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BEHZECTEMBOGBEMFAEBROES L, LEILET — - Bvbh
bo REEEC ST LEBMCE BIY T — 2 VIT, RACESTET -7, HFEEOH
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CRWTITHECET2BRH TSR TV 52, AL TELTFLLRS EiZv2,
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PlEDZ b, FF, 7——8HEboKET — 2 v ORI L MEET 2RAEH
HBEMT, 5—AvELTRLERWREBTHIMET — 2 v 2ERT €y PEFECX
DEATY - TEIEL, THEBRT I rOv v 7 E&EE hHEHOBMEY RS, hhbf
BHECI S5 — 2 vOEREEL, FAEE LKL, HEAEORBE OV TREL .
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TIEKEM LR EL, 7——BHE Lo DOOBIEFMOLEL L,

DX, BERECOLCTIFHEMOLD, 7—-—HHTEVYhEZEOEEDL
O, FhEFE—HTHBELCLO, IHLEETHEZBEO XS WAESMMY CHEBLCES
BED L DIDWT, LOMBBRD HBRF T 1,

CDRBRLT — A~ FHMEL DT~ 2 ORI LEECETAMRTHD LA, WE
FCURRBR BT TRIEAWRY £y MEFRC I 2BEBEFHRCETIPRELK
B7 -~~~ ailBlT 2R 2 EbEEHARRTLH S, 51T T3 IUE S ~
AVEDWTORBEREL ELICIOEOBEYOHRAERL L T X I TLHRITITUEE
WTH 5,

CORETL SRS, FHE, RBEE, E1T, BROEEC 1D T TRIESEY)
nIREEYG - LRBREBFCHL, RO VESMOBERTHL LI, FRCETHNE
hic FHER - BALEHTF, FARERHE AREBERECHILEHFL BT 5,

1. ME&BRUHE

1.1 B OIS
Fig. LRt X 575 — 2 v RBGEE L, ZOWMIETNTERMT, FF<
v (Abies sachalinensis Mast., io5 A, dLRKWERFTEBKE, 1~2 FEMRKRLHE) T84
FFEXx20cm, EH12cm © 5 3 F& M, Bl EL T X+ 5 (Quercus mongolica
FiscH. var. grosseserrata REHD. et WiLs., 328 Q, dt k|5 EBEHE, 2~3 R REE)
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Fig. 1. Specimen.

BIVK » 5 v .3 (Betula ermani CHAM., 505 B, BAM, ATEH) 10cm &, 12cm g3 3
FE AW, ChHDI I FIOnT, TNTHE (), BT Yy 7R/ (E), Ryl
HRAWEEGEH (G BIOREALXHEL, AL EHl, ETMCRITE 5 1 +OESE
IOt kEofEi% Fig. 2, Tablel 3 X O 2R L T,

BEETL5 : FOMACREBEESER (74 =29 108) #r—~5 -flEcL H, —EE
Bhi-bh 2~25g/100cm? &L, 8~10kg/em* DFEM N 52 2L SR P CTERFLIC. 7
—~ A ORI FAROFETZRERCL W TR o1,

1.2 MR

Eo@HiconT, REBEEVCHIK, Ay () 150cm & L THREFHE (P) i@
X DHMTRIERBRE T\, 7 3 FORENS OFTREE L KL Iz, ZOEHVD RS vhR
ki B iR (6) WKRRIC L - TEHEL 7,

SR (B=0": #HTbiBIOwANTcbARAZThEN 6 KLU 6 &ThIT

% = 4§1§I | (1.1
.~ wet ooy (1) (e +60) 02

* REUED L2,
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Nos.1B~6B,1C~2C. lP
; : t 18} G
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} T 5 G
il S
Nos.7B~10B. lp T
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: +|h.=8 A=10}—— EJE, 6.
| l 5
1 % lmE, G

Nos.3C-4C.

t‘ { =150 —\T
[]Todo-matsu mzz@Mizu-nara or Dake-kamba

Fig. 2. Schematic views of the arragement of laminae and
the flexural rigidity test for. members. (Unit: c¢m)

o, El EEMoMTRET, EI=E/L+E. L, 1: ZOFECBET2HE K E —
v, E: v @8 G RANWRERE, A 2, BESBIV cithFRAM S IO
ﬁﬁ%{i&?o 3601, SDozhc/h’ K=Ec/Ef7 w:{l—(l_K)go(?)}/K &%Hai

0= fr-s0-04)

3y = B—15%,+1093—3¢%

% = K(156%0,—~ 100#3+303)
TH% (Fig. 2 ZR),

F— R (B>0): OB TF — A —HHORILTFOYV IERE &

4
. SO (E; I+ E. L) dz
E=

7
S dex
0
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Table 1. Properties of members with uniform cross sections
Item No. 1,2B 3,4B  56B  7,8B  9,10B 1C 2c
n A 0.46 A 047 A 047 Q0381 B 0.77 A 043 A 043
2 A 0.46 A 0.46 A 045 A 044 A 0.46 A 041 A 041
Specific 73 A 043 A 039 A 043 A 044 A 043 A 044 A 0.46
. 74 A 046 A 046 A 046 A 046 A 042 A 0.40 A 042
gravity - A047 A048 A046 A045 A047 A04L A04d
76 — — — Q0.78 B 0.73 — —
Tanz 0.46 0.45 045 0.52 0.51 0.42 043
E, 147 142 137 141 192 119 116
E, 129 131 127 125 127 102 113
Modulus of E,4 83 81 107 121 122 82 96
elasticity E, 129 132 127 121 122 103 113
(103 kg/cm?) Es 144 141 136 124 127 117 114
Eg — — — 145 190 — —_
E 141 139 134 133 158 114 114
G, 6.1 6.3 70 120 16.3 59 5.7
G, 5.6 5.8 6.3 5.3 6.3 75 6.1
Modulus of
- Gs 41, 40 53 5.6 5.7 40 6.6
rigidity Gy 57 62 60 58 53 63 5.4
(103kg/cm?)
Gs 6.5 70 6.3 6.1 134 5.7 5.6
Gs — — — 12.2 134 — _—
Ef /Gy 24.6 22.7 21.9 127 139 218 21.7
E./G. 23.7 23.0 220 23.0 21.6 17.3 19.1
K=E./Eyf 0.852 0.890 0.914 0.864 0.659 0.849 0.966
Os/0p 0.155 0.142 0.132 0.129 0.137 0.118 0.108
(Remarks) B and C in No. show beam and column members, respectively. A,Q and B in

“specific gravity” are the marks representing species :
sachalinensis), Q=Mizu-nara (Quercus mongolica var. grosseserrata), B=Dake-kamba
(Betula ermani). Suffixes 1 to 6 show lamina No. as shown in Fig. 2, f and ¢ are
face and core of laminated wood, respectively. &5 is the deflection due to bending
moment and ds that due to shearing force when a concentrated load is applied at

the middle of a simple beam with a 150 cm span.

XHIE, RATOwAMMBER G *

g’ (Gr As+Go A dz
G-
S A, dzx
0
ERE
PB 1\3 ‘ 2
O = AE], (1+ —13—> {1n(1+,3)-—- 2+19}

A=Todomatsu (Abies

1.5)
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Table 2. Properties of tapered members

Ttem ——No- | sC 4C 5C 6C 7C 8C 9C 10C
n A039 A041 AO041 A040 Q076 Q077 BO070 BO070

2 A039 A039 A044 A043 A040 A042 A042 AO043

Specific 3 A039 A041 A040 A040 A043 A040 A040 A040

gravity ) A040 A040 A043 AO044 A040 A040 A040 A040

rs A041 A039 A040 AO040 A040 A043 A040 A040

7 — — — — Q077 Q078 B070 BO070

Pant 0.39 0.40 0.41 041 0.49 0.51 049 050

E, 107 109 106 106 147 157 148 159

E; 89 89 82 81 97 100 114 116

E; 104 104 86 86 9% 93 86 93

Modulus of | E; 105 105 81 82 96 96 105 105
elasticity Es 104 104 106 106 93 95 93 86
(103 kg/cm2) Es — — — — 150 150 152 156
Ey 105 105 106 106 149 154 150 157

E, 95 95 83 83 9 9 98 99

E 104 105 103 102 127 130 128 133

G 5.3 6.7 59 5.9 12.3 11.2 106 11.3

G, 6.5 6.2 79 6.0 6.2 6.5 7.0 7.0

Modulus of | G 6.1 6.7 6.4 6.4 7.1 7.1 6.4 5.7
rigidity Gy 6.0 6.0 6.0 79 6.9 6.9 65 6.5

(103kg/em?) | G 6.7 6.1 5.9 5.8 71 71 5.7 6.4
Gs — — — — 11.1 11.1 10.8 11.2

G 6.0 6.4 6.5 6.1 8.1 8.0 7.8 78

E/G 17.3 16.4 15.9 16.2 15.7 16.3 165 171

3s/8» 0051 0049 0047 0050 0046 0048 0054 0055

(Remarks) The marks are shown in Table 1.

3PI(1 3
0 = —ﬁ{Z In (1—!—,3)—%} (1.6)

I, L EELOBWORENFHOMBICRGHAROP T T AME _—KkE— 2V

bT L=bh}12, B=(hi—ho)lhy, A: Wi, EPXEREHOES-EFMLTHS (Fig. 2

BH),

1.3 HR&OHEI

CHLOWMHMOBRIERT £y VEFHBETC X DITINote, H ey AL EE SIKE

ARBHHED 2mm ~ > B Sply 10 mm EERE £ 71 # €y b ELTHYL, £OEHET

OEEEEF D7, RBREEE—IBT, ¥ 2 5cm O = v <Y #f% Stiffener 2 LT, O

MicHA LK (Fig. 1), 7ty MIOEX, J#, BEEERIEEOWERBE XS T,
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HA DT B X D £ K ffH A% 600 kg/cm? Table 3. Properties of Shina-plywood

N . for gusset plates
BEC/2FTORBELMZ Y AL 5%
Pt BEFCH o TEH B IO Av. Max. Min,
ty FOWECRREEEER (717 Thickness ¢ (mm) 989 1000 9.8

=) 108) #BML, EEMEE20cm?Y Specific gravity 7 0.52 054 050

T, EX2mm o1 A2 HNTEES gE;  (103kg/em?) 93.1 109.8 60.9
. B vE, (103 kg/cm?) 55.6 62.0 40.4

R L Te o ZORERICIT Fig. LI s X 5 v (kg/em?) 523 571 477

tev £} Wiz, 'ty MIT

s ZFRAE AN 7 A (Remarks) H: glue lines are horizontal, V: ver-

Wiev FEHROEES Table 3 1233, tical, E: modulus of elasticity, 1: parallel
to the face grain, : dul f ture.
1.4 REEOES o grain, ¢p: modulus of rupture

CORBCEALLRRBIOXCBITSX 5, SEE K24 FoH104&TH 2,

No.13#X02: FrF=v2cm 5375 BEMEMCL R - B2 ER,

No.3 Xk 1r4: HHiz No.1 LA UT, Mz LHEAH Fig.1 5X0°3 0 B,C &)
DA 10cem, THESE (A AD L oFxhpidem D0 (Fig. 2 © Nos. 3C~
4C), BYIhEX A E UL,

No.5 BX0'6: ZEMIFELACT, WY EEL FF<Y 2ecm E S 3
FTTREEL, BRLICLO (Fig. 2 © Nos. 5C~6C), Z OHEME A& L7,

No.7&X0°8: REEIUBMOKETHEIMFLATTHAA, 2FHOLTHES
IRFIHMIecmES 3 +THEBALIL D (Fig. 2 © Nos. 7B~10B ¥ X ¢ Nos. 7C~

10C),
No.9 xX11°10: No.7~8 LAKROHHHEL Ly » v $flem BES 1 +10 X » Tl
ey D, L
L5 SRBRGORERR Br_ﬁmmL_H_q
. _ T or X
Fig. 3wt X ohERBE ik .
_ . | V¥E
OARFHECE DRAMERABRE T o |
7:071:0. 1'0"1 Fy i
BEMEC I 2RABRTR2M4 72 |
Z1HEELLT, 7vH—-LiRF L_:A EJI
L
—AF ¥ VI ERLT, ZOR ) 1) '
oFRil E 5 CHEAREYD Fig. 3. Locations of applying a load and of
S s T measuring deflections.

ARER GrvHEC+ » F 1EEM) I VFHELMF, 1B NL 50kg = &1 500 kg
¥ CE STCEBEN, FiBIOF ACHTOKFEEMEY TR FRI0mMm A b = —2, 1/100
mm FHRD & A ¥y — o CHEHEL 2 (Fig. 3 1),
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KEBMBECL 2RBTIL 1 AT, Bl 10kg =L 80kg 3¢, BEXFIALSHC
DR EEAT, BR, FIABIOF, ETThEFRKBEMEHEEFARED LA YLy — 2T
BEL 7= (Fig. 3 (2)),

1.6 w & B B

BRI PFHEC X 2RIMRBREFRCIRET, B ACHESr vllEY » » Fi2X D
WEE2T, BRI DI clmm BEYOHELIC L W HE20kg & L KPEME + 5
Vy RS THEOEE THRAKL, TOESFTAR LR —DORELFAF—L (B
S v ) WX o Tfilente, ZORBRTIIHABERNE, BEMNE HEREMCEYRD,
WEVEYBEL .

fI 5 — 4 v OBRBERBRC I\ THEBEL s 0B OW TLRGHE, FhEhhie
PREEIC L 2 #FRBRE TV, BTFEILRD, IHLCTHBEENRCIT 5 —REE L K
BECRT2BEFNORRE T vy 7 RAKRRC L 0 T8 -1,

2 H ® X

21 EEHEOEIHN

¥9, Fig. 3Q) WRTFIE 5 — 2 vORHOhRE (E &) CEBEME P Nz bhsiE
Bk, RELCEECL, TRTES¥D L Sk 3,

D ROKER I HKFINCEY, Fig. 4D RTL52 D SxilEfisl, AR o0X)>
D REKEHE X #maT, 1)ickids D SOKFEMY L LOMBICL ETI L

b, EZOKFRAnKDENE. & |+ e,
¥, Fig. 4(), @) OXER &% B P ¥ 5 <
@ |== [€) [©]
RIbRDdBR, OXQ L ) ick ¢
F% D ROKEEMH, @)X2)ImXb T
D RIzKFEHE X=1 itk L DM
BOKPERARDO RS, ListsT Al of | Lol pf&t
. fosp, 1) fosp (2)
B [Fig. 3] © D s skER 0L 4] . . 5
B
5 Hp i3 [OX@I12x@)) kkvk “F[ |8 q 1 ITe
Dohb, FEROXD LRV TH B, ® H ®
P=1
Fig. 3 i B8\ T, ABE#H D A Sic l 7
BIBEGK has B AICKT B EHE | % |
B ERY AL P ' D/ Ak ! 0}
hea, CD B TR U K hoe, hep E‘ 3 pr ]:7_'._ @) '_t—r—
ETh, BHORBIOY Y7 REY t L 2 x
E, 2 hFhis Otk DR EE A Elpa Fig. 4. Bending moment diagrams when

B — the horizontal reaction Hp at D
BIWN Elep, BMORIMESY Elgc &3 is used as the reduntant.
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3, ZORBOIEH, B 12cm OEFHMEY = 2E D Lci D% ABR LU CD#MLL
7o, ERWERT, »oFELREALRCTHE20T Elp=Elp TH 5,
kxRl LT

b= ZEIB(;T
T (EIp4+EI) L
- S . -3 < L ’ Ml MZ -
ERFIE Fig. 4(1) © D Sl B 2 KFEEL 6= ET ds R DX kb
PI*T
4 = e —
O =8B 1. 2.1)
2
EH%K%H%Xil@&%®m¥§&8fi$%}ﬁbi@ﬂmmib
LT
op = Eln (2kg,+1) (2.2)
- _ 1V _ /3(2+3_.Bl} _ hpa—has _ hco—hpc . e
u.\_.k_, ¢1——<1+ ﬁ) {ln(1+‘8) 2(l+ﬁ)2 , ﬁ—' hAB = hDC T@Z}o Lf‘\_ﬁ)")
T Fig. 3(1) ® D BOXKER S Hp ik 65+86p 0L D
B PL
H» = ST 0k F1) @39
HINS 1P S/\HT 205p ] oA,
o o o ®05P '
® ® ©
m H, || lose o
Hy Heh - Lo 1L-
052 (@) (N)
515 _ | emr 5
o 05P
& ©
05P 05~ |{p %p
(QEP " — el <—l
fP (@) {N)
© |Hol [¢) <)
id Ao
o Ay 2L
RE —OL ZP
J
—1-A, «H, - ]
TG 2 @) (M)

Fig. 5. M, Q and N diagrams.
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L b, oA BCRKIHAKERI Hi=Hp THDH, ZORBEEREOLEZOHTE~2v L
M, BAWH QB IUC#AHAI NI Fig.5() @itk 51/kes,

ZZT,
o PL
PL _PL 1

ALK, ZOEBVCOMERE LK 5 BERN 05 3R MNENE (E) i P=1 O AR
EhnTexo MELAKELLDOT, MTFE— 4 v MY 2EMIT V5E{b)=ZS—L§]y ds

ZXkh

PL? { 1 1 } 2.6)

B = 16FTw |3 42k+1)

Einh, LaL, 20D\, METELRBREOMRILRAM N L ZEMRIE D KE
{, ZofExEH BC HH) AL T L2 REFALT

P 3 (hY[ E E>
VOme-50) = U8F Ine 20¢ <L> (1” G TG, v 2.7

Rkt (AB B X ¢ CD #41) wBL Tk

B3+59)) 2.8

6PT
rime-anen = 5,65 (40~ g

THbH, T2, A=(hasthoo)b2 TH%,
Table 7 iz Bi} % vize (1 (2.6) R X B1H, vzpss (X (2.6)+2.7)+2.8) DEFHEMET
BB, TOED, 2.8) Rk HERIFEC/PISERLL TLizL A LEERR,
SERAEM (AB, CD) FRH F SOKFEMITI-EDL SIERDLNE, BEMNHEME
F fiz P=1 ORBEFHELX I EBOXBARNIFRO G EI L b Fig. 4 © (4) & (2) »»
b Fig. 5@) kR T X5 RDLI S, FARCET

F7 1 ko,
Hp = —4—+m 2.9
iz,
LAV @Epr R
b2 = <1+ ﬁ) {1“ 40 +6) 2(1+ﬁ)(2+ﬁ)}

TH b,
URetin T, COBEMEC X SREHARE F A0 KFE e = L[ gy ds it
Fig. 5()x@B) =Xk b

kPL*T9,

P80 =~ T6E L2kt 1) 210
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LB, RO — XEMOHEL Fig. 508) M QeI BHEH LU TH D & & E2RT,
ek, ZOIEHVIZRANERIBETE B,
S EMOIED X 61=1/3, ¢,=1/8 T2, Lo TERORIFRFROFDI ST
%,

_ 3PL
Ha= 370873 (2.3
B _ 3PL ,
My = HaT = 513573 (2.4)
_ PL 3 ,
Mo = (- i) &5
. _P© { 1 3 } ,

050 = 6B Te 13 4(2%+3) (2.6
1 3k )
Ho = 4+ 1508 13) @.9)
s 3kPT v
VOR®) = T 08 I no(2k+3) (2.10)

2.2 KEHEDOEHO
Fig. 3 Q) @RT K FHEN ML bhic & ¥ DX AT KT 2 RINE, FiROED - L FR,
Fig. 4k} 5 2) &£ @) 26 Fig. 5@ T isiekdbhns, A DEZACKTHKFE
Rk Hi=Hp=05P T, p>FWEM, 77— ~HLbREALTTH5,
B fi ki 2 KPENL 353@):25—%’”— ds it Fig. 5 © 2) M [IH 5

PLT®

#050) = oF T (6k¢,+1) (2.11)

Rebeh I RO woro= [ 257 ds 12 Fig 51000 2XG) IS L b
PLT?
a0r@) = 04T {Gk (@1 +62) +1} (2.12)

¥7o, SWiEHMOEH CIREIERA 6=1/3, ¢=18 LT,

PLT?

10p@) = 12El (2k+1) (2.11)
PLT?

wOp@p) = 96EIB(;_ (112+4) (2.12)

COKEHERBROED BT 2T OB KRIE Go-wmex DETHME TR I L
T, B he 32k T 2hap DEZAHTH D, THITEF E100cm T, Jp-mex (DX D
IorRDdDOND,
* Op—max = Mo/ Zyn A (2.13)
T2, Myw=PT/3, Ziw=2bh4s/3 TH%,
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REEREYBRRLENIC Z ORBCHEAL oo oW Tl B fh 5, AL b
Fev, $XF38I0K7 AV AT 3 FORHEDKEY Table 4 Wit ZhbOBUES
HEFF=VERBLNLRPR, (IXFIBIVCE IV ARXEEDLDE 2B, T, Y
VIR E L AKHEEER G Ol (E/G) i3 F=YT16~25, 3 XFFRIOFLrnvA

LE B 12~14 CTH -1,

Table 4. Summary of properties of materials

Species Todo-matsu Mizu-nara Dake-kamba
No. of laminae 57 6 6
Av. 3.0 1.7 15
Av. ring width Ry (mm) Max. 7.0 2.2 2.3
Min. 1.1 13 0.7
Av. 0.43 0.78 0.72
Specific gravity ru Max. 0.48 0.81 0.77
Min. 0.39 0.76 0.70
Av. 129 13.6 6.3
Moist. Content « (%) Max. 14.0 15.0 8.0
Min. 100 12.0 50
Av. 115 148 166
M.O.E. E (103 kg/cm?) Max. 147 157 192
Min. 81 141 148
Av. 6.1 11.6 12.3
Shear modulus G (103 kg/cm?) Max. 79 12.3 16.3
Min. 40 11.0 10.6

31 8 & R &

ZMHEM IO T DR R % Table 5 271,

% L Orxp/0s DIEITIZIT 1.10~1.20 OFBEIDH 5,

ZhizAAY () % 150cm & L COHRE
PHEIC L SRABERT, BEOHEME EI »bRDfFIcbd 6 % RBRIE dusp 1 BT

Fo Bexp/(0s+0s) DfEITIZIF ] (BT 092~107) E7c D,
5, COIEH, BAWIT bR 6 T TcbAi 6 D 10~15% ZH Tz D,

COZEMEMD S BLEMELBLDTII FYHOZDOLDIEDOWTL, FTHEHCY
VIIRBDORENLD (E=136~147xX10°kg/cm?) R HEAL DT, RESMIC L 2HSHEBK
OLO LA EI offichF pEidiv, 5~ 42v No. 1l 8L 2 DZEERH &5 0K

D 6 IRARTT AR 6 Nz THEL
MENZE-BLTDE 2 X
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Table 5. Flexural rigidities of members with
uniform cross sections
No. b ) e I EI 8  So+0s Opxp.  OExp.
(cm) (cm) (cm® (105kg/em?)  (10-3cm/100 kg) d+3s
1B 5.020 10.025 0.46 421.5 59.4 118 137 136 0.99
2B 5.015 10.010 0.46 419.2 59.1 119 137 137 1.00
3B 5.025 10.020 0.45 421.3 58.6 120 137 143 1.05
4B 5.020 10.010 0.46 419.6 58.3 121 138 133 0.97
5B 5.020 10.010 0.46 419.6 56.2 125 142 139 0.98
6B 5.020 10.005 0.45 419.0 56.1 125 142 144 1.02
7B 5.000 10.040 0.52 4217 56.1 125 141 149 1.05
8B 4.860 10.040 0.54 409.9 545 129 146 142 0.98
9B 4,715 10.035 0.51 397.0 62.7 112 127 136 1.07
10B 4725 10.025 0.51 396.7 62.8 112 127 136 1.07
1C1 5.020 10.020 0.43 420.8 48.0 147 164 168 1.02
1C2 5.030 10.015 0.43 421.1 48.0 147 164 165 1.01
2C1 5.020 10.015 0.44 420.2 479 147 163 150 0.92
2C2 5.015 10.010 0.44 419.2 478 147 163 159 0.97
Av. 1.01
(Remarks) &: width, h: height, r«: specific gravity at the time of test, I: moment of inertia,
EI: flexural rigidity, 6 and ds are the calculated values of deflections due to
bending moment and shearing force, respectively.
Table 6. Flexural rigidities of tapered members
No. b ho hi/2 h: ErL 0s Op+0s OExp. OExp. JExp.
(cm)  (ecm)  (cm) (cm) (108kg/cm?)  (10-3 cm/50 kg) 0 Os+ds
3C1 5.005 4.040 7.000 10.015 435 266 280 279 1.05 1.00
3C2 5.003 4.000 7.000 10.010 435 266 280 257 0.97 0.92
4C1 5.007 4.020 7.000 9.990 439 263 276 273 1.04 0.99
4C2 5.020 4.000 7.000 10.025 440 262 275 261 0.99 0.95
5C1 4993 4.000 7.000 10.000 429 270 283 272 1.01 0.96
5C2 5.007 3.970 7.000 10.015 43.0 269 282 251 0.93 0.89
6C1 5.000 4.005 7.000 10.035 42.6 271 285 256 0.94 0.90
6C2 5.005 3.900 7.000 10.005 429 271 285 267 0.99 0.94
7C1 5.003 4.000 7.000 10.015 52.9 219 229 229 1.05 1.00
7C2 5.003 4.000 7.000 10.045 529 219 229 221 1.01 0.97
8C1 4.882 3.990 7.000 10.020 52.9 218 228 223 1.02 0.98
8C2 4.853 3.990 7.000 10.025 52.6 220 231 218 0.99 0.95
9C1 4,730 3.975 7.000 9.980 50.6 228 240 232 1.02 0.97
9C2 4.720 3.970 7.000 9.950 50.5 229 241 231 1.01 0.96
10C1 4.725 4.000 7.000 10.000 524 220 232 223 101 0.96
10C2 4730 4.000 7.000 10.005 525 220 232 218 0.99 0.94
Av. 1.00 0.96
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DT, [ No.3~6 DF ——8HD T : FO¥ v 7 FHICEWL DR EAL DT, *
b ORI RPN E S,

2F, T—A—EHonTOTE, Rl FRBRERY Table 6 nd, I THKE
BiMC X 2RIEEHEBEN EL & bhbd, Thbb, I XFIHCI5HHED No. 7C1~
8C2BIV L7 H v AMCLHEHED No. 9C1~10C2 TiX b FY Y MOKIT L5 bDDH
20% BCTH B, ZOEHLBIERBIZ A () 150 cm THREFFEC X 55, EI 2
OFHBEF IS 0 (103 ERRIE Sexp £ —HL T LAWIT DR 6 % Thicinz 3 L&t
BB (0,+0) OFNEBRIEL W#94% KE Lo TW5H, ThIXAEDOEECLSLDLE
Zbhb, ZOF —~A—FHOEB, BAWT DR 0 LHITICbA 6 © 4% BETH %,

ZDY 5, FHBIERBTRERIEM, F--MHEdbCF I FROVWTHEHIELRE B
IOGCHLRLLTOREHE ) DRBETIHETES Z LD,

3.2 HBGkoRH

BERLIOKPHEC L 2RBREFE % Table 7 iwrnd, FROZEMOFHECIFAERD

Els, EIsa 5 30 Elep % H\ 12,

Table 7. Deflections of the frames

Ttem Noo. | 1 2 3 4 5 6 7 8 9 10

Elnc (108 kg/cm?) 594 59.1 586 58.3 56.2 562 561 545 62.7 62.7

Elpa ( = ) 480 479 435 439 429 426 529 529 50.6 52.4

Elep ( » ) 480 478 435 440 43.0 427 529 526 50.5 525

3 1.238 1.235 1.347 1.327 1.310 1.318 1.061 1.034 1.242 1.195
= | vm» (103cm/l00kg) | 69.7 700 867 868 89.7 898 852 8.0 794 786
g yompn ( » ) | 8.6 89.1 104.3 104.4 106.6 1067 1068 104.1 946 93.8
P | Ve » ) | 301 303 618 6l.2 637 639 587 59.8 56.1 55.0
o5 | vomm ( » ) | 734 758 99.6 98.3 103.8 103.6 104.0 101.4 95.6 93.8
'g?g omEsp) ( » ) | 39.3 346 718 675 72.6 729 69.8 67.4 642 65.0
BT voz(Rxp)/vOE2) 1.05 1.08 116 1.13 116 116 122 117 1.20 119
< VO m(ExD)/ VOE(D +e) 0.83 085 096 094 098 098 097 097 10l 1.00
: VO mExp)/ VO F() 130 114 116 110 114 1.14 119 113 114 1.8
Sx | WE@  (10-3cm/10kg) | 165 165 203 201 298 300 252 254 256 248
Se | mrw  ( » ) | 104 105 213 211 217 218 181 182 185 179
BY | mnmEsm ( » ) | 126 115 242 236 234 227 210 203 205 204
&7 | wmem ( » ) 8L 74 177 177 175 172 152 151 153 153
;é‘g 7O B(Exp)/HOB®) 0.76 0.74 083 081 078 0.76 083 0.80 0.80 0.82
LR HORExp) /a3 F0) 077 071 0.83 084 081 0.79 0.84 083 0.82 085

(Remarks) %: relative stiffness =(2EIpcT)(EIpa+Elcp) L, and the others are shown in Table 4
and Figure 3.
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3.21 EEHEBRBRORLIHN

BRI (FHEAT, ER) OBV ABEHROEHENAX L, BITEF e 8
ABTET vOme ZINZ TS ONERIE L B X h 5, ¥, EWEMC X 5 No. 1 3 X ¢ No. 2
TR O (RRE)/GTEME) 75083 X 00085 T, ZhixARy Tty Mok 2RBEDOEIED
WincTHsLHHIhs, ThieXHL, T-—-THr2ET3RBRECE, oIl
T, BRI 2y FORIBEBHRIDLG. THIET S —BWHDIEH L, FOBRIE X - Tl
T~ AV PDPNINWEZATHEENKRE VDT, Fuy FESHORMEEML T, &4&
ELTORMEDHIMIFER T I BbRENLTH S, —F, ZOBREREL L 5H
RO AKFERLD KRB rOrexpy 1XFHEME vore) L Ol REL, £D11~1.3 %R 1z,
ZOBMICEZRAMBEROEEN LA ERWDOT, BB L 3BEERIVCAEBECL 3
DEEZLRD,

3.2.2 XRHERRODEH N

COMRTIEBRBIOCF ROBMIZL CHMTFEHOGEM adse) 35X adray L b
NN Ehot, Thbb, ThbOEMTKT 5 (FRME)/GHEME) X EWEH T, 071~
077, 7—~—¥HEL2LDTO076~085TH b, TRTEEWY £y F ORIMERF LOHE
REHLRDHN, EWEHCETESRBEETH S,

MEDL 5, AERBROKETE, —BCERENTEML D EFAEF L0 LKA
fomd, —BREC BROBHEIZ X - TPAK T — 2 vRBEOL ol h OBECHETES
xS, Fih, BHF -ty F ORIEHRILT — S~ FHE LoD TIRER EHO LD
L oDius, GRF Ly P EABCHEY DT K EFHERBR I LOBENHEL R
hiz,

Table 8. Calculated values of deflection and strength of the
quadrangular frames with various tapered members

Ratio Ratio Vertical load P at K Horizontal load P at B

8™ olumn fme  XE XE o= Rafe m Refo Rao
(cm) volume volume (cm) (cm) (101—0%(:1?;/) stiffness (fglo/ kg) stiffness  Pmax

0 10.00 1.000 1.000 11.25 26.25 92.8 1.000 2.03 1.000 1.000
0.05 952 0.976 0.984 11.10 26.40 93.8 0.989 2.07 0.978 1.000
0.1 9.09 0.955 0.970 10.93  26.57 95.0 0.977 2.12 0.954 1.000
0.2 833 0.917 0.945 10.64 26.86 97.0 0.957 2.22 0.912 1.000
0.5 6.67 0.833  0.889 9.80 27.61 102.0 0.910 2.49 0.814 1.000
1.0 5.00 0.750 0.833 8.97 2853 108.2 0.858 2.88 0.702 1.000
1.5 4.00 0.700 0.800 8.29 29.21 112.8 0.823 3.23 0.627 0.960
2.0 3.33  0.667 0.778 7.76 29.74 116.4 0.797 3.54 0.572 0.880

(Remarks) Cross section of members: hAya=hsoc=hca=hep=10cm, 6=5cm, M.O.E. of mem-
bers: 100X103kg/cm?, &: deflection, Pmax: the max. load when M.O.R. o is con-
stant for all of the members, 8=(hsa—haB)han=(hcp—hoc)hoc, ho=haz=hoc.
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ZOMHT — 2 vIERWT, BB IOEM EREACBEOTHEARLT, oY /R
FRIOCHITEINRALTHEED, T~ —OEFGEELIRICLEDT — 2 v DRt
LOBMERHE TS & Table 8 ICRT X 5iieb, ZDXOI, 021520 X TELIE
EH\, B THEOR G Aot 100em 735 333 cm FTHXLe b, BHEOMERIZ 1IN
06671, 7—AvHELEZLING0TB Ligs, 07— AV TREEFEDIS, B
RIbE AN < e dud, RRADKPRN Ha kX0 Hp NS 7B 0T, UK, WREDO M
AV P MpBIO M L BHRREL DI EC IS THAPTE, ZHELT, HEA
FToiFE— v b Mgii¥Kkt5, Tihbb, HRDO Mpik =0 0L & 1125Pcm T,
B=20 T3 7.76Pcm Lich, #69% W+ 5, —FH, MpiX2625Pcm » 2974 Pcm L 7¢
D, W113% THAKT S, LihsT, ZOEH, BHOMTEI 6 BN—ETHIIER
BHEBEATCAEL, FOEE f=00L &1 LThE, B=20TX08Lisd, i, IO
FHEOL xOWMESATOMT biYy oz & THUE, =0T 928X1073cm/100kg, =20 T
11.64x1073cm/100kg TH 5, Tn&EHEOKE L TRHLILOERMO X 5 /nfEL /20,10
NOTT CWT B sieleb, BHOMER, -2 vHBEEAZhIDpIn2Enb, &
OBRBEMBCHL TURT — A —BHOEANGEBE V2 5,

o%k%?ﬁﬁ@@éuuouf&éa,#ﬁﬁogfﬂ«tiﬁh,ﬁrﬁ%t< ]
FETOKERNLEDIC 0P THBHEDT, MFE— 42V PRI ITRTACTH S, 2O
HWOEBEOKEEMEIAE DI RDLR, ThiICX 5RO f=0DL %10
2 f=20 T OS2 LW TH, ZORUFIBHMOMBRIIOT — 2 vHELORLE G X
D%, TOKEHECHL TXRED ErbixT — -~ FHOEHECRARF L%, L
L, 0o —ED & XOWBEHEO L =075 10 FTL&LALTHH (10), =15 T 096,
B=20T088 L7xbh, HMEMCET - —BHOEHIFENE VX5, T HIBETAND
RTWH X5, 57— —MHE R THTHE S ORAME 0pmex DET S DXEH OB he
NEHEDR by D26, Tiobb, he=2h DFET (RARH 2k RO L XX DR
KENDORME) HBH1®, ERDX 5330 TH%,

3.3 HRGORE

m¥ﬁ§L16W@a$@F%&Tﬁm9Lr?oi?,&mwﬁﬁifykoufaa
&, PFTYHIRX A BUhEEO No.5 3L U6 REAFC KT, ©0ph3vad, e
RALTHs, HAMEL N ¥~V EWEMCTL S No.1 55102 T2 810~880kg, M F=v
F— SO L DX EYHERYERL T b D No. 3~4) LML LD (No. 5~6)
L AE L 620~690 kg T, FiE No.1~2) ® 77% Fi# T, Table 8 WiRTFEMI »hix
DAEV, ZHUTEBIEHR O L ORIEF £y P OBBHENFEbh D TH S, REBHIC X
ZEEHRDO LD No. 7~10) TIX Pumax DX b F= Y FHEO LD LREIFFALT, £OHM
BOBESURC TR T B, & CCBBVE,DAD &, P F 7Y HOZ0 L OREKHE,
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Table 9. Strength of the frames

Fi\?:)ne B Prmax Mmax Omax Jb-max Type of fructure
: (kg) (kg) (kg-m) (cm) (kg/cm?)
1 620 880 660 117 789 Bending in column
2 560 810 680 95 727 »
3 500 640 480 139 600 »
4 620 690 518 136 646 »
5 480 620 465 16.2 582 ”
6 440 640 480 15.1 600 Shear between gusset and member
7 660 860 645 22.8 805 Shear in gusset
8 520 770 540 16.5 743 »
9 560 790 593 245 785 Shear in core of column
10 600 855 641 250 847 »

(Remarks) P:: load at p.l., Pmax: the max. load, Mmax: the max. bending moment, dmax:
deflection at B when the max. load is appiled, 6-max: the max. value of modulus
of rupture.

F e ELREBEAERBEMOMTFHEBIC L - T35, FIHICX S #d No. 7~8
TR by ey PREFEBRAE, X7rh v Ml 5 No. 9~10 TR ELIEEHN =T —D
RABBEEC L 51, SOLOR, BEMMCIAHEADOLOTIRLOHEIXTFREL £\
5L OB THEL I, T, ThADOMBOLOTRBEIMOLEEMNKRE (el &
i, REM TR, B0 ¥~y MOFCEMBEE (30) Babhi, b, BRKCE
FBRES (B) DEALE (Gwax) 12 b F 7 Y EWEM D No. 1~2 TR H P75 < 95~11.7 cm,
DOEMRFF=YF —2—4D No.3~4 © 136~139cm, } F = YD No.5~6 T 15.1~
16.2 cm, NIEBH HHE D No. 7~10 TiX 165~250cm TH b, Kb &\ 5 Ea b b KER M
ﬁ@ﬁ%ﬁ#ﬁm;<ﬁbh1wboitrFvvﬁﬁod%v%ﬁﬁmiioﬁuﬁwok
25 SO TRBERDoIE VI L D T ZRBHTIE 0p-max (ZERTEHM DIED VL Mmax
Y EOWESRE Z CHl T, ERCRSty PHEOBETTHITEEL CLW50T, My
CE— 2V b OEHIY Muax ® 08 BELLD, Ldis T HEBTOMITEI o 11 610~660
kg/em? TH B, T ——HOEH (2.18) Rk 2 REMETH 5,

B EDOBBERBOKEE TIL 0p-max 1 582~847 kg/em? DHEFHICH b, + F <Y ERHOH
BICHE sfe (#0F, BRICTNC T 5 fE =200 kg/cm?* — R EOK M G R EHE) D 29~42
Bz, WThiRghx oz %,

34 BMHOKE

RBREOWHERBRKR T, BHEL CuwiiconT, MTRARY Tio . TOKE
# Table 10 iR 3, Z2°C, HAMERE P 2B KME Prux © 055~0.75 OHECH 2
2, EXREBIZ L 5EIXALREG, HTEE 6 ko TAhB L, b F~YZEEH No.
1B~No. 6B, No. 1C2~No. 2C1} = K\ ~T, FDOHFIL 564~669 kg/em? TH 5, & < iwB#H#
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Table 10. Strengh of members

No. b hase Zz/z P, Prax Mmax op '
(cm) (cm) {cm3) (kg) (kg) (kgem)  (kg/em?)  (kg/cm?)

1B (U) 5.020 10.025 84.09 900 1500 56.25. 401 669
2B (U) 5.015 10.010 83.75 900 1460 54,75 403 654
3B (U) 5.025 10.020 84.09 900 1350 50.63 401 602
4B (U) 5.020 10.010 83.83 900 1430 53.63 403 640
5B (U) 5.020 10.010 83.83 900 1260 47.25 403 564
6B (U) 5.020 10.005 83.75 900 1380 51.75 403 618
7B (U) 5.000 10.040 84.00 1100 1540 57.75 491 688
8B (U) 4.860 10.040 81.65 1100 1520 57.00 505 698
9B (U) 4.715 10.035 79.13 1200 1600 60.00 569 759
10B (U) 4.725 10.025 79.14 1200 1570 58.88 569 744
1C2 (U) 5.030 10.015 84.09 900 1460 51.10 375 608
2C1.(U) 5.020 10.015 83.92 1000 1520 53.20 417 634
3C2(T) 5.000 7.160 42.72 460 625 21.88 364 512
4C2 (T) 5.020 7.165 42.95 460 760 26.60 375 619
5C1 (T) 4,990 7.170 4276 480 880 30.80 393 720
6C1 (T) 5.000 7.165 42.78 480 725 25.38 393 593
6C2 (T) 5.000 7.175 42.90 480 800 28.00 392 653
7C1 (T) 5.005 7.165 4282 620 880 30.80 507 719
8C2(T) 4.885 7.150 41.62 640 980 34.30 538 824
9C1(T) 4730 7195  40.80 600 800 28.00 515 686
10C2 (T) 4.730 7.170 40.53 600 960 33.60 518 829

(Remarks) b&: width, hz2: height at the mid-span, Z;2: section modulus at the mid-span, P;:
load at p.l., Pmax: the max. load, Mmax: the max. bending moment, gsp: fiber
stress at p.l, os: modulus of rupture, (U): uniform cross section, (T): tapered.

ToWT, 5~ 2 vERBRABC K THELIL DD 0pmax (Table 9) & H#k+5 & No.1: 789/
608=1.30, No. 2: 727/634=1.15 &7 b, HRAF v FEEFOHENELIC LI DRTHBZ
ERRT, ik, IFEHRALIIE No. 1 5L 2 RBATIHEL -EToMTEI R
610~660 kg/cm® T# - T, ik Table 10 D o, OB L ZEA U TH S LW xhd, oF
CIREMMIC L 2EASEEM T 3 X+ 5t X % No. 7B~8B @ ¢, i1 688~698 kg/cm?,
v il No. 9B~10B (31X HIc K& { 744~759 kg/em? TH oo, ZD X 510E
WA oW T L E B DR IED S R,

DERT —~ A =FHEDONTHBE, PFTYHORRL TR D (No. 3C2~4C2)
Tk 512~619 kg/cm?, [Fl—BIEM CHEL -3 D (No. 5C1~6C2) Tk 593~720 kg/cm? ¢
HoT, FHEEL TEREBEOHNBERTE B, B o TZREEC L AHBROE
FHBETERL V. ThLORMOBRS 1 0¥ v 7 {RE E 1% Table 2 @R T & 5 IKEEH
L7053 D3 104~109X 100 kg/cm? T, T E A EENRKWDDTH D, ZhLT — 2 —FYHE
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PHEL TRV DDOBTRCE T, FOBMERAE L =15 T 2’17 BETH -
T, BURC L 5BERTIRERCHILNEZLNBIDTHD, SO F YT -~
Doy T — A V%‘tﬁﬁﬁi@ Op-max & BT % &, No. 3: 600/512=1.17, No. 4: 646/619=1.04,
No. 5: 582/720=0.81, No.6: 600/593=101 L\ 5 ¥fEE 7 v, EAYRIZL-ThLIFEER
BOIERFT, 2F¥L, FEBMCIIBABROLOIZDOWTRDE, IXFIHITLD
No.7C~8C2 Ti% 05 i 7T19~824 kg/em?, & 7 #» v $iz X % No. 9C1~10C2 T 686~829
kg/em? ¢, WTFhink b REVETHSL, Zhbd 5 — A vRBREC KIS 0pmex & B
+%&, No.7:805/719=1.12, No. 8: 743/824=0.90, No.9: 785/686=1.15, No. 10: 847/
829=103 L7c b, BAWCTHEBEL I No. 7 LU 8RBT H, EAYHRIEDTEH L
Z 5,
35 & X £

BPRO MM i FRBMETH, 77—~ —~WERL T wRBRE (M) 55, BOCER
MeMEL LBROBE (LKREE) L7~ —~HEHEOED OEE 2KEE ¥, /8
ABTRBRER fFRL, AKIMHS & LCHBL 12, £ OREES Table 11 0id, < ook
MO1 2R EFREFRLIRB IO 2REELYRT, CABBMIELRD L, £rav.i- <
VO 2REEFD 583 kg/em® RHRIFE, WEEHCEIRVEWZ D, OIS LRERIT
0% %R L TWBDT, EEHEIR-EEZBRD,

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

Species glued Member No. Procedure* Shear strength Wood failure

of gluing (kg/cm?) (%)
6C1 1 70.1 - 90
6C2 1 69.4 100
Todo-matsu X Todo-matsu
6C1 2 72.9 95
6C2 2 73.2 40
7C2 1 85.4 85
8C2 1 96.8 90
Mizu-nara X Todo-matsu
N 7C2 2 101.3 60
8C2 2 95.2 h5
10C1 1 112.7 70
10C2 1 94.5 60
Dake-kamba X Todo-matsu
10C1 2 58.3 70
10C2 2 92.4 75

{(Remarks) *1: gluing to make a laminated wood block from which tapered members are
taken, 2: gluing a face lamina on the tapered surface.
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F e R b OKRET — A VORI LRECETAIHEORG L LT, TORLELR
B TH BT — A vieDonT, PP~y BRMC X 2SHEH, 7~~—# BAIF~
YHIZ LB BYREREN, I XFFRIVCEr v ML IEGHROLOYACT, &
Wy ey VEBRC I ARBRELHEL, Al IOHEERBREY T > BRI SEDOL ST
BRI hs,

1) THERRBROEETIET $ FROVTHAEL VYV 7 RE E BLUBA B &R
BGCGrl-T, FHBIETH -BETHETELZ Lai#D,

2) RBREORIEABROBRC KT, MEARKET ( rORERXECL T, FEHEC
BT~ AVOEMEEHCEETCHETELZ LD, ZoEd\, GR7 2y F ORl
BERYRILT A —HEL oL DO TREHEHOLDI W /hE ol FTie, BHPREBH
GREEHEL YV vy FEETHCHTRKEHEOEXD 2 BT 2L, REOTHTHVRIEER
RMNED - o

3) KTFHEC L 3HERBR TV ThORRAELFEOREY b5 & 25D b hic,
¥, INEMMC L AEAHBROT - —~HBHE 30 DTIRF F =Y SHEHCLET25H
EARLI, FEFeYHRIDT - S—EOHRTIL, FONRIRECHL TXBELM TR
Motehd, BOeHL TRELACAbR, ZORBECETLERYT £y F OESRHEIIL
FThim<, 80~130% R 1,

4) HEMBENE T — - EEBRROEE NIRRT,

%
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Summary

It is well known that the structural members with varying cross sections are used
for the purposes of reasonable utilizing of materials and adding beauty to the wooden
structures. For instance, those are used as the legs or rafters of three-hinged lami-
nated wood gable frames and as the legs of funitures such as a chair or a table. The
theoretical analysis about the deflection and stresses of tapered wood beams was already
presented by A. C. Makr and E. W. Kuenzr (1965). In this paper, their analysis has
been applied to the quadrangular wood frames with the tapered members, and the
deflection and stresses of the rigid frames being investigated.

1. Material and methods

1.1 Fabrication of the members

The specimen is shown in Fig. 1. The members were made from the glued
laminated wood. The species of the laminae used are Todo-matsu (Abies sachalinensis
Mast., Mark: A, grown in Uryu pref. Hokkaido and air-dried 2.0 cm X 12 cm X 180 cm)
as the main material, and Mizu-nara (Quercus mongolica FiscH. var. grosseserrata REHD.
et WiLs., Q, grown in Teshio and air-dried 1.0X12x180) and Dake-kamba (Betula er-
manii CHAM., B, on sale, kiln-dried 1.0X12X180) as the reinforcement. Before gluing,
the moduli of elasticity and rigidity of those laminae were measured by bending and
torsional tests, respectively. Also the specific gravity, moisture content, average width
of annual rings and defects were recorded. ‘

The arrangement of the laminae in the members is shown in Fig. 2, and Tables 1
and 2. The laminated wood beams were assembled with ureaformaldehyde adhesive.

1.2 Flexural rigidity test for the members
Prior to constructing the specimen, 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 uniform cross sections (=0 :
If the bending and shear deflections are 9, and 4, respectively,

__pr
~ 48EI

3 (1.1)
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' pp 3 (V. E; E, } '

% = BEI {2o¢ (z) (” G, T* Gc> | (1.2)
where EI is the flexural rigidity of the laminated beam and EI=E:;+E.L, I is the
moment of inertia about the neutral axis,. E is modulus of elasticity, G is the modulus

of rigidity, 2 is height of the beam and subscript letters f and ¢ are face and core
materials, respectively. Now, denoting ¥$;=h./h, K=E./E; and o={1—(1—K)8}/K, it
is found that (see Fig. 2)

¢ = % {1~8(1—K)903}

Ay = 8—15¢,+10%3— 3¢5

2. = K(150?P,—10w¥3+393)
For the tapered members (>0):

The apparent value (E) of modulus of elasticity and that (G) of modulus of rigidity
of the members are approximately taken as the following,

_ | ®&1+ELas
E==2—0f _ (1.3)
S Ldzx
0
(Gt
G=-"2 - (1.4)
S A.dx
0
The mid-span deflections &, and J, can be seen that
P 1y 2 ,
% = 4L, (1+ ?) {1n(1+ﬁ)— 2+ﬁ} (1.5)
_ 8PIA+§) 38 } :
b= et PUtA— G (1.6)

where I, is the moment of inertia of the section with the highest depth in the span
and I;=bh}/12, B=(h;—hy)lh,, A is area of cross section, and the other marks are the
same with those described above (see Fig. 2).

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

1.3 Construction of specimens

As shown in Fig. 1, the specimen was formed by joining three members, one beam
and two columns with uniform or varing cross sections, together with nail-glued Shina-
plywood gussets. A 5cmX5cm Ezo-matsu (Picea sp.) stiffener block was inserted
between the gusset plates along the free edge to prevent the buckling. Some properties
of the plywood are shown in Table 3.

1.4 Kind of specimens
Ten specimens were used for this investigation and these are classified as follows :
Nos. 1 and 2: All members were Todo-matsu 5 ply laminated wood with uniform
cross sections.
Nos. 3 and 4: The beams were the same with those of Nos. 1 and 2, but the



F et AR L ORET — A VORI LT B1R) (T 9%

columns were Todo-matsu tapered bars without reinforcement for the tapered faces.
Nos. 5 and 6: Todo-matsu laminated beams and the tapered columns reinforced
by gluing the Todo-matsu lamina to the tapered face.
Nos. 7 and 8: Mizu-nara and Todo-matsu composite beams and tapered columns.
Nos. 9 and 10: Dake-kamba and Todo-matsu composite members.

1.5 Stiffness test for the frames

Two kinds of loads were applied in a vertical position as shown in Fig. 3: one
was a vertical load at the mid-span (Point E) and the other being a horizontal one at
the knee (Point B). In the former, the frames were erected in a pair with spacing 1m
on center, on the steel channels anchored, and the load was applied by a hydraulic jack
with 5-ton-capacity through the beam which was put on the frames. The deflections
at Points E, F; and F, were measured by dial gages with 1/100 mm readings and 30 mm
stroke at .50 kg load increments until 500 kg loaded. In the latter, the frames were
tested individually and the load was applied with 10 kg weights by using a fixed pulley.
The deflection measurements were made with the dial gages mounted at Points B, F;
and F, at 10kg load increments until 80 kg loaded.

1.6 Destructive test for the frames
For the destructive test, the horizontal load was applied hydraulically at the knee
(Point B) of the frame and the horizontal deflection at Point B was measured by
a bamboo ruler with 1 mm readings at 20kg load increments until failure occurred.
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.

2. Calculations
The two-hinged quadrangular rigid frame with tapered columns was analysed

theoretically by the method of consistent deformation as shown in Figs. 4 and 5.

2.1 For the vertical load

In Fig. 5 (1), the horizontal reaction (H4 or Hp) at Point A or D, moment (M3 or
M) at B or C, and moment (Mz) at E are as follows:

PL
Ha=Ho = 573557y 29
PL
Mz = M = B2kd 1) (2. 4)
PL PL 1 ‘ )
My = PL -1 = Bl ] (2.5)

where. % is relative stiffness and 2=2EIzTHEIsa+Elcp) L, Isc is the moment of inertia
of the member BC (beam), Iz, is that at Point B of the member AB (column), Irp is
that at C of the member CD (column), and
- PR _M}
é1 = (1+ ﬁ> {ln(1+.ﬁ) e
19 = (hBA_hAB)/hAB = (hCD_hDC)/ hDC
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Bending deflection (y6z)) and shear deflection (0ms) at E are calculated as follows:

_Pp (11
P50 = e {3 4(2k¢1+1)} (2.6)
_ P33 (hV( E | E
VOE(s—BC) = 48E Ly 20¢'<L> (lf G, + 2g Gc) 2.7
_ _6PL _ BB+58) 7
vOR(s - AB,CD) = 5AGE {4ln(l+,3) 0T BF } (2.8

where ¢, s, 4, E;, Gy, E., and G, are the same with those described in equation (1.2),
and Ay=hasb or =hpcb.

Horizontal deflection (ydrp)) due to bending at F; or F, are calculated by the
following equation. )

kPL*T$,

T 16EIxc(2ké L 1) (2.10)

Vali(b) =

where

$, — <1+ %)3 {ln f(ffz;) - 2(1+ﬁﬁ)2(2+ﬁ>}

For the frames constructed entirely of the members with uniform cross sections,
¢:=1/3 and ¢,=1/8 are substituted in the equations described above. Then, the follow-
ings are obtained.

Hy= ?7%21%-3)_ (2.3)
Mp=H,T = 8(%—1;3) @. &)
Mz = ZL {1_ 2(213+3)} 2.5)
vozw = 16%1}330 {_:];“ 4(2:+3)} (2.6)
i E%%@ 2.10)

2.2 For the horizontal load

When the horizontal load is applied at the knee (B) of the frame, the moment (M),
shear (Q) and axial force (INV) diagrams are obtained as shown in Fig. 5 (2). Deflections
at B and F, (or F,) are calculated as follows:

PLT®

280 = 12 50 (6kd1+1) (2.11)
2

BFp) = EZ_IE‘%(;— {Gk (D1 +d)+ 1} (2.12)

For the frames constructed entirely of the members with uniform cross sectioms,
the followings are derived.

PLT?
= ————(2k 2.11
2B 1261 (2k+1) ( )
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PLT®?

a0mp) = O6Em (112+4) ‘ (2.12)

In the case of applying the horizontal load to the frame with the tapered columns,
the maximum value of bending strength (0y-max=2M/Z,, Z.: section modulus) will occur
at the section having a depth h.=2h g or =2hp;, and in the frames tested, since S=1.5,
this section is found at a height of 100 cm from Support A or D.

Then,

Op-max = Mygo/Zino i (2.13)
and

My = PT/3, Zyw=2bh45"/3

3. Results and conclusions

3.1 Stiffness of the members

Results are shown in Tables 5 and 6.

For the members with uniform cross sections, the calculated values of the elastic
deflection including shear deflection coincided closely with the experimental ones; the
average value of ratio (Exp.)/(Cal) in the mid-span deflection was 1.01, the maximum
being 1.07 and the minimum 0.92. Also, for the tapered members, the calculated
valies agreed approximately with the experimental onés ; the average value of (Exp.)/(Cal.)
was 0.96, the maximum being 1.00 and the minimum 0.92. It seems, therefore, that
the flexural rigidity (EI,) of the members calculated from the properties of laminae are
used with sufficient accuracy for calculating the deflections of the frames.

3.2 Stiffness of the frames

Results are shown in Table. 7.

3.2.1 For the vertical load at E

The. calculated deflections (pdz@zy+rdzes) at the mid-span (E) of BC-member were
slightly larger than the experimental ones for the frames constructed entirely of the
members with constant cross sections (Nos. 1 and 2); the values of (Exp.)(Cal) were
0.83 and 0.85. The experimental values and the calculated ones for the frames with
the tapered members agreed approximately with each other; the values of (Exp.)/(Cal.)
ranged from 094 to 1.01. From these results, it may be seen that the plywood gussets
have remarkable effect on the stiffness of the frame consisted entirely of the members
with uniform cross sections, but these have little effect for the frame with the tapered
members. In the deflections (y07) at F, the experimental values were slightly larger
than the calculated ones. It is considered that this fact has been caused by the
experimental error.

3.2.2 For the horizontal load at B

The calculated deflections at B and F were slightly larger than the experimental
ones ; the values of (Exp.)/(Cal.) ranged from 0.71 to 0.85. In this case, it may be seen
that the gussets have remarkable effect on the stiffness of all frames.

If the dimensions of the member BC, those at B of AB and at C of CD, the modulus
of elasticity, and the bending strength of all members are constant, the deflections and
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strength ratios in the frames with various tapered members (8=0~2.0) are calculated
as shown in Table 8.

3.3 Strength of the frames

The results of the destructive test by applying the horizontal load at B are presented
in Table 9 and summarized as follows:

Nos. 1 and 2 frames failed by 810 to 880 kg loads which were the highest in this
test. Nos. 3 and 4 failed by 640 to 690 kg loads which were about 80% of those for
Nos. 1 and 2. Nos. 5 and 6 frames reinforced by gluing a Todo-matsu lamina to the
tapered face of the column were did not stronger than Nos. 3 and 4. As the reason
for this, it may be considered that the decrease of the strength for Nos. 3 and 4
frames, which is caused by the slope of fibers on the tapered face, has been very small,
since an angle between the fibers and face is about 2°17” and the effect to the strength
is not so large. Nos. 7 to 10 ‘frames reinforced by the stronger hardwood laminae
failed by the loads of 770 kg to 860 kg which were very near to those for Nos. 1 and 2.
It seems that the reinforcement by the hardwood such as Mizu-nara or Dake-kamba is
very effective. .

The maximum values of bending strength (0s-msx) ranged from 582 to 847 kg/cm?
and were 2.8 to 4.0 times the. allowable stress intensity for the laminated beams
consisted of select Todo-matsu laminae under short time survice (gf5=200 kg/cm?).

As will be seen from the deflection (dmex) when the maximum load has been
applied, the flexibility of Nos. 7 to 10 frames is superior and that of Nos. 1 and 2
being slightly worse than the others.

3.4 Strength of the members
As shown in Table 10, the moduli of rupture (ss) of . the members tested ranged
from 512 to 829%kg/cm? and coincided approximately with the values of gpmsx in
Table 9. From this, it may be seen that the joints with nail-glued plywood gussets
have sufficient efficiency.
3.5 Properties of gluing
As will be seen from Table 11, the glue bond strength was sufficient for all glued
layers.



