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Deflection and Shear Failure Strength
of Tapered Wood Beam

Katsumi OkUSA

(Laboratory of Forest Civil Engineering)
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Fig.1 A wedge under a concentrated load (P) at its apex.
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(r,0) 2HV5 L, WHmICXIHmERE L TR E/RLY,

2
m=b—1:F1 (a,8), co=74=0 (1)
Fi(a, 8) =sin(a/2) cos 6/ (a+sin 8) +cos (a/2) sin 8/ (a—sin 8) (1-1)
CNEEAEE £, ¢ ITETAHERDICERT S L
s: =0 c08’ 0, s,/ =orsin’f, to =c.cosf sinb (2)
E ), B350 x, yFIEEICETANDIZET AL, x HINOFEEIET s. 1
s:=cos’(a/2) s. +sin?(a/2) sy, —2 cos (a/2) sin (a/2) T (3)
E b,

Fig 1O EIIBNT, HAHHFED A BT HHITIET 0. EMEIEX L EH L CGHET
5 &

M

o= (y—h/2) =5 - Px(y—h/2) (4)
b, MIEHIFE—X > b, TIEIWHOEBSE— 2> E2EDLT, (4)&D

(62) =v=6Px/bh’ =g, (5)
EL, 0:D s AT BN REE e &

e=(5.—5) /o, (6)
DENCERTHE(L)~(5)R&LD

e=2tan(a/246) /tan 0—%F1 (a, 8) F2(a, 8) cos (a/2+8) tan’a—1 (7)

F:(a, 8) =cos®(a/2) cos?d+ sin’*(a/2) sin’f — 2cos (a/2) sin (a/2) cosf sind (7-1)

Ehl, BEReZa bl §DADEBTHAZ ENMNS, VT tana=0.125 B X U tana=0.150 &
LT, e& y/h(=tan(a/2+60)/tana) DEFRET KDDL & Fig. 2 DL )27 5, tana<0.150 Tid |e| <
2.0%THAHH 5 SDTEA a /NS W E &2, ERIICTS2REE CHITISH o OFHEIZHE
NEDIXY B (4) EHCD Z LMK D,
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Fig.2 The relative error (e:eq. (6)) of value (¢:) in the elementary bending equation to

exact value (s:) in the elastic theory.
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Fig. 3 Symmetrical double tapered beam.

Fig. 3 1Z/R T & 9 AR Em T — /=13 D
0=x=<a . h=h,+ xtana (8-1)
a<x=<¢/2:h=h, (—5%) (8-2)
DOhFZEHFEP F I LMITFRBIZBWT, BTN 0., CARIEH 0, $REIES 0, I2DWT,
MEDFEDOIRYARTERATAERD(9), 10), Q)X ELRB,

ox= (6P/bh) (y/h—1/2) (x/h) (9)
o= (3P/bh) {(3(y/h)*—2(y/h) ] (a/h) (dh/dx) + [(y/h) — (y/h)*]} (10)
o= (3P/bh) {(4(g/h) —3) (x/h) (dh/dx) +2(1— (y/h) ]} (y/h)*(dh/dx) (11)

e (9), (10), (11) =i Maki and Kuenzi? 12X » TEx»h, FOHKIKE, ALY 2L - TER
ShTwb,

(6s) y=0=—3Px/bh*=g0, (12)
EL, lo| OEBAMEIX, 7= (0<x<a) IZBWTiL
% | o, | = (3P/bh*) (h*—2hx(dh/dx)]) =0
5, x=h/2tana L7255 T,
x=h, /tana= x= (13-1)
h=2h, (13-2)
OWTEICAE L
| 7, | max=23P/4bh, tana = gn (13)
e hbo TR RFITEH TORKMEIL x=0/2 124 L
| 6, | mx=3P2/2bh,*=0, (14)
b,
F = N— I BT B ARSI (10) X2 5
(2) == (3P/bh) (x/h) tana (10-1)
L,
d

P (rs) =»= (3P tana/b) (h—2x tana) /W*=0

75, AU z=wm Wil CTRAKERY), ThE Li2T & (10-1) & (13) X2
z,=3P/4bh,=oatana (15)
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kb, T, TN TDe, DR AEL o0v 50T &, T o2 FAREIZLTEFNIE x=x. BT
ZHELL

yv=0cw"tan’a (16)

ERBIEFMONG,
ZZCTHEALTWARHEDFEICIE, FRETHTEILLAA6=0THY, T/ iz (10)

vl

7= (3P/bh.) (y/h,) (1—y/h.) (17)
Elphe L7205 T, told y=h /2 TlRRERY, Fhx o, LFLT &

7,=3P/4bh,=z, (h, /h.) <=, (18)
L b,

(9), (10), (11) KoWEHIZL 2EHEITAZILF—-UIL
sz:f: (012/2E1+T1y2/2G1y+6y2/2Ey) bdyde UB+US+UY ) (19)

ELTEEEIN, HATVT7 ) OEBEHVAEMERD OIS I
0=0U/oP =488+ s+ Sy

8s=0Us /oP= (6P/bE.) g, (20)
%=Ebg&”%0—f}amﬂw1+HM/mV—La/mmw+HeMP—£L8m3 (20-1)
8s=9Us /oP= (3P/5bGx) g, , (21)
gs= (4 log(h, /hy) —2(h,/h,)2+7 (h, /h,) —5)/tana+ (£/2—h,) /h, (21-1)
8v=0Uy/9P= (3P tana/35bE,) ¢, (22)
9,=22 log (h, /hy) —9 (h, /h,)?+32(h, /h,) —23 (22-1)
Lk, |
b=20, h,=15, h,=40, ¢=420 (23)
E.=750, G.,=35, E,=30 (24)

ELT (20), (1), (22) KE D 8s, 05, v 2FTEL, FREFNRDOL DA SIIHTHETRT L
Table 1 D& 5 12% %, Table 1 ®( )HNOHMEIE, MU R/ 0T, &35 h O—KEWHEIZ D 128
THHDTHHN?, hizFig 3DF— 1 — i3 ) DFEHE S, 2bb

h=(h.¢—a(h,—hy))/¢
LLTCEIHLDTH b,

tana o8/ ds /8 oy /6
0.125 0.7965 (0.8968) 0.1998 (0.1032) 0.0037
0.150 0.7741 (0. 8835) 0.2205 (0.1165) 0. 0054

Table 1. The ratio of elastic deflection due to bending (58), shearing (ds), and vertical (6v)
stress to total elastic deflection () in a tapered wood beam (values in parentheses
are those of the beam having a uniform cross section).

Table ] S5O LI, F— 85— 3 ) TIE—RRITEIZ D ICHRTEAMICL AN bAD
FEVBK2EERY, CAWSIOEENEETHLZ ENHONS, T28REIET 6, DI2HARIC
FITTHRITIIEALEBE LG LIBREDLDOTH S,
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Fig.4 Stress distribution in a tapered wood beam after occurrence of the plastic zone.

Fig.4 2B L, FHREHOREB L7 » 7HIH6
o,/ (h—2) =0oc/ (A—p) (25)
Wi 2O W TKEFFMOA DD ) EVEAEHTD,
hoe=—5-(o,+32) (h—1.)

2
L7225 T,

o, =cc(h+ )/ (h—p) (26)
(25), (26)xX &0

A= (h*+ /%) /2h (27)
cWEICBUTLMIFE—XA Y FEMETDHE, E—X Y FODNEVEAEDNL

M=g.bh (h+2.) /6 (28)
L7285 T,

«=3M/bhs.—h/2 (29)
il be y>ullBirb ool Fig. 4 DERE & CRNAIS

Oz= (61+Gc) (77—/1)/(}1_/1) =0 (Zhv—hz_#z)/(h_#)z (30)

L b,
) FBEDOBIE N IES o, BSRK L 72 HRTHEIIE (26), (8-1), BXUQIYEA2H
do, 9a, dh = 9o, d_,u

dx oh dx ' oy dx
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KD, do/dz=0 LB &, Fig. 303 ) D7 — /83— T x=h, /tana £ %2 Y, i 13-1) D x
E—HTHEIEDPHOND, T/, PFRFATET o, DRAE 2 LWTHIL x=0/2, T bbb RIS
RTHHZLIIHEATH 5,

13) BL U 14)EXH» 5
on/0.=3P/40:bh, tana=7y (31)
ov /o= 3P€/20cbh§5,9 (32)

ELT, 7, BRERTHE, y 120 p>1 0L EIDF —3—13 1) OBHEIRIL Fig. 5 OFHEE D
97 %, Fig 5TIRH DB T H-0MBBOERS L 2K LTEDLLTH 5,

0 X 1 X » X: a Xs 42
ho
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\

Fig.5 The plastic zone (hatched region) in a tapered wood beam.

Fig 5D x, x, 37 —/3—FITBWT

0,=6M/bh’=g. (33)
DEGEHMET S cDETHY, GROY xHTEDbT L

x, =2y —1F 2/ 7 (y—1)] (34)
ERD, WFETAHIEYVDOEE h, hid

hlth:ZhO[}’?v 7’(7—1)] (39)
b, THRETEHT, MU B)ROLUZMET L 22 o, T5HL

x=20/23 (36)
b,

dM/dx=S (FA W) F0OHE, ZORHEHIZEHIEIFE LI2BOTARIET ry 13, Fig. 4 O
DEZROFHE DT TSI ONT, KEFHBDHIDOD Y AV

h h+dh o0 =
[yazbdry-f-rxgbdx:[y (o4 Fy dx) bdy

»5
dh dM
= (0t 1) BY—2h+2,) g+ e Cht ) Joegr (b= 1) (=)o ] [h—)* (37
Eheh, BNRTy=h&THERKXPBONS,
(ta) =v=0c(h+ ) (dh/dx) / (h— 1) (38)
F 727 = =B TOHREILH o, IEREHF RO N DD N E WV
h+dh OTxy

(oh-bdz=""(ca+-S2d2) by

h

b
(o'y)y=h:o‘c (h"‘/u) (dh/dx) 2/ (h—,u) (39)
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kb,
(26):Xx HW5 & (38), (39)xit
(ts)s=-v=0, (dh/dx) (38-1)
(65)i-v=0, (dh/dx)* (39-1)

EDPTBEDPL Fig3DE ) —k%7—73—, 3% b5 dh/dx=tana : (—5E) D2 D TiZ, ((tm) v=h) max
BLO ((6) yt)mx td 0, BTRKE R D x=xa=h, /tana DWIE & —FH L, FREFNOBEKMBELHIE & [F
Fkz,, om EFLTo

WHBRERAEZD Fig 307 = 3= 3N IZBITHMERDOIZDAR G IE, tana D/PSWVH S, BEHIZ
NIZBIT B RO 2SELICEAHE L D ET L, KX T bAMBOMEBLEYED

B

/2 x
b— de (40)
Fig. 4 DT H € DM 5H
1 & 9,

e h—a E.(h—2
ED, 26)BLUQNORMFRERVL L

1 20:h
e E:h—p)?
L7255 T (40) iz
20. fe2 xh
ab_ }3—r fo (h_#)zux (41)
EDT B, (41)ITBWT 40 6c—>0,=6M/bk* £ § 5 &
/ 12M |
—f = f ) e (42)

Eh o, EEHHEEOREDOLILHONTWARXIE LN,
DK X o> TFUTEMEAFAE L2 OMT - bAa 258 T 51213, Fig.5 2881 T

X, X, a e/2
&zf ’+] 2+f +f 3+f =8+ 61+ 0o+ 69+ 61 (43)
0 x xX, a 3

ELZRITNE RS2\, &, &, O IIKHEES 2 BHMEICE EE D (0=0) BOD, 7268, &k
Wi O E M EBHEIRDREE (1F0) LTWBETD M I TEESS2ELT, 8, 0=x<a
Ti3 x= (h—h,) /tane, dx=dh/tana & LT, IOV TORES % hiZOWTORESIEHRTIULEE
BEZ b, HRYEBLTURTERDOU) ~W)ARDLH 12k b,

5 =Eb tara ()] (a4
£(h) =log h-+2(hy /h) ——- (b, /h)* (44-1)

0= e (P — E, () ) (45)
u(h) =AW+Bh+C; A=3, B=—4yh, C=4yh (45-1)

ht h? 2B 3C
F,(h) =f dh=7-— —A~F3(h) — TFz(h) (45-2)
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Fy () =| N dh=[(3AC—BY) Bh+C 2AC—B))/A'qu

+ (1/2A?) log u— (B(6AC—B?) /2A%) F, (h)

; q=4AC—B?*(>0) (45- 3)
F, () =| X dh={(B"—2AC) h+BC)/Aqu-+ (2C/q) F, (1) (45-4)
Fu(b) =[5 = /YD) tan (24 +B) /@) 45-5)
6P h,
%="Eb tan'a [f(h)]hz (46)
2P \
% =Fpps (@) (47)
__ 8huoe g 2 0/2
o=55. [p) [r); 48
¢ (x) =log(Qh,—Px) +1/(1—Px/Qh.)
; Q=bhao'c (48_ 1 )
RKIZ, BARIZE AN b& 6 % 6 DFNITHIL LT
0:=00 +8"+8" +68+o64 (49)

ELTKRDD, & IEFOWEDFEEAR T A 7=S/b(h— ) Go=P/2b(h— 1) G Z FV, ROK
WL TEET %,

, = P ¥ dx
J _kf,, rd=z=k36 b L (h— 1) (50)
(50) A k id &M, TabbeET =0 D34, G0)RILLEFQCDRDERE TS
DORBETHY, 73— TLHkEk ETHE

k,=1.2(4log (h./h,) —2(h,/h,)*+7 (hy /h,) —5) /log (h./hy) (51)
h,=40, h,=15 I2%f L k,=1.5502 G1-1)

RYEITERIC T 5 kk k, &9 5 L

k,=1.2 (51-2)
ETLUEND B,

(50) 12 & ) (49) K% & 2K B L KD (53) ~ (57) RAE SN B,
5, =Kk, (P/2Gsb tana) log (h,/h;) (53)
0=k (P/3Gub tana) [y (b)) * (54)

¢ () =—log ('~ Q' (h—h) ) + (Q/S) tan" ((2h—Q) /S")

; @ =P/bo. tana, S'=v Q (thi— Q) (54-1)
8, =k, (P/2Gxb tana) log (h, /h,) (55)
8, =k, (P/2G.bh,) (x,—a) (56)
8, =k, (o:h, /Gu) log((o:bh..—Px,) / (o.bh,>—P2/2) ] (57)

(44) ~ (U8) KB L (B3 ~ BN RAHWT, WEP L7-b&h s ORFREERDLEHEFIEIZ KD Flow-
Chart 1219 .
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The Flow Chart for the Calculation of Deflection in the Tapered Beam.

DATA: b, }lo, h,, tan a, a, ,f, Ex, Gxy, o¢, }{1, }{2

l

6'1==d\’==<54==<54’==0

{
P=P,, PP,
[}

y:eq.(31), B:eq.(32)

:eq. (35) hl=h2=2ho
X,=4/2

hl) h2

:eq. (35)

h,=h,=2h, 0
no yes

Xy=4,/2 X:=£/28

l

So

:eq. (44), 8’ :eq. (53)

:eq. (46), :eq. (55)

0

62"‘ 2 "'O

ds

:eq.(47), §:":eq. (56)

!

63=60 +é‘1 +ag +§3 +6¢

6S=60'+5|’+52,+d‘3,+64,

6=55+53
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N. HbAHACODVWTOEEEERTEMBED LS

ZFOKEMEH, Wil 20X40, E& (LHH) 460 OREBRKZER L, 18 b=40, &2 h=20,
AN =420 £ L, WFR2 EMERAUCL ) WBIRAOMITRER 21T 7% - 720 FiEHIT OS5 CX 4
Fal|llx3do57bid EMEOMBZREHE L

E.= (3a%/2bh?) (M/9) (58)
WL o TY Y FRE: 2RO/ MIIFHEP IS T AHITERS TOMIFE— 2 > b THh b,

RIZZDHREEE % Fig 3ITRTHBME 7T — /8= 13D 1T L, hRERHEICL 2B 54T
WV, ANHRTIEI) THOBN S LWEL OBBEEHIE L2, 7 —75—13 tana=0.125 & 0.150 &
L, OETIE23)XDiEY TH b,

(22) XD oy ¥ EBHT H L, WHIBEHNIZBWT

5=85+8s= (6P/bE.) g, + (3P/5bGu) g, = (6P/bE.) [gB-f-%(Ez/ny) gS]

Lt?ﬁof ‘
E./G+4=10((6/P) (bE./6—g,))/gs (59)
DERRAE Y LD,
(23) X n#ITT
tana=0.125 {ZxF L TiZ
E./G.=10((5/P) (20E. /6) —88.725)/10. 387 (59-1)
tana=0. 150 {ZxF L Tid
E./Gx=10((8/P) (20E. /6) —71.682) /9. 5304 (59- 2)
L b, B
2251
200
B P
1751~ (kg )
1501
125 tan a=0. 125
Ex=765 Gn=47.0
[ oc=2. 50 P, =125%
100
75 tan a=0. 150
Ex=810 Gx=45.0 o.=2.66 P,=130
50—
25—
» & (mm)
L ] | ] | I | | 1 |
0 1 2 3 4 5 6 7 8 9 10

Fig. 6 Relationship between load (P) and deflection (§) in a tapered wood beam.
. calculated value
. measured value
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F=N—1IDIZOVWTHEEN/-P-8 DEKZLHDOBE P/6 % (59-1), T/ (59-2) Rt
ATHNIEE. /Gy DENET H, TOREBICHEESNTVWLE 05 G BWEEENS, $7/2P-
SORBIRMEP, £ 1V, tane=0.125 DBFESIZE B XD y=1, LT

o.=3P; /4bh, tana (60-1)
tana=0.150 DIFAIZIE, B)RXD =1L LT
o'c‘—'3Pp€/2bh§ (60_ 2 )

DR O EHEE S 0 BWEE 5o

Fig. 6 2 tana=0.125 & tana=0.150 D7 —/¥— I N IZDOWT, FHEME (EH) LHEE(- )01
Bl % RT,

EROFEIZEIBIDTHENPS, WHIRLLT TIIETEME & HIEBIXYRIZ—FHT 5, WEISHE)
BREEB2AHEE I&ICXAEMEREFEFIIC L AMEIZIEMEICAZ ) X GEMLER S 2 525,
HEMERKTHIIONTobADUEEIFEEL Y KREL 2D, TZTOEBRTII A/ S FRTH
DEMETA TNV =V THEL-DOT, XAWEOHMEME S BEHEICET NS, FEHEICE
FAHILTIBEORE bbb, B, m%%ﬁt::f@ﬁifu_ﬁmB;any¢%mﬁf,
o DOHIARERII DN FDEE (FRE7-DAENAELTHHMICEH) by, /-
Fig. 2ITRE&ND 0. D s (20T HELREZ UL, 1, MEOHERITERNAELRIEE 0,

V. KD AKE S DHTE

i CAI LI I/ bADOFTEME L IEMEIIBIEIE O IIONT, ZOPWVEENKE LD, L
7288 TIN5 A DIEDS, FrICHIERE T CTRYTH S LIS VWD, BEER 2Tl E L TARM D
BAMBSDOHEEEZRAATH D,

KM DU 72 B5ED b & THIET ANIIONWTIE, ShBBLLRRBVZ ENTVEDY, 2
TREEISTTIRED & & TO Norris DBIEHLHELY TH 5 (60) % E X 5o

(6:/Fx) =00, /FxFy+ (0, /Fy) 2+ (t4 /Fxy)*=1 (60)
DR TFx, Fy, Fxy JERBEHARONENT#E X, YELXHRFERIES, YHRFEEYRE,
BIUOX YICHTAEANMEEZRT, T I TOERTIIXIIAMOMMES M, YIiXEECEA)N
MTHbB, 60)FK% Fxy lIZOWTHL &

Fxy=t2(1— (0:/Fx) *+ (0:04 /FxFy) = (0, /Fv) ) 7" (61)
LY, Fig 307 —/8—3)TiE, 77— —KRIZETIRRICNA(26), (38-1), (39-1) &b
o0:=0,=1,/tane, o,~rt,'tane, T4=t,
ThbHHTH
Fxy= [l/rhz— 1/ (tana Fx)*+1/Fx+Fy— (tana/Fy)?) "2 (62)

EpT A, 7, BABIEHIE x=h,/tane, h=2h, ODWEIZETEI L% E 2 5L (29 XDFHDOM
& M=Ph,/2tane &7 1), (26) B L (38-1) X H
7, = o tana (4bhyo. tana+3P) /3 (4bhyo. tana—P) (63)

E2TB, B)ROPICHEHELRATSETF -/ — 3 ) PHIET LEEORKD ¢, BET Y, (62)
K HHANEES Fru 2ETE SN 5B,

R % Table 2 12T EBRICHWAMEIFEHEDOZAFHMT, 3KOMAM (110X110) » 5 HER
EGIH L, RABESORMO 1 7 ¥ 3AMOEST 2 RT, 20X40 BiE D7 — 75— ) AR
Bk 2@ L, ROMCRBEET HET LD bXh=20X20 (AT DEAIT D 2502800 L, kP58
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Sp?\?(i)r_nen tana oe Fx Fy P Th Fxy Fxy’
111 0.125 | 3.02 8.66 | 0.300 217 0.589 | 0.668 | 0.733
112 2.67 8.66 | 0.300 164 0.420 | 0.446 | 0.464
113 2.50 6.71 | 0.300 178 0.481 | 0.556 | 0.605
114 2.56 6.71 | 0.300 171 0.449 | 0.509 | 0.545
211 2.64 6.58 | 0.447 198 0.550 | 0.692 | 0.756
212 2.13 6.58 | 0.447 151 0.407 | 0.455 | 0.472
213 2.50 7.14 | 0.447 204 0.601 | 0.757 | 0.835
214 2.57 7.14 | 0.447 181 0.486 | 0.558 | 0.588
311 2.51 8.95 | 0.390 178 0.480 | 0.518 | 0.539
312 2.82 8.95 | 0.390 221 0.632 | 0.727 | 0.790
313 3.19 6.87 | 0.390 211 0.552 | 0.675 | 0.741
121 0.150 | 2.67 8.66 | 0.300 224 0.600 | 0.656 | 0.718
122 2.66 8.66 | 0.300 228 0.617 | 0.679 | 0.748
123 2.45 6.71 | 0.300 173 0.439 | 0.474 | 0.503
124 2,38 6.71 | 0.300 202 0.544 | 0.615 | 0.683
221 2.40 6.58 | 0.447 203 0.546 | 0.625 | 0.671
222 2.46 6.58 | 0.447 209 0.563 | 0.651 | 0.704
223 2.40 7.14 | 0.447 192 0.504 | 0.553 | 0.582
224 2.16 7.14 | 0.447 164 0.423 | 0.451 | 0.466
321 2.99 8.95 | 0.390 216 0.550 | 0.589 | 0.620
322 2.89 8.95 | 0.390 247 0.667 | 0.739 | 0.805
323 2.34 6.87 | 0.390 197 0.528 | 0.591 | 0.633

Table 2. The estimated shearing strength (Fxv) of wood by means of bending the tapered beams.
oc . compressive strength
Fx ! tensile strength parallel to grain
Fy ! tensile strength perpendicular to grain
7o . maximum shearing stress existing in a tapered beam at failure
F’xv ! estimated shearing strength by means of equation (61) without interaction term.
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Summary

Tapered wood beams having taper edge on the tension side break due to shear along the grain. In this work, it
was undertaken to estimate the shearing strength of wood by means of bending the tapered wood beams.

The normal stress (s:) in the wedge under a concentrated load (P) at its apex as shown in Fig. 1 can be calculated
by equation (3) based on the exact elastic fheory. When the same normal stress is calculated by equation (4) based
on the elementary bending theory, its value (s:) very closely approximates to the above exact value as shown in
Fig. 2, provided the slope of the taper is gentle.

For the symmetrical double tapered wood beam as shown in Fig. 3, if its total region retains its elasticity,
bending(s:), shearing(r=), and vertical(sy) stress are calculated by equations (9), (10), and (11), respectively.
And, the deflection of the central loading point is calculated by equations (20) ~ (22).

If the maximum value of the elastic compressive stress in the tapered beam (on - eq.(13) or ov : eq. (14)) exceeds
the yielding compressive stress (o) of wood, the plastic zone occurs on the compression side of the beam, and the
distribution of stresses becomes such as is shown in Fig. 4. After the occurrence of the plastic zone, the bending
stress (oz), and the shearing stress (r«) in the tapered wood beam are calculated by equations (30), and (37),
respectively, and the vertical stress (o4n) at the taper edge is calculated by equation (39).

When the plastic zones occur in the taperd beam as shown in Fig. 5, the central bending deflection (&%) is
calculated by equations (43) ~ (48), and the central shearing deflection (Js) is obtained by equations (49), and (53)
~ (57). The calculation procedure of the deflection may follow the flow chart as shown in page?2l.

The comparison of the calculated value to the measured value of the deflection is shown in Fig. 6.
The calculated value closely appoximates to the measured value. Therefore we may conclude that our assumption
on the distribution of stresses in the tapered wood beam is appropriate.

In the test beams of Sugi (Japanese ceder), the maximum failure load (P) were measured, and equation (60) was
applied as the failure criterion of orthotropic materials for combined stresses in a two-dimensional stress system.
Equation (62) is derived from equation (60). The estimated value of shearing strength (Fxvy) of wood may be
obtained by equations (62) or (63).

The results obtained by such a way are shown in Table 2.

F’xy in Table 2 is the estimated value obtained from equation (61) without the interaction term. Since the failure
criterion of wood has not yet been estalblished, it is necessary that the studies on the failure criterion for the
combined stresses be further developed. In this phase of research, it seems to be appropriate that r, in Table 2 be

adopted as a standard for the shearing strength of wood in the design of the ordinary wood beams.



