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TSR L ORET — A VORIt L BECBITAHRE, FIRY OFIFT -2 vD
EH B ERE, ARy PEBFREC LA ZHEUES — 2 Ve o TR b DO TH
%, BH, OBDF~xvElLTRbABMBRMICLS2LDO2H 52, ZOEDIMEL
DEF A S —BIZ BV hEAAMCE bR, LlliiFE— 2 v POREVETRICEWTE
hELL b, CORYRCIBHEEE TN DREVEHEEIRD DT, bAMERM
CXBUET — Ay TR IOMBAYEDOREDO L oL L TET LIRS, KPERICKTH
WicBEH Y £y VEBBRZISIUES - 4 vy TR BYhEC BT A BREAMNAREINEL, £
DHECRIFTHELHE Y RELRVERADLRDA, ThRBEWTL—G, £OT ——H
HRAHELALOLEML T, TOMBEIRFF L, £, SHEMCI S L 0o TREERE
OHFFEERD ¥ B TARBOE S & L 1o,

ARBE T o Cdhich, RBZSBULBELE L L YHERAREECHL TOLnb
BRBOBERETLEE DI, FRCH» T LAEFBTFR I UDYKE D KEEE A EH
% WMEBFEE MERE, SH X EL RBOEBEOHB Y I, TIELTHILEHL
EFARETH S,

1. MH&KUTHE

ABEIFig 1R TERYT, 7vI—LAF—-LF ¢+ VEALER, ©¥vrZa&ldy
AWTET BERLCVESSRCI > T#ESLI, BHOBORFOBESIEHR Y v M
B X o, ChbEMOoMETE, R0l TRBRAER E2 U TN,

1.1 #BHORE

ARBER U BT X CTERM T, £ #¥icik Sitka spruce (Picea sitchensis
Carr) O/PNEU EORBEDATERM® Hic, 207 ¢ 7Ot BIFTRIZE S 21 mm, 1§
120mm, £X185cmC, FL 32K THB, hbieoWTHE, FHERE, fiFvys
BEBIOREAYREL., BHCRT LT I rOHAHLREIY VY /7 FEB S LI URACT »
foo T 17 ONEERE, HE 8KE RBETR BHxs 1 7oL HEL, 2Bk
> THIELIE S D) BIOY v 7/ REOKHEY Table L R, ZZkAbhD L5, FiR
M —Ae k<, FH1I5mm T, vV/ REIEE ==Y HEbkE<, 104~175%x10°
kg/em? OFHETH - 1o,
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Fig. 2. Schematic views of the arragement of laminae
and of the flexural rigidity test for members.

Z0D%:+% Fig. 28X Table 2iRT X5 BEFIL, £BHE2BUMELL, BEHE
BEEOT — = -2V OB ERTTH S, FABSFIRFEBER (745 =9 108)
THb, 7~ —DOEEIIHE (leg) #, #H (rafter) & LT, Fig 2 ZRTRVIZOWT,
;=12 cm, hy=4cm C, B=(hi—h)/hy=20TH 5,

1.2 WHAREER

ERoOFR iz oWT, RBEET TR, AV (D) M 1732cm, AH 150cm &L
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Table 1. Summary of properties of laminae

Av. Max. Min.
Av. ring width R.,(mm) 15 42 03
Specific gravity ru 0.44 0.53 0.37
Moisture content u (%) 76 95 6.0
M.O.E. E(10%kg/cm?) 129 174 104

(Remarks) Size of lamina: 2X12X 185 (cm3), number: 32.

Table 2. Arrangement of laminae in tapered members

Frame No. 1 1 2 2 3 3 4 4
Member AB,BC CD,DE AB,BC CD,DE AB,DE BC,CD AB,DE BC/CD

E, -130 132 130 134 156 148 158 141

E, 122 128 129 109 114 114 115 114

E; 104 119 123 117 125 126 126 125

Modulus of E, 121 128 120 127 126 125 125 126
elasticity Es 128 121 127 120 115 114 114 114
(103 kg/cm?) Es 119 104 117 123 136 155 174 135
Ey 124 127 127 127 146 151 166 138

E, 119 126 126 114 118 118 119 118

E 123 126 126 125 140 144 157 129

(Remarks) f: face, ¢: core, E: apparent value of M.O.E., calculated by Eq. (1).

T, ThlhhREPHE (P) i X 3TRIERBRL T2y, HE10kg = L 100kg % C,
ARVHRRDIcbRE LA YA - THUEL, 73 F0KENSOHEBELBELE, oD
TehAOFBEHET2ED L 5RkDbRD, ¥, T~ —FHORLFTOY v 7 FH E) &

B SQE@+EJ¢dx
E="— (1)
S I.dx
0
k3t
PP [ 1V 2
0= (g e p—53) (2)

S ERdv v o R [RFEZKRE— 2V, BEFBIVC cXTAZRERE I ON
M, L XEHORCH b ONBCRTHHE KT~ 2 b, B=(hi—h)h T hi s X0 ko
RE M 0K E LD T Fig. 2 KR T, ’
1.3 #HmoMir
ChODFEHOBFIER T £y VEBECI VTR, Fey MRCILHIED 01Xk
WEEE, JtREVHRERBRSREDO 2mm > FERSply I0mm EARE L 74K €y b &
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Table 3. Properties of Shina-plywood for gusset plates

Av. Max. Min.
Thickness (mm) 10.00 1000 10.00
Sp. gr. ru 0.55 0.57 0.53
M.O.E. E(103kg/cm?) 102 112 94

LTV, 2OHBECOERM IO, RBAELA—ET, 2L AP m o=y <Y
% stiffener & L C, FORZEALY Fig. 1), V¥t MEOES, i, EEEEIEED
HRERCEST, FHOMTHRE O FAMEH 600 kg/cm? BE /s % TOMELHZ 5
BrORILL, BECHL TS X0» £y b OFEC REBIREER (714 7=
108) #BAL, EEHEE20cm® M), EX 32mm 0§ 1 &% AT, STITLEM LI, » &
y MRCAWEERDOES, HERS IOV v 7/ fE0x Table 3 iind, ZORCKRTHE ()
BIOY v 7 EH MOE. 5B KFE O H T, §ij#> Table 3 © zE; 1Y) (LATHD
DIEBN L O EFRTH 5T,
1.4 RBRE&OEH .

RBREOKIZ4BT, No. 1 BIXIW 21357~ —HEYHL T TOMHEL Tt b O
¢, TOEIMICES L5 Y T, No.3 kL0437 — 2~ U Sitka spruce
D20mm EF 3 FEHEEOCHEEL LD, ZOWRESACL D X ST,

1.5 RREOMEER

Fig.3 ® (1), @ X0 @) @RTHIERBRY Tioof. ¥, @) RRTEMHTHK
R EA 10kg OGRY ACTBEC L D 100kg 2 THid i, Z0RBLB AL D A (Fig.
1 2B) oW TThl, FhERB &L D Ackid 3 KEEMEY 51 ¥4 — (1/100 mm
BEE, 30mm A Fr~2) KX DBPIEL, 2T, AU 10kg o8zt b, My Fii M,
Hoxtd s BENERR 2 ¥ Akot., ZOEDPVEBESR M, 22X M,) X0 C Rk
BIFAEEHFAEN, BAKIOD ECKTS KEFAEMERFEDO LAY Aryr—2i LD
PEL 7o, MEIZ10kg 2 & 100kg ¥ TTHD, BBEC2HEIMAEILT O RATMEBX
UM I EhEh P2 Fo0REY T 5 RERBRr ERERBBEWANRBREE (5 v
WEY + v+ 2@ EH) 2FHL TRk, CORBRTIE, TTFHE (P)S0kg & &1 500
kg ¥ Thit, chux100kg 2L 0¥ THEL, DXL 50kg =& 1000 kg ¥ T2, FHL100
kg 2L 0FTHLEL, & IHARBOM, M, 5Lt C RickF 5 EBESAZENM, B, D, N
BION, A BT B KEHAEM X FhEFRBRERARO L1 vy -2 X > TREL K,
0 500 kg ¥ X OF 1000 kg OF B\ T, RBRBC BT 2HMTENORKEIEhRERRS
A=A (=Y =Y, b F=YERIA—7) EFHOBELIE ORMY (2fo=100 kg/cm?) 3

* BBREWERRETE (46.5.14) R I HBESI R D,
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IOEHIRE (ofs=200 kg/em?) X3 5 EIIEHEYET5,
16 HERR |

EROBRBOBIERBKTH, A—0HETHERBRY Tot,. Z0IEH\, FHEI1L0
kg L BB s ¥ T, CHAOERERNM, BEIUOD Ak 5 KFEMLYEhE h
lmm BROHELIC L VWEL 2, ZORBELET No.1 & No. 2 REfk%, >&ic No.3
E No.4iwowT, 3EHICIZRZOBHARBRTHEEL 7ehr o7 No. 2 & No. 4 2T 1Tk -
1o, BB No. 4 NS ITE- 1o,

CORBKT % WL RBREEREL, BEL TORLEMIC O TTERRARY
fitews, BIFHE 6 2R, Xbr ey 7R AKNABAE 2 HRL, SRHEEFOEED
(—&) LS : FEEROBEEN TR LokBEY L, Fih, 5IFZLESHEL, £
B X » TAKKLHEL 72,

2. Bt W

FRBREKIBET — 2 v THHDOT, PHEEHOLT, FEHECHTIHARN (Vi
Vi, Hiy He) 8X00E— 2 v b (M) 7 Fig. 3 107X 5 iekdbhs,

RO B ERIMEABRC BT 2R HADOTHREIOED LIS CFHEIRSD, - Tl =~
AVICXBhbRAERNELD, AN bAR OB 5 lbiilids A S
ﬁf%%&%i%hé@f,MWtb&Kl6%®®&&5=ZSMMEL¢NCloTﬁi
Lz

T, HHABD A H (FHE) O hapg, BEOLRE b, BHCDOCKIOD
BT FRER hep BEV koo, 34 CD, DEico>nTh FEoRbLLAELXL, 22EES
T—ELThE, BEHOBE KE— 2 ¥ MEOE¥D L5 CRbLEND, ABEHOBRT

(4)
Fig. 3. M & M diagrams.
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1% Ipa=h%45/12, BC ¢ D B HTIX Isc=h%c b/12, CD D D AHTix Ing=hc b/12,
DE ## D D ST Inzg=hbz b/12 TH B, %12, HEBHOR»FOYT V7 HZRE % () &
W Xo CTHEL, fi=hsa—his)his F 1213 Bi=hos—heo)hap, Bo=(hsc—hce)lhes ¥ 1oL
2= (hoc—hoo)lheo, BltE LT by=(Elza SY(Elsc T), ky=(EIpz S(EIncT), k=(k+k)2 &
BHEABEHECHTAIEEDELATFig 3O MBI ML LSOED Y 5 ICHER
ha,
() BRCKFHESMASABEH
Fig. 3@ mmT L5 B ACKPHE P Az bhsiEH 0 B AL 0 D ok
FRAECIRK»L2¥D L 5RDB IS,

__ PT @QF+T% (11T ki¢1-2) | (AT —LY(1-1+kyP1-2)
_ PT3QF+T)AT—L) [ $p1at+kipra | D11tk P12
Op = 8F+T)¢ ( Elz, + Elrz ) )

b) BROSBMCEEFEHSMESNBEH0

Fig. 3@QrarTi5keM AMEPAMZ b h3EH0 B AL D GAOKES
FERL 05 35108 0p (XA (2-3) 225, WEAM, %X OHA C i) 5 BEFHEL om
BLO &R @) $L0 @@ 75, TRERSEDL SRDLRS,

05 = 321(3141:_21’21’)2 [ Z(ZEF}—:AT) {" T(pr-1+kyP1-2)+25 (F+T) ¢2_2}
TA4T—L)

+——EIDE (P11 +k ¢1_2)] (5)
O = 321(;1:-31;)2 r 4%‘1;5 {— T($1-1+kypr-2)+-2k (F+T) ¢2—2}

+£(~E%Z——ﬂ (¢1—1+k2¢1—z)] (6)
i = 3 TP [ B T2t — 4k TEHT) dos

2 T2 (pr_1+k3P1-2)

k(P TP gocaf 4 ] (7)
9 = 32}()11’::-2:;1)2 [EIlBA {T(¢ln1+kl¢l"2)—2k1(F+ T) ¢2—2}

gy ovthatiod] (8)

ZOEHO B AOBEMOF AR B) OMEHMEFMLTHY, Fh DRI
A UHAT, o TRAM~NER TS,

) BROBACEEWESMASNIEHN

Fig. 3 (1) OWMELEHEDLET, ZORXIVWRELENKHELLDDT, BMNE Ny R N, &
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D ox KFER), B m& D KO¥F dpwy (KPEM), FMESR M & M, 0¥ on(EE
B BIUERAC TR Gc(BEEM) LEbRIE, ThEh2&80L 515,

_ PLFT?
W T TV By (FHT ot F et )] ()
PLT?
Opw) = ~8(F+T)Elns {F+T 1 1+k<F+T Pr1-2— ¢2—z)} (10)
PL?T T T
oy = 325, [( F+T> b1+ {(m) ¢1~2—T_FT ¢z-z+¢3—2}] (11)
PL*T?
¢ = 16(F+ T) Elps {F+T o1- 1+k(F+T 12— P2 2)} (12)
22T BLO10) Ricksits (<) REMOFASPFER B) X8 (5) OWMENF &MU T
HsEERT,
ERizET

#= (14+5) (e +p—E2+30 |
#2= <1+.3>{1 f(l-:‘-gg) 2(1+‘8‘8)2(2+13)}

o= o]

TeiL, B>0THY, g hr AR F 1, B ARTEE LI D2 &T5, T, F
B (B=0) D& XX ¢:=1/3, $,=1/8, ¢;=1/12 & FThi¥L\

WHERABL Fig. 3 (1) WRTHEO ML FRC Lo Tiitkkofety, ZOEHGHTFE— AV
FOBKME Mmax 1 B B3I D BEL, BTFRIIOBRKME 0o-max=M/Zs (XM O F
2 2hap F12X 2hap DL ZARFEEL, FOMBIXZZORBRETIZ =20 THBDT, AB
L O ED M Ol (N, 38 KON, 51) WM T5, LAWK T, do-max=Mrn/Zzp &5
b, T2, Mpp=PLT/16(F+T), Zrp=2bh%3/3 TH%DT

3PLT

5b—mnx = m (13)

i3,

3. BRRIUER
3.1 &R &

itk HER I OHTREIERBRE RS Table 4 12RT,

T, T—A—EEF—HED Spruce M THBEL 7= No.3 KXV 4 s\ T, KE,
Al (EL) 31w No. 1 XU 2 L hAXL, HEHCTShELORALWLRTWEDT,
7~ A —ERHROMEL EROCHN T 5L TL LEYRET $ rOREE TRt o T,

ZORRIC BT B HRED fodo e D ERRME (Opxp) & 5THME (Oca) DHIZ 0.96~1.14 DF
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Table 4. Flexural rigidities of tapered members

EL
FIr\?(x)ne Member I b ho hz/z /lz ru (106 kg dcal 5Exp g(];::lp
(ecm) (ecm) (ecm) (em) (cm) cm?) (10-3cm/10 kg)

AB 150 4990 3935 8000 11950 0.44 88.4 318 318 1.00
DE 150 4925 4015 7.990 11980 044 89.1 315 38 114
BC 1732 4990 4025 8.000 12025 0.44 88.4 489 538 110
CD 1732 4930 3965 8.000 11920 043 89.5 483 484 1.00

AB 150 5000 3980 8000 12060 043 90.7 310 300 097
DE 150 4880 4105 8.000 11955 043 87.8 320 337 105

2
BC 1732 5000 4.055 8.000 12.055 043 90.7 477 475 100
CD 1732 4880 4.105 8.000 11.930 043 87.8 492 502 102
AB 150 5000 4.010 8.000 12015 045 100.8 278 304 109

3 DE 150 5020 4.040 8.000 12030 045 101.2 277 283 102
BC 1732 5015 3970 8.000 12.040 044 93.0 464 450 097
CD 1732 5015 3970 8.000 12040 0.44 93.2 464 444 096
AB 150 5010 4.060 8.000 11.990 045 113.2 248 274 110

4 DE 150 5005 4.045 8.000 11.985 045 113.2 248 249 100

BC 1732 5010 4040 8.000 1198 047 103.8 416 - 405 097
DC 1732 5000 4.000 8.000 11.985 0.46 103.7 417 419 100

Av. 0.46 1.02

(Remarks) {: span, b:av. width, by & hz: heights on both supports with a span /, hs/2: beight
at the mid-span, ry: specific gravity at the time of test, I;: moment of inertia=bh}/12,
Cal: calculated value, Exp: experimental value.

Bied-> T, FH1L02THY, FHHCIAEIZE-R LIV, 22T, WEDHEI
Kk Z e E N B - No. 1 © DE &# (£ D it 1.14), [F BC i#t (1.10), No.4 o AB #it
(110) TIXT 3 7DV v 7 FREHRRLRPRECHEI hicb D LHEEXRS, Lirl, ERiEL
HEMENZOBRECEECHIE, 77— A voORlkiEC, <O ELZAVWHIENTE,
monle h OBEXHFTE LS,
3.2 RREOME

3.2.1 XEHEOIEZHL

Fig. 3 3) w383 (B %7212 D &) i+ % AEHE DS O R %Y Table 5 iwR
3+, 3, B ARHELXHFESHVDO B XU D SOKEEMZOWTHRDE, HEIS
FoHhi B OB D E0Thofy30% KTH 5, Fih, RRELFFMEOHIIL 081~
088 T, WIFhLERMBEDOH NP, THIZFELIHE OEBWLRAILL, Ry €y FiZX
AR EOBENBELII-bDEEL DR D,

D AfMEYMLES DAL BERAKROBR LT T %,
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Table 5. Deflections of frames by a horizental load

Frame No. 1 2 3 : 4 Av.
Defice. dpcan (1) 330 324 302 210
tion drExp) (2) 287 278 251 248
Load (10_3cf<n/ dp(can (3) 251 250 231 207
at B W0ke) e (4) 219 212 186 182
(2)/(1) 0.87 0.86 0.83 0.77 0.83
(4)/(3) 0.87 0.85 0.81 0.88 0.85
Deflec- dm(cal) (5) 251 250 231 207
tion SpExp (6) 219 209 186 178
Load (10';0ci'{n/ Spcany (7) 327 331 302 271
at D 8 oy (8) 203 276 243 231
(6)/(5) 0.87 0.84 0.81 0.86 0.85
(8)/(7) 0.90 0.83 0.80 0.85 0.85

3.22 BROKFACEEHESNAZ>NBEIHO .

#iR% Table 6 1w/n¥, ¥, BC M OFHA M CHELX LT ESHIZDOWTHRD
L, BRIV D KOKFEFREMTIE, DALt B Ao21~22MEchHh, HERT
OCHESACRT2REFAEMTEIWHESOLHIEAOHMIS B TH -7, Z T ERHE,
A bR CERERT, BRI TR T 5 &, HAC BT (R
(BHELE) 1 0.82~0.89 T » 4%, MBS I\ TIXTFHL THIELIEL, ey b RORES

Table 6. Deflections of frames by a vertical load on
one of the rafters

Frame No. 1 t 2 3 4 Av.
Horisonal  0%©an (1) 274 280 274 247
deflection  dmmsp) (2) 280 275 232 275
(10-3em/  dpcan (3) 614 625 581 522
100 kg)
Spexp) (4) 589 578 481 502
Vertical Sxccan (5) 873 369 345 309
Load deflection dM1(Exp)(6) 403 370 299 342
at M; (10-3em/  decany (7) 297 302 266 236
100 kg)
dcexp) (8) 250 248 238 200
(2)/(1) 1.02 0.98 0.85 111 0.99
(4)/(3) 0.96 0.92 0.83 0.96 0.92
(6)/(5) 1.08 1.00 0.87 111 1.02
(8)/(7) 0.84 0.82 0.89 0.85 0.85

1
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Frame No. 1 2 3 4 Av.
=4
Horizontal doscany (9) 619 604 583 522
deflection dBExp) (10) 589 - 585 523 507
(10-3cm/  dpceny (11) 276 270 276 248
100 kg)
opEsp (12) 300 309 262 287
Vertical dara(ca1y (13) 372 372 345 309
Load deflection  dmamzpy(14) 421 397 337 325
at My (10-3cm/  dccany (15) 300 292 268 236
100ke) 5 expy (16) 269 260 223 214
10)/(9) 0.95 0.97 0.90 097 095
(12)/(11) 1.09 1.14 095 116 1.09
(14)/(13) 113 1.07 0.98 1.05 1.06
(16)/(15) 0.90 0.89 0.83 091 0.88

Bi3dbFhHE TRV, ZORBICETAMEOHORAMEIZLIIITHEDOTC, ZOREDXE
OHFETEROFECL I DEROBMNEABETEL L2 L 5,
M, CHEZ T idd v RO S\ & 3IERRTH » 20,

$B5L5TH%,

3.2.3 BROBAUCEEHESMASNBEHO

B2 Table 7 w1,

SAREOBE G IR

ZORBOWEACE T, RIEMENSELOIREL C) THY, D\ THHMOHRE

Table 7. Deflections of frames by two vertical loads

on both of the rafters

Frame No. 1 2 3 4 Av.
Ao of B & 8 Cal) (1) 209 208 184 165
Horizontal & OF SN0 = 8% (Exp) (2) 220 215 174 156
(10-%cm/ Cal) (3 172 171 151 138
100kg) Av. of 65 & 6 (Cal) - (3)
(Exp) (4) 171 160 133 114
Ao of St & 5, (CAD (B 190 189 165 158
Jertical AV 0T BTN Exp) (6) 211 199 172 156
(10-3 cm/
oo N Cal) (7) 299 297 262 239
(Exp) (8) 322 304 254 219
(2)/(1) 1.10 1.03 0.95 095 101
(4)/(3) 0.99 0.94 088 083 091
(6)/(5) 111 1.05 1.04 0.99 1.05
(8)/(7) 1.08 102 0.97 0.92 1.00
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Ny BLON, 5T, PR EAEZ RTE), HES M BLI0M), BH B xivD)
DIETH D, “OHITF L% 100:70:64:58 TH 5, HEMOERMECH T2 FEH O
THh5 & (ERMAE)/GHEME) OfEix083~1.11T, £FH09TH5, ZhbD 5B, Rkt
R O BLV0x) BLOHEA (0 TREEME ERMEIZF—HKLTWBEHRTE, B
H Oz BRIV ) TR DOHDFHEMN0IN 2T IO, HEEOHMNPLPREL, Fry b
HTHHOT, ThRXZHBEHENREbhicbDEEXbRS, HWEATIHEMARR
PNE,

D EoRERBERLRETH L2805k 2 5,

TS —EHEEGRT €y PIRTES L 3&ZEIUTS ~ A vk T, SEHECT
LEME (RRE) X5 vy ML, BHARECEAIRTVS EEELCHEL H
(MTFEBOR) TIF—B L, SO EEF ty MEAT — 2 v ORMERIZE A S HEB LT
WC EERT, EBHEM OIS, Fig. 3 Q) OMELKMIC KT HEMED (KBRE)/GHEME)
13071~093 %R, BHMCERY vy MREIZ L D5 — 2 VAR LOFERES R, o
AEHTED KRN TL BN IR, T~ —WHOITHB LT~ 2 v F DN NEBIZ B
TUL, TG U TROLAVNEWIDHR KT~ A v b2 L, SWEH L Ol h KX
BEM L, ThidT — 2 vEBOENCHbh 1), BETRRT 272y MR LS
WORERIEO IR D - Th, FORBIREL RV LHMIhBZ LR X b, ¥, —F
KT, RBRENHEMED 116% 2R3 T30bH -2, ZhITHBIERBRC ST 2 FAE
ﬁLM%%T%@%%6I5m,55f@?vﬁ%ﬁﬂ%ﬁkﬁ%ﬁ%ﬂ;%%@&%bh
Bo T 3IFDYYVIEEIEE Ay 150 cm R ERFEIC X D fifgo toat, S OB,
MBIV E 2 ALY v 7 BREDENES 2 H - Th, FOMBIEKTBMTFE~ 2V M/
TVWDT, FREFOAbRITITIZLEAEFE L, UL, F——EH et~y
POPINE T B TIRLRIIE U TEHM R 2V I Wb EHIC s Y BB 5, Zhssil
B7— v ORMRBRC BT 55 BEL EREL OER Lt THbRD LD L ELLRD,
e, Wy PEEMCHE (CORBTIKFEHRE) vinxicd X3ELO (ERE)/GHER)
20.80~0.90 T, BALMEERY £y MT X BRIMRA EORERLS I,

BIWAER, 03I — 2 vitsWThH ¥y 7 55, BE, Bk X0 B, Dokt se
WA —ED & ¥ OEWIEM (B=0) 1D f=2 DF — < —FHic\ fo B % TIZ O\, Fig.3
1) RRTHED XD\ ORI & BE Y 5HE 34T Table 8 ©RT L 517,

CIRADBRDEOC, TATBIVEEADR ML =0T 12cm O D =2 T4dem
ieh, BHMBIOT — 2 v HEOHIZ 1055 28 B T5, LB &, 6 05 BLV
Oy AT, TheliEOkcT5 s, FOAMCTRTRBE LS, 5, BESMH
BT, JHA C Tk =0 T10 23 =20 T0.627 A L, HEA M Tix = hat 0505 i

s
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Table 8. Calculated values of deflection and stiffness of the
gable frames with various tapered members

Deflection (103 cm/100 kg) Ratio of stiffness about

Ratio : Rati
8 ho ofl Vertical Horizontal deflection at 2flo
Volume P max
(cm) éc o 0B oN C M B N

0 1200 1.000 231 118 133 113 1000 1000 1.000 1000 1.000
005 1143 0976 236 121 136 117 0978 0976 0979 0961  1.000
0.1 1091 0955 242 126 140 122 0952 0940 0951 0924 1.000
0.2 1000 0917 253 133 146 131 0913 0.887 0909 0.859 1.000
0.5 800 0.833 281 153 162 156 0822 0770 0821 0722 1.000

1 6.00 0.750 317 183 183 194 0.728 0644 0728 0.582 1.000
1.5 480  0.700 345 210 199 227 0669 0593 0669 0496  0.960
2 400 0.667 368 234 212 258 0.627 0505 0627 0437 0.880

(Remarks) Cross section of members: hpa=hsc=hpc=hpr=12cm, b=5cm, M.O.E. of
members: 100X103kg/cm?2, Pmsx: the max. load when M.O.R. (¢5) is constant for
all of the members, 8=(hpa—haB)han=(hsc—hcs)hcs=hpc—hcp)hco=(hpr—hzp)/
hzp, ho=hap=hcp=hco=hzp. The load is applied as shown in Fig. 3 (1).

Bo+5, COBPOEFIMHBORIEL v K&, KPEMLCE T, BH (B ¥k D)
Tit, ZOfEiix =20T0627 L7 b, BA C L3FEBEOBWPCicsb, HifohRE (N)
TRT — -~ LDEMB~NOEENRIAXL, =20TO0437 L, HERIPRDOH
15 fEDMAKL IS,
¥70, WHEBEL—EL LIk EORAME (Puax) ORI LK, =015 =10%T
BEDOBRPILL, ZIRTF—A—EHEBOFEND B, i, B=20RKVTLEDHIZ
0.880 THMEDIL 0667 X v avfeh R& <, XDFAREFTHL L\ 25,
3.3 BRGEORE
Fig. 3 (1) WRTHEI X 5 HBEABMSE RS Table 9 ird, ZZitkwT, HAIRER
H (P) X No. 1 kBT 1250kg TH o 7275, iz h X W EFTHEL, 1450~1550 kg #/~L
2o THELLRDIHGIBRERTTOEKME (6sp-mex) X No. 1 T 280 kg/cm?, No.2~No. 4
T 323~342kg/em® TH B, A S — A EEM O HFELTIE" ofs G, #F) (X 200 kg/em?
THBDOT, No.1 Tit2hd 1445, No.2~No. 4 Tt 16~17Ths5, Fi, HOBRE
FRIZ—BRTRARHE (Puax) ODFI061CHYT5, HAMED No. 1 I\ TRIET, 2050
kg THD, OB (DE) 27 €y FESROH220cm FTTHMITFEEL ., < ORR
FE BT HMTIE N OBKRIE (0-max) 12 459 kg/em? L e B 2%, & OBBELE I BT 5 #iTH
T 49kg/em? LEHH S h 5, Z OWHORBEEH GOV THITRROBR (Table 10 ©
1DE) Tz X (0s) 11 638kg/em? B 12D T, ZOWMBERD 5 3 +3MH5HICTHF, -

* p. 103 oHBECRT



112 EEERFERERHERTERE $£29% K17

Table 9. Strength of frames

Frame No. 1 2 3 4
P, (kg) 1250 1500 1450 1550
Prax (kg) 2050 2550 2650 >2650
Mmax (kgm) 487 606 630 »630
0B-max (mm) 48.0 355 445 »35.5
0C-max (mm) 81.0 75.5 78.0 . »70.0
0D-max (mm) 34.0 40.5 37.0 »31.0
opp-max  (kg/cm?) 280 342 323 341
0b-max (kg/cm?) 459 582 591 »591
a3 (kg/cm?) 625 580 657 —
Op-max/v} 0.73 1.00 0.90 —

Bending Bending Shear
Type of fracture merlrrxlber mellrrllber gulslgets
DE DE at B

(Remarks) Pr: load at p.l.,, Pmax: the max. load, Mmax: the max. bending
moment, ¢: deflection, 6sp-max: the max. value of fiber stress at p.l,
0p-max: the max. value of M.O.R, ¢}: the min. value in M.O.R. of
the members shown in Table 10.

TebDLHEREIND, No. 2 AR5 RAMEL 2550kg T, ZULHH DE OdRig
IV RR EOMBTT —~~EOHY IS L 5 T HEL L7, 0s-mex 1% 582 kg/cm? T, 7
ROENMETH D E 2%, No.3~No. 43¢ bic7—~—HEMML IS DTH 575, No.3
BT 2650kg T, BEADH y FAROEFBLAMC I VPEL 0T, THEDL
DOWELZ ZIRT 0p-max=591 kg/em?® L W HFKEL, LOBEELFFTRE T E I h o
2o ZOEWMOMFRBERETIL 6,=T45kg/cm® TH 7z, No. 4 ZHBEE TR 7LD TH
B70% WHIRELZBL TED, 7, ABEMOMAMS  7icHh %/ (EEH Lem) O
CHUNZ L 2/ MEERALND DT, HEbTHOMETEETS LOLEbLIS,

B ED 6p-max DEHR ATV~ ARBEMOFBRIENE 5f,=200kg/cm? & L +% &, No.
1 RBANT236%, X229 EERD, TXTERCTETOBRE® LD Ebh5,

BRI K2 B, DRIV C EC KT AEMES 0s-maxs 0p-max BL pomax &L
TREA, COEHL, 7~ ~FOWMC L 5L LR L 5 Fe B fo BT e i
X el

¥l KT o ZHE (5ecmX10cm) FHIC L ARABOWLF T — £ Vit D Tk,
B EL 1650~2250 kg F ik S h A ETH » 7o, Shickhs, ARBRICKT 57 — < ~H#f
CIHLDORMBENSETHDIT bbb T, £hat2050~2650kg ¥ 7ok 2 h U ETH
b, BT, EWAEMOL DI I\ T, HITFHRE 6, 1% 49~T14 kg/em? T, FRBROIED
WERERIONZEERERCARNE ZOEOWHES — 2 vORBEZL TiLF — < —H

(2
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OEANFEECHEFTH D L2 b, 1L, BETREZ LI, FHEEH OISV I~
AV FDEORENCETCREN I X I BHOEELEETHIE LV, F—A~HOI
B OB X B Mo/ Z, DIEDENDICDT, FEAEDMNBRREANSD 5 2 &k
FIxhiw, Lo T, 7—A—THEREH o TREOMBOBIINIFRTRE KA
vihelebh, 2T i FOhREPHEF CIBEUOF R L 2 v S REDWEDHR TIL
AESTH b,
3.4 BHORE

Bk O RS B4 Table 10 1R $, Zhik 7 — —HEEHBL T 7L No. 1~No.
2 T BB EE 05p 11715 373 (311~442) kg/cm?, BT X o, 12 640 (580~690) kg/cm?
ThHD, F—A—EEXMEHEL - No. 3 TizFhFh 494 (407~501) 35 X 08 731 (657~791) kg/
cm® THotz, 2DX 512, NO.3 O D 05 1% No. 1~No. 2 D 14% FTH B4, v v 7 F
BLBERLBES-OT, “OREDOF—A—CHAYRC L 2BEDE T KL, Lic
2o T, ZOFHADELEECHL THRCHLATEVWEWEZ LS, LALBEBEBESIY
BB CORKEHENORD L MBOBRILID 5 LHET I N B, .

ChEDOEMOBED >, FRBREGC KT HR/ME (Table 9 1< 03 & L TiHE) %A%k
HOWBRBIC T 5 0pomex ODIEHELET5 L Table 9 IKRT L 527D, ZD (05 mex/0s)
BhoTHEy MEOBAKEEFHUL, No.l1T0T3, fiX090LIEL D, BAMEITF
RTEBWTRGTHDE 2 L5, COERI->Thhbad X5, No. 1l Dby, icF
7o E RBATBERRIC 551 5 BBEF OBER N E b o 7o 2 &b b, £, kv bR
THEL 72 No. 3 B W Th (0s-max/os) DfEIZ 090 /8T DT, BAHBITIZITHETE
LDEVR LD,

Table 10. Bending strength of members

Frame & member No. Ivb 9 E as/E

(kg/cm?) (10-3kg/cm?)  (10-4)
1 AB 384 665 123 54
1 DE 383 638 126 51
1 BC 347 625 123 51
1 CD . 442 690 126 55
2 BC 311 580 126 46
Av. 373 640 125 51
3 AB 495 745 140 53
3 DE . 501 657 140 47
3 BC 487 791 144 52

Av. 494 731 141 52
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3.54% X 5
KBRS Table 11 ©RT, Zhnb, SRMABENE (1K) &7 — - —EHEE (2K)
DEHENCTREWTERN LV EWVW2 5, \

Table 11. Gluing properties (results of block shear test)

Av. Max. Min.

Shear strength  1* 90.8 98.8 85.4

¢ (kg/em?) 2% 939 1129 94.9
Wood failure 1* 85 100 50
(%) 2% 85 100 30

(Remarks) No. of tests : 18, 1*: gluing to make a laminated wood block
from which tapered members are taken, 2*: gluing a face lamina
on the tapered surface.

] E

Sitka spruce BB £ 5 7 — < —FH AW TC=ZFHUH 5 — £ v OBl L OHEER
DWTRRLIA, TOBRISEFDOISEEHINS,

1) FEHEEARBRCSWTLT : 7EOWTHIEL v v 7 FRE» b O EIC L B HIED
HZ L 5T, bid lUBEORERBAANTHE TS Z L ¥ DL,

2) RBAOHIERBROBRCE T, FEAKT ( rOREYFHCL T, FEHEKC
W7 —AvOREMY 1 HBREOREOHHEANTHETE 2 I LD, ZOIEXI\, &
B ey bt OREE EOHRISWEHBRO & O X Y Pieh o, -

3) BERBORRETIIIH O MTICT OB AL 459 kg/em? U EEIRL, & iIRTF — 2
~HEF-EER THEL L OTIR L h At 59 kg/em® KEL L E 7y M EGHTHE
Lice, Thb DEEIATS N~ ABREMOFEICIE sfh (@R, iy, 200 kg/cm?) o 2.3 L4
L4 T3,

) ZOoRBBCKT BNty MEDESHRI V- THLIEFTH -1,

5) BEMBERL 7T~~~ HEBRFOEENCELIR, - T,

X B
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Summary

In this paper, deflection and stresses of the three-hinged wood gable frames con-
structed of tapered members were theoretically and experimentally investigated.

1. Materials and methods
1.1 Specimens

The specimen is shown in Figure 1. The members were made from Sitka spruce
laminated wood. Before assembling the laminated wood, the modulus of elasticity of
the laminae kiln-dried and planed was measured by a bending test. Also, the specific
gravity, width of annual rings, defects were recorded. Some properties of the laminae
are presented in Table 1. The tapered members were made as shown in Figure 2 and
the method of fabrication was the same with that in the previous reports®®. The
arrangement of the laminae is presented in Table 2. Prior to constructing the frames,
a flexural rigidity test for the members was carried out as shown in Figure 2.

In this case, the deflection at the mid-span is calculated by the following equation.

If the apparent value (E) of modulus of elasticity for the member is taken approxi-
mately as the following,

S; (E,I+E. L) dzx

E= (1)

13
S Ldx
0

Where E is the modulus of elasticity, I is the moment of inertia, and f and ¢ are face
and core materials, respectively. The deflection (d) is

PP 1\ 2

— 1+—=] {In(1 ——} 2
4E], ( +19) {n( =248 (2)
where I; is the moment of inertia of the section with depth A; and I;=5k§/12, and 8=

(hy— ho)/ ho.

The calculated value of the deflection was compared with observed one.

0 =

As shown in Figure 1, the leg and rafter were joined with nail-glued double ply-
wood gusset plates. The gussets used were made from 5 ply Shina (Tlia sp.) plywood
10 mm in thickness and the properties are shown in Table 3. The gusset size was de-
cided from the results of previous investigations’?. The gussets were glued to the
Ii_iéin members by using urea-formaldehydé adhesive under pressure of driven nails. A
5cm X5 cm Ezo-matsu (Picea sp.) stiffener block was inserted between the gusset plates
to prevent the buckling.
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As will be seen from Figure 2, Nos. 1 and 2 frames are constructed of the members
without reinforcement for the tapered face and Nos. 3 and 4 being of the members
reinforced the tapered face by gluing the Sitka spruce lamina.

1.2 Stiffness test for the frames

Three kinds of the tests were carried out in a vertical position as shown in Figures
3 (1) to (3).

(a) A horizontal load was applied at the haunch (Point B or D) as shown in Figure .

3 (3). The frames were tested individually and the load was applied with 10 kg weights
by using a fixed pulley. The deflection measurements were made by the dial gages
with 1/100 mm readings and 30 mm- stroke mounted at Points B and D at 10kg load
increments. until 100 kg loaded. ,

(b) A vertical load was applied at the central point of the rafter (Point M, or Mz)
by 10 kg weights as shown in Figure 3 (2). The horizontal deflections at Point B and
D, and the vertical deﬂections at Points M; (or M,, only the point where the load was
applied) and C were measured by the dial gages at 10 kg load increments until 100 kg
loaded.

(¢) Two vertical loads were applied at the central points of both the rafters as
shown in Figure 3 (1). The frames were tested in a pair with spacing 1 m on center
and the loads were applied by two hydraulic jacks with 5-ton-capacity through the
purlins which were put on the central points of the rafters. The horizontal deflections
at B, D, N; and N,, and the vertical deflections at C, M; and M, were measured by the
dial gages at 50 kg load (P) increments. The measurement was done two times; at
first, the load (P) was applied up to 500 kg and at second, that being up to 1000 kg. In
this case, the maximum values of the bending stresses in the members for the 500 kg
and 1000 kg loads are slightly larger than the allowable bending stress intensities for
the spruce laminated wood under a long time service (zf;=100kg/cm® and a short one
(s.f5=200 kg/cm?), respectively.

1.3 Destructive test for the frames

For the destructive test, the vertical loads as shown in Figure 3 (1) were applied
hydraulically and the vertical deflections at C and the horizontal ones at B and D were
measured by bamboo rulers with 1 mm readings at 100 kg load increments until failure
occured. After the test was made, a bending test was carried out for the members
which did not fracture in the frame test. Also, the gluing properties for the members
were investigated using block shear specimens made from them, and the moisture .con-
tents of the laminae separated were measured by the oven-dry method.

2. Calculations

As the frames tested in this paper are statically determinate, the reactions at the
supports and the moment diagrams are obtained as shown in Figure 3.

Now, denoting that the depth at A of the member AB is h,», that at B is hz4 and
so on, and the constant width is &, the deflections due to the loads described above are

obtained by 6= Z}SMIV[/EL dz as follows:

o
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(@) When the horizontal load is applied at B as shown in Figure 3 (3), the horizon-
tal deflections (65 and dp) at B and D are

___ PT® CF+ TV (1 at+kidr-z) | @T—LE($r1+ky01-0)

On = QP+ T { Elna LY 57 } (3)
_ PT3(2F+ T) (4T"L) ¢1—1+k1¢1—2 ¢1—1+k2¢1—2

e R . e ) (4)

(b) When the vertical load is applied at the central point (M;) of one of the rafters
as shown in Figure 3 (2), the horizontal deflections (63 and dp) at B and D, and the
vertical deflections (ds1 and d¢) at M; and C are respectively

PLT? [20QF+T)
32(F+T¢ | Elz,
TA4T—-L)

Elpx
PLT* [4T-L (_

B TF | B, |~ T thsid b2k T g
2TQ2F+T)

EIDE
P PL?T 1

M7 64(F+ TP | Elsa

5y — (= TG+ kupr0+ 20+ T) o)

+ (¢H+k2¢1_z)] (5)

Op =

+ (¢1—1+kz¢1—2)] (6)

{T2(¢1—1+k1¢1_z)—4k1T(F+ T)$ss

+ 4k, (F+ T)2¢3_2}+ Tz(¢1—E11‘:j2¢1—2)] (7)

oc =

PL*T*? [ 1

BEL T | By | T thb-d—2k(F+T) 1o}

+_E%,; <¢1_1+kz¢l-z>] ' (8)

{c) When the vertical loads are applied at the central points (M; and M,) of both
the rafters as shown in Figure 3 (1), the average value of the horizontal deflections
(0x) at N; and N,, that (§zp)) at B and D, that of the vertical deflections (ds), at M; and
M, and the vertical one (3;) at C are respectively

B = 16(1ff§“)T;IBA {F+T brort g - 1+k<F+T 12— 0:- 2)} (9)
P = s(Fngézu {F+T b1 1+k(F+T b - z)} (10)
o = 35%2; [( i T) ¢‘-1+k{( F+ T) b= FyT ¢2-2+¢3—2}] (1)
% = 16(F13rL2TT);IM {F+F T $-1+k (F+T f1-2—fa- 2)} (12)

where %), k, and k are relative stiffness and ky=(EIzaS)(ElscT), bo=EIrxS)(Elnc T),
=(k;+k,)/2, Ip4 is the moment of inertia at B of the member BA and Izg, Ipm Inc are
similarly denoted. And,

= (145 faosn- G550
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¢, = <1+%>3 {ln 1(1?21-:1_9;) - 2(1+/§2(2+19)}

(1LY __28_
¢3_(1+ﬁ) {1n(1+ﬁ) 2+ﬁ}
where 8>0, and when B,=(hps—his)/han or Bi=(hoz—hzp)/hzp is substituted into ¢, it

is represented as ¢:1—1 and when B,=(hgc—hca)/hce or Bo={hoc—hco)/hep being into that,
it is ¢1-2, and so on. .

For the frames consisted entirely of the members with constant cross sections (8=
0), $,=1/3, ¢,=1/8 and ¢;=1/12 are substituted into the equations.

In the destructive test, the loads were applied as shown in Figure 3 (1). In this
case, the maximum value in the bending moment diagrams (Mma.x) is seen at Points B
and D, and the maximum value of the bending stresses (65-max=M./Z,) in the members
will occur at a section where the depth of the member AB or DE equals to 2A45 or
2hzp. Since 8=2.0 in this test, this section is found at the central points (N; and N,)
of the members AB and DE.

Then, 63-max=Mrs/Zrp, and Mzp=PLT/16(F+T) and Zrse=2bh%5/3, therefore,

_ 3PLT
Op-max = m (13)

3. Results and Conclusions

3.1 Stiffness of the members

Results are shown in Table 4.

The calculated values of the elastic deflections at the mid-spaﬁ of the members
agreed approximately with the ‘experimental ones; the average of ratios (Exp./Cal) in
the deflection was 1.02, the maximum being 1.14 and the minimum 0.96. Therefore, it
may be possible to calculate the deflections of the frames consisted of these members by
the values of EI obtained from the flexural rigidity of the laminae within the range
in which the errors remain less than about 10 percent.

3.2 Stiffness of the frames
3.2.1 When the horizontal load is applied at the haunch (B. or D)
as shown in Figure 3 (3):

Results are shown in Table 5.

The calculated deflections at B and D were slightly larger than the experimental
ones ; the values of (Exp.)/(Cal) ranged from 0.81 to 0.88. It may be seen that the
gussets have remarkable effect on the stiffness of the frames.

3.2.2 When the vertical load is applied at the central point (M,) of

one of the rafters as shown in Figure 3 (2):

Results are shown in Table 6.

When the load was applied at M,, the horizontal deflection at D was 2.1 to 2.2
times as large as that at B, and the vertical deflection at M; where the load was applied
being about 1.3 times as that at the peak point C. This tendency was seen in both of
the calculated values and the experimental ones. The value of ratio (Exp.)/(Cal.) in the
deflection at C was 0.85 in average and the others ranged from 0.92 to 1.02.
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3.2.3 When the vertical loads are applied at both the sides of
the rafters as shown in Figure 3 (1):

Results are shown in Table 7.

Ratios in the deflections at the points where those were measured were about 100 :
70:64:58 at C, N (average of N, and N,), M (average of M, and M,) and B (average of
B and D). In this test, the values of ratio (Exp.)/(Cal) ranged from 0.83 to 1.11 and
were 0.99 in average. The ratios in the horizontal deflections at B and D were 091 in
average and being the smallest in those. In this case, it may be seen that the haunch
gussets have slight effect on the stiffness. But, in the other cases, the effect are neg-
ligible. According to the previous report?, the effect in the gable frames constructed
entirely of the members with constant cross sections was remarkable; the values of
ratio (Exp.)/(Cal.) in the deflections ranged from 0.71 to 0.93.

If the dimensions at B of the members AB and BC and the bending strength of
all members are constant, the deflections and strength ratios in the gable frames with

various tapered members (3=0~2.0) are calculated as shown in Table 8.

3.3 Strength of the frames .

The results of the destructive test by appling the vertical loads at M, and M, as
shown in Figure 3 (1) are presented in Table 9 and summarized as follows:

No. 1 frame failed by 2050kg load. The failure was due to bending fracture of
the leg member DE and the maximum value of the bending stress was 459 kg/cm?
This value corresponds with 2.3 times the allowable stress intensity for spruce laminated
wood under short time survice (sf3). In No. 2 frame, the failure was due to bending
fracture of the leg DE from the sloped grain on the tapered face at 2550 kg load. The
maximum bending stress was 582 kg/cm? which 2.9 times the allowable stress intensity.
No. 3 frame in which the members were reinforced by the spruce laminae on the
tapered faces was stronger than Nos. 1 and 2, and the failure was due to rolling shear
and glue failure in the inner first ply of the haunch gusset (B) at 2650kg load. The
maximum stress was 591 kg/cm? which 2.5 times the allowable stress intensity. No. 4
frame did not fail at 2650 kg load. In this test, it may be seen that the effect of the
reinforcement was not so remarkable. According to the previous report?, the maxi-
mum loads for the gable frames with constant 5cmX10 cm cross sctions ranged from
1550 kg to 2250 kg or more. It seems that the frames with the tapered members tested
in this paper are slightly stronger than the frames with constant cross sections de-
scribed above, while the volumetric rate of the former to the latter is 4 to 5.

3.4 Strength of the members
As shown in Table 10, the moduli of rupture (¢;) of the members ranged from 580
to 791 kg/ecm? If the values of 6;-mex/0; are taken as a joint efficiency, it may be seen
that it is almost sufficient in the joints with nail-glued plywood gussets.
3.5 Properties of gluing
As will be seen from Table 11, the glue bond strength was sufficient for all glued
layers.



