?c:mgn; \ E \
calculate , " -
b considering y \ /'/ yserved > 0.4 ggiglll?ggzsnl‘;y /1;]‘\_ ‘.
H - gusset \ displacement considering N\Y
- gusset \
- €. Observed
displacement
0.3+
i 0.2
’}[ A
] ! i 4 ] L L L L e ma—
] 2 4 6 8 10

=

2 4 6 8 10
Tensile rigidity of SHINA plywood gusses ( lo"‘lg/g,)
Fig. 4-24. Relation between vertical dis-
placement and tensile rigidity
of SHINA plywood gusset.

Flexural rigidity of main member ( 106kg.cm2 )
Fig. 4-25. Relation between vertical dis-

placement and flexural rigidity
of main member.

HEZMBEIAEOEMITL LR T—EDEHETETL WS, AENRKELLERN
2y P ORIEEREE <, SAIMES L BAPLINEG S, FHEEE BREOEL P I,
FRERLTHEINPNS WL FRBIRSRLE <, BUROIEMEOEA»LAE (BRT
K, AHEBEOZEIIRKCAE LAY, BRhLC X 3 EEENEISE 2, HATFH A
HHIRIEE A CHBERTHEL WL 5@ EDEEREL TS,

Hey MR ERTH)

BHEEAY5cmX5cm, Fty FNEY9Imm, 0=90°+1L T, ¥ty FE#* 10, 125,
175, 20 em L% % 154 OYEE B Fig. 4-27 Wi+,

KEER X CFHEMEREITT 2y FEROBMCE b, TEhThé b, T—EHR
TETLTW52, EHECHARIC K bNTHEMOHNEDHCE -, Lrl, Bifhin
LEEL EOH A ERMET, FEREIE /- Tuwb,

BE4A-DBE0RBEEMENLHEL T, ¥ty F ARBIEATVE, BHRBIEIE
B, BHESAENNIVE, FLTH ey FEXRVWE, -ty F ORESENE L, EHE

CH vy VEEEWOENEHET L DRI EMFLEIEAE LLBEHEY s I bt b
WTHAI,
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]
\
\
8 1 o8|
1.6 \
i 1
\, \
\ »
= " Displacement
calculated by
\ neglecting —~
\ gusset .
E 0.6k Displacement
1.2 © calculated by
T neglecting

gusset

Vertical displacement ('10'6cm )

Vertical displacement ( 10

Observed 0.4
0.8 ? M1 .
displacement Displacement
calculated by
considering
- - gusset
Displacement Observed
Q calculated by displacement
\ _Econsidering
0.4 gusset 0.2
° ] ] 1 l1 I 1?;0 o /)y ) . . .
0 30 60 920 20 150 fi0.0 12.5 15.0 17.5  20.0
Angle of meeting two main member ( degree ) Length of SHINA plywood gusset (cm)
Fig. 4-26. Relation between vertical dis- Fig. 4-27. Relation between vertical
placement and angle of meet- dis placement and length of
ing of two main member. SHINA plywood gusset.

ZOABORE,D, ARSI CHEOEE,LEY L FIN Ih 3 ARy v b ORISR
BadtBTsL I'>1 i85, ZOENOEMPO R OMEXHMNTS LH30% £75,
B L7k 512, EEOBEMC W TREBHOTEX I EBELLLR VG, I’ Offik
1IbvdbkEL, R$30% L hix@led, BEWOERIR I THy bFEED 30%
BEYEHENLLED L T hBT2MAOERHEN IR 25D LUK I N D,

4.4 BHhERHELUVEREEHE Y PRE

Hty P ORBERSLIOEBEND, ROX 5 EAHALMTERI,

1) EHEF Ly PEBHITEWT, MLbhINEEH, BEE K GHNEESER
HEHREEDIECELORE G, NOBERIVAE S LEREROBRERENSLOND &
A-1~4) KEACTHAZHBETH LA TE, B, ThLDOEMDLF 2y F ORI
THDH, ZOBHE, ARFICEBREROMI LEENDEMZ, rolling shear strength 73
BHELMEREEIL THATFLoR S,

2) ey VEEHOEFML, Fty PROBMTE bl T, EfE, FThig, R,
RN MR RCELL, BAPLOMBER—EECEL TW5D0T, ZOEFTE MK
REOHEBRRREOEM L ZLTILNTED, Thi)FHELLEKFEAOBEL +5 T
s, FOHBERE S N EMPOLOMBIREIGELL TW5DT, ¥ty P OB
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BRLLTRYbDEELZLNS,

B) Fty tOEBHEELRLTHERK D LEM PO R & OHICIX Fig. 4-22 DX 5
BGENRS B, I'<06 T3, ¥ €y t2XRE0%, ZAMHT €y 5 R=29% T, 15<
<30 Tiz: bic I'=20, R=50% #BEHmE L THLIBHL, F¥F £y MX30LI T
SAHH £y ik 100<T CERER RE100% 12 i h o THEL T b,

@) KRBWHS — 2 v EHERT Ly bOFERSEDRECLOTIES £y F ORISR
Ba T 52 LN TE BN, LOMHRRRHC bNTARORELAE B, BHEafAE
APNEVWE, FLTHty POFERKEWE, ThEhERTS, ZORBHREEREL T
Hy b OEMPL R EEEHOMEL AL THEF BRI E, »iRIIBEDOHE
B ROBIENTEDLTHSH,

5. KET+ VI PFRCHEIBHEY AR

AR, 4. 57y V BEEBEACKTAICHERLER THBLEER YL LI, ARy
ty VEBBRIZAET 4 v FFACKT BRI L OEECKT AT £y FIRYEN
BItll, TOBELDHEXBAILDEEIL LD THEB, TP, v I FFAD
BTRBREYRI, FOBEYEELL TERE Ty PERFLLER7 4 v 2 T AD
Al X OBEERBEY S S/ o T, 20Xy PRIREFINEEBREIL I,

5.1 BHEHELCEBOHM&RE
5.1.1 WHAKEHOEK

SUDDARTH? (3 } 5 ADPHIGEHOHFECEARNYEAL T, SBRED2KRIENEETH
5, COHBEYEBECLT, 74 v 7 P 7AOEMLAEEKRD X SRS %,

UK, FMEREERTRTHACH - TWHELT, BHEAN (LRGN REAMEEY
HWCHEL, HHomAraMEREyR» 5, 2o¥ i, ZOMEEN,»DS WiiLior DR
B TESESL 4oy RD, ARCEMA Ry ¥ RO TROBARNCRAT S,

Mo i soMiTE— 2 v b

M = —2%% (20,40, Res) + Mys; (5-1)
_ 34,4
Rij = vaj

2T EyLy i FBiE, L 38HE, 0, 0, 3888, My dtmiidF e~ 2 v
Ro; %BEA, 05, 0; KmMETH 5-1) OMF € — 2 v r AREWHED 2HEEELH, ChDHD
XS EH SR FAROBSHBINES RS,

O ks Ssst+ D kiyTes05— 22 ks UURU—{-% =0 (5-2)
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2L,;43X,, _ Ly+3X, Ly+2X;;
Ly - Ly L;y
22T Suy T Uy 3B SOWREBHMTE Ly BIOF £y b FHE Xy X - TE
FORE A XA ORI (EuIiJ:kuEI), M, 3Hi o B3 B8 mE— 2
vk
ZOENFBAYENE, RASAA R EBLR, Thi 6-1) RCRAT LT E— 2V
FaRD bR, FAKDORAICE - TleZbiRFAREIR S,

Su = T‘ij Ui =

M+ My,
Ly

DEDk izl TROLNIMFE~ 2V FERABNNE, BHEOKEHMS, HIE
FRS, £—2v t0o20HRBERFALC, @HRANEBET S, ZOHELETHOEMHHE
NEHEL T, BENTHESEFTIOBRELLVELT, 2KRILT Fe—xv b d
*AWN) BRET B,

5.1.2 ZEOHKR
REAEECL T, FTADEMIIRDI IS ERDLERS,

m:z%gJ+zAgzhim%§4+2Mm+zﬂmﬁZQ4 (5-4)

Vig = (5-3)

2t NN MM Q Q3fMESsX RBHEMAMEC L 28HES, MFE—4v
b, BAMS, 4, dn, 43 N, M, Q X 2 ERTOBT WA, HEEM,
W AWER, E, Gitty rERE CANBIEGRE, A L L GBS, KiE2
KE—AVE, BHE, ¢ IBRER EREEOSS 6/5
5.1.3 BH&LUHEY POREH
MEDRBELMEICR T, FSADEMBIO Y £y FOFHEEYRET H0HITE, £
ﬁk:)f’k?}ﬁ?bﬁmﬁfﬁlﬁ, HFE—2v b, BAENDRRDLRToRRTIERB R,
U, HiErevyE LTI AORRMOBMABRD (1 KL No %, FFH O
Ble L CH—BHOMFE— 2y MR ThFRETEL, AAEZAVTH 7 208~k
WET 5,

N, + M,
AXfrorfe ZXfo

A =bh, Z=bh¥6
ZIC,  fo fe fo BB, EME BFHECHE, AGWER ZEEGRH o8
FE, hLEHEE
S¥IR, REShCEHTET, SANSEE (Fey PFEAR) ShTODS 7 ARK
T, 5-1~3) KA CTWHRANI N, BiFE— 2V F M, BAWHQ 2518+ 2,

=1 (56-5)



BERF ey VEEEACHETAHE (EH) 269

CSOXSRLT, Hey POANL N, My, Qi ERS1ETHT, 4 ERA €y FTEG
BISHEELER TORIREHE @-1~4) 2T, vty FOFTHERNAELYRET S,
BB B IR
Ay 2 Ni/fy oo
(Ay = byXty)
B3 2 K
o (5-7)
(Zy = t,x bY/6)
B ABICKT BRGETR
Ay 2 Nilfes s
Wy b OEEICRT BREIR

Nl i + MIXTg
b'gxfg IMXJ‘;J

N, n M,
SyXfy | kgXalxb,

2y b AB O rolling shear x4 5 HERA

=1 (ApEER)

(5-9)

< S1 GEREER)

N, M, X1, ”

N M
St Exanb g S EREER)

ST, foo S S X H 2y P EWROEE, BT, CAWHBIENE, f - HRE

%711 & % rolling shear strength, Ay \ZWiERE, S, S- 1 3EHEH, Z, 3¥HE

BB, Ipg Ip XWIER 2K E — 2V b, 7y, 7 CLITTE 2 LR, &y, kTR

B, ag, by, tg, ar, by, 6 3F £y b, NUZEFRANOLBREL-EARN

BlbD 66~10) AL EIRD £y PFEDS B, RAMEARORTFEE L TRAS
b,

COLIL THREIRLTEDOEME 2y PELD L FARKT, 6-1~3) AL H
WCHOEAAN N, B E—2v b My, ¥AWH Q ZEEL, (6-6~10) DFIR L -
THty PIEPERINTS, COFRELLVELT, BHANN, BiFE—x2v M,
BAWHN QX - TH vy MGEBEREIMMERAL ThisLW S e ARSI RIE X, ZOR
Merty POFEY NS AR LTRATS,

5.2 MHELERAE

5.2.1 # ¥
74 v 27 5 ADHERE LUt Fig. 5-1, 2, 3Rt B80chHsD, HpRFT R 1~

(5-10)
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Table 5-1. Dimensions of gussets for wooden fink trussed rafters

Angle of grain
direction of gusset Length of gusset (cm) Glue bond area of gusset (cm?)

Location (degree)

gusset Truss Truss Truss Truss Truss Truss Truss Truss Truss Truss Truss Truss Truss
3,4 56 7-12 3-8 9,10 11,12 13, 14 15-18 3-8 9, 10 11, 12 13, 14 15-18

AF (AG) 30 30 30 630 730 800 1440 1620 252 280 320 1296 115.2

AD (AE) 30 30 30 630 750 930 1560 2040 80 130 187 994 610
BF (CG) 0 0 45 970 1490 2010 2320 3880 229 439 646 3104 1856
BD (CF) o0 90 45 842 1292 1742 2600 31.00 360 540 720 2480 2080
FA(GA) o 90 45 200 200 200 400 400 80 8.0 80 320 329
FD (GE) o 90 45 400 500 6.00 1200 1200 80 120 160 960 960
FB (GC) O 90 45 200 200 200 400 400 80 8.0 80 320 320
DA (EA) O 90 45 464 580 696 1160 1400 81 125 175 720 520
DF (EG) O 90 45 464 580 696 1160 1400 81 125 175 720 520
DB (EC) O 90 45 462 521 580 1040 1160 185 208 223 928 832
DE (ED) O 90 45 462 521 580 1040 1160 185 208 223 928 832

12 DT TNT2emXdem BD = V'~ v ATHREM T, RAMIEL20% LTF0 L0, EX
FFALB~1BDEMITT R T 4emX8cm f, 4ply= V<= VERMTHD, LWHITFrT A
WHARLTHENC, FREFHEHRNCL - T, BTHIE ELE v v 7FEANE S h, i
BIBERB 0 (RO L 5 L THEI ™,
05 = 0.006 E

ZORR, ML T ADY v 7 FEE L OIT B RRIL E=100~150X10°kg/cm?, 0 =600~
900 kg/cm?, FEA +F 7 ADEIL E=110~160%X 10 kg/cm? 0,=660~960 kg/cm? CTH »7, &
FFAEDL, BEMCHEEDOLD, BRICERCRS IO, XL THRMITIIEY Ok HE
X,

EidoEait, PMIIFSAL 2TEAALME, 3~8KIVEKRTF A 13~16 TILEWH

9mm bolt

20mmx 4O0mm
EZOMATSU

Fig. 5-1. Small scale wooden fink trusses joined with bolts
(Truss 1 and 2). (unit: cm)



By Ly P EEBREGCHTIWE

(B 211

> ’ NN
/ 2 // | ] \
< . ! \ & N
o© 4 & /I | \ 2 J %2
o 2 \ % / I ‘\ lb°. A \\ *9%

” 3 . /1 0. o' . 0. >
e P AN | LR TN
’ ; !

; g 60, ’ stl). ' 60, { :
6mm 3ply 20mmx 4Omm ' 6mm 3ply
(1,543,041.5) EZOMATSU (1.5+3.0+1,5)
SHINA plywood SHINA plywood
gusset gusset

Fig. 5-2. Small scale wooden fink truss joined with glued
plywood gussets (Trusses 3 to 12). (unit: cm)

! ! 1 T

[ g 166.7(‘ ; 166.7 e 166.7 5 J /
6mm 3ply 40mmy80mm 4ply [ 6mm 3ply
(1.5+3.0+41.5) EZOMATSU (1.5+3.0+1.5)
SHINA plywood laminated wood SHINA plywood
gusset gusset

Fig. 5-3. Full scale wooden fink truss joined with glued
plywood gussets (Trusses 13 to 18). (unit: cm)

Hy bRV, BEMOFHMAY Table
5-1 ¥ L 0' Fig. 5-1~4 2R3, #2812/
ey PRI, 3. BEAEROMEEME
THEALALDLD LEFAEDY > 6 mm ST
»5,

P S AB~BTIL, Fy FOERE
THEEX—-EE LT, KIRAEYR 0, 90° 45°
EBXE, FFATI~I2T, ARAEY
4B°LLT, BERY Ey POE X %90,
135, 180cm & %, fior sy FLET &
Sl A TEZRI, ERFTFAL3~16

¥
3 N
. 5_
1— ~DB~;;/:_ DE {%¥—
i X7 ! ~¥
=Xy =Xan »Xge

Fig. 5-4.

Details of gussets of wooden
fink trusses.

T, ey PRy F6mm FRHFE- T, KINAEY 45° LED, Rty FOtEY
310cm, 260cm D 2FEHEE L, fBOF £y b ZHREWHRBLE LA, F 7 A 17, 181X 15, 16
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DHF -ty FERUBIK, 8, KRAET, 75 v06mm EHREFHL L,
522 BBRA*

ABRII2HYIHLLT, 4REMHEAR TRk, Thbb, 2407 A4
AD10emX20em FHD I X+ FERMOLLEEL T, ZD4KRD L2 5ton ED + »
F—2RTHELCHERNL, &k, 5 A0HHR LI OCEBHECEREDRZJEL T,
P ADRE RN EBTM OB SHERRE,

NS ROBEHRE, BRDPRELIELEL3SET, A e~ 30mm, 1/100 mm 3
HADEA T - HWT, HOIREZ CHEOkg ZLICFEL /-, FER I AT
BEZCHELIOKk: Z L CHETHEEbIC, 05mmFELOLDOI L CHEMNEZ CRES
FTlce T3, FFTABRESDHWTILFig. 55 kixTLr5k, 18O 1I0mm A v 4 v
Y- hbERHEL I,

35,0 16.0 16,0
Fig. 5-5. Locations of measuring points 1~18 in the members
of Truss 15. (unit: cm)

5.2.3 RK74V9 PSROBHNE
Ay 5m, HEL30°, P T AHMROIM OB EORR T ADORHMELHET S,
A EEL THTIC X pRAMELEL TS L, RARTREI15m <, 20 70% %
RIBESEL 40T, BRABL r 2 v s 2 ERTH L, BREEIENBESRIIOLE
D 65%, F3T0cm Lich, ZOBRBEORER 025 ++5L, BUKRSHEIL 175 kg/m? T,
ChiC 7 ADHEEBEMBOBREER 25 kg/m? Nz % &, BHEREIT 200 kg/m? & /s
%, LIAoT, F7ALGIAT5BEEMEX 200 kg/m*X5mX09m=900 kg <, . 4511
BEBRER 1,800kg & 75 B,
5.3 BR&LEE
5.3.1 ®|HEH
5.1 1ML O ETCORLEFERXACT IS A~ OFHIL R E L2, #1
BEIHDHRECTEEHIT% ODRKEUELBLRADT, COMYHEMEL CTHALY, 2420
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HEMSBLNAHEAOAEILD A — &~ 1072 radian/kg TH B DXL T, BHES,
gt —2v b, RAMHCIAHEST €y F DEBDOA — & —1% 107 radian/kg TH 555
Hry POBEBEYERL CLEL 202kl HMishs,

F5 AL 7, 5 ICEAHERSG LB EOEMAANN, wFE—- 2y E, €AEN
K% Fig. 56, 7, 8 17" 73

BRI AN FEA T ARBRD TRERKARSHAEL T 5, GEN TREMIHE
%, THABMHTERKRLEA-THWBDEHL T, EHADOBRCIERGIEI MBE, PRTI
F0 12 DEENNERAL T3, MOk F2EARNI» RV ELS LT 5, &
FESFIRLIREVEAIRATWAND, BFE— 2 v PREHATRE, AEMPREENT
BALiny, BRLAMCBESEHELLD > TORVWOTEELD, CAECHLT, Hty
FEZES NI AT ISEAIEEEIRTWE1D, FEMOF 2y PImTLHMIFE— £ v MZ
K& tnd, @FE— 2V FOEREHECELI PR FATTCEHMEREN £y MRTE
W B2, EAFT AL TREFHEARCOTCHEATRRER S, MOEMDIDL, £H

Axial force diagram
Axial force diagram ( unit ; kg )

s kg )

( unit

Bending momerit diagram

( unit : kg.cm )

0,917

Shearing force diagram

Shearing force diagram
( unit : kg ¥

( unit : kg )

- < 0,023

Fig. 5-6. Axial force diagram, bending Fig. 5-7. Axial force diagram, bending
moment diagram and shearing moment diagram and shearing
force diagram of wooden fink force diagram of wooden fink

truss. (Truss 1) truss. (Truss 7)
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BEZROAERDMEREL s T b,

o&iZ, (6-1~3) xHWTFTALSD
WHICH % B L, LEfEE KB L C Table
5-2 IR,

B 5 G o TR T O LB E L -
A 11, 12, 15, 16 T, HFGICTOWTHIG
HOEGETL, 2, 9,10, 11, 12T, FOHEE
B GHE/EH) 2BV, ZTOERHDIBSD
BOATOBEEIZHDOT, (5-1~3) DOFt
BEREERIRIBENLOLHE SIS,

COHELERCX B L, AEMHELER
DIEFIHE <, MMOFMIL Z TR This
DIEV, 2D h, BHRIGIETEHEEN
THE, 2T THEEN, BREAAR, fR
WO, OMMTEEHMD ISBUT
TH5H, MIFIEIE, BHEIE L THFRI
MEXXT 5 ERAEMTRET, ZOMH
TRAEME Y Tlel, #FEy FMRHBOIE
NLE. THREEHOIENL ZhiciEi L,
BHEMEYZIRVEBRTLHERY €y b
WO R E -, FRIEHL T, o
B s X OBERRAPRIMOIE T2 e DKL,

R ERFREREERTERE £29% F25

Axial force diagram

( unit : kg )

Bending moment diagram
( unit : kg.cm )

2,257

Shearing force diagram

( unit : kg )

0.021
Axial force diagram, bending
moment diagram and shearing
force diagram of wooden fink
truss. (Truss 15)

Table 5-2. Axial and bending stresses in members of Truss 15
(load : 103kg, stress: kg/cm?)
) Calculated stress Observed stress Cal./Obs.
Locatton of 7 Axial Bending Axial Bending Axial Bending

stress stress stress stress stress stress
1, 2 —26.60 0.81 —2551 4.24 1.043 0.191
3, 4 21.46 48.72 16.46 37.61 1.304 1.295
5 6 —26.60 84.24 —26.32 79.15 1.011 1.064
7, 8 —22.76 63.93 -17.76 51.66 1.282 1.238
9, 10 21.46 10.86 15.07 3.90 1.424 2.786
11, 12 14.45 1.16 6.25 0.07 2.309 16.667
18, 14 —22.12 51.46 —18.30 53.82 1.209 0.956
15, 16 —22.12 62.80 —12.26 54.45 1.805 1.153
17, 18 —18.28 71.94 —15.33 64.92 1.192 1.108
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5.3.2 BRPREOKLE
S.L2BHMOHEBETCORLFET L » TRDLEHELEFHAN, wFes—xv i, ¥4
Erhhn, Fig.5-9 DX 5774 v+ 5 ADEHR s D, i, BRPRASOTNE

% Table 5-3 1z7~7

)
: deformation due to primary stresses
: deformation due to secondary stresses

275

Fig. 5-9. Exaggerated deformation of the wooden fink truss.
Table 5-3. Results of tests of wooden fink trussed rafters (deflection
per 103kg load at midspan of lower chord)
Deflection calculated from Cal./Obe.
Truss Axial R:;r{%zs:l:d Sli(()ifing ¢:€e}12.lseacrt‘i7g:11

No. fcg)ce force gusset 3 4 MO 2

@) 3) (Y] @) @

(cm) (cm) (cm) (cm)

1 0.204 — 2.646 12.970 2.850 14.55 —

2 0.227 — 3.161 13.925 3.338 14.94 —
3 0.227 0.233 0.022 0.097 0.255 0.8%0 0.921
4 0.233 0.239 0.022 0.095 0.221 1.054 1.081
5 0.235 0.242 0.022 0.094 0.188 1.250 1.287

6 0.246 0.252 0.022 0.090 — — —
7 0.215 0.221 0.022 0.105 0.189 1.129 1.169
8 0.223 0.226 0.022 0.099 0.243 0.918 0.942
9 0.269 0.277 0.018 0.068 0.317 0.858 0.874
10 0.281 0.288 0.018 0.065 0.235 1.196 1.226
11 0.269 0.278 0.016 0.060 0.207 1.300 1.343
12 0.259 0.259 0.016 0.064 0.257 1.004 1.043
13 0.206 0.233 0.011 0.047 0.236 0.873 0.981
14 0.204 0.232 0.011 0.047 0.227 0.899 1.022
15 0.142 0.164 0.011 0.067 0.190 0.747 0.863
16 0.141 0.163 0.011 0.067 0.181 0.729 0.901
17 0.146 0.168 0.011 0.065 0.192 0.760 0.875
18 0.145 0.167 0.011 0.065 0.191 0.759 0.874
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MPEFR S L RIEN) & 2RIETNCE - TBELCEF N HOEILTHFH23%
T, WENSGHE LRI REDBABOELFEH A 5% THbH, i, 6-4) O+ 7 AEWE
BRCTRENDMFE—- AV IO RAK DL 5 BLBIThTh 4%, 2% B LT BE
T, RABICIBH €y FOFTHEM (Fig. 4-13) »hHHELHELED 3~10% BEL T2
bhb, UEDOHERE,D, b IFALEDERCKL CREHRNAXENTHY, #HT <
— AV FERABINRG L ASAMOTHERCH L CEELRF LA bDLHEI SIS,

AR BICRIT S P 5 ADOHE~ELMBIX, KA VEAEFFATRAL PROTHhRRE
W AHMBER DD, 100kg ¥ TOBABENBREICAZ LS, 200kg L ETIRGITERD
HEEETRL TS, MoKy v EE L5 AL, 50kg ¥ TRRBENEERCHEEL T
e DARRE B2 TR T4, 50~200kg TREZBEOELRNF 2B L, 200kg LA
FCRSPEGYTITE D, EX LT AOBE, ABREBORENRFT, AR LA
CRVBEHREAERIh TR D, REROBREER LED Thinu,

Beimrh i Hic kit 5 Lton Hiz b DL E % Table 5-3 ki, A4 FEH T ATIRE
EMOTHEHNERCKELDT, BREIBDTAEL, CVIlBERILZBZED 13
utfééa¢ﬂ®ﬁtyﬁﬁér6z@%ﬂ%&%u%ﬁﬁﬁitu@Eﬁﬁ@ﬁ#B%ﬁ
LIS, #ey POFHEEIOARAECL 2E3REALRDbRE G, ¥, &H
DARRILIF A6, 7, 8 (KERO%) DEZ LMD+ TR LENRZ LMD, BEORED
BRABCIXELALEEL S 2 Wb O LHBShD, FRF T AOBELBOHGEIT/NE
FADHE X LREL, ®HAN (LRED) CHRTBEMSENLLHELICERED
BEEDOHNEFE Lo TW5, '

5.3.3 FSROWH

KE7 4+ v 7 V7 ARBRT LM, ABEYyty P EICESBOLKFOM ML, £
fERT55 %, FEME, 3, CANIGHE, ThoHETIHROBINLREIh, Th
HOBRAMEMN F 7 ADMNE L TERHAIAS, T A1~18TiF, KD 3 ODHEBEHENTHE
Ihd,

B B O H R

HAEEBORAWEEE (rolling shear)

BERERF Ly P ORAWPE (panel shear)

D30I AHBMEIL 6G-5~10) Ric X » GEETH Z &3 TEADT, ZDfEi%x Table
5-4 iR,

HEZIBENNLFATIE, FTAZ~BIRY Ly bTEF—EELLT, KRAER O,
90 45° L4 2 T\ 5 DT, panel shear strength D{E\» 3~6 (0°, 90°) XEERF £ » + TR
LML, 7, 8 (45°) TR AMM A2 Em W e®, FA (bh) OEEBcHETs itk
B, T~12(345° KDY T, Hty PFEERZE(LIRTEY, BEEARONIWT~I0XHA



Table 5-4. Results of tests of wooden fink trussed rafters (maximum load)
Maximum load (kg) calculated from Calculated.
Truss Heel gusset Peak gusset cht?pr? g:;fgfi Observed. Type of f\z{,\?i
No. Primary seg(r,;,d- Primary Secondary stress Secozdary load Primary Se?;;-;d- failure
stress stress stress (C) R) stress (kﬁ) stress stress %)

1 1554. 2016.

2 1554. 1682.

3 1554. 1502. 1871. 1565. 1204. 2619. 1440. 1.079 1.043 HS 100
4 1554. 1502. 1871. 1575. 1206. 2492. 1340. 1.160 1.121 HS 100

5 1554. 1477. 1871. 1571. 1209. 2532, 1450. 1.072 1.019 HS 100

6 1554. 1554. 1871. 1617. 1210. 2432. 1120. 1.388 1.388 HS

7 2643. 2517. 1871. 1573. 1210. 2789. 1270. 1473 1.239 PG

8 2643. 2513. 1871. 1571. 1209. 2744, 1820. 1.028 0.812 PG

9 4054. 3950. 2887. 1791. 1321. 2745. 2000. — 0.808 UB 100
10 4054. 3828. 2887. 1774. 1307. 2010. 2120. — 0.948 UB 100
11 5467. 6356. 4042, 2189. 1543. 2090. 2090. — 0.999 UB 100
12 5467. 6042. 4042 2279. 1574. 2120. 2120. — 0.979 UB 100
13 9414. 8914, 16628. 7173. 5030. 2534. — — — — —
14 9414. 8915. 16628, 773 5030. 2605. 4020. — 0.648 UB 100
15 6393. 5936. 12194 6137. 4403. 4142. 4560. — 0.908 HS 100
16 6393. 5936. 12194 6137. 4403. 4014. — — — — —
7 7478. 6943. 9755. 4928. 3537. 3553. 4760. —_ 0.746 HG 100
18 7478. 6943. 9755. 4928, 3537. 3561. — — — — —

(Remarks) HS : shear failure at heel gusset,

UB: bending failure at uppér chord.
(C): in the case of circular glued layer, R: in the case of rectangular glued layer.

HG : failure at glued layer of heel gusset,

PG : failure at glued layer of peak gusset,

(H#) YT EHNGBEH | ~reHy

LLE
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BEEBCHETSS, HEOKE 1L, 128N CHTRETSIZ Ltk EXLTA
DBEFLH 2y bFERTNTHHTHS 00, FES CHIEETS L FHINS,

RBARICL AL, ML TAOBAEIL, 10 2D F I PRI VB L HECEEL
Twb, S~6IXEERY £y F CRANEEL, panel shear strength 7 EBEHEL L TBbL
RHTnw5b, 9 I0XESESRBETFEIR LTI LLT, GEMCTHITHEEL Tkh, ¥
oy MROEFENCL ORHMIE OO TNERL S DRSSO THAH Y, EEBRER L
RETHEELLELAEESN, ABELTLEGECEEL LD, 9~12 X E&EH CHFIRE
U, SOERE b B BT A B R & i OB A RIBIZRL T (5-5)
£ O e UAR LT LI EDTH 20 5 pEMIES,

KR ARTNTCEEMOHERA T CTHITFREET S LT RIS, 4ITEEMM
W, 153 EE KY€ » b D panel shear, 1813 F5ERHY ¥ » I D rolling shear “CF+h Fh i
BLTW%, BEMEXSEMOMTEENS HELLMBEL V&L, (6-5) OWEBLH:
AR CICHITBBEGRROBEECY LIE S L L ELON D, 15 OPEBEFE|L panel shear
strength /5 6,393 kg L HEIN I 2o T, FRREIZ 4560kg TH D, HHEOE
BFERT £y PEHL TR, TAMOEMICHFOBEL L EBREREALRVOTHAD,
1TRXEERS £y D rolling shear 0k » THEL T3, ZhHIZT 7 v BARDEN
rolling shear strength IR T 53 DL E2bh %, FOEME T2 9kg/em? iC UL
TELY, Y 7EWRDOME 25 kg/em® iICH <D EZF L v, #ZF 317 rolling shear strength
Ay VOB ERFTH LI LDENTLH B,

5.3.4 BEEO®E

5.1.3MHMBLON £y b ORFFTTONLFHEEXACT, BHBIEE Y €y FFERIO
RKEAE R RDICERZ 4 v 7 FFAIB~18125WT, RIS I OREOHE»HHRIT S,

HE~BELHRIE SO RERBERETL, AM~BRELZEEC VEL THEREDOHEM
TIEEALB DB, SHAERHNE 1,800kg TOBE R b B AL (T 03~04cm
T, A-2v500cm @ 1/1,200~1/1,500 &7z b, HEEBEOBRREL Dixdnicdicn, i,
BN MBEE P FARECHRT, By 2y PEBSES L S ADEHBEBRIE LD, WH
BT 6 i ) EREAREHFTERTETSHHS 5, :

BT E I 4,020, 4,560, 4,760 kg T, FEHHE 1,800kg D 22~26 L h, TDEHLD
BERL T F AL TR AU EOMAZPHETE B0, +HREEEY L T
M I RA,

Liciis T, ZORMECL D EEHEMNMNCHL CTHLRERBHANTHETH D & E L
bhs,

5.4 Hty PRREBRHZORY
RBRERLEEND, RKET7+ VI P FACET BT £y PR L FOBFHEIROLTEK
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DI ERHALICE R,

U BAEYACCGHETL L, BUMES LY OHHOAZ(LIX 1073 radian D+ — &
—fé%@mﬂbf,ﬁtyboﬁﬁef—ﬁ—mlw%ﬁmnﬁﬁf,mﬁﬁ§5@g¢g
<, BERBIAGEWLDEBbhd, Licdis T, NOGENTER - T, WMok
BTFEREIND L5 d, 4K, BT+ 8HmIEELLALT S,

@) A €y MEBBICL BARE T ALK TREANEAEL B\, F0OR
BRIOH 2y PORNEEHOFRNTERT, LK, BAXNLYEAL SUDDARTH DOFf
BRE AL, 2k ) ERASHE N2 RSS2 LA/ TES, Th, BHA»LHETE
BEOE G 7 AEEREBORS, 4 ARF £y VBT BILNEELERTL EF T, (6-
5~10) KX AVTHET I, BEILDOF o FOIEHE T ADOM RSB Z &L ATTHE
THH5,

@) RKEE74+v 7 r7RACBNT, BRADENEHIZAGEM LBERT, L QCAEHX
BEEHER»NDIHERE L, BT A2ERAL1RDE G, LedisT, ThbofHiEE
BTHLREGERDOY £y VITORERDPME A, Ly vy bk & 5EAMERT
B2OTHRRA £y MR, FERAF £y MUIEE L TRANMNMEAT 2256 45° KELH
DERBERE AT S s, F 7z, rolling shear strength (X8 » = » PESOREB L /&
BIELLTHHRBRINER SR,

4) ABMETRELLFECL > TEHBIO £y bR LI, EX74v 2T A
DEMBERIHEC T DR P R SOBEZBEIIA v D 1/1,200~1/1,500, BIERFAEIXFE
FHED 22~26 5 THoe & X b, BHMBIUBROERLORL2RBHNARETHLD L
Zzbhb,

6. BRWNARILLCHITZHEY PHR

APFRIEL L TERAFALCETEH €y PHREHET DD HE IS DTH
B0, FEC, EROELMGEROFEL S lnolt, SR ALOMRE XOHESEMAIHEL B
Mite, IEFBHEEF A ORUPRIZG BEEFHEMEA LB EE L,

6.1 NRFJIEEHRXOES

B ERMAREE L AR S, BHCEBE T EHM L - THEACHE IR
B, BCRMCEETHLEBHMICL > THEXHINEREEZ DI ENTES, 2hb
OBE, BRIIEELE L TRM»S51ER L OEMREBICHIE T AR IR Z0T 52, BERITER
HEBIFERCHIET AR I%XZT 5, ~Fr0BEHxFEDLTZ O OOBEFRIEEEICIZF—
DYFFBRICL » TRLINBIELUELRD D BB TETRLIH LTt T2,

6.1.1 BEEHELIBE
RIEDEF
Fig. 6-1(a) D X 5 Is M EGMOF MOR & H 1 (X FHE) Bz y(X) SIOEAKA (Y
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FE (Y R By (Y) 3k X 5 HEIh B,

1 Ay L.
v (X) = g7 {20 08— 80) M= B (31, ~ )~ 2 - 2) M,
Pii—2) | PPz | Px(l—2z)(P—2lz—22?)
tr e 12 6-1)
_ L ot — 52 PR =
y(Y)= EI 20 (M, —M;) M,— 8 (My—Mjy)—z (I—x) M,
w— — )2
o, My =fx {El_l’l (20&@)—%2@—}
M, = fx {—2? (O, +20)+- 2] (ﬁz_ x)}
M, = fx Pi/16

0, = (tlxo'dzz“azo‘tlu)/(au'azz—azralz)

0, = (an*an—ap-aw)(an-an—ax-ap)

a0 = —gr 2(~2F, an=gpr @(1-2)

a11=a22=31, a12=a21=l
SABMADKRERRTHRET, €vDLE f=0, BloL¥ f=1&7kbh, EI 3f#HO
R, [ 3EHETH S,

P=1

T ~ ,\.\.\.\.5///1.
! 4 [T B 7405
| 4 | S
ol 9 4 i p 3
! T k E
| ; e F
l 4 Lant? T’MN X AN
! | i

P=1

(a) (b) (c)
Fig. 6-1. Model for calculating deformation of panel.
' —in the case of the frame—

WORH
6-1) ROBHOEM y(X) HL O y(Y) LT BRORIIIRD X 5> 2in b,
*p0751 (Fig. 6-1(b)) ORA

Pp(X) = —Ept(X)Ixy(X) }

P,(Y) = —E,t(Y)ixy(Y) €2
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B (Fig. 6-1(c)) ORI
1

[—x

Py(X) = —yZ Egt (XY) (L2 )xu(X)

6-3
Py(¥) = =T Egt (XY) (4725 )xu(¥) o

T, Ept(X), Ext(Y), Eg¢(XY) i1 X, Y X0 XY HHEOFIERBIMETH S,
NREXNVDOER '
WE P o X 5EA 6-1) iR OX U L OBAHRADRT Pp(X), Pp(Y), Py(X), Py(Y)

CrABEMEMIE AL X BIVY HFAOEMARDLN D,

6.1.2 EiR UMK LOBRER) LHBLLEE

MEFELOBRERD X SAEZKEL

Fig. 6-2(a) OWELHOBEEK OB R RBOEMIE, KOPHHEACL - TR S
ha,

xtF5 e (X F7 )

4,
E1-9Y - %)y = - 2Bt (6-1)
B E (XY k)
EI-2Y - _,(XY)y = {7 Et(XY) <Ti"zT1:c> (6-5)

T, kp(X), B(XY) 12 X X0 XY HHEDEKFEHTH %,
6-4) X»b

4f Ext(X) _
SEIl By(X) (6-6)

AL ALS

o
ArA

AXAS A

(a) (b) (c)
Fig. 6-2. Model for calculating deformation of panel.

—in the case of the beam on the elastic foundation—



282 RERFBERAERTERE F20% H25
6-5) X2 b

4/ N2 Et(XY) (1 1y _ _
SEI &{_z—x>“ﬁﬂxy) (6-7)

EEE, 4125ty FOBMROBHETOXRLFRELACT, 6-4, 5) ORFHFBERA LR
i, kDX 5k xan X FEERAEBORS,

vX) = o el (5 -2} + 220 [ 6, 00+0 {pa-))]

+ 2B [ (5, 29+¢ {m—m}] | (6-8

CIT, Q MIBREROWMICHMT 2EREPHELSIOE -2 +THDH, ERFO
kps By it (6-4~T) KD &,(X), ky(XY), B,(X), 8,(XY) %\ 5%,

Y Ha%Eh

(6-8) KO X FREMICAT Y VI por T HERO Y FAEMLARDDONDH, &
DEALICHIETH2E S HAE q(Y) BEMIZ Fig.6-60) DX 5 EATHELEE TS L,
g(Y) 3RO X 5 7sfliE e 5,

g(v) = LBty %) 42 (6-9)

0

g(Y) OFSHMEC L 5RMERZO Y HAEL y(Y) 12 6-8) REFAFTLTRDL R B
ko, Boi2i% kp(Y), k(XY), By(X), By(XY) D% i\~ 5,

- [oeo—ofs,a-2) [+ Lr [¢ (5, 1+ {8,0—a)]

Mﬁ" ¢ o+ {,0-2)] (6-10)

y(v) =2

NRIVDER

6-1) XnbHEL R Y HREMEL, 6-9) REF[MUFHKEELHACT, B X FAFER
BEfsh, COWMELRAOHEL S X FAOEMAFEIhD, COX5RFHEx <
DRL, ZOBEMAMEDECLR L L &, ZTOfEx 510X FHABLIO Y HHOEM
ELTHAT S,

6.2 WHIEBRS%

G AR DOFRE O Fig. 6-3 WRTE KD Th b, BHIZIL2cmx4em Ao
==Y 28, WMty 7 3 ply 45mm (1.5+154+15) Al %EE > T, REBEESES (7
TAT v J402) AT ETLEERE L, (¥ORIE 36mm T, 12em?Hich 1k
DEIGTHD, GRDO I KRIV2HEE 45° FAD Y v 7 EH E ¥ X 0 3[ERIKE Et ixko
EBHTH D,

E, = 1140Xx10* kg/cm?, Et = 485%x10% kg/cm
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E, = 58.1x10°kg/cm?,

E,t = 247X10*kg/cm X
P
E12_450 = 25.0X 103 kg/sz, 320 4 320
Eyp 450 = 134X 10° kg/cm i i £
by Masa,s
200kg DU A== vEAWT, SUER hN + A
\ ' % L strain /44,5
FRELZSEYEL CSEMEL T, SR . A
N -~ X
DEEHEHC -7 80KDA MY 4 v — s N i /,(/
) . +om NESY 640
kT, Ml X OBHA L AR 457 HE i /\,i-%;l—l—{—-}--{— +- .
DEXWET S & & bic, SWHTBHEOLEL Y pvont 7N
1 N
Abr~—75mm, 1/1000mmHELDLA YL P08 /// | \\\
. X 1 >
PR T 7 T e
6.3 RRLER w0 ’
/I\

6.3.1 BHWNARILICHIZENS

6.2 Pkt L RBFE T ORI FETEHR
FADBERMELLS, X, Y, XY, XY 04 Fig. 6-3. Plywood panel specimen.
W EDORIM 3/4 Rzt B 8 DOTFHMEERE, T, £ MALbCIBANKHT
B, THAKLO 2 FHOHEZ AR APRICFIIFTERBCHI ORI LD LRI Ih S, %
o, FAYAF R EBERMEL LGEUL TS, I HFRABIVC 2 FAMELI S X, Y,
XY #h FEAFEORQES ik Fig. 6-4 ionT,

AR RLOBRLE TS X@EE) TG
FETRIFABELY 2 HAFMECL 2EBO0H

g =

2310~15% B\ DL T, Y (EA) Hrcik 1 o TH D
FEHEC L 3EOHAF, XY () Fawr  TIoH_E
2 HAREC Y BBEDHHN 30~40%, ZH X HE gilié
BV ThOMEDOBA L A4 AR B0em) TR 5215

[t

bREL,225~150cm 2 # F & L THAA (0cm) ' Yoaxes ¢ om )
B TEEF TR LTS, FheLTY ! [30. 22.5 15,0 7.5 0.

FraEEhRss AL ThE HELES, BRI ¢ 3
X HEBC LD L b TS, XY FEBLX L3 , |
FABLAUEAYRLTRY, TOBRE XK i Xdirection’
MEL Y HAENSERTESD 0L EbRD,

Lf:ﬁ‘;v) T, ‘(J(%J;LK&'CHEEE@%L\ X jﬂﬁjé O : strains due to l-direction loading

) ® : strains due to 2~direction loading
COWTHDRBEF R M2 A Z LT 5, Fig. 6-4. Observed strain distribution

in plywood panel.
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6.3.2 BELHBLUI/ISRILOER

BROLCHLPRIEEPHENMEATH L E, HEFRCH2bLT X HAELEH
SAITIR 123X1075, vy (M—ZE) T3 493X10 8 THBHDENL T, SHROARIC—HEKFI
RO ENMERT A L 213, 1 HARETO0344X10°%, 2 FHEFET0675X10°° TH 5,
MEDOERLBT DL (BR/AER), 1 FAMEDBRE, BHEOMHANAIOL & 359, vvDl
% 143.7 ¢, 2 HAMEDOEH S L FRFN 182, 729 TH%5, LMD, ERAAFAVICEES
heBa, FHBSIOEROBIEEIIRLDEOMBEEL LR LDT, AABRCHGIZE
WAFATRBEOREONERCI - TRAEIRTHWS3L0LHMIhS,

—J5, 6. L1BHE SR LIBEDOER A F v OERFETE, BROENERORIC
Lo TBELTWAMNDL, FHOBHAKRE L @EIENENG) @ERORINC L ZBEREN
RELTeoT, EBORFAOERLERTL B, ik 518, KRBICHOGIEHRHF
ATEREHOHPED HFHNZEL (BT, 6-1~3) ROFFEHENARE R LT, FHEKLEY
BHrZ LR TERIS T,

6.3.3 BHEKLOBRERLABULNARILOER

6. 1.2 WK FOBFREE AL LIBED 6-4~10) OFHEREB L TRDLER 1
OEW% Fig. 5-5, 6 iwid, HERPOBIEHE 6-9, 10) ROBEFED THE W 1% UT)
DOTEE LI, R, TOFHRD IIERI L Et=485X10°kg/cm, E,t=24.7x10°kg/cm,
Eyp-1et=134X10%kg/em T, FDHi% 1, 051, 028 L /g5,

HRBR (stiffener) DIHKARHSEZORE

FREROEMHREREL L TAROAR L b HF T, BHIETH stiffeenr DRKRIWRY
mEL CHE LR X FaEx Fig. 6-5, 6 O LRiowT,

1 FRMEC L DHERIL, ~FaAhRTET, W0EBUTaORER X+XY) »
BETHET S L 078X10°°% UK EKRGEH (X) 254% 112X 1075, BEIGEKEHER (XY) b
2 161x10°¢ Lies, ZOWET b bLbAREDHILL, 069, 048 TH 5, ThHTXHLT, A
WeoFEME X+XY, X, XY DIE0, —0.14X107% 0275, COABRME L
FET, PREOH 125% M T S, 2HAMEC L 5 FREEL, PRTLhRER 102X
107, 1.89X 107, 1.62X10°%, ZOHKEEDHIL 1, 054, 063 LB DICx LT, AL TIXRO,
—034X1075, 0 C, ABRIHREDOHN 18% TH 5, I FAMEDOHELELbRBE, X & XY
DIEPSEER L T B,

MARWHEC L 29REBOWL (2 FR/1HR) X, X+XY T132, X TL69 LicbDic
HLT, ARBIEOMHIL 167, 1.96 T, TOHALDE EEDOFALL L THbRTW5b
FCitisnX 5 TH B,

Fig.6-5, 6 » FRICRIhTwWA L 5ic, 15 AW EOHE, EHFREL28%X10°
M+ oESEE, X+XY 061, X088, XY T127 : k5, EHNELEYRE AT L
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Y-axes ( cm ) Y-axes ( cm )
30. 22,5 15,0 . 7.5 0. 30, 22,5 15.0 7.5 0,
T T T T T T T T )] r T T T T T T ™
A <
. 3
g < g < -
3 . - . s
%% [~} t; [=] ” -
® @ < ®
« & ®
-~ e -~
< o L=
=T = %§ =
] «2°
k o - - @
575570, s~
g ol E e
5~ Free edge & 2
w
° <
e «
- <+
. = o'
g S s 9
el . - .
v ° = g ©°
-
£ s 5%
o o~ <70 < <
o =] 4 t©
T o 4 ® @
=g * v / o
ER=E] 70, A ©
- o e 7 ~ O3
-5 o .
5 .4 ‘/ pet -
« of - g <,
5 L ) v
2 - Pinned or clamped edge n -
o <
o a
O : Observed strains o :observed strains
—_— .strains calculated by using moduli -——:s8trains calculated by using moduli
in X and XY-direction ‘ in X and XY-direction
-—--: strains calculated by using moduli ———.:strains calculated by using modulus
in X-direction in X-direction
—.—.: $trains calculated by using moduli .—-—strains calculated by using modulus
in XY-direction in XY-dire ction
Fig. 6-5. Observed and calculated Fig. 6-6. Observed and calculated
strains in plywood panel due strains in plywood panel due
to 1-direction loading. to 2-direction loading.
(in the case of the beam on the (in the case of the beam on the
elastic foundation) elastic foundation)

FOBEERL, 0, 17D, Ti, BHBCEIL TR, X+XY CTREENEWMI b 2id
Eu2s, FommBEEREEACUTE Y, X CRAZIORREY DX G, B, HRED
EML Tw58, XY TIXHROEEREFE 0L, PRTEHER LR, Th%, £h
ERLT, 2 HATEOHE LRAKOEALRL, RMHRE054X107° AT 2HEELE
RERO066, 123, 105 &7 b, ERAPFIEOLHLTULL oo, 1 &/cd, BHBEDL I HHH
BOBALARETHEY, XOFBEOANXY L03EL, LArLEMNBEI» LS R
Twb,

BARER (stiffener) BEISHRENTHEIBE

EREZROEWHRERL LT, AROZH»CEDOMHEOHE (X) FaomE sy L EE
LCHEL . X fjrafE#x Fig. 6-5, 6 D TRICRT,

1 AR p20HEER, PR, X+XY, X, XY D), 077x107% 110X
106, 158X10°5 27 b, FOMEBEDOHKIZ1, 070, 049 752, FAAOERBIITRTCET
HbH, 2HAMEDE A, HROFEBIZAZH101X107¢, 1.84x1075, 1.58X107°° T,
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WREOLIX1, 055,064 L7ch, REOERITANTETHSD, W BEOoFREBOII,
X+XY 53131, X 21167 C, MARHRDOLNFHHE LI EAEEIIL,
FEEOHEESE L Fig. 65, 6 DTRIRIATHAL 5L, 1 HFAMEOHA, Efid
HBE12X10° it EAE R, X+XY ©060, X T087, XY T123 tAbDiesL T
2 FAREORGOENHRE 154X 10 W LT+ £h 066, 1.20, 1.03 &7 5,
STEEMGOWRCEL T, FREEDWMKRHRSRVBEELERDE, X+XY BIV
XY O AROBRCIINI D OERD D, PREGEOTCITIEEA EEN L 2% LT,
X CLRAAOHERTIRENYBIEDLRTWE1D, BENEDS L TCwWdhRIBEOTR
iR EMNT 8% BT i, RUEHKREENS L, X+XY TREEN DV, BB
OHRTHY, X OFBMBIRDEACEL, XY TRAENRLLIATHD,
¥t, BREZOBEMHEEREL T 6L L bic, ROWMEOREFAME S I OE
ERRYLERL CGHE LB ADODERR I CEMBER LMEHF AR DOZDB A OES
TOMRE G EAEENR
Tigbhb, FRERORINKEL, GROBIEOFNF - AFAREHTUL, GROK
FBEAKRE WD, WEAPHE IR TWROCES TLKGIOEM S L CEEAILZEX
Fv., FRREMEKROHBEF AR M5 &, WREMITC LD, EEAS BN
575 AHPERREMLZTh, TOMHREDEVMAMIRNT, <R ALOEFERER L CHREE
R LERBEbA LD THA S,
D EDOBRHNERY EROKBROFACEL L TENTHIERDEL D TH D,
L X+Y (LB ARDOREE) »HOitE LB ERE L » 60~70% B\,
2. X HZHRKEAR) OFtRERX, HARAROKRCBEOHALTOIREY XOLT
i, ERECGEULTWS, WEAGEOZER BIE0ZEL) Tk -T, TOFEGER
EEHRBDLNBH, ZOERAFACKHL CTRESENR DBV,

3. XY BEUFHEKFRE) Ot BERMAMWESFGDOERT L > TREAEEDLL R
2, MEARDOERICY > TEOBEEEIN BT S,

DEDXdic, X+4XY TREHABL VR PRG-I END, X IO XY OHER
BT RTCREIRTH5L3EEz2b R, XXX LOREHFERGFEHOAMO 4
WORGBE T, ORI XY RIEXTHREDF DT, MRHREHRIE L K Eh
5, CHEXL T, XY RFEFEE R 5BUMORGE T, BIEEX X Lok viEL,
L b T DOHFFE 7 5Bk stiffener DMNTRIE D T M EE QX WDOC, ZOHER Rixh
e EWboLBbhb,

HREZR (stiffener) OWEARRBIC OV TRFATH L, BWERBEDOLVWHEED X »b
HEXRBIIRBUTOEOIIREY XEHTIXRDB AL, Tibb, stiffener (HR
£2) OBFRELEYV-H, TOSEREEAR VT ENTESLZE, ARDEIER
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CHBRTHRRE (stiffener) BB Z &7 &0, WROBMERRBIZM L DEL, HEHEL
HIZIEES 2EELCHRINDEELTLIWTHA S,

L7chio € ARBRCAVWR LS AR ARV OBREHET 254, FRREOHKO
BHEHAECIEEI R INTH5E LT, SAHAOEROEKER YA CHET S &,
KRABECEAEONBTHS S,

6.4 HEy POBRETEOELHEE

FIARTG —AVBRECFELhDL Ny METE, FOTHERBEEYRS X TR T
NEL, BHOER T IRINDRESREVHHC LT, Th2BNTRERL, BHHED
BEGLEACTOEMMERIEARDERTH 5,

BERAFARZENTL, SROFELEM (stiffener) OB IEL L, FOTgEiaEE
T2 L AW ETE M TRV EL DD T, BHOEAHE (Fvy 1) 1+
FTHHELHAWIND, UL, AR x4 TRl LSBT HH OB X1 % B2 E
FiEL e %, ZORIMHRCEETHIRTEL T, WESE AERAEOFRAE BHEE
WROMEERSTHN D2, TOBHRIE, FAATOWESENNRCIT SRE, Bl
DEL AR, U TEMBMTBIENE 28, LATHLEXORD, 2L, BT
Al FRIIAFCEADROETLBLOT, £4Mkr vy FHRILTLL ERETS
EF 2T,

BFEWAANVOERARECH L T2 00 HEXFE LA, TOBTEE R A BRCOHE
SURECIZERRDY, WThOFEL TN TOLRECHL TERUTRETH S L9 bit
Tz,

FHEREULFERTIE, BHEBLRORICEL - THEL CW57®, BHoxD
BHAKRE - (BHEIEIVEG) BEIBECL 2EENAEL L TEDREEINMETT50D
T, COHEROBHERIBMRIEIZIRTMCL bRTHEVBVBECRLADTHS I,

MR FOBRREE 2 UEHER TR, KRERE L OlE X OBA R OfE 2 A
LCwa2, ZOEIRMESRE, SHEIEOHTME, B SIROBIEECL > TEBTH
B, COFEROBEEL A NLBRZX - TETFT5, Lal, ARRCHVL S &K
ARXARFHLTL, ZOHERZMES T, FRREOHEREELHBEHT AR, T idblEH
HéL, MAHAOKFBEXER T AUNLEREZHET LI ENTELTHA S,

&

. #&

ThET, KEEOWMMHTL2EEEILTLIRLRXV2T, FORKOBEAIL,
BEIHEE, Thied S<HE, ILRREBHEEDOAHEEIDOLDEBbh b, é il
BERESWTRZORBRIE T 5DV RAEM S BUNXENT, LArIERBNTHARETH
D, TOELECOLTH3LALHFETE L5 TH S,
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CRIEHLT, ARy PEBESERIARARTLONCL ST, TORIBRHEICOWT
EAF LB THEE VLRV, BEFLOFERE N € v b OFFRHERICHT 5 RBREIS X
CEFRHRFICL - Thie ) HELEBEBRITATETH S, Licho T, SOFERL I,
BEAHRRLIOFORB AL EEYWLEBOER LELEETFRLAEL bDEELDRD,

ek, ARTLONCA, EREERI &I, KEEWOLERN L BGHMCERTS
ERD, BEEHECH»bAIEANLT — % % HFRCBEL T 2L THH, LI,
HEMT &M X 2BER O T ERRBCOWTL (ki 2 IBERPERE) SEHE
HEZHDERYEz LDV,

ThS—EoBE L HECET AERERC OV T, TOBEREREC L - TERIKE
BXhAuEebiswns, ARETE, ¥TX0EANHHLL Oty FEEBESOREL
Bk L OHRIC OV TOHEE HEE B L ML T,

KEOBEWC B CITHEELFNTFRE L, M7 L ER1 L X OER B LU
PNEFRTHZERRETIIH D2, Fry PEEEGOBBCLLI<KKRE7+ v 277 R
BIOEW AR EOBNTE L BL T, EABENOERWLEMEICX T 5Bk s et
X B iRE B,

AHETHLNMCIRIEEDODS L, LARERELBLhD3FREYKRCIET %,

(1) > B# CEFEH) & 3ply 6mm (15+3.0+10) AROMMERE /b ICEHE D
Btk o X 5 sB3Ra 5,

BROBHER LOEMCE TS 1 HAE 2HEOY v 7 HE E %L, BERo L
Hax v 7 HREOM 12 THh, AR 1HRET Y v 7 FRE17TERE T, BiROMEICE
V>, panel shear 3 X ¢F plate shear i3 % &R DM X4l HH D shear modulus G it Bk
LrhEL VA, E8hE 45° 70T G 1L, panel shear “Ci3# 4.5 G, plate shear Tizf2G T
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Summary

1. Purpose and scope

In this paper, the mechanical properties of the joints with glued plywood gussets
are presented. '

The load-carrying capacities of wooden structures are usually not so high, depending
on a low efficiency for both stiffness and strength of the joint. As for the wooden
structures joined with the steel fasteners or connectors, the major portion of the defor-
mation is due to the slidings and the sinkings of the joints, it is very difficult to esti-
mate the efficiency.

In the previous investigations, it was recognized that the wooden structures joined
with glued plywood gussets had a high efficiency for the stiffness. Though it is difficult
to estimate the efficiency and the rigid zone of the joint exactly, the actual behaviors
of the gusset can be analysed experimentally and theoretically by using the method of
finding the characteristic points such as zero displacement points R.

The experimental and theoretical investigation is performed in the following three
steps.

1. Mechanical properties of plywood as an orthotropic material

2. Behavior of gusset as an elastic foundation

3. Mechanical behavior of gusset as a structural joint

2. Mechanical behavior of joint with glued plywood gusset

All forces applied to the wooden structures joined with glued plywood gussets are
transmitted through the timber members to the plywood gussets mainly as the tensile,
compressive, bending and shear forces. These forces act on the glue bond areas be-
tween members and gusset plates, on the face veneers, on the glue layers in the ply-
woods and on the core veneers in order. The stresses produced by these forces are
tensile, compressive and shearing ones acting on the plane of plywood as shown in Fig.
3-1. In order to determine the strength and deflection of the joint with glued plywood
gusset, the mechanical properties of the plywoods and veneers constructing gusset
plates should be previously obtained. These properties are as follows:

(a) Young’s modulus and strength in tension

(b) Young’s modulus and strength in compression

(c¢) Shear modulus and strength in panel shear

(d) Shear modulus and strength in rolling shear

(e) Shearing strength in glue layer or in glue bond area
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3. Mechanical properties of plywood

The materials used in the test were rotary cut veneers of SHINA‘(Tilia sp.) 1.5 mm
and 3.0 mm in nominal thickness and their specific gravity was about 0.51. The lathe
check in 1.5 mm veneer was about 20% and in 3.0 mm 50%, and the number of lathe
checks was about 10/cm. _

Three types of veneer laminated wood and one type of plywood were made from
two kinds of veneer with urea-formaldehyde resin. They are:

1. F-veneer laminated wood (15+15+15+15)

2. C-veneer laminated wood (3.043.0)

3. FC-veneer laminated wood (1.5+3.041.5)

4. P-plywood (154+3.0+1.5) (unit : mm)

The nominal thickness was 6 mm and their average specific gravity was 0.65, 0.54, 0.59
and 0.58, respectively.

Before fabrication of the plywoods, Young’s moduli and moduli of rupture of the
veneers in L-direction (parallel to the grain, Fig. 3-3) in bending and tensile strength
in L- and T-directions (perpendicular to the grain, Fig. 3-4) were measured (Table 3-1).
The specimens with face grain inclined 0° 15° 30° 45° 60°, 75° or 90° lto the edges
cut from the veneer laminated woods and the plywoods were tested in tension (Figs. 3-5
and 6), compression (Fig. 3-7), bending (Fig. 3-8), plate shear (Figs. 3-9), panel shear
(Fig. 3-10) or rolling shear (Fig. 3-11). The test results are shown in Figs. 3-2 to 19
and Tables 3-2 and 3. Relationships among them are summarized as follows.

Basic mechanical properties
Solid wood —————— > Veneer ———— > Plywood
‘'EL , Er, Ep, @) (Er, Ez, Gir, pir,\ (8) principal direction
Gir, Gir, Grr, < Fy, Fr, Fir, ) <E1, E,, Gp, /«‘m)

HLR; tir, MRTs (1) \ Fly FZ’ FXZ)
FL ’FR,FT’ (5> (4)‘[
\ Fir, Fir, Frr, N
\ Other direction
(0 degree)

\‘<E1z»a, Giz-s, #124)
Fio, Fizs

where E, G and ¢ are Young’s modulus, shear modulus and Poisson’s ratio, respactively,
and F is strength. The suffix L, R and 7 show the longitudinal, radial and tangential
direction, respectively.

Among the basic mechanical properties of the veneers, only E,; in bending and
F,7 in tension (Table 3-1) were experimentally obtained (1), then the other properties
may be determined from those of the solid woods by using the Eq. 3-1 with the per-
centage of lathe check a and the coefficient £ (6) (Fig. 3-12) (2). The properties of
the plywoods in the principal (I- and 2-) wdirections ere calculated from the pro-
perties of the veneers by using CURRY’s formulas (Eqs. 3-13 and 14) (3), and the pro-
perties in the other directions were calculated by using JENKIN’s formulas (Egs. 3-7 and
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12, Figs. 3-13 to 15) (4). Under the uniaxial stress conditions, the properties of the
plywood were obtained from the properties of the veneers in the principal directions
observing the equilibrium in stress and strain under gluing condition (Egs. 3-3 and 4,
Figs. 3-17 to 19) (5).

4. Stress transmission and deformation of
joint with glued plywood gusset

Three types of specimen shown in Figs. 4-1 to 3 were made from 6 mm SHINA
plywoods (1.5+3.0+1.5) and tested in tension, bending and shear. The relations between
the maximum loads P and the glue bond areas or the angles & of the plywood gusset
plates are shown in Figs. 4-6 to 15. Then the mechanism of stress tansmission
mentioned in chapter 2 is verified and the following basic conditions for the design of
plywood gussets are presented.

Mazximum load Failure
1. If P,>P,, P=P, Glue bond area
2. If P,>P,>P,, P=P, Veneers and glue layers in plywood
3. If P,>P.>P,, P=P, Veneers and glue layers in plywood
4. If P,>P,, P=rpr, Plywood '

where P,, P,, P, and P, are the maximum loads based on veneer strength, plywood
strength, shearing strength in glue bond area and rolling shear strength, respectively,
and usually P,>P,, P,>P,. In the case of tension, bending or shear, the maximum
loads P are calculated from Eq. 4-2, 3 or 4.

In the design, we should take care of the follows: the shearing strength in glue
bond area and the rolling shear strength do not vary in all angles, while the tensile
strength and the compressive strength are the maximum in 0° (or 90°) and the panel
shear strength is the maximum in 45°. Therefore, it is advisable to use 0°-plywood
against tensile force and 45°-plywood against shear force.

The strains in the glued rectangular (Fig. 4-4) and triangular (Fig. 4-5) gusset plates
were measured by means of electrical resistance strain-gages located on the center lines
of the gusset plates. As shown in Figs. 4-16 to 19, in propotion to the increase of the
gusset length, the strain distribution changed from a linear type to a curved type and
finally to an oscillatory converged type, and the location of the zero displacement point
R converged at a certain point in the rectangular gusset plate and transferred with a
certain rate in the triangular one (Table 4-2).

From the strain distributions, it may be assumed that the gusset plate behaves as
an elastic foundation and the beamm member as a beam with finite length on the founda-
tion. The strains calculated by Eq. 4-11 based on this assumption were slightly larger
than the observed ones, but the types of the strain distribution and the locations of
the zero displacement point R calculated were similar to observed ones.

The deformation in the gusset plate may be obtained by substituting the following
coefficient of gusset I" into Eq. 4-11.

1/ E,t Bcos a®

r= AEItan a -
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where E;t, I, EI and « are the tensile rigidity of gusset plate, length of gusset, flexural
rigidity of beam member and meeting angle of two beam members, respectively. The
location of R may be regarded as an index representing the effect of gusset plate to
the joint efficiency. Then the relationship between I” and R of the gusset was obtained
(Fig. 4-22). According to the relationship, it may be possible to estimate the effect of
gusset plate to the joint efficiency’ from the configuration, dimensions and mechanical
properties of gusset. And by regarding R as the panel point, the displacements of the
wooden structures joined with the glued plywood gussets were computed with sufficient
accuracy (Figs. 4-23 to 27).

5. Effect of gussets to wooden fink trussed rafters
joined with glued plywood gussets

W-type trussed rafters with a slope of 30° and 1.8 m span were used for this study.
The members consisted of 2-cm by 4~cm EZOMATSU (Picea sp.) kiln-dried. The spe-
cific gravity was about 0.46 and Young’s moduli 100 to 150X 10° kg/cm?. In the full scale
tests, the trussed rafters with 5m span were made from 4-cm by 8-cm EZOMATSU
laminated woods. Six types of joint method were used and their details are shown in
Table 5-1 and Fig. 5-4. ‘

1.8m span test trussed rafter (Figs. 5-1 and 2)
1. 9-mm¢ bolts
2.  0°-SHINA plywood gussets
3. 90°-SHINA plywood gussets
4. 45°-SHINA plywood gussets

Full scale test trussed rafter (Fig. 5-3)
5. 45°~ SHINA plywood gussets
6. 45°- LAUAN (Shorea sp.) plywood gussets

All 6-mm plywood gussets were nail-glued to the both sides of the members by using
urea-formaldehyde resin.

The trussed rafters were tested in a pair, and the loads were applied at the centers
of the distance between panel points of the upper chords by using two hydraulic jscks
with 5ton capacities. . The displacements were measured at five points for each trussed
rafter using dial gages with 30 mm stroke and 1/100 mm readings. The strains were
measured at 18 points on the chords of the full scale test trussed rafters by means of
electrical resistance strain gages (Fig. 5-5).

“ From the results, it was found that all panel points could be considered as rigid
joints and the deformation of the plywood gussets were negligible. The member stresses
measured coincided closely with those calculated by the method introduced by SubparTH
(Egs. 5-1 to 3), and the values of deflection measured at the midspan of the lower chord
agreed with those. computed by Eq. 5-4 with sufficient accuracy (Figs. 5-2 and 3).

When the loads were applied on the upper chords, the stresses in the upper and
lower chords were higher than those in the other members, and then the bending and
compressive stresses are introduced in the upper chords and the tensile stresses in the
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lower chords. Consequently the tensile forces were mainly served at the peak gusset
and the shear forces at the heel gussets. The maximum loads P for trussed rafters
were computed from these forces and the formulas for load-bearing capacities of the
plywood gussets. The maximum loads P computed were approximately agreed with the
observed loads (Table 5-4).

At the short time design load 1,800 kg, the values of deflection at the midspan of
the lower chord in the full scale tests were 1/1,200 to 1/1,500 times the span, and the
maximum loads 2.2 to 2.6 times the design load. Therefore, it might be concluded that
the trussed rafters designed had sufficient safety.

6. “Gusset-effect” of plywood in plywood
panel construction

As shown in Fig. 6-3, the plywood panel consisted of 60-cm by 60-cm SHINA
plywood and of four pairs of 2-cm by 4-cm by 60-cm EZOMATSU stiffeners. The
plywood had 45 mm thickness (1.5+1.5+15) and Young’s moduli 114X 10* kg/ecm?® in 1-
direction and 58 X 10°kg/cm? in 2-direction. The kiln-dried stiffeners with Young’s mod-
ulus 142 X 10? kg/cm? were nail-glued to the plywood using urea-formaldhyde resin.

A tensile load was applied at the centers of the upper and lower stiffeners, and
the strains of the plywood were measured by means of electrical resistance strain gages
located on the center lines and on the diagonal lines (Fig. 6-3).

As shown in Figs. 6-4 and 5, the strains in X-direction parallel to the loading-
direction were maximum at the center and minimum at the center of free edge, and
those in Y-direction were very small in comparison with the formers.

By regarding the panel behaving as the frame construction (Egs. 6-1 to 3) or as
the beam on the elastic foundation (Eqs. 6-4 to 10), the deformation of the panel was
calculated and compared with the observed value. In the case of the frame condition,
the deflection of the panel could not be predicted with accuracy and its agreement varied
with the rigidities of the plywood and of the stiffeners and the load conditions (Figs.
6~4 to 6). But in the case of the beam condition on the elastic foundation, the agreement
was good for deformation and strain value at the center of the panel. Considering the
results, Eqs. 6-1 to 3 may be useful only when the rigidities of stiffeners are con-
siderably higher than those of the plywood. Egs. 6-4 to 10, although their applicabilties
vary with the rigidities of the stiffeners and of the plywoods and the load condition,
may be useful to the plywood panels with the construction similar to the test panels,
by using the pinned or clamped edge condition of the stiffeners and the modulus of
the foundation in X-direction.



