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Table 1. Properties and dimensions of the test beams of Yezo-matsu

(Japanese spruce; Picea jezoensis Carr.).

T o ?iﬁmg'sﬁﬁ' [
Width Moisture’ opecific Modulus“compre-! Width Depth Span g .
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No Rings (et | g ¢
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b X % E | |
! c [ ) [
| mm | % | g/em? | g/em? kg/cm®* kg/em? | r Bcm hcm  lcm  kg/cm?
PaA—0l 3.2 | 5.0 | 099 | 03¢ [io7,000 520 [3.1005.90] 450 100 605
PA—02 3.5 | 15.0 0.42 | 0.35 86,000 335 2.22 5.90 4.90 100 575
PA—03 2.1 = 15.0 ‘ 0.42 0.37 } 99,020 335 , 3.35 5.90  4.90 100 600
PA—O‘Pi 2.6 ‘ 15.0 | 0.41 0.35 122,000 345 3.32 5.90 4.90 100 640
PA—osi 2.8 | 15.0 } 0.42 0.36 | 127,000 555 . 3.44  5.90 "4.90 100 655
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Fig. 6 Load-deflection curves of the test beams of Yezo-matsu (Japanese spruce).
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Fig. 6 Load-deflection curves of the test beams of Yezo-matsu (Japanese spruce).
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Fig. 7 Load-y./y relations of the test beams of Yezo-matsu (Japanese spruce).
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Table 2. Properties and dimensions of the test beams of Buna
(Japanese beech; Fagus crenata Blume.).

I
|

E. Te | I ooy
B. No. f b by R, Ry |(kg/ |(kg/ r ! B(cm) | h(cm) " em) I (kg/

! (mm)| (%) cm? cm?) T Temy

BM—O01 | 1.8 50.0 | 0.72 ] 0.48 83,000 265 3.57 ’ 6.00 5.00 100 ‘ 555
BM—02| 1.8 |50.5|0.75 | 0.50 85,000’ 250 3.16 6.00 5.00 100 600
BM—03 | 2.1 48.00.72 | 0.49 86,000 265 2.98 6.00 5.00 100 640
BM—04 1.5 52.0| 0.74 | 0.48 89,000 260 3.15 | 6.00 5.00 100 | 550
BM—05 2.0 | 44.0 | 0.78 | 0.54 | 99,000 270 3.28 ‘ 6.00 5.00 100 1 715
BM—06 | 2.0 | 43.0 | 0.75 | 0.51 | 102,000, 280 3.71 6.00 5.00 100 605
BM—07 2.0 51.5 | 0.73 | 0.49 76,000 255 2.55 6.00 5.00 100 560
*B M—O0g 2.1 47.00.76 | 0.52 | 110,000 290 4.21 | 6.00 5.00 100 720
*B M—09 2.5 | 46.5 | 0.78 | 0.54 | 112,000 310 3.49 ’ 6.00 5.00 100~ 765
*BM—010] 2.4 | 46.0 , 0.74 | 0.52 | 94,000 285 3.12 6.00 5.00 100 670

* False heard wood.
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Table 3. Properties and dimensions of the test beams of Mizu-nara
(Japanese oak; Quercus crispula Blume.).

E. g | ! ap
b u « < |
. . ] N N cm) |(k
B. No ’(nun> <9a)i R. | R (kg@nﬂ)glgénﬁ> T ‘ B(an)’h(mn)‘l( )E(génﬁ)
EM—O1 [ 1.8 [53.0 [ 0.91 [ 0.60 | 94,000 270 , 4.40  6.00 . 5.00 100 625
EM—02 | 2.9 |48.5|0.94|0.63 | 122,000 315 ~ 4.30 | 6.00 | 5.00 | 100 730
EM—03 2.2 50.5|0.92 | 0.61 98,000 295 ‘ 3.20 6.00 ’ 4.90 100 705
EM—04 ; 2.0 |50.5|0.90 | 0.60 | 96,000 300  3.75 ' 6.00 , 4.90 - 100 735
EM—05 | 3.0 |52.0 0.9 | 0.63 105,000 320 | 3.65 _ 6.00 | 5.00 , 100 8
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Fig. 8 Load-deflection curves of the test beams of Buna (Japanese beech).
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Fig. 10 Load-deflection curves of the test beams of Mizu-nara (Japanese oak).
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4.2 WEERD (V7L

FRC LD TROEEL WA 1EH -, TEMAD [V 7| BADO LI WEDORE L 725, thHA,
DY TUVEENICHET S Z LXTEZbIITha0, b L. ZORENLE Y RERE&IL, 0k
5 BENMEOZIC L B E LY, Z ORI R BRI T OHERRETE (2 VIAI) Oade kY
RE GRS DI, MRICIXFHED TEIWIEEL ET 5 L AT hEa b, BAHAL XL LT,
ARVIIELT 2 VAT OMAKREL 2T, EHWEL LTORADP LTI TLEI XS5zt bdh
bo FED, . ZOERTHEDI LR L T 5 DT 1D X 5 1@h e 0 BB O 2 BB b4k
RCHBEEEGR LD TH D,

Thtd, =V YHRLR DIBHMTHLOTHYDOY 7L NT T D, ZOY TUrETELREFL WL
L BHIedIE, EREEA TSR T HUENRD D, Tiobb, LEMHEL RIREARE R OR
AbZEx g bicl, i, 20X 5 R HECRLTS, MR, S ERAM: WE L AT L o




AHMBET B0 GE3H) GRID — 91 —

R KT AERBRT N DE L 1D, Ieds, IV FF B ICT HHO X 5 I LRI B Cil, ¥ 7 ui
Pigd, TTWRRLICE ) RREOR TS E VMBI LA TLWLWW X5 THBA, hHLOMTY,
BN D L 4RY TU R TTL 200 5. EREFOH D BTN TEBLLEL T5ATlab )
e,

4.3 EFERE LUHEME RO

I, b i ME——ENY,  TOERREE oo &, PPERE E. L X o TREATIIEE
5L DTHoHNL, RRBCET S ZOWEEOHEED S FTLEYREDOTRIMEIR bV,
1, ZOTWEOHEEY, BRREL»OFHRN 28 L > TERRRCH L, BN ODFHET
RBIIDMD, L2AT, Tkl vo/y EfFE L OBRT, JORELDPIC T 2550 L ERiE e ©
AVIEELLTID E. OFFMCE TR D 30D & 2T TR SV L L, FOX L LN
K@,&Ebﬁ?t%@fm&#OtDT,t<K,mﬁbtﬁhﬁkbthlium%ifb&w

DEWR, FHERE o, OHESETH BN, ZHTEA L I FIENRS S L5l 5, AR, BuHThs
IV FITRT FMOLEIL, 1F LA CTECTHLEN L5 ICd B b= =YD X 5 ki
MTE, BOEFRANC B 5 ERG IR Fig. 1033 X5 Bh & 5 & o3 7cdicid, £ 0 EH
PSS oc WEL THLOIEADOIIELEFC N D LN TL B L5 ThD, TOZ i,
TR T & e IR RO T HOBIC L E 2 bivd 2 & T, 13 LA EDOHT, FEAEDTTIER
HEIDARELSTTVAILICI2THHBRIND Z L THD. TDLSRBHNS, BHEL, Z0%E0
HECB L TAD I 5 iihitki Bz Thic, Thobb, Mo =7~ B0 5 b2 Ak 2T, 40 0,
Do DICEHHREDIRS o'y ZHTEOFEEL L Thiz L 25 Fig. 13 wmid X 5 ilRege,

THIL, Al IKERME—FHL T, T, 2D o' OO T,  MIFHSERESYER L,
oo WEDIGE LR L TASD & Table 4 22 icieh, ZOWE4 EHEIMCIIIFEMEZRT L5
Bbihd, Flt, o/p ik o’c IO THE LCHEFTHIEREL o X 1HOL O, op XFERETH .

fots, COMERIEE 7B UL, ERRRICRT A IABEOUERFETHS. HA, itk (LR
IRED) EfEE T OMIBEICBRT 2 2 LB Th D L ELBNBN (FHOER—RRER), *o
EPDEAEDIENDTL BHDT, I LT, 2ie) OREEL L OIGREL D 5 50 & 5 p ki
CiXvnwEhie b DO2ndb b, L L, MY Table 4. Comparisons of measured and computed
BRTGDLFTINL, o' (0pe) B, 00 Ofif i~ test beam: Yez:;::tl:sr;g strensth-
v VRETHL R, HE (2ot o' n=computed bendingstrength by o',
¥ UCAMBI AT 35 X OV i 1 wherz: o' ,=compressivz stress at P. L.

o nr=combuted bending strength by o.
THRFEMT A ENDEFELL, 52, D where: o,=compressive strength

F o DERGEEHIET I LTND 5, B oy =mzasuved bending strength
DERCIIUE, AU=Y <Y<, =cicjg Beam No. oolew  anrfen | olde.
WREEEUE 3X3X6cm? O DT, Ric o .9 1.07 } 0.84
515 , S 0.86 02 .96 1,03 | 0.83
ROEIRED o'cae TR 0.86 & 77T 03 1,05 116 0.85
WHD, Y OB 0T 2Xx2xX10em? TiE 04 1.03 1,09 0.88
30 {HDSEHTHY 0.79 L DT 5, 0% 1.04 1. 14 | 0.387
1.004 1.088 | 0.8

&BiZ, G. H. Dietz®) &, Fozstc, 7
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e h, #R: LTEREOREN A LBONBEDTHDT, ZHEZOMANSEREL AL LI
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¥l COBE, ROIHESHSE CORT ¥ v ERIA 7o 0 Z25E LT\ e D TEDER VRIS Tl
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4.4 BIFLLBIRE (op)

FIBIC Lo T DT E——ER il DT HOIREY UET 5 2 L ©OVWT —~FHN T RER
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FEINDSDLHKRGDOBZ N RLDOLND, b, ERIEMRED b ZOERREC OV h
DGR », EFEiiRs HIRD I A AEE LTI B EEE L T B 20T ki, BOHMIRE
HERIHR DRE L L 5 & THHGOHEKM L Bbhh s, FHiL, H2HY ©, HRTkd ol
FHGIRENERIC L DS DD 87% LDl L8 Lcds, ko FE2EATME, TorER
I3 Z L IFEETH B,

. ¥ U

Ll b, KM O—Bi BRI Y 2RI 800 2T E—EihRYy, LOMRERTE, “RMESLY
SEHHED 8 DDHETOCT, WHTIEHC X B HEOECRITERERIFH LI,

T, FORREERTTE OB IO TEIEE & BRI & OLLE R f6 2 7o Dfe ki, KE—835
LERFEDZ I, Flo, ZOWRIC LT, RO IRAREL, ZoORE—— R RO
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Minoru Sawapa : Studies on the Mechanics of Wood Beams. (Réport 3)
Load-Deflection Curves in Wood Beams of Rectangular Cross Section.

Résumé

This research was undertaken to determine the deflection in the plastic
region of a simple wood beam by area moments.

The basic equations derived in Appendix I for deflection in a simple wood
beam can be obtained using the compressive and tengile properties of wood.
If the stress and strain distribution of a simple wood beam is as shown in
Fig. 1, the deflection at the center of beam in the plastic region may be
theoretically calculated using the Young’s modulus (E.) and Strength (s.) by
the compressive test according to the equations (21.2), (22.2) and (23.2).

For example, in the test b2ams of Japansse spruce, Japansse bzech and
Japanese oak the computed deflections agree with the measured deflections as
shown in Fig. 6~11 and Fig. 13 with practical accuracy. And, it is necessary
in this case to take a sufficient depth-span ratio (h//)* unaffected®® practically
by the shear stresses in the beam. In the loaded portion of the besam, especially
in soft woods, it is affected by the indentation (Fig. 14).

These bending equations can also be derived for soft wood beams by the
use of compressive stress at the proportional limit. As shown in Fig. 13, this
method of derivation has decided advantages.

AppenDix 1. Derivation of the Basic Equation
for Deflection in a Simple Wood Beam.

If the stress and strain distribution in the plastic region in cross section
of a simple wood beam is as shown in Fig. 1, we obtain the following relations :

o A
P 7y SRR R RTEETERRRRERT 12.1
2hoege=p(o1+0) . 12.2
_ 2h—p | 1
=9 Pt 12.3
M=W -06.83=2p) ... 12.4
Waere : o.=compressive strength h=depth of beam

M=bending moment W =section modulus o= n/h
And then, the curvature (1/p) of the elastic line of the bent beam 7s- that

P ( 1+210g(,1%—
%(_lh_) R ’*ggL :”1777_12‘,105 }2 }] ............ 1.1
tsos 3 8

y=y|1+1.2.
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portion where the strain is purely elastic, is determined from the well-known
equation :

1 _ M
o BI fcrc e 11.1
where : pe=curvature of the elastic portion E=Young’s modulus

I==moment of inertia
In the plastically bent part of the beam it is determined by the formula
(Fig. 1).

P EERRRE R ERRPRRPERPTRR 12.5
1 = — A_» e =
- n—A 0
h_‘A ........................ ].2 Sa
ga= /I.'—i . 811:
1 — <o
o 1n—A
_ 20,
SR e A 12.6
or
1 _ W.og.
o 5 Y RRRRREE R R R R RERERTIY 12.6a
where :
so:a.,/E
e e 12.6b
p—A=h-. 14?2
In this
M(m,:W' '
B:G,b/ge
1 M. 1
- = e e 12.7
P EI B -
where :

M'..=bending moment at the center of a simple wood beam (Center-loaded,
two-point loaded and uniformly loaded beam)
o' y=vending stress

1. Equation of the Deflection of a Center-loaded Simple Beam.
In the case of Fig. 2, the deflection (y.) at the center of a beam becomes:

l
L
yom S Lok axs S K el e 21.1

0 ‘ X,

i

where :
X.= position of the elastic limit

and
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1

M., =- 5 «P.x

=Weoe B—=2) «ovvvnniiii . 21.1a
pa=1; — — X, = ‘ZZB ...................... 21.1b

B:ab,/'fa

Pl

o 21.

W lc

T . Px_
P 2 EL ‘ 21.14
1 . ?l 77‘ ........................ . )

p  4EL- Bp’
From these equations we obtain:
1 3-8 .
_ P (®_, P 2 32,
Y"—ZEI SO x* e dx SEL. §° Sl s dm
=V 36 17 19000, 2 21.2
Vo= g 3-g 17—-121log. 3 1.
where :

P

Yo EEI ............................ 21.2a

2. Equation of the Deflection of a Two-point Loaded Simple Beam.

In the case of Fig. 3, the deflection (y.) at the center of a beam becomes :

X, a l
y.»:S 1 ~x-dx—i—g 1 oXodx—FSZ 1 *XeQX ...... 22.1
0 P x, Pt . P2
In this
x<a;
M.=PxXx=W +06o(8—=2) eovvinineenenneia. 22.1a
[—a=x=a;
M.=Pea=W . 06.3—=2m) ...coviviiiiiian. 22.1b
to=1; —— x.=a/P |
_o) _ Pera ool 22.1c
g, W .o,
1 _ Px
pe  EI \
. i
,011 Z‘E‘f%/‘mg‘ ..................... 22.1d
1 4P -a

P EL- BB—R)*

From these equations we obtain:
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2 3-8 <L
_ P B V.. 2P a? 2 3—2 ) 4P .a SZ
ey | e BE [T a1 e
_ 8y 1 36 2 3 (r*—4)
= 5 o, —17—12log.— - 4+ o0 e M2 22,2
Y Gr*—4t g 3-8 3-p 2 B(3~B)]
where :
_P'a3 2_ A
Yo =S 3r 4);
R R EERRETE 22.2a
7=
a

3. Egquation of the Deflection of a Simple Uniformly Loaded Beam.

In the case of Fig. 4, the deflection (y.) at the center of a beam bzcomes:

X ua
. 1 21
Ve == X+ dx + eX e dX i 23.1
AN
0 .
In this |
M. = :1 Ux—xD)=W-0.B3=2m)....cc..........23.1a
I 1
/ 3—
Xogs == "28 .............. 23.1b
e U"’ = ,g,.,,,lz
B 6. 8W=-oq. ‘
1 _¢q %2
pe “om XX )
1 _ ‘8ql:" L e 26.1(3
o EL« B pm :
From these equations we obtain:
Ty 5
2kl S()(X XX g g L oeeves—@-p  mr ] T

7.;.-,,,,,,iy”, _Q ’_E_ ] o -]_- 3
ye 585(3—@) [ B—=B)BVB +3V =1 )XWB = B Y3412

v B=1 (VB = =1 )+ 2 B tapr [/ B-1 ] .......... 23.2
v 3-8 3--8 '
where :
Yo 5qlf7 ............................ 23.2a
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Appenpix II Sample Computations Using the equation (2I. 2)

Exasprre 1:
Computation of the deflection (y.) at the center of test beam No. 03, Table 1.
Center loading.
Yezo-matsu (Japanese spruce), clear
Moisture content=15%
h/1=1/20
Data from tests of the beam and minors.
0.=335 kg/cm? (Compressive strength)
o/ =285 kg/cm? (Compressive stress at proportional limit)
E.=99,000 kg/cm? (Young’s modulus from the compressive test)

Wea obtain from these using the eguation (21. 2):

Table 5. Measured and computed load-deflection relations (using ¢.) of Japanese spruce.

v.=computed deflection y=measured deflection

Load ‘ Ve i y Ve Load | Ve i y Ve
(k) 7(?9107‘ em) | Y | (ke ‘ (em) | (emy ' YV
o | o 0 — 400 .46 1.42 1.03
50 | 0.8 | 0.18 oo | w0 | e o1z oo
100 | 0.3 | 0.39 0.92 | 500 s 2.0 0.93
150 | o.ss 0.52 1.05 550 | 2.29 . 2.70 0.85
200 \ 0.73 | 0.9 1.06 575 249 | am 0.73
250 | 0.91 ) 0.85 1.07 80 | 2.53 | 3.82 0.66
300 1.09 | 1.03 1.06 ; | (0.95)
350 { 1.27 1.23 1.03

Table 6. Measured and computed load-deflection relations (using o.’) of Japanese spruce.
Test beam: No. 03.

Load | Ve y t Ve

Load Ve ‘ y | Ve |
ke ) (em) | (em) ‘ vy \ (kg) } (cm) (cm) ’ v
0 0 0 — | 400 1.52 142 o7
50 0.18 0.18 1.00 450 1.82 1.72 l 1.06
100 0.36 0.39 0.92 | 500 2.21 2.10 1.05
150 0.55 0.52 1.06 | 550 2.76 2.70 ' 1.02
200 0.73 0.69 1.06 | 575 3.13 3.41 ‘ 0.92
250 0.91 0.85 1.07 | 580 3.22 3.82 0.84
300 1.09 1.03 1.06 ’ (1.01)
350 1.29 1.23 1.08 |

ExaMprLe 2:
Computation of the deflection (y.) at the center of test beam No. 010, Table 2.
Center loading.
Buna (Japanese beech)
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Moisture content=46.0%
h/l=1/20
Data from tests of the beam and minors.
0.=285 kg/cm?
E.=94,000 kg/cm?
We obtain Table 7. from these using the equation (21. 2).

Table 7. Measured and computed load-deflection relations of Japanese beech.

Load

i Ve ’ y ’ v “ Load ’ Ve y \ Ve
_ G ] (em) (em) | Y b (k) (em) (em) | ¥
o | o | 0 — .72 | 168 | 1.02

50 0.18 © 0.19 ‘ 0.95 ‘ 500 2.04 1.99 ' 1.02

100 ‘ 0.35 0.37 i 0.95 | L0, 2.48 2.40 ‘ 1.03

150 0.53 0.52  1.02 575 | 2.76 2.71 1.02

200 0.71 0.71 | 100 00 310 3 0.9

250 0.89 0.88 ' 1.0l 625 3.52 | 3.60 © 0.98

300 1.06 1.07 0.99 650 4.03 4.19 | 0.9

850 | 1.25 24 Lol 670 | 4.58 4.88 ’ 0.94

400 1.46 1.44 ‘ 1.01 | ‘ (1.01)

Examrre 3:
Computation of the deflection (y.) at the center of test beam No. 04, Table 3.
Center loading.
Mizu-nara ( Japanese oak)
Moisture content=50.5%
h/l=1/20
Data from tests of the beam and minors (Table 3).
5.=300 kg/cm?
E.=96,000 kg/cm?®
We obtain Table 8. from these using the eguation (21. 2).

Table 8. Measured and computed load-deflection relations of Japanese oak.
Test beam: No. 04.

Load ' Ve \ y [ Ve ‘I Load ‘ Ve y Ve
kg (em) | (cm) y 1‘, (kg) (cm) ~(cm) oy
0 0 ‘ 0 — 450 | 177 1.78 0.99
50 0.18 | 0.21 0.86 500 BN B 2.13 0.99
100 0.7 | 039 | 0.9 550 2.54 2.50 1.01
150 ‘ 0.55 } 0.57 0.97 600 3.15 2.97 1.06
200 ! 0.74 | 0.82 0.90 650 4.07 3.83 1.06
250 0.92 0.99 0.93 700 5.56 5.54 1.00
300 .11 1.18 0.94 710 6.00 6.27 0.96
350 1.30 1.37 0.95 (0.97)
400 ’ 1.52 ’ 1.56 0.98
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