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On Reduction of Dynamic Young’s Modulus by
Reduced Section in Wooden Beam

Yosuio NAKAYAMA
Laboratory of Forest Products, Faculty of Agriculture

Abstract : This paper deals with the effects noted in the reduction of the dynamic
Young’s modulus of wooden beams when various sizes of holes were drilled vertically and
horizontally and when semicircular notches were located on opposite sides of the beam.
Beam of both the cantilever type and free type were tested.

The experimental formulas of the reduction of the dynamic Young s modulus are res-
pectively indicated in the Table 1.

Beams cut with the grain parallel to the long direction of the beam and beams with the
grain angle (¢) to the long direction of the beam showed very small diferences between
the tendency to decrease in the dynamic Young’s modulus. The approximate value of the
ratio of decrease in the dynamic Yoyng’s modulus in the beam having grain angle and
reduced section to the clear sample (#=0°) may be obtained by multiplying the experimen-
tal formulas (Table 1) by that of the experimental formula (4) for the dynamic Young’s
modulus at an angle 6 to the 0° direction.

When the condition of the beam and the reduction of the section is the same, the diferent
coefficient variation in the reduction of the dynamic Young’s modulus in the condition of
largest variation is given in Table 2. Even if the ratio of diameter of hole to width of
beam is 0.8, the coefficient.variation is smaller than six percent. '

Even though wood is a heterogenious material a small coefficient variation is obtained
in this test. It is noted that these results present the useful data for the estimated method
of bending strength by nondestractive method of wooden beam containing reduced section.
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E . @M+ % (dynamic Young’s modulus) dyne/cm?
Ed: @REOCIOOTHMNY v IR T2REELS2Z OB Y v 7rROEIS

E
= E: x100 (%)

Ey: mrEREBEOHN Y 273 (dynamic Young’s modulus of clear sample) dyne/cm?

Er: %‘rﬁ?’dﬁ%é’ﬂi@@ﬁﬂ‘]‘\’ v 7'# (dynamic Young’s modulus of drilled (notched)
sample) dyne/cm?

r 0 BAAPZVE¥EA, v FORE (radius of artificial circular hole or semicircular notch)
mm

Pd (Pd,*Pdy+-Pdy) : F5iZ 0 oBA3BEEEGSMAS 2 VIE¥EM, v 7 & TOER
(in cantilever beam, the distance of an artificial circular hole or artificial semi-

Ed

circular notches from the fixed end) mm
HEEZVOBAR 1 BhAR, SBA S5 WVEER, v 7 £ TOFER (in free beam,
the distance of an artificial circular hole from a free end) mm
I : FoonEZ (length of beam) mm
f 2o olEAFEIRBE (fundamental resonant frequency of sample) Hz
I © Wm2®™mE— 2+ (moment of inertia area)
Ko X oEGE (mass of beam) g '
o) o RBESOETE (mass of reduced section) g
0 1 @FooEBHEICK U R ERT 5 A (grdin angle of beam to the longitudinal
direction of beam) degree
Pe: M4 (perpendicular bending moment to the reduced plane)
Pa: EAMY (parallel bending moment to the reduced plane)
b 20iEo 1/2 (one half of width of beam) mm
Rt r/b
P : Pd/l ,
H MF.%&-2i2» (beam containing the artificial circular hole)
N ¥HE, v FE2H2lEH (beam containing the artificial semicircular notches)

ES B

RKEE T EMEBE R ¥ (Cryptomeria japonica D, Don) #EMARDKEM T, FOFHIZ Sample
1 (cantilever beam) 1 x10x70 mm, Sample 1’ (free beam) 1 xX10x150 mm, Sample 2
(free beam) 15%x30x450 mm, Sample 3 (free beam) 9 x 9 x270.mm D 4EH&E L7,
(Sample | OHFZE X264 mm) '

REBADIERICH . - TiE, 8, Bh, BhzoMo+ 73 BEDEmMH  — L DBH I
EAREFEE BIUREBERMD E LA, 2ho5OERMCHEBOERME RBEOBGEE 5701
Sample 1 & & BRI 5T RBRGRLICH L, FHEERS S FEEABORBE D fERL
oo 1%, M—HED D EHET 5 0ICAR & SNNIRRBINE—SHEEL 2D &L
T772Fy 7R Bk (Fik; Sample | LEU, ME ; by = — vAuUERE, WKE,;1.35, +
v ER; 25%10° dyne/cm®) ZRAL, ERuctl 72,
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L7co LEDS-T, B—HRBOMAEFEM/, v F2HEORBERIZFUL{NBEIICL,
INOOMAHB VYR v FOFET AABELOKREEINADOBHN Y V'R (BT D

YUIOR) AERSEABEABLURE—MHRETHE3AMICE W TRERICNT 2B40RIHDE -

BRIZOVWTEOREE TH—]ELTOROIRNIFI NI 0 OHMER & UTRBERE R
2o . ’
FREFRFOIC 2O TRRG Y — Vi, AREBZDIKOVTR BREADSRBIEICL -
oo AFRRBOSZMICEEICHTE— 2 ¥t 5D 2BAEB LT OERICID ZHEED 275
e Lt By v 7 BOBRICOVTIRERBROROOEHN Y v/ Eicdd 2 REKOE DO
Wiy v rBOEETERD L,

BT v 7 RiE, FRBEDICOVTRR O, EHERZDICEOTRR @Y K& THHL
1o

Ll e - n 22

E = - —_— e COS e ] ) esereccsnaticrarratersranensenranns

" 3.03°1 0.23#s—H{ 1—cos 77 (1)
o 8217 _mPd 1\

E __7:3—-—1_{0' 094 #S—#( sin 7 ‘T) % ............................. 2

73k, Mo 2BULOBERRE)Y itk -7,

3. f2 D 2 . 2 :
12=—§;—1—{00M#&—m<mnli§ﬂL—_%) -y(sm-f%ﬁi—-lJ ------

w2 ]

...... ~y,( sin 71'.5) . __%_)2} (3)

B R & FE

RIBBOKE, KE=H&ETRKEOBE

REESOEICEEICHTE— 4 ¥ Fasinb 28B4 (@AsT) B, @0IcHLs 5V EFEH
v FbHAEES, TORBONBELOKEEHRVOBNY VI RBEBRS &2 EME L UH
AEERBREOR VDB Y vV REBRE LT, FVORECEICREFIRDL S ICT B,
FEiZ 0 (Sample 1) D% SERBAORKRICOVTRBROKE S () LBHHYVI/RED
BEAEEHLTADICAE Pd) %245 A —8—&ELTRLEOM Fig. 1 THY, BLHHY
IEREDBEAHBBIHIC, ¥FEE T4 —F—LLTRLADY Fig. 2 ThHb,

> F I B RERAIC DV T RO BB ETR L0 Fig. 35 K0 Fig. 4 Th s, RICEHAAD
BAEERT, ¥/ v FOBAEWRTHOD L. CNODEIER S HORBAKOTEIETH
%,
BOICRENEELZOR DT E— 4 v Fasiih 3 & £ DBIOMTBIENETS 20T,
By v I RIERL, BFE— 2 Y bOKREL b AEERICGEVIBICREBSHERE, T
REFOKESHKE VR ELDVERT 3, o '
AT DI LTI Sample | ikt 3% 2 BRBEKICOVT RABIKRADHMNES: /37 #
— 48— L UTREOKEREOBRE JUHERE/ T 4~ —& LTHE L OBRERL - O0Fig.
5% LU Fig. 6 THY, WERBEKICH T HEROBES Fig. 75 &0 Fig. 8 ICRL7,
Sample 1/ L OJESELDAREVHDE LTHBREBAETH S Sample 2 12T FEMR ICFig.
9% ¥ Fig. 10 1It7R L 720
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Fig. 1. Relationship between Ed and r at parameter p in edge grain
(cantilever beam sample 1, Pe).
— H, --- N, O p,=8 mm, @=16 mm, A=24 mm,

A=32 mm, []=42 mm, l=48 mm, X=56 mm.
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Fig. 2. Relationship between Ed and p, at parameter r in edge grain
(cantilever beam, sample 1, Pe). .
—- H, ---N, Or=0.5mm, ®=1.0 mm, A=1.5 mm,
A=2 0mm, (J=2.5mm, @=30mm, X=3.5mm, ©®=4.0 mm.
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Fig. 3. Relationship between Ed and r at parameter p in flatsawn grain
(cantilever beam, sample 1, Pe).
Key to symbols, see Fig. 1.
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Fig. 4. Relationship between Ed and 2P, at parameter r in flatsawn grain
(cantilever beam, sample 1, Pe).
Key to symbols, see Fig. 2.
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Fig. 5. Relationship between EdJd and r at parameter p in edge grain
"(free beam, sample 1/, Pe)
— H, - N, O p,=(0.2242/2)-1, @=0.2242-1,
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Fig. 6. Relationship between Ed and p, at parameter r in edge grain
(free beam, sample 1/, Pe).
Key to symbols, see Fig. 2.
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Fig. 7. Relationship between Ed and r at parameter p in flatsawn grain
(free beam, sample 1’ Pe).’
Key to symbols, see Fig. 5.
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Fig. 8. Relationship between Ed and p, at parémeter r in flatsawn grain
(free beam, sample 17, Pe).
Key to symbols, see Fig. 2.
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Fig. 9. Relationship between Ed and r at parameter ? in ﬂatsawn grain
(free beam, sample 2, Pe).
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-— H, ——-N Opd—325mm ©=6.00 mm, A=8.75 mm,
A=11. 50mm D—-M 25 mm, H=17. 00 mm, X=19.75 mm,
©=22.50 mm,
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Fig. 10. Relationship between Ed and p, at parameter r in flatsawn grain
(free beam, sample 2, Pe).
— H, ---N Or—-15mm ®= 30mm A=4.5mm, A=6.0
mm, [J=7.5 mm, B= 9.0 mm, X=10.5 mm, ©=12.0 mm.
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THERE D OBA S £ OERERZ = — 2 v FHKRECIND 30 hRE @/2) iICRED
HEABAICKECBERLUERRIGES L20EBI/NE 05,

MBELORBESE—OHAREYED, v FitbY 3 BREOZZIFEBR O THELPLRHAETH
Bh, TS EBEEODS> 5L IC Sample 1V TRMEAMEM, » F L0 SERERMBKE N, &
N CORBEOTED SO TREAED, v F L0 BBHERRIEKRE Y, CDBARED
ENnENERTHS EEL N5, o

ABROFHEICLPER, THuHLEISERBARERERABEEDER Fig. 1 (51 Fig
2) & Fig.3 ($5\ % Fig. 4) XU Fig. 5 (543 Fig. 6) & Fig. 7 (50
Fig. 8) M T 2 b0 TH 305, £OEBENS LOERRE SIKBEHULTWVE, £3 B &R
BTERT v Vv EHIENRSD?Y, COCEBTWAEDTCERETLIEHEIONSDY, TNE
DHIZVDORBRICET 2BROFNIAORHELE, COBIOMEDERNEI LTHEE
Téctéﬁmfét,c@ﬁﬁ@%f@ﬁﬂbﬁ&m&%ﬁﬁ%wﬁﬁﬁﬁ<méw&W%LT
TV THA,

B OICREND BES, BWY Y /7 ROBBED D OBENE—LBBALAE—LIHELE
BT 37010, AL EROE—SHBELTTIZF v 7 2RBLI, COTITRF
v 7 FEIZ0 (FHE3 Sample 1 ERL) KRB S 3BE, By v rRics LZTEEICD
WT, REOMNBE T A—2 - UTHEBREDERE, FLYEREN T4 -2 —LLTHELD
BIff% Fig.11 H XU Fig.12 IR L 7o £ OEBEREAPID & & BT 2 HIEREIARH
EDEDHPPNE, CARAMETTZF v 7 DMRBIEES SUBRY v Iy RKBRUBCEIC
EBEHRTEZ, TLAMIDOEBRERNE 75 2F v 7120 OERMER & E~<THTHAY
DEINURE—RE L TREBRHLELEHERLTNSEENZ 5,
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Fig. 11. Relationship between Ed and r at parameter p in plastic
(cantilever beam, sample 1, Pe).
Key to symbols, see Fig. 1.
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Fig. 12. Relatiohship between Ed and -p, at parameter r in plastic

(cantilever beam, sample 1, Pe).
Key to symbols, see Fig. 2.

Sample 3 Zf\ 7z, Sample 3 FE—ORBETERS LU @HAMT ICONT, 20FTTHEBT
LS5 ZEOWEEESFICLALDDTHb,
MHARKBEEICEALLTHE0DT, Ho0 UnHERBRICEDT 3ERFMEFHAIRNE O
VIRERE L, —RICAEOMICIE FOERBRNHD, BVRBEERN EET S C L8
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Fig. 13. Relationship belween Ed and p, of H (free beam, sample 3, Pe and Pa).
Hi=(1/2)+1, He=1{(1/2+0.2242/2)} -1, Es=0.2242-] and
F4=(0.2242/2)-1 from one edge. OR=0.56(Pe), A=0.33(Pe),
®=0.56(P,), A=0.33(P,).
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BENTEY, COERTS ABICERAAOHN ¥ /R (B) HHEHAO By v /%

(Er) LoRIc3ERBEIFEY SN, € OHEBEHREIIZ0.96TH -7,

AARKEEICST ShT VB, Et & Er OREESES, LrbBiy v 7 ROBRICD
WTIRERBREOBIN Y vV BAERIEE LT 30 THALOEEICEY 3 Fig. 13 dmsthy & &
REIFICE ) 3 RBIC OV TORESE LTHSTLSREBEZEDE VL LS,

ZOERBRDEE (R=0.335X000.56) b\ T, BRETOEE, REODLEZRZDORY
BE—BRISRTHE0T, BHHY Y/ RICE KIZTHBAE NS < /2 OFBICHVTR=0.56
DBATH2.6ZDERICGAE 0. COBAOEAMT LENMT 2 HERy 2 L, BT T’
W 2IRE— £ ¥ P DRDHKELS, Lad->THNY Y/ ROBREEIAE <, BROBEAOKH
4.5(2153, ' :

1 ADRDOEIHIIC | ~BBOMAHMERBINEL S N BEOBI ¥ ¥ 7 BOBRICD
TEAMT TR & 28X 4T Fig 14itR L. MAOREBETIHAERsBRE NS C
LHEZ SN, SHAOBARENENONB THRIICEL S NABERERORINE 371 5 TERK
RERSNBBRENA LN, '

Y%
IOO‘ e S S
90— m
Ed
80Ff
70r
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Pd

Fig. 14. Relationship between Ed and number of F at various p, (free beam,
sample 3, Pe and Pa).

H{(HY )=(1/2)1, Ha(Ha’)={(1/2+0.2242/2} L,
Hs(Hs’)=0.22421 and Hs(Hs’)=(0.2242/2)+1
from one edge (from another edge). Key to other symbols, see Fig. 13.

KIS & OBF % S BHICH VO TRRERTICH UEREER S € 2 SRS ORI
AHdb2EES, HANBNY Y /BOERICELIZTEEC OV TRBEADOE S FHORD &£
LOUTANISDES, BE 54 —8—& LTEEEDOBEE Fig. 151, XEES5 2 —4
—ELTHNBLOBEAE Fig. 16 It7RL, T OELHB0°OBEORBDOBZE% Fig.17 5 L U Fig.
BICIR L 720 AEMBETIBES L HIRT 2 EABOEANIS OBESH30°DBEEDS & HITEDER
HId L OCERBIAENAELBA L IZE—RT 5, '
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Fig. 15. Relatioship between Ed and r at parameter p; in edge grain
(cantilever beam, sample 1, Pe, §=15%). ‘
Key to symbols, see Fig. 1.
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Fig. 16. Relationship between Ed and p at parameter » in edge grain
(cantilever beam, sample 1, Pe, §=15°).
Key to symbols, see Fig. 2.
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Fig. 17. Relationship between Ed and r at parameter p; in edge grain
(cantilever beam, sample 1, Pe, §=30°).
Key to symbols, see Fig. 1.
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Fig. 18. Relationship between Ed and r at parameter p, in edge grain
(cantilever beam, sample 1, Pe, -6=30°).
Key to symbols, see Fig. 2.

ECATREBHERADEICHT 2 v S RBROZE(MIZDWVTIZ HAGEN!Y AEREL n=3
ELTWVA,
Eo'Eso

Eq= Eosin”0+Egoc05”6 .................... R LRI LRSI T PR (4)
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MAY BRIy v 7 REARBEMNA L OMOERRE LT JACKSON PHRRL T n=2.4~2.8
S2. 68 mbAUNINE LTI B,

ccrﬁﬁub@%@mmwt@aﬁbﬁﬁmbﬁt5mme1&ﬁi&@ﬁ@ﬁf%ﬂ@ﬁw
Y vy REAREER A L OBEFREERL HRE Fig 19 DL 51078 570 EBRERIT n=2.0
B n=3.0 O LI LD, £ORLHEHEE n=2.6 KAV EHHLTHENTHA S,

BB, KEMEBESEDICHT A RKEMER L2 DICERNS 3 1880HNY Y S ROBERI
7=2.6 & LAROKERT ZAEBEESBEOPAOEEIC OV TOERR (Table 1) 220 F
FRTNEHY ¥ IV ROBRICOVTOELHESBE SN L &L & B,

%o
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60t}
Ed,

40}

20

O
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S

Fig. 19. Relationship between Edo and 4.
—— : E¢=Eo- Eso/(Eo+sin?-%9+ Eso*cos2-99)
- ~=1: Eo=Eo Eso/(Eo-sin?-68+ Lso-cos?-59)
——: Eo=Eo- Eso/ (Eo-sin%%9+ Eso-cos%9)
Edo=(E¢"£0£90°/E0) X 100

BTy YEOERICOVWTOERR LEOEEI SERECIVOWHHY v 7 BICHT B3R
BELDEFOOTHNY v IROBFIC OV TOERRERD /2,
- REOMBEETHNY VI ROBREOICIRBEOKE SBE—TH > THERED, 500
Beh, P E— 4V OKEICERENALEDERLTV S, L L, HEEZBHICT S8
KZNZEREREAEUTHEB L2 ERROEBEREIEINLOEEKETEELLLZDT, Th
FTNRORBEWOKE & LICERERK Ed=Ap+B ER¥ 7o COEMADEH (A,B) RRHA
MOKEE & 2WIMBOBBEBRICHEDT, COERERBHBOKA S & &OBFEERT 2 iR
RENEFNEKDTHRAT S E, Ed=(aR?+cR+d) P+ (eR*+gR+i) OEBREXME LN, Thin
SIERBDOZHOHNY v/ RiIcHT 2REE LI VOB Y VI ROBESHHELTE 5,

O OXFReGME, BOOKRRY kb LORBOGZH T LICEAERME Table 1 IKRL,

HBREODBERFRECLZERZOZD RBOOXREE, AMOVFESIURBOSEHESEL TH
->Th, AMNENBHERE—LHDTHY, LHrdB40OREBBROE/NIEICET 2 EEH
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Table 1. Summary of coefficient and constant of empirical formula
(Ed=Ap+B, where, A=aR?+cR+d;B=e¢R?+gR+1i)

Sample a c d e 8 i

cantilever beam Edge grain

H 0. 7913 0.2299 —0.0044 —0.7467 —0.0765  0.9966

do. - N 1.1607  0.0954 0.0022 - —0.9583 6.0117 0. 9949

Flatsawn grain H 1. 1413 —0.0416  0.0219 —0.9249 0.0436  0.9909

do. N 1.0968 0. 0505 —0.0003 —0.8722 -;0. 0127  0.9972

free beam Edge grain —2.5909 0.5518 —0.0653  0.2070 —0-. 0534  0.9973
do. —1.8654 0.4359 —0.0315  0.2298 —0.0897  0.996!

.9682  0.2044 —0.0243  0.1743 —0.0157  0.9973

Flatsawn grain :
—1.8616 0.3370 —0.0412 0.2165 —0.0692 0.9978

do.

Zz T Z T
|

BT v Loiihpobhsc s, FLREBLEMBTHE0EMBTHE0 TN L EBTHRTH
BPICL > THNNEDREMEL 20T, RBEOEEKICKL > TEBRICOENSODNEIET
Hd, TOEBEILEB A FVFOFEESEHEL-DICA—FZHEOLDILDNT, ERThORRD
EHBREERD . COEBHFEEIT 5 V2B KRE L HS5hh/c Sample 2 OP=1/2, R=0.8
DEDTH6H%LIFTHYD, Table2 KWRT LI EDMOEHDBAIRIID/PNEIWEENL 57,

Table 2. . Coefficient of variation of Ed in free beam  (p=1/2).

R 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
H (%) 0.20 0. 50 0.67 1. 45 2.55 3.22 4.78 5. 87

number of sample : 12

By v I ROEBRICODVTOIE, AMOL SN RE—L DL LTRMEDEELAERNL X
CEBE LN, TDZ &, %ﬁﬂﬁ%%oxﬁdD@%H&ﬁ%ﬁ%#&ﬁrﬁﬁ?%%Am
HEBERELTEYL LD THE LHWTE 3,

. ¢ U

BEXEE S 2AMIB OB Y v 7 RICBEL, RENKZOE VOB Y v 7/ BOERICK LT

THRBICOWTERL, EREABORYOBHY v/ RICHT 3REE DR VOB Y ¥ 7' RD
EHATHED UL, BOOEHERIAKGS LOMRASH, REOHREHAALIOEMR, vFLL, €
DKREILICABOEICHIET 2 IEBEERD

COEBREHOBEATIIRD T EHVZ B,

D —ficy v 7 RBERBICHLTHETH S L0bh, BOICRBLSBHETOREROE
H2RE—# Y b OBRSREFEHILE . COERICET 2D, MREEIIDOHEL S,
REDHTE— 2 Y FOREIMDBNUBICHE &, FARBEOREINREVEEHNY v
SEROERBRIAE, HERIC ICHEBAEIRBBOKRE S HRE L LIBHHY v I ROEHR
BRULTH S, BRICHLTOVAE THREHRED T MAxEE, v F L0 b ERERNKE
Vo
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TS EERE ERBE R & OB AE 0,

AMEHANTHRO—BHRIELTEDBT LTI 2F vy 20 EthT 3E, £DEHE
MEARZO LBET 2085, BREIAMEDOFIPLPLRKE,

LADIFODESFAIIC | ~HEOCBLIMERBMELZ N BEOBNY v 7 ROEREE,
ENEFNONE TROCEFALI N AERRORNE 35 5T ERRIENENIBRENA 5N 3,

2) FEEHEBRAICSVTREBGRIICT LFREEMN S S AREABRORRKICAALH 55
A, FOEFRERS LCERBIARNEEBBASEIZIZ—RT 3,

L7d8-T, AESABELZZDICHT 2HERBEOEVICREBNS 3 BEOBHHY v 7/ BOERIE
H4) (0=2.6) KABRELBAORBOLEICEET 2RER (Table 1) 220 F TFETHEE
LEsE OB L1053,

3 ERBEOIHVOBHHY Y /RICKHT ERBE DR ODOHM Y v S ROESICONTDER

% Table 1 iR L 7, '
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