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Estimation of Modulus of Rupture in Bending of
Sugi Beam with Knots by Vibrational Method

Yoshio Nakavama, Yasuo YOSHIKAI
Laboratory of forest Products, Faculty of Agriculture

Abstract : This paper deals with the estimation of modulus of rupture of samples with
knots in bending by dynamic Young’s modulus (Ed). Samples with knots (Cryptomeria
japonica D. Don) taken from mature wood, 15 mm by 30 mm in cross section, and 450 mm
in length were tested in transverse vibrational method by free type and static bending by
the method of two equal concentrated loads. Knots apeared at random in these samples.

Estimated value of modulus of rapture in bending was calclated by equation (3), where
the Ed in equation (3) was calculated by equation (2).

The relationship between the esumated values and the experlmental values were shown
Fig. 1 and Fig. 2. '

In the case of the perpendicular bending moment to the plain with Knots, the average of
estimated values was less than the average of experimental values. But in the case of the
parallel bending moment to the plain with Knots, the average of the estimated values was
almost equal to the average of experimental values.

In Fig. 1 and Fig. 2 those plots were scattered near the line d,,=a,, and some plots were
located in the risk area for the structural timder, so that each estimated value had to be
culculated larger than each experimental value.

Now, the estimated value of safety was calculated by equation (15) when the level of signifi-
cance in 5 % and the result was shown Fig. 8.

It was estimated that the average of the estimated values was about 1.7 times to the
average of the experimental values, but the average of the estimated values was calculated
about 40 % larger than the value by the present working stress calculation in Japan.

i C & K

HHEICE O TR E SRR & LTR384 0F AR N EHTHRIE—RICHER /N
DM REE CETHE A3 TRRAE, EEaEr 2 FIaE) I pIRRERE (356), RAKRHK (Y8
B XUTERREIC L 2 8RN (BPEY%, @ik 1) 2RCTHEHBLTHBY,

CDEHIXLTHEDONZHFRBIEILDOT MEDNORELE T 7o CBEITIE LG
THRMEE UTCHRETRIES & 3T EMNBY pic, EEOMELOPEHBEDEETERS
NTHWBEDOMEETHY, ABHCHAINTONELENAI.

T/, BAEEELTRAIATVLIBHSERESSFEE L THEBEBRFEI/MIRECI-T
¥EFTE2HDT, MAOMEBEZOSDITDNTDHD TR, '

ZDEHT, TNETREBEL L IWRAVOBEMBZTOLDIKELWERBH BT LIKDONT
REEENDICEBDUEDL 72 LA XD

THLKRTEDOAMOBEE CICHREICEL 7ol 4 DAM O FHRR LS VI BEEERY T
AR T 2 NEMED SN, L4 stress grading machine® ™™ OWFEBREMSIEE L THIIEEY
B ->THEDLNTIN S,



156 EMARATEE HyE M ¥ 6%

—%, BN EFETOWRTE, ERFimRaRREAOMEREEICEL, &itryrIRe
OHEEMICE O TBIFIRER 218 T2, 22 TR, ROEZFALALBHFECL T, RA
AL OAMOY Y SREJTLCND S MEMAENMELL S &T2EBRBARO—BELT, ¥
BEH#HEROC O Y Y 7RBERD, b o ERIBICHE« O BEBFRECEHE T2 %KICD
WTEREL, BoNHEBEERELTRKTIC Lo COHEORYMEMETL o

i 5 .
Pe : M4 (perpendicular bending moment to the plane containing cross section of
knot) '
Pa : WA (parallel bending moment to the plane containing cross section of knot)
O ¢ B BEIEE (modulus of rupture in bending by bendig test) (kg/cm?)
Ope © HEZHNBEIR S (estimated modulus of rupture in bending by calculation)
. (kg/cm?)
Opes © LEARMOHEEM I TELEE (estimated modulus of rupture in bending in safety area
by calculation) (kg/cm?)
S B

HEBE HEARRBRDEEEBLM LB AN S 3 BAORERFEBHBIEEREDFERF
(Cryptomeria japonica D. DON) EHAIKER, - DEERADR D & K45 EICE 5935
mm QU EREWHL, | Y ERVEATEIRS €0 COU LS REMICES 15mm, 1§30
mm, & 450 mm OWREARROBBEEIERL, EE3HLUEIE 0.1 mm, EXiZ£0.5mmdD
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DEEROMIC 3L DL, AT OERRAREISTEL oo TR EHEE 345 150ke/cm?
PIFELT, L THEEMA, WEXNDZCECRBEDRD I bHRELA Yy -V T
A E D, stress-strain diagram ZTERL L 770

E, WOoRME WHLAOKEBOLE (0w : specific gravity of wood except the knots in
air dry) B&RICTE > TEKD 2o
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where W, : weight of sample

W, : weight of knots

V, : volume of sample

. Vi : volume of knots '

DT C OEAKROIHDLEZRE L 2452, 0.82~0.990MEHALE L0, FHIEIZ0.88TH
Stco RS HXFOMOILTER0.85~0.95 THBELTVB. £CT, COMETRWHOUE
Z20.9E{REL oo
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. 2 .
oo - V’Ct<sin T fd‘ __._725_) }] ............ (2)
where f ¢ fundamental resonant frequency (Hz)
. : length of sample (cm)
#, : weight of sample (g)
Pd, : distance of a knot from one end of sample (cm)
Vk, : volume of a knot (cm?) '
) I : moment of inertia area (cm*)
Es, 0,0 OFEHIN #0v > /b XOBEBEROT LR 22 h3)E L UKBIT L 5 7.
Pe(L=l
om:% | . : (3)
P,-a(3,—1")
E,=lp @S0l
48-1-y @

where /1 : span in bending (cm)
I’ : distance between two equal loaded points (cm)
a : distance from one supporting point of sample to a loaded point (cm)
Y : deflection at proportional limit (cm)
Pp: load at proportional limit  (kg)
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00=5.84X Eqo X 107°+165.8 S (5)
(r=0.534)

where 0s : modurus of rupture in bending of clear sample (kg/cm?)
Ed, : dynamic young’s modulus of clear sample (dyne/cm?)
7t correlation coefficient )
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(3) RoohyitkHEIRVMICH ZHOMWAEIMERIAL A2
CDRED S ESOTRG) G700

Zm ,

7 TR (6)
where Ed : calculated value by formula (2) (dyne/cm?)

=(5.84Ed™ 107 ¢ 165.8)-

Z, : section modulus of clear sample to the neutral axis of the sample
) (ecm®)
Zom @ Zp=2y— 2, : (cm?)
Z, : section modulus of knots in which located tention side of the sample to
the neutral axis of the sample (cm?®) .
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Fig. 1. Relationship between ¢,, and g,, in Pe.
— regression line
=== T4~ ¢
® position of knot : in the inside of the two equal load points
A position of knot : through the length of sample
A\ position of knot : in the outside of the two equal load points
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Fig. 2. Relationship between v,, and o,, in Pa.
Key to symbols, see Fig. 1. '
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BB ABED SN B
00e=0.72 0pe+133.70 e (7)
(7=0.630)
Ope=10. 68 abc+133; TO e (8)
(r=0.630)

S OEFROTFTRIEFRA LR TRKDBT & LT o

A

Y —tesy (9)

where ¥ : standard deviation
¢t : t-distribution
sy : standard errror
COFREGERRIL, —NHRO—BTH 2. L L, T TREHTEEIT 57201, HEFE
b3 100 kg/cm? & 500 kg/cm? DHAOTREFRADOMAET L L, T OEZERTHEATER
RERDIzo MAMTICENTOFBKELZ0HE L BEERINC, 5 HBELILEEERICOR
U, TG OR UBEEEENEARI, RIICRL 7o

level of significance : 10% .
Uba:=0.75 Dbc+25.87 ............ (10)

level of significance: 5%
000320.75 ch"‘6.78 ............ (11)
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Fig. 3. Relationship between g,,, and g,, in Pe. (level of significance : -10%)
Key to symbols, see Fig. 1.
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Fig. 4. Relationship between o,,, and ¢,, in Pa. (level of significance : 5%)
Key to symbols, see Fig. 1.
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Fig. 5. Relationship between g,,, and o,, in Pe. (level of significance : 10%)
Key to symbols, see Fig. 1.
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Fig. 6. Relationship between o,,, and og,, in Pa. (level of significance : 5%)
Key to symbols, see Fig. 1.
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level of significance : 5% '
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&I Fh, EBRMEDPEED 372 kg/cm® THE0iIcxtL, R & OH#EFEMOFHMI 257
kg/cm?® TEBRMBOEHMED 1.545, R1IH» S OHEEMOFEIMIF 229 kg/cm?® T, EEREOFY
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level of significance : 5 % ]
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Fig. 7. Relationship between g,,, and o,, in Pe and Pa. (level of significance : 10%)
Key to symbols, see Fig. 1.
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Fig. 8. Relationship between ¢,,, and o,, in Pe and Pa. (level of significance : 5%)

Key to symbols, see Fig. 1.
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