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By PEBRICI BT — A BHE b OARET — 2 v ORI L BECEL T, SE
ZEEHIIH T — 2 v oW TEE L1,

THREE S — A vIEBABEEFHOREBNILLOTH Y, KE, » AR ETREEA
BHE, BEERELLTOERY ty M LESTECOWTHMIc =2 7Y Bl A,
ERIR TS, ShH O THRTREMEHABLBRTHER, S TCRIADTEYAE
Fibomteieie T2 BT, MM T —<—#HExHv, B526RT .y PEEECLIED
VORI L BECETARAERE BN TCRBREY T3 DTH D,

OO T — 2 vitkWT, ALy MRCIBRIEHEXER L CFABERC I N
i, MEMECHL TIXENEM LD LD I2BREMMICT — S~ o0 A BELHT L
%, AFRCE LTI IhHDOZ L LRRITRATH 0, ABRECXEHEHRO b
DRIV 2EEDT — - DbDx¥ A, LT —~—HDOBYhoPEE A5 HRE
ERHELILDEOWTLRBRTR 1. :

ZORBTIEC OO ZHEIMIUY T — 2 Y ILowTT — <~ bR AR b O Rl
ﬁuﬁﬁkﬁﬁﬁﬁkb5éikﬁﬁ#b6h,it?—ﬂ—%ﬁﬁ%oﬁﬁﬁﬁimomf
bHRE e, APRNOEOKRBEDORTIC NS IHTIRRLTEFFTH D,

APREATR DB, Kk BYRIEE 2 > 1S HEREREEC R LD b

“%%Té&&%k,%%L%LoTuh%ﬁj%?%ﬂLb%ﬁiﬁﬂ%&ﬁﬁﬁﬁﬁ,
WBMEELOW IR 27z, ZZREL THLEYPLEBRPKRETH S,

2. MHEBLUHE

a&%qulmﬁTkﬁbf,77ﬁ~btx%—w+vV$w$K;Hviﬁﬁﬁé
BAWTE T, JEHA BOBSRAHR» £y FEBEC I VEEGLL. Thb oMM oE,
RE ORI T, RBH R L R TIl~5, ‘

2.1 BHOME Z

$ﬁ%kﬁ%bt%ﬁﬁ?«f%&ﬁf %Dﬁﬂku%km%MﬁEEMEbrv/
(Abzes sachalznenszs MAST) DN LD RED 1 fﬁfaﬁuhﬁfﬁ%ﬁﬁkmb ﬁ_o Z DI
Ot EF R FHEHEHAICLE S 20 mm, T~»—%ﬁmu1mmmabf L Eoffix
WERCCHE 12cm, £ 182cm THod, ShbONE, FHERIE, MHV/?%&%I
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Fig. 1. Specimen.

Table 1  Properties of Todo-matsu laminae v

Av. ring Specific Moisture Mocluius of
width gravity content elasticity
Ry Tu 7 E
(mm) (%) (103 kg/cm?)
Av. 2.1 0.41 11.8 111
Max. 45 0.47 12.6 142
Min. 0.8 0.36 11.0 88

CRARMEL, ThoDd>bE2BR L VERMOMALY Xbl, SKRKLTEKRHC X
DF=v 7L, ERECIZWUEIRBETHRICIT Lo, ShbOEfE% Table 1 127577,
ThBDOBELSARBRCH G F F~ Y XFERIE, HE, vv /7 SBAREEEERNLL D
AL b*,

Zhb737%Fig. 2 kX0 Table 2, 3 R X 3L, &MHARE L2, £K
MBI TREET 2WEC 1 SERH ) RRBIGHEER (71 7 =) 108, BEH L L
THILT v & v 08% M) %9 3g/100cm® BAI L fo 7 — -3 — WM AREM TV OF A
2EGEAEL, ChERDT2HELTREDT — - Mt BTl Sbic, 207~
A—E@Ewh&ﬁﬁbtéou%oﬁt2mmn§5s&%zwgﬁbﬁﬁoﬁﬁmLto

* MBS ICHREBEOPEEIMMY L3 Py ERHOPHECRERY TS,
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Fig. 2. Schematic views of the arrangement of laminae and
the flexural rigidity test for the members.

Table 2. Arrangement of laminae in the rafter members

_ Frame No. ‘
\ 1 2 3 4 5 6 7 8
Lamina No.

1 110 124 110 123 130 120 142 125

= 2 101 98 107 93 96 107 122 108
« E 3 99 95 104 89 88 103 117 102
;M;E 4 104 98 107 99 97 104 123 103
2 5 105 123 113 119 124 126 130 136
AlLE 106 118 110 116 120 119 133 125

1 0.42 0.43 0.45 0.47 0.40 0.39 0.47 0.47

2 0.46 0.39 0.4 0.39 0.38 0.40 0.46 0.42

%’g . 3 0.38 0.38 0.36 0.44 0.39 0.39 0.40 0.42
%a Sy 0.41 0.38 0.38 0.38 0.44 0.39 0.4 0.37
5 0.38 0.40 0.42 0.43 0.39 0.41 0.42 0.45

All 041 040 0.41 0.42 0.40 0.40 0.44 0.43

IRBRTRTEAACZAGFTHELHDT, ThEZhFEIL, 1#HOT— 4 vtk T, WK
Chd X HOREBLAE, BHoMESEL Fig. 2T THo,
2.2 HHRERER

Bk o &b o T, REBER T THiI, Fig. 2 1Rz X 512y () 2 %W E# 160 cm,
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Table 3. Arrangement of laminae in the leg members

\\Efﬂﬂg 1 2 3 4 5 6 7 8
Lamina No. 2 © © " W as  ws  as 0y
1 116 118 120 118 115 115 122 119
o~ 2 103 107 107 106 106 115 99 98
W B o3 103 102 111 114 114 112 100 100
;m—;f 4 104 107 107 109 1 111 98 99
2 5 118 114 109 107 112 114 123 120
AILE 114 114 114 114 12 114 119 117

1 0.39 047 039 038 0.40 0.38 0.38 038
2 0.39 0.41 041 041 0.41 042 0.38 0.36
&ég .38 0.38 0.38 0.40 0.42 0.38 0.40 0.38 0.38
2EF 4 0.41 0.38 0.41 0.42 0.39 0.39 0.36 038
5 0.38 0.40 0.42 041 0.40 0.38 042 0.46
All 039 041 0.40 0.40 0.40 0.40 0.39 0.40

F = 3—=f160em & LT, FREPHEC L 5MIRERBRYT/Ro7%, WEATZBCHL
20kg =& 200kg T, HFECIL5kg & 50kg ¥ TTHB, AAAVHEDL AR LA Y
Ar— (1/100mm &, A +w—7 30mm) THL, 7 I FOHEMHLOFEME L
T2 T ADFHEM Bca) FEKKIT X - T2,

FWEH (B=0) DIZH\:

I i 6 (hVE Bt
Bou = 48 EI {H 5(1) G} _ @1

ZZwe, P:#E, I Asy, E: #RMO Yy 2758 c E=(ZEL)I = X 5, 1: £
Bk obsrc BT ANE R E— 4 b, h: EERMOR\, E/G: EFEMTKTHvv 7
FR L EAREEER L O KT, 2 TCR—RCEEOWREY nl L S& E/G=20 & L &t
Blt, |

F =R HOIEH:

pp (
4E],

50&1 =

1+i)3{1n (1+p) -2 b+

3PL(1+P) {
B 2+8

38
scong {2 ln(1+,3)——-—} :

2+ 8
(2.2)
. — 4 '3
s, E: 5 HOBNIO Ty 2 HET E=—§0<Ef1,+E,,.1¢>zdx/gorz‘dthi
IV cRITALHEMB ISR bT— R X 31H, I 57— S—~HOEwH
(Fig. 2 28) o BRI} 28 _KE—Av b+, B: T~ —~DEEHT B=(hi—h)lhy, G:
ZWEHOESVERAL L G=E/20 & L TEHELK, b: &,
2.3 ER4&EOMEIL
IHEDOMHMOBEEGIEE £y VEBERI VTN T, 7ty PRI ICTEE T b
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Table 4. Properties of Shina-plywood for gusset plates

Thick- Specific Moist. ‘Modulus of Stress M.O.R.
ness gravity cont. __ elasticity at pl.
4 o rw u o ghy vEs yobp pos
{em) i (%) (103kg/cm?) (kg/cm?)
Av. - 0992 054" 12.2 74.1 59.4 251 458
Max. 1.010 0.57 13.2 83.7 75.6 295 532
Min. 0.960 0.51 115 62.7 45.3 201 382

(Remarks) H: glue lines are horizontal, V: vertical.

RBBRED 2mm ~ FBIRK S5ply 10mm EARE L 7 Ay 1y b ELTHY, $OHEET
OB IED IS, RBEEF—ET, B2 5cm O = v = Y #f% stiffener & L TEL DM
Lﬁ/\bt (Fig. 1) #' = » MEDOMERER Table 4 1233, 2K, EX (@), HE (), 8K
R (u), R EATs IUEE(DH%L\@—V v 7 RE @By 35 LU vEs), FEEOIEH DM
T HBIRE (voop) B L E (poa) KOWTEMBEX DT 52, Fty MERIHE L T pop S35
HEEECHE, ChooK X ERL T, BEOHERZRY ¥8E L Fig. 1 ity
ty FFEREDL, OVEREHMOMPIES ORAMEA 600 kg/em® BEL D ETO R
ELM&ﬁé%OT&%

&AL§LOTm,%Mklowt/rﬁoﬁﬁk%iﬁh%ﬁﬁu74w:)1% Bt
FleLTHIL7vEY 08% &N #BAML, HEEEK 20cm® 49 E X 32mm 0§ 1A%H
W, SHHTHLERM L. COFERBERCTR-T0T, B, REREE2To TWhigw,

2.4 BKREOHEB
RBRGR-OX¥D4E, 84THS,

No.1~2: £ 10cm (F1)X5 cm (1) DEMTEHER M 1S5 LD,
No.3~4: HHIHHFELRLCTH 2, HHIZ =10 DF - —%2FkbD, 2O
v, THOZ A (ABIOE) TOFBHE X S5em TH B,
No.5~6: H#IL =15 DF —~% DL DT, XETOHEHEIT4em TH B,
TN~ YLACEILOEETH B,
No.7~8: FUKHMHIZ B=16DF —~~HTHsH, 7~ —EHIILEX 20mm O
FE=Y T O D TREELTH S,
2.5 BEREOMERR
ABEY Fig. LERTIOIE TV I-LERAF—AF 4+ v F A EC T, Fig. 41)~@3)
CRT3SBEOHER X 2 R YTk,
9, Fig. 4) wrRTRHE B) kT2 K EHEFAB €, BELYH-T 10k 58%
100kg ¥ T, TOME10kg ZLi Bx LD HOKFEER 05 3 L 0¥ dp % 1/100 mm
AAR3OmMmM A PR~ DA YA~ THAK, ZORBIID HCHL THITew, BiE
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D og Xk BRED op DFH, ML 0p & s DFBEL - T, ZORBRCBTHEMNO ERIE
ELT

Fig. 4Q2) - THAMBBRHEORBR LB U 10kg 78% 100kg ¥ TH,iF, B LoD
BOKFRENM OB 0p), MESAM BIOHES COHESHAER Omds L or o) 2R
DEAYNT —TRELRE, TOEHHLWEE M, ZL00), ThThHETHEMOF
ik b > TEDRBE L L1, -

DLED 2 EORERRATH, 2E1MELT, Fig 40) KFFM 820 M cth
Zh P2 FoOMER G BAERE Y RS EMMAYANRREE 6 L W WES "y +
2R KX DT ote, ZORBRTE, EPHE(P)50kg & & 500kg = THF, % 100
kg SLOFTHEL, DFIK, 50kg & L1C 1000kg EThig, B 100kg 2k 02 Th &
L, & bCRBRED M, M3 XU C AICkI 5 MEFAEL B, D, Ny % L0 N, el
BATHALM R ENFRARD X £ YAy — /kloTMﬁLtquDWNQ%IU
Mmmg@ﬁikkhTﬁﬁﬁkkﬁéﬂﬁmﬁoﬁkﬁﬁ%h%hﬁKm@mn%Ivﬂm
kg/em? & 7eh, PR YERMOFBENEORLY (1f=100kg/cm?) s X OEH (sfs=200
kg/em?) OREILT 5 HEISGEHEY TS, ' | “ -

26 W MK M

AU ABAE T4, Fig. 40 CRTHENELT2E 1AL L TRAL ANER CHARBR Y
7o ot RERGO B ¥ L0 D AOKTEM, C AOREEME LR ERDOMBIEE b o
lmmFELAOPELIC I D, FWE (P)100kg = & il cHESELHFE - CHIEL R, £1
B LoRBRTH, BERTE-CLOXHGETRABRET o108, EMEMOAR L DI
5 No.2 &7~~~ dobDTREICE- No. 7 LREMBECALIDERD B 12
B, COTMEDMARC Y BRBEF DR M oT. ‘

WERBRE T, RBRELRAEL, BBEL Ty (MR~ T BB RS A
Abhin, Thbiiat) FHMCouThRERFHERIC L H MTRBRL TR, BFRK
ERDI, TOEBHL, ASVIZAMICHL 160 cm, B 180 em T 5, RIS AR
R EMRBEER ADRIED 5 12D T, TbhiRhEHWEL, MTFHARE RS X CMFRI2RD

, Bz h#%ﬁk&%ht@f &%oakiwto_waﬁﬂT& ZEHHHR
hxEmL, é%&klbﬁm$%wﬁbto

LR X
3.1 ERRNEKUHITE-X2 P 4
’:K%&Ltﬁ—xv@$%ﬁf§6@%,ﬁﬁ&$&K1915?®lbﬂﬁbto
F¥F, Fig. 1R TRBEC R\ T, ABHHD A ST B8 % hap, | B ST haa,
BHZOWTLEBER T 5, 7, 205~ A VIREANHE L T hesa=hor, has= hzp,
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hsc=hoc, OB L Z—FTH D, =T, B=(hpa—his)/has=hoz—hzp)/hap, k=ElsT/
El54S=ELncT/ELpsS, Ino=bho/12, Ina=bh3a12, Toc=bhbo/12, Ins—bhba12 & 5 <.
DT - AVEENT, EAOAFRN R ABNCENE, AEHEDIED 0 BTLEA
Wik Fig. 3iemd X 51ied, M ()~0) DF@MAEC L% E goKFEHAEM F) XL E &
CHGHE (X=1) &nid7e 6) kAT, G- L(MM/ELds X D Rbh, Shb% @

) i & R )
z . @ 2 lﬂ- (s) 2L (6)

Pig. 3. M and M diagrams when the horizontal reaction at E is
used as the redundant in each case.

L
(4) 2

Fig. 4. M and M diagrams.
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#5135 E RO KFEHAER (X=10 & ¥) =1 S MYEL dz BT, *hEhoRK
(Fig. ) @B} 5 E HEOKERANKRDHI D, HERO¥DO L 15 b,
[1] Fig.3(6) 45175 E o> X=1 0 & ¥ DKV Snem 13 6)X6) 12X b

Sum =

28 )
T [37" (k¢1+1)+F(3T+F)} (3.1)

61 = (1+719~>3 fin (1+p—5EE30)

T2i2L, B>0THB, =00 & i $,=1/3 LT3,
[2]1 Fig.3(\) ik} 5 E SoKEEL Spm X 1)X6) XD

__prT 1
Srm =~ g7 {T¢,+ — (2T+F)} (3.2)
L%, Fig. 4(1) D E Sk 2K ER I Ham 12 B.2/B. DX b
Hn) = 3PT (2T (k¢ + 1)+ F} 3.3)

4 {3T%kd,+ 1)+ F3TH+F))
¥/, AJOKERII Hamy, B, C, D ol — 2 v + Mpam, Mo, Mom 3ThEh

Hum = P—Ham | (3.4)
My = T (P—Hgg)) (3.5)
Mo = L1 — Hyn (T+F) (3.6)
Mow) = —Haea T 3.7)
[3] Fig.3Q2) it 5 E SOKFEEN Szom 11 Q)XE6) Ik b
Sz = — ggé‘fm (18T +11F) 3.8)
Lo C, Fig. 4(2) ® E 203 % KER T Heon 12 B8)/B1) 1tk b

B PL(18T+11F)
Hyony = 64 (3T%(k¢,+ 1)+ FBT+F)} -

¥te, A BOKERH Haom, B, C, D, M; AOMTE— 2 v + Maany, Meony, Mooy, Maany
rhfh

H o = Hrony (3.10)
Mzany = Heony T (3.11)
Mooy = —ES—IL—HE(M) (T+F) (3.12)

Myony = %—Hmun)(T+—§—> (3.13)
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[4] Fig.3(3) kit % E HOKEER Szar tL B)XE6) X D

s ___PLS
E(M12) = '_ %EIBC

Lichis T, Fig. 4(3) O E Gicki} 2 K¥R T Heony 13 3.14)/@.1) © &k h

(18T +11F) (3.14)

B PL(8T+11F)
Heoos = 66T kg, F FBTLF)) (3.15).

Fiz, ASDKERT Haonz, B, C, D, M, My, Nl-”‘ Nz} BOT £~ 2 v+ Mgan, Mcon,
Mponz, Mmonz, Mipanz, Mamenzy, Myons (22 Fh

H nz) = Hpan (3.16)

Mponz = Mbonsy = Hzanny T (3.17)

Meons = %—-—Hy(mz) (T+F) (3.18)

Mysonz) = Manonz) = LSL—-EE%& 2T+F) (3.19)
. v

- Mwonn = Mwone = Heano) - (3.20)

[5} Fig.3(4) w135 E RDOKFEL =) 1T DX6) I LD

s SL3T+2F)
B v = —_— .
BC) 19E T,y (3.21)
L#etts T, Fig. 4(4) © E fic 1813 5 KER D Hee 1 3. 21)/@. 1) 1wk b
L(3T+2F) 6.22)

Hze) = 8BT (k$ + 1)+ FBT+F)). :
¥7e, ABROKERS Hae, B, C, D Kot e— 2 v + Mae, Mec, Moo izhEh

Huc) = Huo) ©(3.23)
M) = Moe) = Hue; T (3.24)
Meg) = —EMC)(T+F)+—£'— A (3.25)

[6] Fig.3(5) @ik} % E mOKPEAL Sum & B)XE6) X b

Sman = —%— {2kT(¢1+¢z)+(2T+F)} (3.26)
ZZi,
(L 1V 2+ g
b = (” ﬁ) [1“ 10+H  ZA+H <z+/3>}

L, BP0 EL, B=00DL &k ¢,=1/8 LT 5,
L7c#t5C, Fig. 4(5) © E Hic 363 3 KPR S Hawn 13 3:26)/31) 12 X b
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3T (2T +¢)+2T+F)
Hewn = g 3704, A DL FOTF ) 8.27)

Fh, AROKERS Hiam, B,C, D, N, HOHFE — £ v b Mawn, Mewn, Mown, Maman
3 ThEh

H = 1—Hzam : -+ (8.28)

M = (5—Ham) T (3.29)

Moy = —f——ﬂmu (T+F) (3.30)

My = Hyam T {3.31)

ﬁme>=<1—ﬂhNO%§» (3.32)
32 ¥ &

DEDY S, FEHENT ~ 2 VEMLOhIEDWOXERD B L OHFE— 2V b
RRDBERIDOT, CABILY, ZRERDIESLOEROMFE— 4 ¥ M L 5 REEL
3k 5=2SMM/EI,,dx CIb, o¥OL5IEHEINRD,

[1] BECKTPRHEANLONDIZH L

EgMDKT?lﬁkB5km$ﬁiP#beh6mbu@BﬁbloD£®m¥£
87 dmm B XV dpmy XFREROEDX S RTIgS,

Onm = o [k T2, (P—2Hmp s +2Hzps Hom)
Elg:

A+ (P—Hmm) T { 5T Hm’ (3T+F)}

+MC(B){H1§B’ (3T+2F)—-—-—2—}+HE(B)T{ Loe) BT+F)— }] (3.33)

HA(D)

Sotm = Ef [ZkTZHM(l Hauo)bi+ T(P— Hrm) |24 <3T+F>——}

+ e LB 700 4 i (30 a2 a7 | .39

[2] BEOAMCHERERMLSADEH
HngK%Ti5mhhﬁtm¥ﬁ§PﬁmzbhbdbvyBﬁx;§Dﬁ@t#
B oy 35 X U Oparny, My S8 X OF C HORBEEN dmony 8L deory RThERDED

o5 b,

[kHA(Ml) T?2¢(2Hm ) — 1)+ Haar T{ HE(B)A BT+F) ——%1}

S
Elx

+MC<M1){—’§—£@(3T+2F)} i L{ EE(B>(2T+F)}] (3. 35)

BB(MI) =
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Opory = Ef [kHA(Ml) T2¢,(1— 2HA(D))+HA(M1)T{ T —H‘é—w—)—(3T+F)}

+ Mooy {2270~ D)+ Eedmer+ - 1)) .39

O = 'Ef—‘[ZkHA(MI) Haory T? ¢+ Haony T{ Hzoey @BT+F)— 7L}

96
11L HE(MI) 7L

+ Moo [ g = 22000 g 1 op )+ LT — By 27+ PO} 030

deary = Ef [ZkHA(Ml) H ey T? 91+ Haon T{ Az, @T+F)— L}

+ Meony {%—M(3T+2F)} 1;, { L_ 2 (2T+F)}] (3.38)

(3] BHOWMMUCHEME Mz bR 2iEH

Fig. 4@)RT L 51 M, B X O M, SICSRERED P2 ToMzbhdiEH v, Ny, Ny,
BkioD ;5\0371(3125& vy (Nt BL O N, SOBEMOFYE) 8L dpony BHEBIUD
ROFH), My, Mp 3% 0 C ROBBEEN duoan (M 36 X8 My ROF) 6 & O dcuny 2%
hREhSEDL 55,

S [ kH sz T?

Elygc 2 {(1_4EE<M>)¢1+¢2}

51\7(”12) = -

+ Hyor T{—Z;—LE:;N” (3T+F)} +Mcunz){ HE:;,M) (8T +2F)

- B b e+ r~L] | (8.39)

Op(mz) = —_E‘f‘—[kHA(MIZ) T?(1—28 &) 0+ Haoery T
BC

x {%-ﬁ—gﬂ(s T+F)} +Mmm){ Uew (37428

—%}+‘€2£{HE(B)(2T+F)—'T}] (3. 40)

Om(aiz) = Bl [ZkHA(MlZ) B zomy T2+ Haonn T

7] 7L 11L H
x {“’}i’") (3T+F)—W} +Mc(mz){ o 3 ~BT+2F )}
o+ ,%Ié [5L 24H g (2T+F)}] (3-41)

ootz = Ef [ZkHA(MIZ) Hre) T?P+Haonn T

X {~———HE(C) BT+ F)— 115}+Mc(u12) {;(lji_ Hzey (3T+2F)}
oy PL [L

P L BT+ F)}] (3.42)
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¥, (3.39) XY (B.40) RickiF B
B OFFH Fig. 4(5) 3 X O (1) O EI [
EHMTHDBZ ERRT,

ZOBRBOBMICHERMEN ML bR BT
B\, WHOERTEIFRBKLEFL { 10cm
(B\) X 5em (IB) C, vv 7/ RENTRTH—
T 100X 103 kg/cm?, 2 0ME H —F & THit,
MHEEDOTF — =B 57— 2 vOENE
BIXOBENE MHomTRELHEL, &
ZTikkt) 25HHE S5 &, Table5 &k v Fig.5
T ebocied, Thbiis s, Hito
5 =R~ DEERETL I, FEOEM
BiHL, ThivRkdiks— xvoRlkiRs
—AVYHBOBYOEEI D bl h KELR
P35, L, HohRE (N [ ikkswT
ZELv, ZOXSCRIECEL Tz o@EDT
—A—HOERHIHE D FEM T, L
L, HHOMFESEICL D 7 — 2 VISR TS
EREL L EOWEHEL =101 b %
THAL, FWEMOLED 1098 FLik2,

Table 5. Calculated values of stiffness and strength of the

11}

1.0
09

08}

Max. load

Stiffness based
on §,

Stiffness based
on 6~

Frame volume

31

IR S N TS T S T RN Y W S NN G000 SO O T |

:Fig. 5.

05

10

15

B'_'(haa'hu)/ s .

Variations of stiffness and strength
in the two-hinged gable frames
with various tapered leg members.

gable frames with various tapered members

20

Deflection (10-23 cm/100 kg)

Ratio of stiffness about

Ratio . Ratio
8 ho of Vertical ~ Horizontal deflection at of
em O™ a0 s v C M B N Pmex
0 10.00 1.000 241 170 139 134 1.000 1.000 1.000 1.000 1.000
0.05 9.52 0.989 245 174 141 139 0.984 0.977 0.986 0.964 1.005
0.1 9.09 0.979 250 177 144 144 0.964 0.960 0.965 0.931 1.011
0.2 8.33 0.962 258 183 149 154 0.934 0.929 0.933 0.870 1.022
05 6.67 0.923 280 200 171 181 0.861 0.850 0.813 0.740 1.050
1 5.00 0884 311 222 180 221 0.775 0.766 0.772 0.606 1.093
15 4.00 0.861 337 241 194 255 0.715 0.705 0.716 0.525 1.086
2 3.33 0.846 358 256 207 286 0.673 0.664 0.671 0.469 1.035

(Remarks) Cross sections of members: hpsa=hpc=hep=hcp=hoc=hpr=10cm, and b=>5cm,

M.O.E. of members: 100X103kg/cm2, Pmax: max. load when M.O.R. (g3) is constant
for all members, 8=(hpa—has)hag=(hpe—hEep)/hep, ho=hap=hep, The load is applied

as shown in Fig. 4(3).
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SHBEMCT —<—mol 2 Lick ), HHEEORIEI BT, XN AKIUEH To
KERNBBT 51D TH 5, HHOFT ~—~DEAN =10 ¥ CIXMITEHOBRAMEIXE
DOy DEERACAET LN, BRIOMUECRBEhOETAMBERTNY, BEFEOME
LA T S,

BEDZ Ehb, ZOBD7— 2V TREHMOT —A— 3 =10~15 BEx{HE L OB
HCBWNTLEEMTHDEELDNS,
33 MM R A

Fig. AQ) W RTHEC X » THBRARY T - 7285, ZOid v, #IFE— 4 v b Ok
FARCRIND L5, BREOBRIVD STk TRAERD, ST oHTE~ £
v P DOEIPNE L, POENEMTHEOT, WMIFE— v M X AEEIE S CIAEET,
MMCET 2 EHEIND, ZORMEET 5B OME (M/Z,) 12 Fig. 6 T X 51,
DT —R—DEFIE - TRREIZEALERT, Thbb, B=0 DFWEM TIIMHEILE
HH (7 - AvTREBROEE M) ¥ TEBNC (M/Z,) DEE EATE, =10 DF — <~

T

1.0

e

X
———1=150cm ———»

T S NN SN N B ] ]
0 10 30 50 70 9 110 130 150
X cm
Fig. 6. Variations in the ratios of the extreme fiber
stresses (M/Z,) to the maximum value (65-max)
in a tapered cantilever beam.

RHIEEFCOOMBTELL, ZDORKME (ome) BATELRAUSKELLLS, ZhiIC

LT — = %IBLIEL =15 ThiE, RAMHEIZ x=100cm OB AT S, ZOME

THE ho=2h TH D, Lo T, HHICRT BT ORKAME (0o-max) X
EWEH IS L0 BZ10 OF — A~ HiexL

Ov-max = Mpona/Zpa = Mzaz/(bh%./6) (3.43)
B=15 OF ——HizHL
Op-max = Miow/Zio = Miw/(2bh%5/3) (3. 44)

Eies,
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11 B ¥ W #

Wi o+, AlER L ORERBERD S B, SWEMICOWLTiE Table6iz, 57— <~

1. BERBIUER

iz ousTid Table 7 € h FhiRd,

7, FEEMZ OV TEMEDENME Oexp) XHEE (Oca, ¥AMEH X ET) & HE
LTCHAhDBE, Oexp/dcar DfEIL 0.97~108 OEHEICH b, FHLT103 ThH5b,
T E/G=20 L L7223, G OEMLBEEY AT, IOKEHHLESLLDEELDR
%, DFILT — A—BWHICOWTRS &, EROMEIX094~108, Fi5099 ¢, BWETAED

CZOFEAEE

EHWE D RRRW, SFEETAIEERMBE L FEHEIZE-RLTWE L W22,

Table 6. Flexural rigidities of the members with
constant cross sections

No. b ) EI dcal 0Exp _OExp

(cm) (cm) (106 kgcm?) (10-3cm/20kg) Scal
1R1 5.010 10.020 44.64 417 419 1.00
1R2 5.015 10.020 44,69 416 428 1.03
2R1 5.010 10.020 49.48 37.6 38.2 1.02
2R2 5.025 10.010 49.48 376 40.2 1.07
3R1 5.025 10.010 46.37 40.1 43.3 1.08
3R2 5.020 10.020 46.46 40.0 38.6 0.97
4R1 5.020 10.020 48.73 38.2 38.1 1.00
4R2 5.030 10.020 48.83 381 38.6 1.01
5R1 5.020 10.020 50.63 36.7 383 1.04
5R2 5.015‘ 10.030 50.73 36.7 371 1.01
6R1 5.015 10.010 50.05 372 371 1.00
6R2 5.015 10.015 50.12 371 38.3 1.03
7R1 5.015 10.035 56.13 331 35.0 1.06
7R2 5.015 10.000 55.49 33.5 36.6 1.09
8R1 5.000 10.000 50.21 35.6 36.7 1.03
8R2 5.005 10.000 52.26 35.6 35.1 0.99
1L1 5.010 10.035 48.14 38.6 39.6 1.02
112 5.025 10.040 48.35 385 40.3 1.04
211 5.010 10.010 4782 . 389 40.3 1.03
2L2 5.010 10.000 47.68 39.0 384 0.98
Av. 1.03

(Remarks) b: width, &: height, EI: flexural rigidity, dca1: calculated deflection including

shear one, dgxp: experimental one, R:

mid-point of a 160 cm span.

rafter, L: leg. The load was applied at the
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Table 7. Flexural rigidities of the tapered members

No. 8 b ko hae h; EnL dcal dgxp  OExp_

(cm) (cm) (cm) (cm) (106kgem?) (10-3cm/20kg) 08l
3L1 10 5000 5020  7.500 9990 4727 406 406 1.00
3L2 10 5010 5020 7500 9980 4739 405 392 097
4L1 10 502 5020  7.500 9980 4752 404 380 094
4L2 10 5005 5000  7.500 9940 4733 405 402 099
5L1 15 5000 399  7.000 9985 4679 527 562 1.07

5L2 15 5.010 3.980 7.000 10.000 46.93 52.5 51.2 0.98
6L1 15 5.010 4.000 7.000 10.000 47.29 52.1 51.2 0.98
6L2 15 5.020 4.000 7.000 10.000 47.39 52.0 51.4 0.99
7L1 15 5.010 3.985 7.000 10.000 49.62 49.8 50.2 101
7L2 15 4.980 4.010 7.000 10.010 49.43 50.0 47.2 0.94
8L 1‘ 15 5.010 3.990 7.000 10.000 48.76 50.6 47.6 0.94
8L2 15 5.000 4.000 7.000 10.000 48.71 50.7 54.8 1.08
Av. 0.99

(Remarks) &: av. width, ko & h:: height on two supports with a 150 cm span, hzz: height
at the mid-span, I;: moment of inertia=bh}/12, dcai: calculated deflection including
shear one, drxp: experimental one. The load was applied at the mid-span.

4.2 HREOBE
4.2.1 KEHEDOMEH
Fig. 4) WRT X 5B B RICKPHE P Mz ol d v OfiRABRIER % Table 8
(7 _
3, FHEE (Exp) koW Th% &, BEOBMETEREMHM O No. 1~2 T 174~179X
103 cm/10kg (LA TR ERE), MWHCF—<—-DH 550D 5 H, =10 ® No.3~4 TiX
235~247, =15 @ No.5~8 Ti¥ 256~280 ¢, D 3 WMEDOHILIZIF 1:14:15 L 7eh, ¥

Table 8. Deflections of frames by a horizontal load at Point B

Frame No. 1 2 3 4 5 6 7 8 Av.

{Cal. (1) 275 261 350 342 371 370 346 358
B

Deflection Exp.(2) 179 174 247 235 280 273 256 256

(10-3cm/10kg)

{Cal. @) 249 237 318 312 340 339 317 328
?\Exp.(4) 162 157 221 212 245 245 229 232

(2)/(1) 065 067 071 069 075 074 074 071 071

Ratio
] @)/3) 065 066 070 068 072 072 072 071 070

(Remarks) Cal.: calculated value by eq. § =Zs(MW/EIz) dx, Exp.: experimentally observed

value. These values are the averages of deflections observed when the load has been
applied at Point B and that being at D.
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o, COMERCETSD SOFMERIEEELLBADLThOWOITH S,

DER, ThbhOEMBTOWT (RUE)/GHEE) % 2% &, =0 T065~067,
£=10T068~071, f=15TO0T71~075 Lich, HWHDF — 2 —DES NI L F-5800 8
KT%, ChidARy €y rDF— 2 vtk T 2R, T—<—DESRWT I Lic T
DWFBL2RTIOTHY, ZOBEAIREOHREREL—BTS, Thbd, MEI—
AV DEHCHMBEEWEM O L DT, TOHIZ071~077, 7~ —$ DL OTIL 076~
085 THY, TrT7——EWHhLLBZEEMUNY T — 4 v TIL081~085 ThHote, =D
MEBERHCEIBERY €y PO — 2 VR T B EEHRIZEH I+ =0T 15, =10
T1l4, f=15T13 &5,

422 BAOEMCAENRSMASADIEHL

Fig. 4Q2) iRt X5k, —HofMoBEA M) CHERE LN H - ORlkAR
$E % Table 91257,

SDEDB, T~ A v AH—TFig. 4(1) OWMEH H——~E X e b T HNER
T5%5, 22T, BROKESHAEMBZHHOAIEOREZ L D3 & kK& v, EMEHTIZ
158~175, 7~/ ~}}C =10 Ti1 104~112, [ f=15 i1 89~117 Th B, Thbd (&
RE)/GTR{E) DOER 1.09~172 0FEICH b, FH132TH5H, ThicL TD HoKFES

Table 9. Deflections of frames by a vertical load applied at Point M;

Frame No. 1 2 3 4 5 6 7 8 Av.
_ 5 {Cal. () 146 127 103 94 74 77 64 68
g Plexp:(@ 175 158 112 104 89 101 104 117
[]
N
ER 5 [Cal. 1) 397 366 422 405 407 409 372 394
£8 ?\Exp.:4) 347 328 365 327 365 362 353 358
SE
32 ; {Cal. 1(5) 244 229 285 276 287 288 265 277
g 3 YlExp.: ) 218 219 269 29 284 20 271 256
£
8 , {Cal. LM 216 207 277 210 289 289 268 279
“lExp:(® 170 155 223 244 256 239 220 932
s {Cal. .9 251 239 319 311 333 332 308 3%
7% |Exp.: (10) 172 170 253 228 276 261 249 241
@/ 120 124 109 111 120 136 163 172 132
. (4)/3) 087 090 08 08 090 080 095 091 089
g (6)/(5) 089 096 094 101 099 094 102 092 096
a ®)/(7) 079 075 08l 09 08 08 08 083 083
(10)/(9) 060 071 079 072 08 079 081 074 076

(Remarks) These values are the averages of deflections observed when the load has been
applied at Point M; and that being at M.
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FIZEAL (SERIfE) % 328~365 T, MHRIER IO T — S~ L X523 EBEAER:, Zhbid
BROEMIZHL, =0 TH2E, B=10 TH3HE, f=15TH35~45TH5H, i, =
hoOBEMIC BT 5 (ERHE)/GHEME) Dl 081~095, 5089 T, = 2 TRARL €y b
DRIER FERZBRD, 2O B EKIOD A0EMOEYZIE, ZOWEAMOME A
bbb, O (FRE)/GHEME) 2R TH 5 &, Mo =0 Ti2# 0.7, =10 Tk 0.75,
B=15 T2 079 Licn, T ZTh Hty MIORIKA LHRISHEH R LEET, 7~
NI TEBEMTEZ LIV RTBZ E0lbnd,

DER, M Akt 2HEHFRMEMCIT S (EHE)/GHEME) OFixEo =0 T 0.89
~Q%,&406Q%~Lm,&45?0%~L%&&D,:Cf%ﬁﬁ@ﬁﬁﬁ&ahéﬁ,
Ay MEOBRILE, BACOBLCE W CLEMIAE TS 55, TOHREIMED
WEHBWIDKREL, Zhilyty FMEOMNBR ST IEHRTHIDILLL S, .

LECS TR IeT — A~ (=2 2O RBZKMUNY 5 — 2 v EEATERL® Tk
0p—05 12X % B, D AHOMERZ ORBRC KT BEHEDOL DL bRk XL, 7~ <~
HOLDLBERULTHY, MADHEEMIRARBROLWThOEH L Ol kikx, C
ROZThRBEALRLTHD, SOOI, ZHEMOEHVEEHEH L 0 LRIBIC S TR
REHEMENZ S,

4.2.3 BERORAICHREFTESMISNBEIHN

R % Table 10 1IR3, ¥, WHOFREN, L0 N, SickiF 2 KEHALEMOE
BEA 2D &, B D =0 (No.1~2) Tit 100~105 (1073 cm/100 kg) T& %, =10 (No.
3~4) TIXZ D 18f%ic, f=15No.5~8) TIL 21~22f5L /1, 5 —<—Hic X BREIERK
PRBPECA DR D, ZOBMCKF S (ERE)/GHEE) Ok =0 T 0.86~0.87, =10
T093~094, B=15TiHFL &Ligh, Hty FRIZX ZRIMEA LR OEMILIHEDIEH
ERERTHD, 2 H 2y IOH 5 BRI D BTOEMITONTHRD L, SWEHIC
LBbDLT —~—MILLDLDCRFHEIIEL v Visv, £ (ERE)/GHEME) OfEIL
B8=0-T07, p=107T078 B=15-T083 L7xh, HAILE LU TH2, FORMEIIZ,
FEy MU X IR ORI AEDER S,

DERL, MMOFRAM KLU M, WIOEACkF2RESFAEMLLYZRD L, R
ROTGRRRKREL, FT—~—BH AL LI 3REORI LHE TV, ChbiC
B 5 (RAE)/GHEME) b F 2 TRBNLL S A ERT,

CORRBERD S b, FWEHBRO L DO ERANEOZHEUTET — 2 v 55 L O FEES?
DITIR > 1A IM OGS — x v OEB W EHRD &, ¥ty MRORBIMEE LR
RERABELHBIIND, Ei, RCRok7— <A~k (=2 BRO=ZHFDO L DT
BH Ly PHRIZLEAERDShich e, KRB TERT — < —HHRHH RS i o
&, Ky FEAENLIAFE N L, T—o3—8 =10~15 Th et ER LD, *
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Table 10. Deflections of frames by vertical loads applied at Points

M1 and Mg
Frame No. 1 2 3 4 5 6 7 8 Av,
. Av. of {(:aL @ 119 116 19% 192 221 221 206 213
® £ m&om|Exp. (9 106 100 182 180 227 218 214 219
8 8
% :s Av. of {Cal. @) 125 119 160 156 167 167 156 161
o i & dp | Exp. (4) 86 84 122 124 140 134 136 133
1
(=]
< Av. of {(:aL (5) 153 146 198 193 207 207 192 200
£ § O0m &dw|Exp.6) 125 118 180 180 205 191 200 19
5 9
o £
g 2 R {Cal. (M 216 207 277 270 289 289 268 279
P
¢ Exp. (8 175 159 233 239 267 255 261 256
@/ 087 08 093 094 103 099 104 103 095
° (4)/(3) 069 071 076 080 084 08 087 083 079
I (6)/(5) 082 081 091 093 099 092 104 098 0093
®)/(D) 081 077 084 089 092 08 097 092 086
DHBENBDOLND L2 5,

U EDRIMRABER?S, 20X 5k Lalv25,

T, 717 0v v/ REOEMOBIEERD, Thick > THEL c&BEHECT
LZEMDEIEBERGHBERZ LD, &K, #ty MO T ~ 4 vREIA LR, #AB
HRHTIIFREMRBEDO L DRI RE L, HHCT —~20 LRIV RT B, WHEM
BTlrty PEEHCHER AT LR ECHRNH Y, BUMBETIS €y FEATD
Thic K&\,

43 BKRHFEORE

WHERABROERY Table 11 nd, T TETHHMBEME (P) iconwThb e, %
HEMBEED No. 1~2 78 1750~1800kg TH B D iext L, HHDOT — 2~ =10T4h 5%
No. 3~4 Ti¥ 1450~1650 kg THTHE L v 1 LFIKE, B=15 TiL 1300~1750kg T, {#
7 I FOREIREPR T3, ZOIXH\OLBIREDHEKE (0sp-max) (X No. 1~2 T 404~
410kg/cm? TH H, T~ 2—FWH D No.3~8 Tz h k h K< 272~365 kg/em? TH 5,
DE IR AHE (Pmax) 12 No. 1T 2320kg, No.2/t OWETCHEEETE -4 DTH DA,
TTEHPIBELRESELTEY, ThI )RR ERWETHEETS LBHh 5, No. 3~
411 2210~2250 kg T, RIHZ D 95% F\METH H, No.5~8 T 1910~2250kg ik T h
kT, 82% L EDETHD, X% Table5 35X Fig. 5 B WTHty MEEEFL
HEECIENEHEROLOL VHMIEF — R~ %0 hns — A vOREY#TI Ly
AL, TTORBRREWTIDL RIEbLEbrsf, ZAIKDLTOEFDLIS>SKELD
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Table 11. Strength of frames

Frame No. 1 2 3 4 5 6 7 8
P, (kg) 1750 1800 1450 1650 1550 1300 1750 1750
Puax  (kg) 2320 >2320 2250 2210 2150 1910  >2250 2150
Muax (kgm) 451 444 398 387 359 319 372 ‘360
0B-max (mm) 265  >27.0 40.0 470 55.0 390 >410 27.0
O¢-max (mm) 480 >41.0 67.0 80.0 82.0 1280 >845 80.0
Op-max (mm) 225  >190 285 320 32.0 395  >460 470
app-max (kg/cm?) 404 410 306 346 322 272 360 365
op-max (kg/em?) 535 >529 475 462 447 400 >463 449
ap* (kg/cm?) 547 595 701 655 629 655 595 704
0v-max/op* 098 >089 0.68 0.71 0.71 061 >078 0.64
Type of failure BL SR BL BL BL BL

(Remarks) P;: load at p.l., Pmax: max. load, Mmax: max. bending moment, §z-max, 6C-max
and dp-max : deflections at Points B, C and D, respectively, when the frame fractured,
opp-max : max. value of stress at p.l. in the member, 63-max. max. value of the extreme
fiber stresses in the member, g»*: bending strength of the leg member which did not
fracture in the frame test, BL : bending failure in the leg member, SR: shearing failure
in the rafter member.

hd, Thbb FHEHEZESCACESCEY 2y MRS D MFEEONEBREDE
T&ieh, WHOMITRE 0o % Mmax/Z 1L Y RDD Z L IXEBEORBLA BT 5 155
I bBEKAfEED, ey MRETTOMTE— 24 ME Z CTHRLULMERID 8%
THBH, THIZKHL, 7—~—~H¥D5H =10 TR TFHRERBECBIFAC S £y MIET
THb, £ OKHEHRBUIFTED 86% WL, —75, 7~ —HHMEHC X b ZAKFRINLH
FEOHO% Lish, HWHECxTsFE— v HMEL CARECTRYT5, Licdtis T,
Hry VROFECIY, MHEIE—ELLics &, HEFRSHEMO L O HEH
HIZHMIZ =10 DF —<—$2FEALZLDL V5% Kb, B=15 DiFH\ T
A OFEAMEIEE S 100cm OFBIATLDT, #ty MK ZHEMBOMBROYHE
Te<{Hbhitw,

DO EHER ORIFIE I OBRKIE (0o-max) A S &, BB OB X 9 ZWiE # D No. 1~
253 KT 529 kg/em? LA ERIRL, DWT =10 @ 470 kg/em? §i#%, B=1511HLEL
400~460 kg/em® BEOHHE AbI D, ZhbDfEx 7 — 4 vRARGBOEHEAR CHELT
Bo ko HMOMFRE (0 LHET5 &, No. 1~2 Ti2iEFE L, No.3~8 Tix%D
061~0.78 BEDHETH S, LirL, No.1DiEh\5 — 2 vREBGOWENME HHor v
FETOME) CoTE X2 428kg/em? THL DT, ThLBMHOMFHEERBRC X 5EX
DOT8LIH, WThDOEH b T — 2 VRABBCET 2 HHOMTEIOER X VE VL
b5, CTHIIF —AVvOFRHERB-TH Ly MIXERL T2 THBEELLNS, Tt
bbb, COMELEEDOL XIHHORIEIVNIZE, T —HTRENAKELLDREEK
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HTOKERDARE, HHCHT2H#TT— v MERRY TS, @2, BFrty MR
X DEMENE N D S, M Tadge— 2 v HERWARTS Z BT, o
€y MREEBRLHMOMIRE OEIERL VETFE-C LTk,

BB BT 5 AOEMYRD L, B=00 T b P, =15 0B b AEV, ZhiER
BREDOHRN D URDERTHD L2 5,

BB HBIRE (00p-max) 36 & O BT X (0p-max) OIEIX b F < Y BEM OFBIENE sfo
(a3, ) 200 kg/em? e L, A& 13 5L E, BEX 2EHM EE WS ETH L DT, Rt
FRBEE G2 D2, FROXIEH s MROBELERTHNENRD 5,

7ok, BiEIL No.3 OAARIM O AMBE B IC & » fo s, fUd 3T THMOMFEC
Lot

44 BHO®E
5 — 2 VvABRGBOWERRE, BEL TREESHCHL UTh- kT RBOBREY

Table 12 &/r 7,
Table 12. Bending strength of members

Stress Modulus of  Modulus of b

ici —_ Type of

No. ata rf; 1. rut_;tbure elas Ecxty % fZiI;ure
(kg/cm?) (kg/cm?) (103kg/cm?) (x10-3)

1L1 547 117 48 Tension
2L1 595 114 5.2 Tension
2L2 613 114 54 Shear
3L1 714 114 6.3 Tension
3L2 701 114 6.1 Tension
4L2 655 114 5.7 Tension
5L2 629 112 5.6 Tension
6L1 655 114 5.7 Tension
711 595 119 5.0 Tension
7L2 688 119 58 Tension
8L1 704 117 6.0 Tension
Av. 645 115 5.6
1R1 317 428 106 40 Tension
1R2 319 444 106 42 Tension
2R1 316 439 118 3.7 Tension
2R2 294 423 118 3.6 Tension
3R2 364 596 110 54 Tension
4R2 367 538 116 4.6 Tension
5R2 315 427 120 3.6 Tension
6R2 270 391 119 33 Tension
7R1 444 618 133 4.6 Tension
7R2 417 533 133 4.0 Tension
8R1 416 583 125 4.7 Tension
8R2 416 546 125 44 Tension

Av. 355 497 118 4.2
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FIBE oD R X138 547 ~T14, ¥ 645 kg/em® TRENBETH D, FO Y v 7 HRECH
T 5l (0,/E) i1 48~63, Fi56x1073 ¢, ERHAHHISEETHS, ZhieHl, #
# (IR1~8R2) D HjiFiE X1k 391~618, iy 497 kg/em?, + v 7 B3 5 {fik 3.3~54,
Fi 42x107° T, LHRRREL T, CHITHEHBIERC, 7 -4 viedT 20— 2
YV FOENSRMTOMTHEBRELOR 5 DT, M TERLERRADRGT 3+
EEAL, TORIERMCER LD TH S,

5. & x

FERVEBRMIZL DT - =M EEHEL, Gty PEBRCIVESLLIK
I T — 2 v ORI LBREC OV TRERL . TORBRISEDISEHNZIh S,

1) HHBIERRCRWT 7 I FR-DOVWTHEL Y v 7 RED b OFEC X SAlED
BIC Y 5> Thebi B THWEETHETEZ S 2 L2#ENDI,

2) RBAEOAIMERBROBECKS G TLIEAKT s 70RELXFKICL T, FEHECH
T55—AVvOBENMERGTORBELZL - THETEDL Z 2D, ZoEHV, SR
vy + ORIME LHREARREN CREHRABROLORRLREL, BHOTF—~—0F
AT LI VRE, HEMETIS €y PRCHEENT L ERRLRE L, B
BTy ty FROLThCED X <RDORI,

3) BEHERSNEMCLSLONRNRLIARTH - st, Wi f=150F —<~%>
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Summary

In this paper, deflection and stresses of the two-hinged wood gable frames with
tapered leg members were theoretically and experimentally investigated.

Materials and methods
1. Member fabrication

The specimen is shown in Fig. 1. The members were made from Todomatsu (Abies
sachalinensis MAsT.) laminated wood as shown in Fig. 2. Before assembling the lami-
nated wood members, the modulus of elasticity of the laminae air-dried and planed was
measured by a bending test. Also, the specific gravity, width of annual rings and
defects were recorded. Some properties of the laminae are presented in Table 1.

The arrangement of the laminae in the members is presented in Tables 2 and 3.
The laminated beams were assembled with a ureaformaldehyde adhesive.

2. Flexural rigidity test for the members

Prior to constructing the frames, a flexural rigidity test for the members was
carried out as shown in Fig. 2. In this case, the deflection at the mid-span is calculated
by the following equations.

For the members with constant cross section:

PP 6/h\V E
0ol = —=—14+—|— ) == 2.1
o 48EI{+5(Z>G} @1
where EI is the flexural rigidity of the members and EI=3X E;I;,, E is modulus of
elasticity, / is moment of inertia about the neutral axis, A is height of the member,
! is span and G is modulus of rigidity. In this study, as the modulus of rigidity (G)
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was not measured, the approximate average value of E/G for Todo-matsu in a previous
report”, in which E/G=20, was used for each member.
For the tapered member :

PE ( 3PI(1+8) 38

v ) a2+ 2LE M o+ 92} 2.2)

where E is the apparent value of the modulus of elasticity of the tapered beam and
E ZS;(EfIf+EcIc)z dx/ gzlx dz, in which f and ¢ are face and core, respectively, I; is the
moment of inertia in the se¢tion of breadth & and height A;, 8 is presented by f=(h;—

Sou = —4—
Ol T 4EL

ho)/he and G is given by G=E/20 in the same manner as in the uniform cross section
beams described above.

The calculated value of the mid-span deflection was compared with the observed
one.
3. Frame fabrication

As shown in Fig. 1, the two-hinged frame specimen was formed by joining four
members, two straight rafters and two tapered legs of Todo-matsu laminated wood,
together with nail-glued Shina-plywood double gussets. A 5X5cm Ezo-matsu (Picea
sp.) stiffener block was inserted between the gusset plates along the free edge to pre-
vent the buckling. Some properties of the plywood used for the gusset plates are
shown in Table 4.

4. Kind of the specimens
Eight frames were used for this study and they were classified as follows:

Nos. 1 and 2: Consisted entirely of four constant cross section members.
Nos. 3 and 4: Two straight rafters and two tapered legs with a slope of

5=10.
Nos. 5 and 6: Two straight rafters and two tapered legs with a slope of
B=15.

Nos. 7 and 8: Two straight rafters and two tapered legs with a slope of 8=
1.5 and reinforced by gluing a Todo-matsu lamina 20 mm thick
to the tapered face.

5. Stiffness test for the frames

Three kinds of loads were applied in a vertical position as shown in Figs. 4(1) to (3).

(a) A horizontal load was applied at the haunch (Point B) as shown in Fig. 4(1);
The frames were tested individually and the load was applied with 10 kg weights using
a fixed pulley. The deflection measurements were made by the dial gages with 1/100mm
readings and 30 mm stroke mounted at Points B and D at 10kg load increments
until 100 kg loaded.

(b) A vertical one-sided load was applied at the center of the rafter (Point M;) by
10 kg weights as shown in Fig. 4(2). The horizontal deflections at Points B and D, and
the vertical ones at Points M; and C were measared by the dial gages at 10kg load
increments until 100 kg loaded.

(¢) A pair of loads was vertically applied at the centers of both rafters as
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shown in Fig. 4(3). The frames were tested in a pair with spacing 1 m on center and
the load was 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 ones 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 next that being up to 1000kg. 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 Todo-
matsu laminated wood under a long time service (zf,=100kg/cm? and a short one
(sf5=200 kg/cm?), respectively.

6. Destructive test for the frames

The vertical load as shown in Fig. 4(3) was applied hydraulically and the vertical
deflection 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 moisture contents of the laminae separated from the members
were measured by the oven-dry method.

Calculations

The two-hinged gable frame with tapered legs was analysed theoretically by the
method of consistent deformation as shown in Figs.3 and 4. In Fig. 4, the values of
the horizontal reactions at Points A and E, and the bending moment diagrams are as
follows :

1. When a horizontal load is applied at Point B as shown in Fig.4(1),

_ 3PTQRTR&+1)+F)
Hum =7 (8T%(k$,+ 1)+ FBT+F)} 8-3)
Hym = P—Hgag (3.4)
Mps) = T (P—Hga) (3.5)
Mew) = P—ij‘_HE(B) (T+F) (3.6)
Mpw = —Hgs T 3.7

where % is the relative stiffness and 2=EIzT/EIzsS=EIpnT/EIpsS, Isc is the moment
of inertia at Point B of Member BC, Iz, is that at Point B of Member AB and so on,

and
¢ = <1+%>3{1n(1+ﬁ)—%}

,@ = (hga—hap)/has, or B = (hpg—hzp)/hra
in which 8>0, kg4 is the depth at Point B of Member AB, h,z is that at A and so

on.. For the frame consisted entirely of constant cross section members (8=0), ¢;=1/3
might be substituted into the equation.
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2. When a one-sided load is vertically applied as shown in Fig. 4(2),

Hoo PL(18T+11F) a. 9)
2D T 64 BT (kdy+ )+ FBT+F)) :
H 411y = Hzony (3.10)
Mpzony = Heory T 3.11)
PL X
Meony = '_S__HE(MI) (T+F; 3.12)
Muony = '§'1P6—L'—HE(M1)><T+§> (3.13)
3. When a pair of loads is vertically applied as shown in Fig. 4(3),
3 PL(18T+F)
Hrono = 515G, + 1)+ FET+F)) (3.15)
H 40012y = Hzorw (3.16)
Mz = Mooz = Heonn T (3.17)
Moz = ~P8£—HE(M12) (T+F) (3.18)
Minong = Masons = £81-:-——1112(2L12-)-(ZT'+F) 3.19)
T
M2y = Mazone = Hreon -5 (3.20)
4. When a unit-load (P=1) is applied as shown in Fig. 4(4),
o LBT+2F)
Hzo) = STk + 1+ FETFF) 3.22)
H.c) = Bzo (3.23)
Msc) = Mpe) = Beey T (3.24)
Mcc) = — Bz (T+F)+% i (3.25)
\, ~
5. When a unit-load (P=1) is applied as shown in Fig. 4(5),\ ‘
g _ 3T {2kT($+¢)+2T+F} 3.27)
BND T 88Tk + 1)+ FBT+ F)} :
Hvy = 1—Hgany (3.28)
— 1 -
Mpan = <7—HE<N1)> T (8.29)
—_ T
Meory = ——Huwny (T+F) (3.30)
Moy = Heany T (8.31)
My = (1_I7E(N))§ (8.32)

where d

9 = <1+—;—>3 {1n f(f“f}; - 2(1+§)2(2+/3)}
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and f>0. For the frame consisted entirely of constant cross section members (8=0),
¢,=1/8 might be substituted into the equation.
The deflection of the frame due to hending moment is calculated by using the

equation 5=ZSMI\—4/EIzdx, and they are given by Equations (3.33) to (3.42) in this

paper.

In the destructive test as shown in Fig. 4(3), the maximum value (Muya.x) in the
bending moment diagram may be seen at Points B and D, and the maximum value
(6p-max) of the bending stresses in the members is given by the followings:

For Specimen Nos 1. and 2 (8=0),

0s-max = Mpouna/Z = Mpari/(bh*/6) ' (3.43)
For Specimen Nos. 3 and 4 (3=1.0),

Op-max = Mpi)/Zpa = Mponn)/(bh}4/6) (3. 43")
For Specimen Nos. 5 to 8 (8=1.5),

Ovmax = Marpana)/Zerps = Haoan (2T/3)/(26h%5/3) (3.45)

Results and Conclusions

1. Stiffness of the members

Results are shown in Tables 6 and 7.

The calculated values of the elastic deflection at the mid-span of members agreed
approximately with the experimental ones; for the straight members, the average of
values of (Exp)/(Cal) in the deflection was 1.03, the maximum being 1.08 and the mini-
mum 0.97, and for the tapered members, those are 0.99, 1.08 and 0.94, respectively.

2. Stifiness of the frames
(1) When the horizontal load was applied at B,

Results are shown in Table 8.

The experimental deflection at B or D increased with an increase in the value of
B in the leg members; the ratios in the deflections for the specimens with slopes of
p=0, 1.0 and 15 were about 1:1.4:15. The calculated values were slightly larger
than the experimental ones; the values of (Exp)/(Cal) ranged from 0.65 to 0.67 for all
straight member specimens (f=0), 0.68 to 0.71 for §=1.0 and 0.71 to 0.75 for f=15.
In this case, it might be seen that the plywood gussets had remarkable effect on the
stiffness of all frames, but the effect decreased gradually with an increase in the value
of B in the legs.

(2) When a vertical one-sided load was applied,

Results are shown in Table 9.

When the load was applied at Point M, the horizontal deflection at B decreased
with an increase in the B-value of the legs, while that at D increased. In this case,
the value of the difference 4=0p—d5 corresponds to the expanded deflection between
Points B and D. The difference increased with an increase in the Bvalue and the
values of (Exp)/(Cal) were about 0.70, 0.75 and 0.79 for =0, 1.0 and 15, respectlvely
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The values of (Exp)/(Cal) in the deflection at M, for the frames with $=0, 10 and
1.5 ranged from 0.89 to 0.96, 0.94 to 1.01 and 0.92 to 1.02, respectively. Also, the similar
tendency might be seen in the vertical deflection at C.

(3) When a pair of loads was vertically applied,
Results are shown in Fig. 10.

The experimental values of the horizontal deflection at N; or N, increased clearly
with an increase in the f-value of the legs; those in the frames with straight legs
ranged from 100 to 105X107%cm/100 kg, and those in the frames having the legs of
$=10 and S=15 were about 1.8 and 2.1 to 2.2 times the former, respectively. The
values of (Exp)/(Cal) in those were 0.86 to 0.87, 0.93 to 0.94 and about 1 for =0, 1.0
and 1.5, respectively.

The tendency of the effect of the plywood gussets to elevate the stiffness of the
frames was very similar to the results described above. The horizontal deflection at B
or D was slightly smaller than that at N; or N,, and also the values of (Exp)/(Cal) were
smaller than the former.

The similar tendency was seen in the vertical deflection at M,, M, or C.

From these results the following conclusions may be drawn:

It is believed that the deflection of the frame consisted of straight rafters and
tapered legs is accurately enough calculated by using the values of EI of the members
obtained from modulus of elasticity of the laminae.

The effect of the gussets to improve the stiffness of the frame is remarkable in
that consisted entirely of straight members (8=0), and the effect decreases with in-
creasing the slope of tapered legs. Also the effect is clear when the load is applied
at the joint with glued plywood gussets, and being remarkable in the deflection at the
joint.

3. Strength of the frames

Results are shown in Table 11.

Frame No. 1 failed by 2320 kg load but No. 2 did not fail at this load. Nos. 3 and
4 (8=0) failed by 2210 to 2250 kg and those were about 95 percent of No. 1’s. Nos.5
to 8 except No. 7 failed by 1910 to 2250 kg. The maximum value (¢5-max) in the bending
stresses for the frame No.1 was 529 kg/cm? and very closely approximated the value of
modulus of rupture for the remained leg (547 kg/cm? in Table 12). But the values for
Nos.3 to 8 ranged from 400 to 475kg/cm? and those were 61 to 78 percent of the
strength of the leg members in spite of the fact that the majority of the failures were
bending failures in the leg members. For this reason, the followings may be supposed;
as the effect of the gussets to stiffness of the frame was ignored in analysing it, the
actual horizontal reactions at the supports (A and E) were slightly larger than the
calculated values. Therefore, the actual value of the bending moment for the leg was
larger than the calculated one. Then, the value of the stress in the frame has been
given too low. '

For an accurate design, the influence of the gussets to the stresses of the frame
should be considered.



