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KS-75 [1048 281 807 555 02 490 079 | 696 548 04 418 251 250
KS-9 [1003 608 722 722 02 501 091 | 723 570 04 434 251 250

(M.O.E. 33X U'M.O.R. DHifi7iT kg/cm?x 10%)

L1K: 6. 2Cs35EEER ‘

S R R

D T M AR

* D REOT X 5 HEEE
BELmzEh TR, 7R OBELRT,

E.n=0.77Ezs, Eyn=0.53Ezs
5ply 9 mmEREE AR TI
Ein=Eyn=0.72E.s ,
R MEARLBERLOBESTHBHA HERCE2SMM, B S5mmoEYE) vV
e —AVEIREERI LB L, BEARYES LE EbHIcN60ST THER L.
FRIT Thab HBEREBCT - o
TR A vH410mm & LT fRfERiE, ROUEMYRE, fUEH0OERENE
DHETfToTee tF WMEELHHAOMICE ERISmm, EIImmORM/NE2EBEV .
we, 6. 33RAE, B8, LEYY LAMTEZT5EE L OBGRN, EBRIVK
FBETHE avie—LHERLLEE ARV TH 5D,
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HE, DL BE, BBoRAHe LB E FHR | TR, T

- L8 - N N AW 1 410mm
(ZhidfEpo /—r/v@;?%) , Tobhkhi EDLD ERE BABGIRBED 1/ 41EovTDb
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NELES Om ERE #l SEHE
EPEE FTEE B ERE S 2t 2E
GT75A1-2 296 319 0.93 175 167 1.05
GT75A2-2 298 340 0.88 198 177 112
GIA1-2 269 304 0.88 186 171 1.09
GYA2-2 290 325 0.89 195 181 1.08

Om : SMARERARIC 5135 2obd (mm/360kg)
R < o<kt o BV R/ B AR B D RV R
BfET BT B b BV BEREE5, HiABURT5 CHFE L DRBMAD 1/ 4 DWTHIED ThBo

#6.6 BAOMEETBAFLOMTRBRER

AEI B EL rcbhd dm SEEIME
i @ A EEH HAK
o K ERE BTEME FEE
v B @m 1 1.09 1.12 0.97 80 99
d T & 3 1.07 1.10 0.97 128 134
B @ 1 0.49 0.49 1.00 % 115
F ol 6 0.32 0.37 0.86 156 158
F & S 0.53 0.46 1.15 82 98
G o 6 0.32 0.35 0.91 124 120
B @ 1 0.41 0.38 1.08 100 119
H ol 0.28 6.29 0.97 164 166

du MRS AR RO bA (X 10-2mm/kg)
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R OBLEIE 2 DN, hLORA R
KECHELD 5o BCR TR LOEE
R e ERER M E OB G & DEAITK E L,

X, RRKELLBRON, K- AF1E
W RN BT BB DEINEL R
T\ b,

DRI, BREVLWEAEILTW E,
WHE RV LT BB T 2 &2 E
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[ﬁ 6.15 ViTﬁ%*'\—’ v 7%& E,; ?\_’Zf%fci%
ﬁVGZBZ)o
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6.3 ABITZOBERELONT
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— =AM RSP E (6. 7) — e SRR R R E (M6 7)
CEOMTNE P ESHME

AREALOMTRBR LT, AHEESERECERN XIS —BR L Enb, REREOH
FAEZRER L,

EHE, BERFHEN DL 2R ETWROEREZ B

a) | I ADEE

HMEEY v 7R OBER AR Z AT PRI S E D ZRITS,

X, BREEY VY VBGEOAMERAVSZ LiX, BHOFR X DIXEE LI,

AT, BIMEBCAT > HELYRLEORBREVEELTHI L TH T,

IHIE, RFBECH AR ATIE, BEORLYHL U CHMTRIMERIEA B -
oo MEBOR DL, BBOLTH IV IMERD - Tce —FH, BTEEIHIL - HliEE LR
L7z

b) Bn#HaETH R L DBE

REARREEDIEKAERERY, V6, WMoY A TAIRE ARV DOWTEELR
LDTH 5,

EBAD L LFEEE, THMEEYY 7Rk AT, mﬁmﬁkk%m%§&5z
T, HEOHBDITEREBVEELTBEZLETH T

—77, KPBr Ll Ad5 L, BFmiER50%8mL .

Ihr, ENMHEOESE, K=, WsIUOK=1tRAUEAKIEETHEHD <X



REHE OIS & BTEN (e 131

DlchRIXFER—E o, 2D LT, “x Ay ET28EE, Kh B HEE
Tk, PRIt EELE L i\ b2 b,

BTE B & % B

AMBEBROBFHFIH D Izb1cil, KNEHERHM O X v EHEALE, WHOFRIAMEL IR
TRz b,

LisLisdih, RMOLOBERZEFN, TORERLELLEELLLD, &L LR
DELIEVEE LB B,

LZAT, ARERBEIZZOL - TOLEENLD, FOI 5B ERIBEIVWEIEDR
5EBbhdh, REE~OFIHIXELTRES N E VL,

T, AR TEIRBEMNEHOREN IBEOL D, ThbbERR, SWHHEEE,
B2 TRDOMFRIE, BSICRECAMBOBREMBECEREREYEATLC &
FERATo

AR ERD DD OBEMBEBRICAWAEELED Y, 22 THREFIORTASD
FDO1DOTLHBER G,

Loy, FBESEEZLE L VS BD THHEMREECE LR TIW52, FHEEERNEY
THEERE X, L,

X, EREZREXREZH OBREIICHCEROPREE T, HHEEXILA-> T
%o

b, TOFEE 1 FIEOHEITCRZT X

a) EEOEREY O OBOBEMBEIL T N THEITATRETH %,

b) Biso M EEE Y S OWM DR A EENC IR B CHBILTE %,

C)WHTr 75 2 xBETHE, #itHE TR T2 —F—D—HOFHER 2T E

BT ENTED,
d) HMERIERRE, MEESEEHMECH LTABAEUTEE LEYAVWS Z LIt X
h, LENEBCE I BELRD,

COXIEMERELD EREEEACEREREXFIHTETHY, LOBEAMKIISED

whhHLBbhb,

F8E M E

AREIIAREEH DT HOREH 3HEOI D, TichbERE, SREME, Az
ThbOMFRE, BLIUBRCAMROBELERBCH LERERELBEHL, £OEELD
BLEPEBANA TR 75 2% RDB E LD, BERFTIIENS WL OEBELT -
72D THbDo

Y, F1EBECTREAMRELTICE- LBELY, £2 B CRBEEOHEIROVTRAI,

5 3 B IR B LIRS e i 1 5 mBER R o P RIEEITc B b, 820
T — FERE L4 HATCERACCRIETBRR 2 RD T,

HERC LB bIITENE L BN X —FKL, ABIMEOFEH® YR L, 22T, ®



132 B B %\

BWwkh, AVvEL, 53570V /RBEOELDERRTEHRE Y cv&T5H, 73
PREOEE (ZhaeNEET2) clicEs, MR co BRELRDIE2HETTS
2, Z O R/ L BT ohKEL 8D,

—7, BV —F7 172 ABR, ABCRICHENMES V- FTOLOREE (ZhiyZH
EF3) Liz, THbbNE L UREERRIABEET 20T LicdisT, YV 7
BEORILDT I TR I VAAREBLTY, ZHTHELZT > TOIERGFT LEZETH %o

ks, COREBOBEES co AREL IR ORAMIIETT 55, oAk A/L OWD
WK EL 8B,

HEAETIE, BORHBORBIERCOW TR Lice &) BEDOEFENTREZERT
L84E, BRrUurEd LLT BE#EL, VbhbOLIZRVCBRTLITEND D,

Lo Lidih, 20X 5 RBIIBREEMEL KDY, BERWENRG EEELLS, £
T, RS OMEEEMITC I VWERYETCOLIIBFOFE AN B EB L, HERCET
LEFHBERE KD,

BONCEBMEMEILIADORBHEE X< —FKL, AREMEOHEAE LR L. b
z, BRAMMERMBROBEERCO\NT, K~k L A v & OBRERT A2 /ER LRt
CRT A 1 2OBERZRE L,

KE, HS5ETRLHREIER TR, TEREES JOERENFMEISEWR LS Ot
BoORBRARYHRB -1 75 VoML, 727 BRANNEZTEL0ELT, 12
BT Y . T RGOBREELSE, L5 1 0RBEERLBEERNOEAIEEN L E LY
&, ThB2ODBEEONT, AMROMMEITER A RDI,

bR BT AW EME, ENED D CIIERER L BN L B L, ABIEO#AR
A LT

W, MET —A—BRECOWTHH LicE A, V= 7AROEREFANA VIR
E—% (0=0° LTWw5HE, B%rbI0%HHR, X, 0 =45° 084, 30~40%, EWHE
FERE (0 =45°) THAREOHEMNAE LN, Tihbb, LEROME IO EMEANLLD,
ASHBEE T — 2 —FREROFERE R R LIV,

N, MHe oW TORBRHRE T, SWE, B7—-—BHRL L, GMORBHES M
ARV HECHR L45° OBED, 0° OBETREY:, MAOO®MEbiebl, HROBAERK
BEWRER LI

HOETIE, REOABRTEMERBCEVT, BROHEAL TS THEEFRANC L 5#
FHEW A0 O F IR W TR L,

READEIEFBRERD B HICh, HHEEFBRKBTESR T, BAY 4 HAFEER
TEFMMEL T, ~

ERIIBEOHLEETHHE LT, ThhOHEMBITENMEE BN X {—&L, AETE
DFEREETFER Lo

EHE, kO L5 bbbt

HHEEY v 7EEOBER &R E AT PRI S E 9 2RITI,

BRCEY Y 7BBOAMEZHVS Z L EHOTR L D EE LT,

AFRCE T, AEECEI > R2 R LEORBREC-EEL TR L THo T,

ks, AFFHECHAVCIARLTE, BEORAHES L THMITRECKRA S BEL S Lk



REMFOIET) & TN (B 133

olte MEBEOROMIZL LHRLA DI, —F, BTHEREL > HIE#EEYR L. X,
NEARREANEEETAEE, Mok 5 HEUT TR, BmFEcs L, BRrifioRE
BRRAEE 2 W2 B,

BB, HTBETRIAMECHETIREEE LT

o &

ABROETI DO DR, WY FLDEHc), KGR @EE, HiosL#
B % B - Tl R A MRE REFCILELTRLL DV EROBERLETS

S5 EOGTMBRCET 205, EF I JLEER T BE TR EER AN I TEHECH
WRFEFT -1 DTHY, &< OMRE, BEREH - LRE RERLWD, B #EI
H¥%, FHEFAPFCHLELCLrOEHOBELERLET, :

¥io, TOMRBCEL, #HEE, MBIV WICILFERK (R, JEELRER
B T LELCRBOBEERLET,

#3, 4, 6FRBT LI, FILAEARG R v % — ACOS-700 3 kvt ACOS
-900 %, #5FrkFBEEL, LEEAFEAEHFEE v x — FACOM 230-75 2/ L
Too WAtEB Y 2~ LE L TRIHBERLET,

ARREEDDITEEL, EREF IO T — 2 EBICHB IO WICE P RFABF LMEAMN R
BREERHEECHLE L TEHBELELE T,

A LI ERFFELNMH LORE TH %o

X i

1) Bohannan, B and Moody, R. C. : Evolution of glulam strength criteria, F. P. J., 23-6,
19-24 (1973).

2) Tichy, R. J. and Bodig, J. : Flexural properties of glued-laminated lodgepole pine dimen-
sion lumber, F. P. J., 28-3, 27-33 (1978).

3) Koch, P. and Bohannan, B. : Beam strength as affected by placement of laminae, F.P.]J.,
15-7, 289-295 (1965).

4) Koch, P. : Strength of beams with laminae located according to stiffness, F. P. J., 14-10,
456~460 (1964).

5) Moody, R. C. and Bohannan, B. : Flexural properties of glued-laminated southern pine
beams with laminations positioned by visual-stiffness criteria, USDA Forest Service Res. Pap.
FPL 127 (1970D.

6) Sliker, A. : Reinforced wood laminated beams, F. P. J., Reprints available circle iterm 25,
91-96 (1962).

7) Bohannan, B. : Prestressed laminated wood beams, USDA Forest Service Res. Pap. FPL §

(1964). .

8) Coleman, G. E. and Hurst, H. T. : Timber structures reinforced with light gage steel, F.
P. J., 24-7, 45-53 (1970).

9) Soltis, L. A. : Stress distribution due to negativ moment over block supports in a three-span
continuous wood laminated beam, USDA Forest Service Res. Note. FPL (60 (1964).



134 ¥ B 7

10) Pellerin, R. F. and Strickler, M. D. : Proof loading of tension laminations for large glued-
laminated beams, F. P. J., 22-10, 24-30 (1972).

11) Bohannan, B. and Moody, R. C. : Large glueb-laminated timber beams with two grades of
tension laminations, USDA Forest Service Res, Pap. FPL 113 (1969).

12) Bl %2, BR B, MMEFE  ERMOBRCOWTO—EE, LBERERETHRRE, 25
1-11 (1952).

13) Norris, C. B. : Stresses within curved laminated beams of douglas—fir, USDA Forest Service
Res. Pap. FPL 020 (1963).

14) Foshi, R. O. and Fox, S. P. : Radial stresses in curved timber beams, ] of the Stru. Div.,
ASCE (ST10), 1997-2008 (1970).

15) Foshi, R. ’O. : Stresses in curved glued-laminated timber beams, F. P. J., 21-7, 42-48

1971).

16) Foshi, R. O. : CGLB, A computer program for the stresses analysis of curved glued-lami-
nated timber beams; Forest Prod. Lab., Vancouver, British Columbia, Information Rep, VP-
X-61 (1970).

17 Foshi, R. O. : Point-matching analysis of curved timber beams, J. of the Stru. Div., ASCE

(ST1), 35-47 (1970).

18) Ojalvo, I. U. and Linzer, F. D. : Improved point-matching techniques, Quart. Journ.
Mech. and Applied Math., 18, 41-56 (1965).

19) Conway, H. ‘D : The approximates analysis of certain boundary —value problems, J. of App-
lied Mechanies, 82, 275-277 (1960).

200 RE &, Al R KET — A~ —scBT 58508 1 ), LRE#R, 27-2, 395-427(1970).

21) Krajcinovic, D. : Sandwich beam analysis, J. of Applied Mechanics, 39-3, 773-778 (1972).

2D H A, BEEAK: REEMOEGERC L 5BEARROMERE 1 8], BUFER, 1005(1950).

2D F M BEFEAK: RREMOMARC X 2BESRROMECE 2 ), BER, 1448(1951).

2) RA & AHRCBET LR (F28) HERNEEIRO MTHREBRE, HEPR, 715 (1954).

25) Strickler, M. D. and Pellerin, R. F. : Tension proof loading of finger joints for lamina-
ted beams, F. P. J., 21-6, 19-24. (1971).

26) Gopu, V. K. A, and Goodman, J. R. : Analysis of double-tapered pitched and curveb la-
minated beam section, Wood Science, 7-1, 52-60 (1974).

2D Krueger, G. P. and Sandberg, L. B. : Ultimate strength design of reinforced timber (Eva-
luation of design parameters), Wood Science, §-4, 316-329 (1974).

28) Krueger, G. P. and Sandberg, L. B, : Ultimate strength of reinforced timber, Wood Scie-
nce, 6-2, 175-187 (1974).

29) Krueger, G. P. and Eddy, F. M. : Ultimate strength design of reinforced timber (Moment
rotation characteristics), Wood Science, 6-4, 330-343 (1974).

30) Zienkiewicz, O. C. : The finite element method in engineering science, MacGraw-Hill, New
York (1971).

31) Wangaard, F. F. : Elastic deflection of wood-fiberglass composite beams, F. P. J., 14-1,
256-260 (1964).

32) BELR, ERE— SIYE: FREREC ST HEROBERE, BREMFESEE, 5138, 160
-167 (1972). '

33) SHKRERE, ENEH: FREREC I 2BERNT S e 75 4, R (1970

390 IWEFEHE: ~ Y v 7 AEOIH, FERKRFEHKS (1972).



REMB OGS & BB (s 135

35) Zienkiewicz, O. C. : The finite element method-third edition-, McGraw=Hill, New York,
1977,

36) Mau, S. T., Tong, P. and Pian, T. H. H. : Finite element solutions for laminated thick
plates, J. of Composite Materials, 6, 304-311 (1972).

3D ZARRER  AGERBEY OB, AXMBERSEIMARSHEES~ LY » 7 ABERITHRE
WL, 134-141 (1969).

38) JIRE, JIEMERE, ZAKER « SgEmyr, SR (1973).

39) Melosh, R. J. and Merritt, R. G. : Evarution of spar matrices for stiffness analysis, J. Ae-
ron. Space Sci,, 25, 537-543 (1958).

400 RE & - KEFEMEOBREME, KHF¥43EE, 16-6, 251-256 (1970).

41 BAEEES KGR - AR 1973).

42) Clark, J. W and Hill, N. H. : Lateral buckling of beams, J. of the Stru. Div., ASCE
(ST 7), 175-196 (1960).

43) Hartman, A. J. : Elastic lateral buckling of continuous beams, J. of the Stru. Div., ASCE
(ST 4), 11-26 (1967).

44) Powell, G. and Klingner, R. : Elastic lateral buckling of steel beams, J. of the Stru. Div.,
ASCE (ST 9), 1919-1932 (1970).

45) Tokarz, F. J. : Experimental study of lateral buckling of arches, J. of the Stru. Div,, AS
CE (ST2), 545-559 (1971).

46) Akay, H. U. and Johnson, C. P. : Lateral and local buckling of beams and frames, J. of
the Stru. Div., ASCE (ST9), 1821-1832 (1977).

47) Zahn, J. J. : Lateral stability of deep beams with shear-beam support, USDA Forest Service
Res. Pap. FPL 43 (1965).

48) Jenkinson, P, M. and Zahn, J. J. : Lateral stability of beam and deck structure, J. of the
Stru. Div., ASCE (ST 3), 599-609 (1972).

49) Zahn, J.J. : Lateral stability of wood beam-and-deck systems, J. of the Stru. Div., ASCE
(ST 7), 1391-1408 (1973).

50) American Institute of Timber Construction : Timber construction manual, John Wiley and
Sons, Inc., New York (1966).

51) National Forest Products Association : National design specification for stress-grade lumber
and it’s fastenings, Washington, D. C. (1971).

52) Hooley, R. F. and Madsen, B. : Lateral stability of glued laminated beams, J. of the Stru,
Div., ASCE (ST 3), 201-218 (1964).

53) Fowler, D. W, : Design of laterally unsupported timber beams, J. of the Stru. Div., ASC
E (8T 3), 881-889 (1971).

50 AR E, BABE  KEROBRER VT GE1#H) , JtimEas, 625 (1974).

55) NIBERE « EEREEN, SR (1974).

56) JFHRE, BARE  RHEROBH T, Z0ilik (X l) , HEMSE, 25-6, 211-220
(1973).

57) Timoshenko, S. P. and Gere, J. M. : Theory of elastic stability, McGraw-Hill, New York
(1961).

58) JIFFRE, HARBE: <1V » 7 AR L5 REBERITCBEToHE (V) , HEAEBELHR T
£, 1265, 245-252 (1970).

59) ARG HALFOREC X AR oBEERC T 5 £ HEROFHIC OV, BRMELEDS



136 & 5 7 |

BERIINERLER (1973). :
60) NFFBE, HFREMH: <1V v 7 AR I HBORT D @Y, LEME, 20-5, 246-248 (1968).
6D JIFERE, BEERE  REROBE T35, =0RA& (x03) , HEWSR, 25-9, 361-372
(1973). .

62) Newlin, J. A. and Trayer, G. W. : Deflection of beams with special reference to shear de-
formations. USDA Forest Product Lab., No. 1309 (1941).

63) Ehlbeck, J. : Durchbiegungen von biegetrigern aus holz unter beriicksichtigung :der schubv-
erformung, Holz als Roh und Werkstoff, 27. Jg. Heft 7, 253-261 (1969).

64) Biblis, E. J. : Shear deflection of wood beams, F. P. J., 492-498 (1965).

65 RE 2 : REROBMEA LB T 5 EMEtHE, L EAFREERELRAN M IEREREE
K C1961D.

66) B B ABHEROY=IHLLTOYIEIVTS 7 vAROHERE, AXRRHESILEES
WEEE, 3, 10-13 (19710.

67) ®mE B, JIDIEX : Box-Beam B3 5878 B 18D , KM%¥EREE 7, 101-106 (1961).

68) =i %, JIAIER: Box-Beam B 555 G238 , RM%E&E 7, 264-268 (1961).

69) BREE—HE, KIEEE, MHHER: 8k Y = 7RI Uiz 1 B XU Box BAEROWRE (L0
1) , BEFm3cmEs, 205, 11-20 (1973).

T0) BelE—ut : I OKR & Wik R 2 v IIEIO & b7 5 B CREUT O e BRI D o T (R
ERHEDOHE) , BRFEARICRESE, 63, 557-560 (1959).

71 Booth, L. G. : Shear deflection of box and I beams formed from flanges and webs with di-
fferent bending and shear moduli, J. of Iast. of Wood Science, 7-6, 37-44 (1977).

72) Stieda, C. K. A. : A shear stiffness factor for plywood box beams, Forest Prod. Lab. Van-
couver, British Columbia Information Report VP-X-31 (1967).

73) Lewis, W, C. : Design of plywood webs in box beams, USDA Forest Prod. Lab., No. 1318

(1952).

74) Lewis, W, C., Heebink, T. B. and Cottingham, W. S. : Design of plywood webs in box
beams-Buckling in shear webs of box and I-beams and the effect upon design criteria~, US
DA Forest Prod. Lab., No. 1318-B (1960).

75) Lewis, W, C., Heebink, T. B., Cottingham, W. S. and Dawley, E. R. : Design of plywo-
od webs in box beams-Additional tests of box beams and I beams to substantiate further the
design curves for plywood webs in box beams, tests of plywood webs in the tension field-,
USDA Forest Prod. Lab., No. 1318-C (1956).

76) Lewis, W. C., Heebink, T. B. and Cottingham, W. S. : Design of plywood webs in box
beams-Buckling and ultimate strength of shear webs of box beams having plywood face grain
direction paralled or perpendicular to the axis of the beams~, USDA Forest Prod. Lab., No.
1318-D (1959).

71 Lewis, W, C,, Heebink, T. B. and Cottingham, W. S. : Design of plywood webs in box
beams-The effect of repeated buckling on the ultimate strength of box beams with shear webs
in the inelastic buckle range-, USDA Forest Prod. Lab., No. 1318-E (1959).

78) March, H. W, : Buckling of flat plywood plates in compression shear, or combined compre-
ssion and shear, USDA Forest Prod. Lab., No. 1316-A (1942).

79) Diets, G. H. : Engineering laminates, chapter 4 plywood, John Wiley and Sons, New York

(1949).
80) Design of Wood Aircraft Structures, ANC-18, Bulletin (1951).



REHBOIE L BEN (s 137

81) Stieda, C. K. A. : Strength of plywood box beams, Forest Prod. Lab., Vancouver, B, C.
(1967).

82) Egner, K and Kolb, H. : Elastizitit und Festigkeit geleimter stegtridger—vergleich des verh-
altens nach prebdruckerzeugung durch spannwerkzeuge und durch drahtstifte-, Holz als Roh
und Werkstoff, 21. Jg., 22-29 (1963).

83) Forest Product Laboratory : Form factors of beams subjected to transverse loading only, US
DA Forest Prod. Lab., No. 1310 (1941).

84) The American Plywood Association : Plywood design specification (1974).

85) The American Plywood Association : Fabrication of plywood beams, plywood fabrication spe-
cification BB-8 (1974).

86) The American Plywood Association : Design of plywood beams, plwood design specification,
Supplement, 2 (1974).

87) REE : AWM ROMENRE - & 1 3, WP, 294%, 195-219 (197D).

88) Stieda, C. K. A. : A finite element solution for the torsional rigidity of box beams, Forest
Branch Departmental Publication No. 1255, Forest Prod. Lab., Madison, Wisconsin (1969).

89) Timoshenko, S. P. : History of strength of materials, McGraw-Hill, London (1953).

90) Martin, H. C. : Introduction to matrix methods of structural analysis, McGraw-Hill, New
York (1966).

91) Martin, H. C. and Carey, G. F. : Introduction to finite element analysis, McGraw-Hill,
New York (1973).

92) EHET : HAKRE R Lo FEI: (E1H) , K24, 26-6, 394-399 (1980).

93) Newlin, J. A. : The designing for strength of flat panels with stressed coverings, USDA
Forest Prod. Lab., No. R 1220 (1940). :

94) Foshi, R. O. : Stress distribution in plywood stressed skin panels with longitudinal stiffene-
rs, Department of Fisheries and Forestry Canadian Forestry Service Publication. No. 1261

(1969).

95) Ammana, E. J. and Booth, L. G. : Theoretical and experimental studies on nailed and glued
plywood stressed~skin components « part 1 -theoretical study, J. Inst. Wood Science, 4-1,
43-69 (1967).

96) Ammana, E. J. and Booth, L. G. : Theoretical and experimental studies on nailed and glued
plywood stressed-skin components * part 2 -experimental study, J. Inst. Wood Science, 4-2,
19-34 (1968).

97) Kemmochi, K., Akasaka, T. and Hayashi, R. : Shear-Lag effect in sandwich panels with
stiffners under three-point bending, ASME Jour. of Applied Mech., 47, 384-388 (1980).

98) SPIRFRE : KE < x Lol B4 5898, HAPER, 255%, 1-21 (1973).

99) Méhler, K., Abel, G. und Ehlbeck, J. : Zur berechnung doppelschaliger geleimter tafele-
mente, Holz als Roh und Werkstoff, 21. Jg. Heft 8, 328-333 (1963).

100) Reissner, E. : Least work solutions of shear lag problems, J. of the Aeronautical Science,
8-17, 284-291 (1941).

101) Reissner, E. : Analysis of shear lag in box beams by the principle of minimum potential
energy, Quarterly of Applied Mathematics, 6-3, 268-278 (1946).

102 RE #&: 2 BETERoMTHIM: L5388, JoRE#R, 33-1, 139-166 (1976).

103) RE f&: TEMOFAMEH o\, BERMESIEETHENE, 8, 33-35 (1976).

100 RE & WEAEE « RESTERALROEM AN, JekE#, 35-1, 123-138 (1978).



138 T B B w

105 b ¥, RE & TEMoBNkEE, JbAEE, 37-3, 687-719 (1980).

106 BB B, RA #&: KL RETFEHEOSTEA T A3 G 138), JLkE#, 37-3,
721-746 (1980).

10D RE #&:SFEREOEEMS, JbAES, 37-3, 747-758 (1980).

108) Wilkinson, T. L. : Theoretical lateral resistance of nailed joints, J. of the Stru.. Div., A
SCE (ST 5), 1381-1398 (1971).

109) Wilkinson, T. L. : Analysis of nailed joints with dissimilar members, J. of the Stru. Div.,
ASCE (ST 9), 2005-2013 (1972).

110) Thompson, E. G., Goodman, J. R. and Vanderbilt, M. D. : Finite element anal};sis of
layered wood systems, J. of the Stru. Div., ASCE (ST12), 2659-2672 (1975).

111) Thompson, E. G., Vanderbilt, M. D. and Goodman, J. R. : FEAFLO - A program for
the analysis of layered wood systems, Computers and Structures, 7, 237-248 (1977).

112) Vanderbilt, M. D., Goodman, J. R. and Criswell, M. E. : Service and overload behavior
of wood joist floor systems, J. of the Stru. Div., ASCE (ST 1), 11-28 (1974).

113) Sazinski, R. J. and Vanderbilt, M. D. : Behavior and design of wood joist' floors, Wood
Science, 11-4, 209-220 (1979).

114) Polensék, A, : Finite element analysis of wood-stud walls, J. of the Stru. Div., ASCE
(ST 7), 1317-1335 (1976).

115) Polensek, A. : Rational design procedure for wood-stud walls under bending and compre-
ssion loads, Wood Science, 9-1, 8-20 (1976).

116) Polensek, A. : Strength and stiffness of walls with wood and steel studs, F. P. J., 27-2,
45-53 (1977).

117) Polensek, A and Atherton, G. H. : Compression-bending strength and stiffness of walls
with utility grade studs, F. P. J., 26-11, 17-25 (1976).

118) BABHYS : BR TR ST 5 ERERE O « F327HEE S84, 39-58 (1970).

119) HWEIEAR : TR o B Has, EAE (1972).

1200 EHER, B &, RE &: FEGH ALl RR, #226E AR AW EREES,
106 (1976).

12D LHER, =58 H, RE f&: SEEH 2 roMlifRE, $200AARHEZLMAERKRER,
194 (1977.

122) EHIETR], FEH#E, RE £ a5 xrofurild, #2288 AAKMELMEREER, 264
(1978).

123) WHEZER « KERE 2 A OBMEMAE, #E, 20-18, 1220-1225 (1971).

124) NIFHBE - EREREOBRR L L0k, £EWHI, 20-5, 206-214 (1968).

125) JIERE, BEHEE  REROBEHLCET s, ZoRA (X02), £EWY, 25-7, 265-277
(1973).

126) BVEIERE - BEdESE, =cmkek (1970).

12D G. 7v CEESEEF) : ISABMES, FLBEKEK. XK. (1971).

12) FW.€a=7=, WH.2~7v, P.G. s~ FVLA, RM. ~¥» b (REEBXR) =2vv
2 — X LB FEEERNT, BRE (1972).

129) HEFBBARMIBEENERS : £y 7 A€ — 2ASEENFREROWE — NERLBE L4 A
y 7 A K — ADHLE & e~ (B51EEZIETE



REHMB OGS L BT (o) 139

1. FREFHIC LD GoKo &V Lo DR

ROBEY B RS\T, Bl s MBEE (4.2) APDHKROIIFIELDIN %,
U=—y0(z)
V=x0(z) 1

W=0'(z)o(z,y)=ao(z,y) |
ol a=0'(z)
Lichis T, TR

7 az= (%+%)=a<%—a;—y) ]

= (Gt e) =« [

L, BOBFTHOFHR=RAF —|T

(A. 1D

(A. 2)
+x>

=—;~SSS(G,17”2+G”M2) dzdydz ¥

—%—G”azﬂg[(%— y)’+ﬁ(%—+x)2] dxdydz (A. 3)
2 f=G.y/Gs

G, VoOESE &L

o= foread[{( =)o )0 Bye)oBp)] anis

+SG”dz SH(%Z——y)Z+ B (%J’ x) }d:cdydz ‘ (A. 4)

—F, BOMBCETEIEY = —2 v b2 M, 2, HmEoENED Ak al (1
REROREX) ThHHEMND, HEAEFIEAIKROL IS,
oV —M,lsa=( (A.5)

LichioT, (A.4), (A.5), BIUV (4. 5a) KXV

Jouaas [[{[5--) o (52 o (=) o (5]} o

[}

[

+ 1 (G(;Koa&a—M,,aa)= 0 (A. 6)
BT, da DEEHNDL, ROXPBEDLN S,
M.=G.K,a (A. 7>

CoT, HREEEC L 2ERMLOL S, BIBMLEILL, (A. 1) RoEBFHARTFWE
BLTERDEB3CE Lo

W=0((0(x, y)=wt(x, y) (A- 8)
OFREHT
a‘u” a’LUt
Tex =3 @, T = 5y +ax

LB, OTR=FAF~ DSV ik



140

5V=5SS%*GN{(%Z—‘— ay>2+ ﬂ(-aa*%-+ ax)z} dxdy

=“G” {(—aawj— ay> ag::t + B (%‘+ ax) Bgz;t} dxdy
+HG”(5 ow, ow,

3y £ or Y +19ax2+ay2) dadzxdy

CA. 9)
LichisaC, REBAEHFERNL, RoL58hbbhINd,

“G,,{(%—ay) ag;o,+ﬁ<aw, +ax> 00w,

o % } dzdy
dw, 0w, 2 2
+S§ G.x (,B*-@—x ~oz Y + pazx+tay

% O #HOW

=

)5adxdy—-1\4,b‘a= 0 (A.10)
(4.26) X% (A1) R0 H5BEHET,
f:f\{by Liy Yis Xjy Yis Try Y 01@4. Zbcxﬁéﬁﬁ)ﬁla j; ko)%%wex)}:)o
we(x, y)=[h)a"Hw.}
ik (h)=01,z,y]

{wﬂv} = {wi, Wi, wk}T

Z I,

(A.11)

TiVe—Zedj TeYi—TiYe TiYi—ZjYi

la] - ViV

24 Ye—Yi Yi—Yi

Xj—Xy

Tr—Xy Xy — T

S X — XY ;T Tk Y i =T Y T T Y — XY
(A1) K& b

ow,

ot = Chad(a™ ) (we) }

awt

oy Ehv][a_l]{we} ‘

(A.12)

-

i [h.t]=[0;1, 0]9
(A.12) REAWT,

ChyJ=00,0, 1]
(A.10) K& = bV y 7 AR T 28, FRRNIFHBRO L 5 7%
HHCOBERTE DL S5 FERTIL

gcmﬂt{awe}Tta-*JTthx]T([h;][a"]{we} —ay)
+B{1e} TLa )T (R T ((hy) (@) (w0} +az)dzdy
+ 5 Gure e | [Balh)a) (we) =y (DD (we)
+Bax?+ay*)dxdy —M ,6a= () (A.13)
218 %,
R SHASARTROBNL, Gud ZEH ¢ KD 58 ABHERIE 7T

(A.13) REEBIKDL 5 EHT 5,
S {dwe}), ba)

x{[Guse

(e )7 ((he]T(ha) +BLRy 1T (R D) [a )T (Bl Tz —[ha)Ty)

{w e}
(Bx(hy)— y [ha))(a™)

24

dzdy
‘sz _l_yz




REMB O & EHMEH (d) 141

~Cwd?, da) | | (A.18
T
(kewd = Gaxe (037 [{ (Ch17 TR+ BRI Th Dddy ()
(ko) = Gaxe || (B2lh) = y Thed)ddy(a™) A1
(kwel = (kawlT '
Ckaod = Guse || (B2 +y)dady
LBE, Ibic
[wa] = 5 Ekww]s [Kaw] = 82 [kaw]
(Koa)= QZEkwal (Kaal= gtkmx] l (A16)
{w}= § {we}

LT, R BB BT sBESRORE TR (A.14), (A.15), (A.16) KX
DROESCHBhED,

(Kuo) (Koa) } {{w}} _ {{0}} CAD
(Kaw) | (Kaal a M,
(A1) KX
(Kaw) (w0} +(Koada={0} (A.18)
(K ) (@) + (Keada=M, (A.19)
(A 18R % D)
()= — (Ko ") (Kuala (A.20)
Lisamh, (A19) RICRATSE
M= ((Kaa) = [Kaw) (Koo' J (Kool " (A.2D)
Ule#inaT, (A7), (A.2D) R DB Gtk
GoKo= (K aa) — (K o) (Ko I Koa) (A.22)
LhHbbE b
wie, Il oWnWTh=1t Y o 2 AERT B,
(4.52), (A.8), (A.1D kb
L=— 2 {[tw) T IR T R VeI ) dxdy (A.23)
2T
Ckro) = |[Ca3TCRITCR ICa) ddy (A.24)
&L, &bl
(Kra)= 3 (kra) (A.25)

& Bl



142 - B o#H W

L=t () T(K 10 (o0} (A.26)
i Bmb (A.20) RERALT

I(l)= [Kwa]TEKmm-le[Klw] [Kluw-lj[Kwa] ) (A 27)
BELR B, '

4822, &R FY v YROEIT

SHRAE< Y > 7 2RO BEE, AHCETBRAE~ Y » 7 ARLBEERCKT S L
DILDTRHBEIND, RO ZIILERD 3 HESWTERBYET %,
1) BHORRDERLMAEHLEBEE, HROHBEXE LI THLENEL B, £IT,
BT H 52, (6.1) RKIFHEIE~ b Y » 7 A%EH L H CHBHED2017207)
((C?}-Z)o

kll 0 klZ ””””””””””””””””””””” kls 0 0
0 0 0 e 00 0
k21 0 k’ZZ ------------------------- klﬁ 0 0
W=l (B.1
ST S — ka 00
0 0 0 b 000
00 0 000

2) (B. 1) RIIRBEERCETHL000C, EEBEERCER LR T b\,
ZOBEWB=P) » 7 AIROEED ThH D,

L] 0
(L)
[(T)=| i j . (B.2)
(L}
0 P (L)
cose sing 0 0 0
—sing cosp 0 0 0
(L]= 0 0 1 0 0
0 0 0 0 0
0 0 0 0 0

¢ EREEER L REES L O omEEs
3D WA 1K SBERED MY » 7 A% T\ Bicsh, EELRE LD X X240



ANEMBOIET) L T (i) 143

= bV y 7 ACHETTREE, iRl T BELES

BERL Y HETRREC: %,
Bz, KB.1 oFEAAxr0f58e7r //,,// /// /d

CEWT, g i MRERLBEELCBD 2// // u// //
l l [ ]

AlEoRFERLVER LN DI,

FIEE A DX 5 eBETh bo ' x (VA

— B E T ERNC R WT, HAEHKO EB.1 ~<*xr0BERERzFL
ALY v 7 ADFHERCEAL .

2T, FEOXI RBEIRIET BT EFIRIDBRCCGHRE LT hiis B,

Z O, TEFlEHEETARbIE, SARRCKT 1 2 AR TERE, ChieHET 5K
MENOLHAEINRZDOT, cofnT eI s LHBIT b,

ek, < b Yy 2 ADM@PEL Cholesky # ' (Rv F= btV y 7 A ZHW,

Summary

This report presented the deformation analysis of wood based materials such
as glued laminated timber beam, wooden box beam and glued plywood stressed-
skin panel and the lateral stability of deep timber beam in elastic range using
finite element method.

The first phase was to develop the computer program which could predict
accurately the behavior of wood based materials at service loads. After a sophis-
ticated mathematical model was verified by carefully designed experimental prog-
ram, the parameter studies which affect the deformation performance of those
materials were made using this proved analysis technique.

In chapter 3, flexural rigidities of glued laminated timber beams were dealt.
The stiffness equation was conducted by using four nodes spar element having
eight deformation modes. To cmpare the pridicted values with the experimental
data, the five beams constructed from laminae of Akamatsu, Sugi and Spruce
were tested for static bending. Good agreement was observed between the analy-
tical results and experimental ones and practical use of proposed expression was
confirmed.

In chapter 4, the lateral stability of deep timber beams with rectangular
cross section was investigated.

Buckling equilibrium equation was expressed using Kawai’s technique and
eigenvalue problems were constructed mathematically. Predicted buckling loads
were presented and shown to be in excellent agreement with measured values
tested by Yamamoto. Therefore it was concluded that the equation described he-
rein was applicable to the lateral stability problem of timber beams.

In chapter 5, the deflections of elastic bending were scrutinized for wooden
box beams. Assuming the flanges carry uniform axial loads and the webs carry
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constant shear stresses, the element stiffness equation was derived. The wooden
box beams were constructed of flange of 4 ply laminated timber beams of Yezo-
matsu and web of 5 ply plywood of Kapoul, and the types of beams were the
uniform cross section and single tapered box beams. In:the case of both center
loading and 2 points loading test, the predicted values agreed with the measured
ones, Comparisons of computed and measured results were described to show the
validity and power of the developed method of analysis.

In chapter 6 the flexufal rigidities of glued plywood stressed-skin panels
were considered. :

The element stiffness equation was derived by using rectangular plate element
for skin and four nodes spar element for rib. To verify the validity of the prop-
osed expression, numerous loads tests were conducted on each specimen and exp-
erimental data were obtained. Comparisons were then made between measured
and computed deflections and the former were considerably close to the latter.
Therefore, the mathematical model for panels described herein was believed to be
of considerable conformability in the prediction of the flexural rigidities of glued
stressed-skin panels which included ones with openings. ‘

Use of a finite element method for the analysis of wood construction systems
will permit the designer to quickly and accurately obtain design data, It is expe-
cted that adoption of this design tecnique will lead to more efficient utilization of
wood and wood products.





