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1. #% L]

REFEHREER E LTR G AR g, BE, 7V~ 7BEETOR, K icFHE
SRTHY, ThOOMFEREDCHTLERYN, EROBRBHLWCShHBE I h T
51)’2)’3)0

AMANA-BooTHD 13, WHKEXREFEMEY BAW-8E, E£E 2L oflTERmY T
LTk, FEEHCRIFORD X5 KEH, Y YHOBMC v v EETHEE, &b
FRE K, (slip modulus) O AFEAL, Zhe LT, UFORERXY %1,

HH—Y 7ERETXCO S CHMBE (shear transfer) 1TE#HETH 5,
ORI, Bt otTRToATRETH S,
WE—- BT, ERNTHS,

V7 LEM E O, B b,

COXSARNVDEMACHKETHRER L, BHACPR-T, S 3 0Hie
T, VI ERACORTHA TS, ZOBSIL, shear lag EITH TV 5, ZDfew,
Ll xre—ROoMTERCERT I, ZOoBPICRD I RT OR IBLY BE
L, RANZORMeE—cofits L RETHLENRD D, ZOBEINLEHIEN, 52
8 (effective breadth) LT 53D TH 5,

LZAHT, ERMEREIND LI NETEHUEME X AEH & LTRATAE, 2h
LOEMIL, TORBBMET R, v LEFRES X 5 i BT 5 0O0NEREHT L
bAHAKHBEC T, BEDHEO ENLS—BHTH), BR\LEBROCHRIET 3 Lk
T, OB 2 -2 DF, Thbh, BXEAMEORERREINS,

e, LBROT HRBCNTARES, FEAEECK VUL, LB Ihi,

ThboDz ehb, ARETE, AHCRIEENKEELSE 580 KEH B2 FF
L, ¥, V7 LM EORAEEMT, 818, REBBESCMLT, - BEkeTsEE

Ll

BRIEELECKLTHE AR LB L=5A b~—FEED y
34ME LT, RE RARMEML, HF B 5

COWTHRF R IZ 72,

%, ARREBCLICHID, Kk, BB, @ A
BE VIR UEBOHRTRACH L, R0’ 82
&1 5, P x
H} o
2. BENXRAOHTICHET ZEHER Rl "4
z
2.1 EHELTHXRARANEERALLSA Bl < An OBERDE 0%

R, S BIVEERSAN-1ZRERT\V5X Fig 1. Coordinates for the panel.
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ST HE A A DEMIGTCOVTE, SherEGLAIMEE LTELS L,

N, = 30 N, = 3%

*p
oy’ 0x? ’

oxdy
TEHEIND Airy OIGHEE ¢ BT, UTOHL> HBRTERLES,

(1)

Fo ago
Frey +2a zayz ﬂ =0 (2)

i a = Eyf2Gry—vsy, B = E,E,
o T RK 2) o—BRI,

= n§1 [A,, cosh Jjwx + B, cosh Lwx+C, sinh Jwx+ Dy sinh szx] sin wy
(3)
cee, h=AVatva—p , h=Ada—J -8 , o=mnaL
REMBBWTE, BRE-FS0PFRUTHLEBELONS.)
ZZ TR TORRE A F AT HEREMHL,
L y B LR hRR e st %,
2. EHBERICINT, Na=0Th%,
3. VFLEMEDERFE KIS, FhENOBEELHENLT Y & OO,
M3 OWTUL, SIE AR AR LTUREERE, ¥
ke, BESF R LCREFEOPLRE, Thbb, & e ber—
bic) 7B ETH B z= BT, ThEHAL
oo TORKETTIE, ¥ 7H0E XD AHORS ¢F<z<
b) DRBORAFTHMEER LET, N-2RTRHET
BESET S, ChEBF i, o=b PERE LCHEE K

FERETH2O00NBEH e 2 BA LTSI kit d

X

>
s,

THLEEND B LELORDH, CORZL, behklT bk
b—b AN E EIIT, REHTHT, HRIEVLVSA 5’ Q
KBEZLDOLRLIS, -

. . N B—2 mPoy 7 kieksids
¥, UEoEREtCing, YV 78 I0HEHM OMIT Y I3 5 A

DONTHE, ZhOOMBREVWEELWERETAZ LR X Fig. 2. Normal stress distribu-
tion of the flange.
D, IGHBEBRUTOX 552605,

o= 21 A, [conh Awzx+6, cosh lzwx] sin wy (4)
e
colk, An=- =M,

S BIG5, &)+ Cozn)
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EI s(®) + El
tE,f(d) ' KA,

f(b) = 2(4» sinh 4,0b+ 1,08, sinh L,wb)
s(p) = o? [(2§+v,,,) cosh Lob' + (B +vz,) 0, cosh ,lzwb’]

G, ¥) =

+ 22

EI amrz
C =Ko
0, = —cosh 4wb/cosh Lwb
z = % (H+1t)
2 L
M, = TS M sin wy dy
0

EA,: 9 7HO31E bRk
EI: vy 7H, @HomTRiEOR
K:: =hfRE
an: FIEHER

LfCJb;’)'C, ﬁﬁf?—t":‘lbﬂ%i?éﬁﬁrﬁﬁ N.m Ny %J:U:, 3%71[{‘373 Na:y i,

N, = f} —w?A, [cosh Aox+8, cosh lzw:c] sin wy (5)

n=1

= f: @A, [Zﬁ cosh Lwzx+ 4 0, cosh Zzwx] sin wy (6)
‘n=1

Ny = f} —w?4, [21 sinh Lwx+ 0, sinh lzwx] cos oy (7)

n=1
¥, ~xA0TEER Wi,

W M-F: :
dyz = - Elz (8)

v, F: Eﬁ@&ﬁd)ﬁﬁm%&?b y HEBEIGT Ny o
BEREE Wi-0=Wu-n=0 OTFTHWT

22

W= Z zEI[ G, b’)+C,zzn2]Sin @y (9)

Ft, @M OEDIEL, FROERED TR,

i Anf(b) sin wy ‘
b, = l N | = n‘:l (10)
¥ (z=21 Y Anr(¥)sin wy
n=1

o, rp)=o* [ﬁ cosh Awb' + 230, cosh lzwb’]

2.2 EHELTEH MR EERLICES
COBE, BAFERQERTARK e, S d 1 &Iy, EHIEN,
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o' ' oo
ax4+zaxzay2+ay4“° (11)

TRELE D, LA, T, —BRET,

o= f} [A,, cosh wx+ B,ozx cosh wx+C, sinh wx+ Dyex sinh wx] sin wy
=1

n

(12)
BRERSES 2.1 AR E T,
o= f} A, [cosh wx+0,0x sinh wx] sin oy (13)
n=1
Y e Y A P zMTl
Cole A= T BIGE &) T Ctr
~ _ EIs(®) EI .
G, b) = EF®) + LA, +2
FB) = 20 [(1 +0,) sinh wb -+ 6,06 cosh wb]
5(8) = W*[(1+20,+5) cosh wb +6,0¥ (1 +1)sinh wb’]
0, = —cosh wb/wb sinh wb
(fltvx, X (4) & AR
Litis T, HMIGT, BEAK IOCEHEL, Thith,
N, = ‘i —w?4, [cosh ox+0,0x sinh a)x] sin wy (14)
N, = f‘, w*A, [(1 +20,) cosh wx+0,0x sinh a)x] sin wy (15)
n=1
N, = f} —w?A, [(1 +0,) sinh wx+80,0x cosh wx] cos @y (16)
n=1
© M, 22 .
W= 2 5T [1‘ G, ¥)+Cir ] sin wy 17
i A, f(b)sin wy
b, = 22 (18)
> Anr(P)sin wy
n=1

ke, r@)=e? [(1 +20,) cosh wb’ 48,00’ sinh wd’ ]

2.3 ghiFE—2*> b M D FourmEr EXBIHRN
ARADHTREVT, TOMEAAVIIAXALERIVIPIVOBBETHS, 25
LicdE, AvI%E-3@DXo5tbs:, EERIBEHMETELRVIAETERS
HN,=05x56h5, £2°TC, ZZTiL H3DKERTIIKE, ~FAMKREIA,
EROTHTEBHELZEE LT, BERERDL,
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r2 r2 _Péz g
L L = .
= — £z 72
2 P2 .‘ P2
(@al 1:‘0—‘1—L"‘J b ra,.r_az +—L {
' | ]
M — M —_
A IR S NG
B3 #HELHCHTIEE
Fig. 3. Assumption for the loading condition.
(Remarks) For calculation, bending moment diagram
(b) was used instead of (a).
M= Zl M, sin wy (19)
e
M, = 2 LMsinwydy = L(l—cosmr) sin w(a, +a,) ~sin wa (20)
n ) Tt 1+ 4, 1
Lic T, 2xADAA varRBESR Wik,
We = W<y - .L_) - W(y=ax) (21)
2

CHELbR%,
2.4 HHWO EROIENARNORS
R10) BB IRA) CHLONABEMOBHE O XAV Lk ), BHHOREL
NRBHACHE > THECTHTHEOREDS LT, “ANOMITREAW 2RDBHZE
NTES,
ZOEBET T, BERO—REMENCIAEREOKHECKT % v HFRABREE & 12,

__F
& = p4E,

LEDLLEBL, 2.1 LRARRRERAATOREELHMC ) LOMOBENLD, UToMs
HRANEZ DI,
&2F

(22)

—(i—y«z——aF-i—ﬂMz 0 (23)
- K (2 1 1
cok, a=o (EI tgast E,A,)
Ksz
‘3 - aNEI
E,Apr: WHOF[E YHEIE
Lz, F= i:',l F, sin oy (24)

LT, ARA@)RRATEE,
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@+ a
Uit T, X AOMFHES Wiz, 2.1 X[k,
EW  M-F:

dy* ~ EI ‘
ki 1 .
= Z g7 (1= ofia) Musin oy (26)
%, Wy-0=Wyu-n=0 DEREHEDOD &L THT,
had Mn .
W= nz=1 o*El <1_ wf-iz—a ) sin oy @7)
TEzbhb,

3. HwHIERFE

3.1 NRJLEEPEOREEMRAER

) SRS, EERYTERFEREREDORE + ¥~ (Abies sachalinensis Mast.) %
FRAL, TOEBHER, FL1LCRTERITHIM, T BTy Y 7HERE I, =
2y 80cm HREFRHEHRIC X % edgewise AHOHMTRRC L Z2H0TH S,

s, VU 7HORRHE, #abG.2) 0o Fx DM EHR KT ZEM EOARERICHE
Tfrln T,

¥io, @M E LT AHEASomERE3 F54 57 VAR (A), A60mmEES 75
4o FEBE B BIOFAS0mmSIS 7 » 43— F— F(C) D 3EELERA LA, AR
Wi, FORBMBES MR L OMFRRC KT B R A vARARCERCEET S0 (1),
FAeTHL0 () BaEhbicw, BHOBHZ, H5ELk2, thboERMTEAY,
#2737,

e, 2T, WFY v 7R Exs oE) 13, A-v 28cm FREPHER X 5 HITRE,
BN R Gy 12, 7V — FBUMTREBR, KT Y vibve, ik, MBITEBC R sREEY 2
BRAA LNV V- OTRIELRDR, ¥, AWRDOFIED ¥ v 7 RE Es, By i3, BT Y
IRB o En, By DRBIERENSEH L D TH D,

3.2 NRAOEILEHE

3.21 YTHEEHEOHEALEE

AFADEHACE L TCONFHEYRoD, $, ABORHEFEHLIC2HD 2 FA
MOkBEBHCTHIdc, ChbD 3 elRT %Y 7HOMFRIEOZEI NS D
IOEE LT, HASREYRELR (R-12H),

3.2.2 UTHEEHEORBSHE

Balx, A—o 31 LT, §1%, BEHFO2BEL LK, BFC O VUL, =7 X
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£—1 J7HOEBHE
Table 1. Basic properties of rib materials
Rib No. b h r “ Ry B
(mm) (mm) (%) {mm) (t/m?)
A L 30,05 5015 0.42 112 5.00 68.9
N R 30,05 50.15 037 121 2.38 69.8
A L 20.95 50.05 043 1.2 408 73.0
1 R 20.95 5025 043 115 338 711
B L 30,10 50.20 0.37 119 2.03 753
+ R 29.95 50.00 0.36 114 261 765
Bz L 30,00 50.10 044 12.2 294 82.1
* R 30.00 50,10 0.38 117 243 82.1
At L 30,05 50,05 0.44 113 3.05 849
! R 30,10 50.20 0.40 115 2.19 847
s L 30.00 50.00 041 12.2 3.00 86.8
/ R 30,00 50.10 0.40 113 6.78 86.3
- L 30.20 50.25 043 115 313 85.7
/ R 30,00 50.10 0.40 115 242 863
- L 30.10 50.25 041 117 2.03 87.4
! R 30,05 50.10 0.43 119 3.69 869
o L 30,05 50.20 041 118 317 91.0
R 30.00 50.20 0.42 115 331 92.0
o L 30.10 50.15 044 120 3.19 92.8
R 016 | 5025 043 119 2,50 938

(Remarks) Each of No. is named according to the combination with the flange material
(see table 2). &: breadth, A: height, r: specific gravity, «: Moisture content, Rw: Average
width of anual ring and Ep: Modulus of elasticity in bending.

£-2 EHOEEHE
Table 2. Basic properties of flange materials
Flange (No.) t r u vz vEy tEe £y Gy Vry
{(mm) (76) | (t/em?) | (t/em?) | (t/cm?) | (t/em?) | (t/cm?)
Plywood (A) 445 0.64 105 10,1 1411 52.0 99.1 7.03 0.202
Plywood (B) 5.96 0.56 9.8 9.6 794 319 57.1 6.55 0.278
Fiberboad (C) 5.27 0.97 74 36.0 15.88 0.256

(Remarks) Flange (A) and (B) are plywoods made of Lauan and Shina respectively. ¢:
thickness, r: specific gravity, «: Moisture content, E: Modulus of elasticity (suffixes
in bending, £: in tenssion, x: perpendicular to the face grain of plywood,
and 7: parallel to the face grain of plywood), Gzy: shear modulus, and vy : poisson’s

mean -

ratio.

b:
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P—EEERTRY 70— 7 (F-L HFELTRERTWS D), REBEESE AULHETE2
D24&HEL LI,

I T # HX30mm, £1.85mm, HEE430mm O§% ) 7oL Lk 50 mm
ELUT, SITHEAENCOT M CEMT 5BE T THHRAT,

I T353R -k BEEBOES, BEOEHY#T, BT YEEOHERY
bR BHHe, BAEABC1Imm ED T A ER L, BACHVWREEN, 7= =
v v AREER (G5000, ==~ (KRB THYH, BEE sPCIHEHL, BEEE
LC—HAMKE L,

I REMEER BEAWEHCKIRBEESEH (=94 F, S-120, =HFHE¥ ()
Bq) REBAL, SHTHES L, REHMIZ, —HBETH S,

3.3 IXMBKRUTSX b7 —ERO—-HHHERE

SRR LA OBERHT, N4RTRTIohBABRGEERL, —ENNRBRET
totc, RBERIL, &&H24, 5204 THA, FRH (V 74) &0H (@) &oiEx
ChER, BELCmmOF oA LA YAy — ok ERLT, HE125kg BIRIE LT,
MR LEEHEIZ, =hE025mm, 05 mm,k 1.0mm T\, £0OH%, HHET 2 CHE
Lz,

Ai-2(2) , R 'l

2P

—————

11000mm DIAL GAGE l
L | i3 L

0 500 - 1000 1500
bs (1 1000mm)

B—4 —EINRRGE
Fig. 4. Method of single shear test.
3.4 NRXNOMITEBRTE
FE 10 BRAL, A%y 60cm, FHEAMBEM20cm, 3X0A-<Y 80cm, HE
REEERESOcm o 2 EWESRET, V FHME, HHL ) 7EOBMER, FE XL, BES
F N DR HFRBEY T o7,
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WEL, 2tAA VA TERR
B X vfr7eyy, TE 10kg 45 140 kg
T, WY FHOPHHERE A v
REENT, BEIO2mom D51+
Ny — B BWTHIRE Lz,

¥, STEUERL, Zhiemx T,
EH# EEx XY SR ECKT 5%
BEE Y —vESmm DA v vy

. 200(300)— |
— YAV IME =btrELr—RFR B—5 ~<FrofikeddRBy%k

Fig. 5. Panel geometry and Method of bending test.

BEH, BC-11, (B)EMEBEHEH L
), BIVFT 2 ABREER (SD-500 A, ASB-50 A, ASB-52E, (B tfEBEH) 2 A\
THELR,

4 BRLE®
4.1 —ENEHHRICKS-HHE (K)

CHRBOEE LT, —ENNARCKT2THOME—ChlE»LD Ko, i,
T hE 025 mm, 050 mm, 1.00 mm TO# D E LABRHSHB SR D Koas, Ko, Kaw O 4 83
Exohbh, ~xARREOEMT Y ELEBENNIVWE L, REERREHCELAS
ED2E0BEA Xy, AT hE025mm TORVELERTHHME—CVEIRLIY, Th
TRDI, TOFERE, FI3RT, =FAr~—BECELUL, EROBOEEZEER
1%, 30mmXx80mm TH 34, THOWMEKHRIZOWTEHE LEORBEEYER T LK,
FAOETITHRRTH S 50mm 4 v, Ficbd, HEEHE 30 mm x50 mm i+ 5 HcBE
LTRLE,

SIEBEAOCHREK L, 754 —-F—F (C) H—FEL, ARMETIE 57 vAK
(A)> > 741k B), A—oARATIX, HEHALRRBHESHFEE TH5R88BE (L) 2,
FHTHHI0 () X ENMEERLTHS, LrL, EROBE, T0£13, BEECRD
bhBERWHR, Zhix, THREEYHETHAFELIRRTY, Slebsrz LR
TRREBEZLIS,

¥, =7 A= —BECRVUL, TOFHBETH D T 2RO BBERES, =i
BERETHERL o), BHOBEEZMbT —BEX LD ERATFHEEIRLN, T2 KEH

HECHFET 2EEBOREN, BHRAOHRECHEIhL D, ZRABREOHIERH
BDLID,
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F—3  ERo AEE (KY)
Table 3. Observed values of slip modulus (Kj)
(t/cm)
Specimene Nailed Joint Elastomer glued Joint
{Average) (Average)
0.914 0.823
Ay
0.884 0.899 0.775 0.799
B 0.824 0.953
+ 0750 . 0.787 1.000 0.977
A 1.000 0.878
/ 0.625 0.813 0.902 0.890
s 0.769 1.042
’ 0.704 0.737 0.953 0.997
c 1421 1141
1.953 1.687 1189 1.165

(Remarks) L : Loading direction is perpendicular to the face grain of plywood.

J: Loading direction is parallel to the grain of plywood.

4.2 RERLOEHITHE

PDToRBRERE, TXC, 89:EL2HHE, WE20kg X b 140kg ¥ TD 120kg O
BRI TOF— 2% FERLCIOTHB (F-4, 5),

F4 ~FroAlvhREL
Table 4. Midspan deflections of panel
(a) P=120kg, SPAN 60 cm (10-2 mm)
Uncon- :
Panel No. Rib nectod Nailed panel Glued panel
panel obs. cal. obs./cal. obs. cal. obs./cal.
obs. obs.
A 1 100.0 97.0 725 87.0 0.83 825 88.0 0.94
L 2 95.5 93.0 68.5 83.5 0.82 65.0 60.5 1.07
B 1 88.0 86.0 66.5 78.2 0.85 770 76.8 1.00
-
.2 .86.0 84.5 675 76.6 . 0.88 58.5 56.8 1.03
A 1 80.0 775 58.0 71.0 0.82 69.5 704 0.99
/ 2 79.5 775 56.5 70.6 0.80 55.0 459 1.20
B 1 770 74.5 58.5 68.8 0.85 67.5 66.9 1,01
4 2 79.0 775 59.0 704 0.84 ) 52.0 46.3 1.12
C 75.5 73.0 55.0 63.8 0.86 65.0 66.2 0.98
725 70.0 575 61.6 0.93 53.5 48.7 1.10
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(b) P=120kg, SPAN 80 cm (10-2 mm)
Uncon- ;
Panel No. Rib nentod Nailed panel Glued panel
panel obs. cal. - | obs./cal. obs. cal. obs./cal.
obs. obs.
AL 205.5 197.0 145.0 1776 0.82 163.0 179.7 091
+ 2 198.0 1905 140.5 1719 0.82 1295 1255 1.03
B 1 183.0 1745 1315 1615 0.81 1505 1584 0.95
L 2 169.5 1635 1315 150.9 0.87 107.0 113.6 0.94
A 160.0 152.5 116.0 1417 0.82 132.0 140.5 0.94
/ 2 155.0 148.0 114.0 137.8 0.83 99.5 91.3 1.09
B 156.5 148.0 1175 1394 0.84 131.0 1355 0.97
/ 2 1575 152:0 122.0 140.2 0.87 96.5 935 1.03
c 1485 1415 1105 125.3 0.88 1250 130.1 0.96
2 143.0 136.5 110.5 121.3 091 102.0 97.7 1.04

(Remarks) Glued panels 1: elastomer-gluing, and 2: rigid-gluing.

8®-5 SxooMEoRmR

Table 5. Ratio of the connected panel stiffness to the unconnected

Nailed panel ! Glued panel
Panel No.

2 60 cm. SPAN 80 cm ' 60 cm SPTAN 80 cm
1.34 1.36 118 121

A-
2 1.36 1.36 143 147
B 129 1.33 112 116
g 125 124 144 153
1.34 131 112 1.16

Ay
137 1.30 141 149
B 127 1.26 110 113
T 131 125 1.49 158
c 1.33 1.28 1.12 1.13
‘ 1.31 1.34

2 . 1.22 I 1.24

V7 LM E R EMRERTSEEND, HEDDSVIREENL, TOBEAEHE BB L,
WHRIOBEILT Vet 2HRRER, KE<EbD, TOKE, @Bk, Bt
DOWMEIL, $TBEFATENT, 1.22~137, =F X b v —EBE R ARLENT, 1.10~1.21,
Tl, REBIBESE 1T, 131~1588 Lx» Tk Y, RHOBEEK L3212, Ea544
CI330BARTII. ThE, X ARERLTVW3 Y 7HoRBETOMTREARS
THRVWCERFEELTED, LT, ThbDOBERLLME % OEM O - & ARt~ Bk
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EEFMT5Z EIXTER,

AN VRRBEZZOWT, TORAMEL BERFTEHEEYHE TS L, £-4(), DRTX
S5, TRTOEM, BakH, I2BoMBELFCHL, I—HKLTVE, LOFHHE
1, AR v60cm WMELFFETOEHE, =72 b ~—¥F, BIUCERESEBEEE A LrHL,
FhFh, 085(S.D.0.04), 098 (S.D.0.03), 1.10(S.D.0.06), Fi, A-tv80cm Ti¥, *
hzh, 085(S.D.0.03), 095(S.D.0.02), 1.03(S.D.0.05) THh, EHL/PhXL, BELK
ETHBENZ D,

SIE ARV RNTL, HEHELRHEL S, OB F &L, B RECHHEmS
hTWB300, ZZCOERFELTHRIKELES B TOENEV AL THY, V7LE
HEOBMT Y BIPIRBECET A0 THE LnEXELbbENE, ERAMNRIL,
FUeEf L V2B, 22T, AR AORMUBELREACTHEZIh LI FTOC I REK %
RKDTHRBE, FORFRTIOIE, —HIMRABRCLIS K EEBR LA )EWEY S - T
BT bbb,

¥, BHREHEMEE, RO DD VLR 17) DS HE T (r=1~5) DERFEME LTRDI,

6 EWCOHRE (K) & A VHFRELH L OGO RE (KD
(818 1) .
Table 6. Observed slip modulus (K;) and apparent slip modulus
caluclated from midspan deflection (K}) (Nailed panel)

(t/cm)
K;
Panel No. K,
anel Mo ¢ 60 cm SPAN 80 cm

1 ) 511 5.95

A~ 0.899
2 6.49 6.19
1 4.39 6.93

B,- 0.787
2 3.06 3.39
1 4.62 431

Ay 0.813
2 5.51 4.10

B 1 0737 3.26 3.32

A ' 3.59 257

1 9.34 6.93

c- 1.687 h
2 356 - 4.73

4.3 EEETORH
Bt EHEeB 2RBAEOT HHB BRI, EJ/Goy VP I7 4 A=K —F X rD—

AT, shear lag DEEHRHELARBEDOI S, LI L, WEALAHETOWATIE, £
DT HOENDIB»IT, MORACEE LN S ldmTEHuRAD S, ¥, vV 7HHET
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DEMEN ST, BER IAWRHBE I FUBMOEM HE~OBEA, A vhRicks
WTRDHIh D (X-6 (a)~(f)),

ChObORAEY, TOBRRTEMELETHE, BEAXAL TR, =72 -85,
REBEE LD, BhEWERE-TED, ¥k, HF - F1rE20Th, ERELINLD
AT O BB Ky BWCICHHEECH LG, AREEEERL O, Thik, EHO
BY - YR XHRBHIHBEBR, BBVEY - VEERBONMERIC L 785 HADERIs
aklé&%thao_oﬁmouf i OMTRRIC BT 5, @i LEOBEEEDER
e FDOBEZMNSLDOEMEDHIT, 5 0.71(S.D.0.06) TH -7, ORI, MAL
ey —CoRRK, YTERRRDA, Fh X EARARTEICEROBERI ELORH
L, coB{IY, BFERFRT THH AL EWESRERREE D, TohPEEERAT
AT EIXTER,

ks, T TR LBREEOERMMEIL, TWE 120keg 20kg~140keg) KBI 53D TH Y,
i, WHREBCEEOBMAZ L DLW, FRLTNTOEHETH S,

4.4 BE—IEHEE, BE-THAOERE

ZETCERLTHAERAIT, TRTREERCESVTWAE, 4§, DH—EOHWET
CHBBEZ VRS 23O W ERE K 2, Kahdb Ke(Ka>Ke) BT LEHEELE
25, TOCHRBEOBA M, ThHRIBMIh, BHBINY 7THROEROKEHIR
HELTWAEM BIED) BHOBRMFIEI L, Lo®R, BEE bETS, —7H, *h
CrvR=z—2 v B3 T500, MTELXEMTFELIHEMNTS, i, BHCR
ATHEIHEDL, ¥V IRBETHIBEREER, ThZhIENTH S,

ThoDzZ edd, BAHECERTAENE IR L, RN VEE, Thbbik
J1o#EmetE-C, LERVWREZOEREA T X5 s vRBEXAWCEBaRE, BHeRE
THEEEAZNOEELR, HHVXY TRBETHELR, MALhLZWMECKH LT, Rigoie
BEfREEY RTC ENTFRINS,

H-7{a)~(c)ic, FH L hBOhABYLRHE—RELR, THEYTRT. B %1 T
2, ERoEERILEPRTWADRM LT, BT Y RE L REBRESE <x 1T
3, B, BELBITESEMN, ¥, = A b= —#EFFx0L, PESREEBRERLT
W3,

¥, ThboBRMRIE, HE20kg ToBL, EBXELALL, WE M40kg ToLhs
D% 1 & LT, BARSIBEEBARCERLT G Try t LELDOTH S,

4.5 EHOEDHE .

HEH OB BB (5/20) D A 2 VR BT HERE L BRHEME L % &7 (), (b) R
T, 22T, FlMEE Licoid, BEOEJIHHLSBIETH S,

BB OBMBETEEY, BEASERRE- T, MOLENREESRALTIE, FL W
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RT AFAAEHOAAVHRCKT SHEBEL (b/2b)
Table 7. Effective breadth ratio (be/2b) of panel flange at midspan
(a) SPAN 60 cm

Nailed panel Glued panel
Panel No.
obs. cal. cal./obs. obs. cal. cal./obs.
N 0578 0673 115 0.707 0.673 1.10
) 0613 0.673 110 0.710 0.610 116
5 1 0.580 0.743 1.28 0.823 0.743 0.90
o 0.700 0.743 1.06 0.767 0.677 0.88
A 0533 0567 1.06 0.600 0563 0.94
Ty 0.537 0.567 1.06 0,583 10503 0.86
B 0.613 0.653 1.07 0.653 0.650 0.99
T 0.603 0.660 1.09 0.697 0.580 0.83
. 0.827 0.850 1.03 0.963 0.847 0.88
T2 0.833 0.840 1.01 0.833 0.777 093
(b) SPAN 80 cm
Nailed panel Glued panel
panel No. - I
obs. ' cal. l cal./obs. obs. cal. cal./obs.
A 0.637 0.707 111 0.773 0.707 091
: 0.703 0.707 1.00 0.803 0.730 091
5 0.633 0.780 1.23 0.747 0.780 1.04
o 0.743 0.780 1.0 0.850 0.807 095
A 0557 0590 1.06 0.647 0.590 091
g 0553 0.593 107 0.643 0.627 0.97
5 0.640 0.683 1.07 0.747 0.638 0.92
Ty 0.657 0.683 1.04 0.737 0.707 0.96
. 0.893 0.883 0.99 0.960 0.883 0.92
2 0.847 0.883 1.04 0913 0.920 1.01

Ex & 25ELLOM, CTHLRAHEER, 2.1 CBERLAREZOPELYZTTEHL
TkbH, REBBEEFEFCHTIEE, BEBIRL-TW5,

EHELFHBEBEE O, FEAEHFTHL, FHOII~NLIBELESTWESR, UTO
Blbb, ThIDLETRCETSS LB RIRL . AHIEL, TOEBRCHOL I
XowEHe, BRETHEM BIED) BHACESWTERIhSGY, —F, 2 TRbE
ey, ERECnZ, MPERSLEIHARCE TR TV 200, ThRBHRHFC
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FET 57D, BNAHELERCHET S Leikd, OB, V7 EEH L OMH
HThrps, 618, =5 A b~—EE xVTHELRD, oL, TIT, shear lag &
FRBE D bending lag DR EXRDH LT, TOBEL, HBIh, BHELBIIOLE

BES5B,

¥h, BRIEL B./20) 13, M—D&HT (xAWR, WELRHE) T EHO E/G:
EBVWERERRED D LY, FEORE) biEMIhTw3A, & & TR ICEMEE,

C B1 AL By Ax c B. AL B Ar
a 1.0 ro’ o 10 .
3 N S e
4 3 o 0.
08 NN 08 3
@ e
) | o
19 5
os. ot 8f e —t—p— 06 "4+ >
®~— @
04 O  OBSERVED VALUE 04 © . OBSERVED VALUE
——  CALCULATED VALUE } ——  CALCULATED VALUE
A
L1 1 1
0 2 4 [ 8 10 12 14 0 2 ] 8 12 7%
(a) SPAN 60cm Ey/Gxy (b) SPAN 80cm Ey/Gxy
M—8 EH D Ey/Gry LHBEE (be/2b) & DB (a), (b)
Fig. 8. Relation between Ey/G:y and the effective breadth
ratio of the flange.
F8 FYE»rLOAAvhRELOFHEME (Cal. II) (a), (b)
Table 8. Caluclated values of midspan. deflection by using the effective
breadth of the flange (Cal. II) (a), (b)
(a) SPAN 60cm
Nailed panel Glued panel
Panel No.
cal. I cal. IT II/1 cal. T cal. II 1I/1
A 87.0 87.1 1.00 88.0 88.1 1.00
* 835 83.6 1.00 605 616 1.04
B 1 78.2 78.3 1.00 76.8 76.9 1.00
L 2 76.6 76.7 1.00 56.8 57.7 1.02
A 1 710 71.2 1.00 704 70.6 1.00
o 706 70.8 1.00 459 470 1.02
B 68.8 69.0 1.00 66.9 67.2 1.00
”~ 70.4 706 1.00 463 475 1.03
c 63.8 63.9 1.00 66.2 66.0 1.00
2 61.6 61.8 1.00 487 495 1.02

(Remarks) Cal. I is obtained from Eq. (9) or (17) and Cal. II, from Eq. (27).




118 R R EEDAARE $38% F17

(b) SPAN 80 cm-

T -

Nailed panel : Glued panel

Panel NO- - _—_i—__ e e
cal. I ; eal. 11 l 11/1 cal. I ! cal. 1I l 1I/1
A 1 | 1776 | 1776 | 100 1797 | 179.7 i .1.00

- i

S e | 1119 1719 1.00 1255 1240 | 0.99

—_—— '____ : —_—— _I___.___________._____________—._______,________—-
g 1| 185 | 1615 | 100 1584 | 1584 1,00
" 150.9 150.9 1.00 1136 112.3 0.99
A 1417 1419 1.00 1405 1408 1.00
A 137.8 1380 1.00 91.3 895 0.98
5 1394 139.6 1.00 1355 135.8 1.00
2 1402 | 1404 1.00 935 925 0.99
c 125.3 125.4 1.00 130.1 130.1 1.00
T2 121.3 1214 100 97.7 96.6 0.99

B-8(a), ) CRIRTD L5k, ERECHID E/Gsy 23~141) i LT, BREEE
I {—~HB LT3,

Fho, HRIE b 2BH L TBLRIHITBERAR CDIC L BRER (cal ID 12, b & OBWR
B cal. ) miziFR LR —H L5 (FE-8(@), (b)),

5 & =

B R ¥ Q RIS S 5 MORETEMM (57 V&5 LEXO L Yr ol L %
IS, 77 A= R ¥) REHETHRE 5L OlTRRE, §F, =72 b~ 8%,
REBIGEED S EERETHL, EOR A vhREET 5 EITHES, BEBOSMHEL
Eo\T, AMANA-BooTH ZEOBEESSBRBELEBERT L, UToBEXBL.

mu*ﬁ%ﬁﬂbkﬁ%ﬂﬁﬁ%l@ﬁﬁ%ﬁﬁf%é5ﬁ@*ﬁﬁﬁﬁﬁkﬁﬁk?é
FTRUDARARBNT, A4 vRRELORMIE & BRFME DML, 080~120 TH D,
BVWEAIEDLRS, L, I AR LT, FOME—BLMEOEERE
BbhTwa X3k, V7 EEH EORAERRT ML V1L OB#ERSLL, LoD
FHRRBCOWTORBR Licit, 20BM2EIERBE LB\,

@) EMOBEEIMIE, —HLEXUWRL shear lag BEMBRDH R B, FOEH
HoNE:, ERIAEECAKRLEVWVEYRL T, EEOLFEY T hcoBEEL
oTWh3, :

i, BHOBREEMNECE LTI, OHOLTHERECCIZAEZ{TRY, BRETAIRES
DT ER Y & EMER T L OBBLLBETHZ L RBE Ly,

@) A vihRim G HHEMIERE, MRBEOKRES RAESTRTCOEH Y LT, £
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Summary

On the subject of wooden stressed-skin panels in bending, theoretical and experimental
analyses have carried out by AMANA-Booru!"?, HIRASHIMAY and others. In these analyses,
the concepts of “slip modulus” and “effective breadth” were introduced.

The flange materials used in their investigations were limited to plywoods. In nailed
panels, the assumptions* for slip modulus (K;) are not always appropriate.

In this report, for the purpose of verifying their analyses furthermore, tests on some
of the double rib, single skin type panels were conducted, and their bending properties such
as midspan deflections and normal strain distributions in flanges and ribs were discussed.

The ribs were cut from air-dried Todomatsu (Abies sachalinensis MAST.). Basic pro-
perties of the lumber are shown in Table 1. For flanges, 4.5 mm Lauan plywood, 6.0 mm
Shina plywood and 5.0 mm fiber boad were used (Table 2). In fabrication of test panels, the
orientation of face grain of plywood was perpendicular as well as parallel to the rib length.
The flange property of the former model is respectably different from the latter, for the ply-
wood used has a considerable anisotropy.

The flange-rib connection was made by means of nailing, elastomer-gluing (chloroprene-
rubber adhesive) or rigid-gluing (urea-formaldehyde resin adhesive). Among them, elastomer-
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glued panels are expected to satisfy the assumptions* for slip modulus.

The experiments consisted of single shear tests of nailed and elastomer-glued joints and
beding tests of panels (see Figures 4 and 5). In bending tests, the determinations of normal
strain in the flanges and the ribs were contained.

The results are summarized as follows:

(1) For all types of flanges and connections used in this study, the observed midspan
deflections of rib showed a good agreement with the theoretical values (Table 4). In .the
nailed panels, it is difficult to describe their characteristics of load-deflection and load-strain
curves by using a constant slip modulus (Figure 7).

(2) The observed normal strain distributions in the flanges presented typical “shear lag”
phenomena. Their absolute quantities were, however, less in comparison with the theoretical
values, and which made quantitative estimation difficult (Figure 6).

(3) The ratio of effective breadth of flange to total breadth of the panel (b,/2b) is greatly
dependent upon the ratio Ey/G.y, and for all of the panels (these ratios range from 2.3 to
14.1), the observed effective breadth ratios agreed approximately with the theoretical values
(Table 7 and Figure 8). By using the effective breadth, it may be possible to estimate the
deflections of panels from the general theory of the bending beam such as Eq. (27) (Table 8).

* 1. shear transfer is continuous at all the points in the plate (lange)-rib interface. 2. the
modulus is the same at all points along the beam. 3. the load slip characteristic is linear.
4. no separation occurs between the rib and the plate (flange).



