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Studies on Tapered Wood Beams

Report 1. Flexural Rigidities and Strength of Tapered
Laminated Wood Beams

By

Minoru Sawapa and Takeshi MARUYAMA
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Fig. 1. Double-tapered beam.
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Fig. 3. Graph for determining /L where max. bending deflection occurs
at a single-tapered beam under a concentrated midspan load.
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Fig. 5. Shear stress distributions for a double tapered beam.
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Table 1. Physical properties of test laminae

Akayezomatsu Todomatsu
Number of laminae 14 21
Min. — 1.0
Average ring width Ru (mm) Av. — 29
Max. — 49
Min. 0.46 0.36
Specific gravity 7y Av. 0.49 0.39
Max. 0.51 0.45
Min. 79 9.5
Moisture content % (%) Av. 8.8 10.5
Max. 9.8 11.7
Min. 115 95
Modulus of elasticity Ep (103kg/cm?) Av. 135 108
Max. 169 119
Table 2. Modulus of elasticity of laminae
Beam No. E, E; E; E, Es Eg E; Cal. Ep
1 124 123 120 115 119 120 127 125
2 157 148 144 134 135 157 160 154
3 127 121 116 106 116 120 126 124
4 114 112 106 102 106 113 114 113
5 113 107 105 95 104 108 113 111

(Remarks) Cal. E;: Modulus of elasticity of beam calculated from E;~E; of
laminae (103 kg/cm?)
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Fig. 6. Cutting diagram from a straight beam to
a double-tapered beam.
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Fig. 7. Cutting diagram from a straight beam to
twin single-tapered beams.
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Fig. 8. Cutting diagram from a lamina.
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Fig. 9. Block-shear-test specimen.
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Table 3. Dimensions of double tapered beams

Beam g= b he hg Beam §= b he ho
No. (he—ho)ho (cm) (cm) (cm) No. (he—ho)ho (cm) (cm) (cm)
0 7.90 13.66 13.66 0 4,95 14.22 14.22
0.5152 7.90 13.66 9.02 0.4906 495 14.22 9.54
A 0.9855 7.90 13.66 6.88 D 0.9532 495 14.22 727
1.9313 7.90 13.66 4.66 1.8821 495 14.22 492
29709 7.90 13.66 3.44 2.8297 4.95 1422 . 3.70
. 3.8961 7.90 13.66 2,79 4.0607 495 14.22 2.80
0 8.21 13.93 13.93 0 455 14.30 14.20
0.5325 821 13.93 9.09 0.4869 4.55 14.20 9.55
B 0.9986 8.21 13.93 6.97 E 0.9694 455 14.20 7.20
1.9829 8.21 13.93 4.67 1.8780 455 14.20 492
29129 8.21 13.93 3.56 2.9831 4.55 14.20 3.55
3.9928 8.21 13.93 2.79 3.9441 455 14.20 2.86
0 5.14 14.21 14.21 0 4.70 14.19 14.19
0.4880 514 14.21 9.55 0.4781 470 14.19 9.60
c 0;9668 5.14 14.21 7.22 F 0.9708 470 14.19 7.20
1.8571 5.14 14.21 492 1.8821 4.70 14.19 492
2.8665 5.14 14.21 3.67 2.9581 4.70 14.19 3.58
4.0284 5.14 14.21 2.82 3.9031 4.70 14.19 2.89

WO RAKR, ZOhB4ETOS BB TRBRET o, BRLIADFZOWTS@EY, 7~
R FEHEAE SR EI RS 2L 108Y, ThE 6ROV TEOR DT
Ifolz, FMEDOEENOEDOROBETT — S~ %F0 T\ ook EDET S Table3 12
w1,

2.5 F—N—E—LOHITRIEXR

B DBF — < — v — 2 ABEERM 8 A% Fig. TR Lick 5 Cfldc AT 245 L

C2RDEF — e €= AL Lie, OB (ho—hilhy DA 0555 4 ETOSWHEE L
BF—nRmpE—ad LictEDf b Jikiz Tabled D k) THBH, FOL5HYI LA

Table 4. Dimensions of single tapered beams

Laminated T]gg:;‘,d he ho = HLaminated ng:xrsd he hy B=
Beam No. No. (cm) (cm) (cm) (he—hg)/ho} Beam No. No. (cm) (cm) (cm) (he—ho)ho
A-1-1 8320 5940 4.960 0.4007 C-1-1 9490 4710 5.230 1.0149
A-1-2 8320 5940 4960 0.4007 C-1-2 9480 4710 5.220 1.0127
A-2-1 11530 2.850 5.000 3.0456 C-2-1 11.805 2440 5.185 3.8381
4 A-2-2 11450 2780 4990 3.1187 5 C-2-2 11.710 2310 5.185 4.0693
B-1-1 9.440 4720 4700 1.0000 D-1-1 10.640 3.600 4.380 1.9556
B-1-2 9490 4.710 4700 1.0149 D-1-2 10.690 3.650 4.380 19288
B-2-1 10.680 3.650 4.690 1.9260 D-2-1 11315 2.810 4.340 3.0267
B-2-2 10.660 3.620 4.700 19448 D-2-2 11.295 2.800 4.340 3.0339
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Fig. 10. Location of dial-gages for a single-tapered beam.
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EHIT L D EOG MR R~ R
Lic~—-—# —2 ik K-10-A-1, GL=

10 mm, £=120.3%03, G.F.=2.04+1%

b Fig. 1. Testing apparatus of a single |
2.6 HIHEMEERE G OREE tapered beam.

AR TH T — = — AR TE, ZORPHMILNC X 5 Mz o g 8r &
RI22LxTEhV0T, ZORBONNHERK G #RETHLENH S, £ T, BK
73 F e bOFREAGT Y S REEREM OMT Y v SR E AL, TR 2T 5O
LW O % ¥ ToOfTRIERE X 0 BoBIG TN X 2 B St L CTWaEdE:
B FL Ute, & BTl L oM R B A & 2 UMM D4R b WBRIC & 0 EHEA
BT (REL A R e, BTN INBEZ s B DR TR o fiE & HE L 72,
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3 EmE R

3.1 HEOXBMAEE

Fig. 8 ICR LA X 51T, b K=Y 5 37 by 0 B o/ NUSER SEREH IO T OHR
MERBRE R4 Table 5~9 12k Dk DFEHBETER L DEEFT,

S OFEROVEEE, FEHERE Re 2.9 (#HE 1.0~4.9) mm, HE 7, 0.39(0.36~0.45),
KBRS KE u 105 (95~ 11.7) %, BT HBIRE 0sy 424 (337 ~ 621) kg/cm?, FHRE a5 679
(472~942) kg/em?, [+ v 7 %8 Es 99 (75~116) X 10° kg/cm?, HEAHELFIFRE o0p 295 (242~
393) kg/cm?, [FBEX o, 409 (346~499) kg/cm?, A ¥ /mﬂfé'ﬁﬁ E, 94 (65~116)X 10® kg/cm?,
2B L BIREE 0.p 574 (455~704) kg/em?, [FHE X o, 857 (654~1020) kg/cm?, [Y v 7 H¥ E.
99 (84~122)x 10°kg/cm?, WX 7 71 (42~128) kg/em?, X OBy ERE G 7.1 5.4~
9.0)x10°kg/cm?® TH %,

IhbxRBE, WTFhOYVY/HREL 7 3 7 OMTREIEARC X b Bofd v v 7 R
I L BEFEIETHS, HIERS L RERHE L ORI ZTOFEEC KT o/o,=r=21
THY, CRBEMEER o=t 0P 1 X HIHBMIBRS 0f £KDDH E, 699 kglom?

r+1
&7e b FMEFE 0y © 679kg/em? L I —FL TV D, Fh, TR LD RD7HHIH

Table 5. Physical properties of small Table 6. Results of bending test for small
clear specimens (average values) clear specimens (average values)

No. . “ R ru (%) ’ : No. Ep aop o
102 2.1 0.37 105 102 107 398 675
110 2.3, 0.45 10.6 : 110 126 621 942
115 38 . 0.41 10.1 115 94 356 631
116 38 040 102 - 116 99 481 655
117 43 0.37 10.9 117 104 389 686
118 45 0.40 11.0 118 97 464 746
120 2.1 038 | 11.7 120 108 450 750
122 2.6 0.36 104 . 122 111 379 681
123 49 0.39 9.7 123 96 491 748
125 1.7 0.38 10.5 125 93 384 620
126 10 0.38 95 126 87 337 472
127 3.2 0.39 10.8 127 75 359 657
129 1.5 0.39 10.6 129 90 398 580
130 3.1 0.36 11.0 130 104 432 670
Av. 29 0.39 10.5 Av. 99 424 679

(Remarks) (Remarks)

Ry : Average width of annual rings (mm) Ep: Modulus of elasticity in bending (103
ru: Specific gravity based on weight and kg/cm?)

volume at test osp: Stress at proportional limit in bending

u: Moisture content (kg/cm?)

op: Modulus of rupture (kg/cm?)
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Table 7. Results of compression test for Table 8. Results of tensile test for small
small clear specimens (average values) clear specimens (average values)

No. Ec Gep Oc No. E; Gtp gt
102 92 294 436 102 110 547 722
110 116 393 499 110 122 636 1020
115 90 317 434 115 97 604 800
116 97 293 405 116 94 491 654
117 104 312 413 117 109 519 1012
118 95 280 436 118 96 573 975
120 95 282 393 120 101 647 824
122 103 296 414 122 99 704 1004
123 91 263 407 123 94 677 988
125 102 284 390 125 90 484 795
126 87 281 376 126 90 455 673
127 65 242 346 127 — — —
129 79 268 381 129 84 472 756
130 96 318 398 130 105 647 914
Av. 94 295 409 Av. 99 574 857

(Remarks) (Remarks)

E;: Modulus of elasticity in compression E;: Modulus of elasticity in tension par-

parallel to grain (103 kg/cm?)

gep: Stress at proportional limit in com-
pression parallel to grain (kg/cm?)

o1 Maximum crushing strength (kg/cm?)

Table 9.

Results of shear strength and
torsional test for small clear specimens

Shear strength (7)

allel to grain (103kg/cm?)

arp: Stress at proportional limit in tension
parallel to grain (kg/cm?2)
o¢: Maximum tensile strength (kg/cm?)
Table 10. Test results of gluing property
(Average values)
Shear strength
2
Beam No. (kg/em?)
Min. Av. Max.
1 57 74 96
2 60 70 80
3 64 82 92
4 59 72 85
5 64 76 83
Av. 75

No. Min. Av. Max. ©

102 51 62 76 67
110 72 75 9% 84
115 75 78 80 79
116 71 9% 128 83
117 51 61 73 58
118 75 82 9 76
120 65 67 69 61
122 55 64 78 70
123 78 87 98 79
125 55 68 84 64
126 42 59 8 90
127 55 68 76 73
129 59 64 72 59
130 49 58 62 54
Av. 71 71

(Remarks)

r: Shear strength (kg/cm?)
G: Modulus of rigidity from torsional
test (103kg/cm?)
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BEE G Grr & Cir DERETH A L, BIVET 1B LEORDOETH Aicdic
FOEET : FHBOWUMMEREE LTHAVWS Z LRIBETHE DY, SORRFLET
2L0EBbh%,

%5 I FHERMC L EOBEEENE Table 10 R+ &80 TH 5, HEHMIO
SERfE L 75 (BREH 57 ~82) kg/em® TH v, BTk o/ NEIMER SRABH TOKIEBE L33 —FK L,
¥ oREENR D 90~100% TH H EBRM OBEFEIRKURTELETHDHEVL DS,
3.2 BHERFOITRIE

2.1 TNtk L b B L SMEBESERM 5 A% No.1 & No. 222\ Tk 2 oD
%, No.3~No. 5 oW T 4S5 LA UARC LIS DEEZRERIZ DOV TH
FHIMRBR A T, FOMMBERC X - TEHE LB A GRE G OffFE % Table 11 2/R
T SITORAAVH100cm T & ) FREFHE10kg T L DEZETHD, 2D
S MBLERMOFERFY v 7 EZR B ¥ AV THE L MTEAREZ5IVWREY DBEAE Y
KEHWIE I X BAINER E R LT, ThhbHMBEERE G ¥R, £ORDOF —-<—
E—ATOHBERRIALOEOEHEXFERT LT LI,

Table 11. Calculation of shear modulus (G) from the result
of flexural rigidity test

Laminated Block Cal. MOE Cal. Def. Shear Def. G Av. of G
Beam No. No. 103 kg/cm? 10-3¢e¢m/100 kg 103 kg/cm?
1 A 125 14.9 5.0 55 55
2 B 154 12.0 4.6 57 5.7
C 124 21.3 7.6 54
3 D 124 234 9.2 4.6 54
E 124 231 7.6 6.1
F 124 23.6 85 5.3
A-1 113 23.1 79 5.5
- 233 X .
4 A-2 113 8.0 53 5.4
B-1 113 247 84 54
B-2 113 243 79 5.6
C-1 111 22.8 80 5.0
-2 111 225 75 5.
5 ¢ 4 54
D-1 111 270 9.2 5.2
D-2 111 26.0 81 59

ThERB EHEHEERE G 12 54~57X100kg/cm® TH H, T v v I HRE E & B
T3 & EJG=20~27 TH Y, No.2iZ 2L TIkETENDE OMITIE T Y 7o SR RS
FRLTVELDEEBbRS,

3.3 AmFr—/N—E—LOITRE
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W= —sH&Tmy 7% B=0(F ~A~%2F T\t E) nbBErLT —
R TC =4 TTOBEROLTI LR TOHTRIERBEEREL L v Y h DR AvET
2T fext LN T — A —ENEBAC R EOBAE T

DOEZE L LT Table 12 25T,

Table 12. Calculated and experimental deflections of double tapered beams
Beam NO. ,B 5ca1 5ex1 5ex2 5ex1/5ca1 5ex2/5cal

0 0.150 0.149 0.149 0.993 0.993

0.5152 0.193 0.182 0.184 0.941 0.951

A 0.9855 0.239 0.233 0.226 0.977 0.948

1.9313 0.323 0.286 0.316 0.887 0.980

2.9709 0.399 0.345 0.370 0.865 0.928

3.8961 0.457 0.396 0.414 0.867 0.906

0 0.119 0.120 0.120 1.001 0.001

0.5325 0.161 0.154 0.146 0.955 0.906

0.9986 0.191 0.181 0.178 0.949 0.933

B 1.9829 0.259 0.239 0.236 0.925 0.913

2.9129 0.313 0.287 0.289 0.916 0.922

3.9928 0.369 0.321 0.323 0.871 0.876

0 0.214 0.213 0.213 0.997 0.997

0.4880 0.271 0.271 0.303 1.000 1.118

0.9668 0.323 0.323 0.379 1.024 1173

¢ 1.8571 0.451 0.451 0.510 1.003 1.132

2.8665 0.559 0.551 0.581 0.986 1.039

4.0284 0.666 0.672 0.728 1.009 1.093

0 0.222 0.234 0.234 1.056 1.056

0.4906 0.287 0.277 0.291 0.964 1.013

0.9532 0.351 0.330 0.331 0.940 0.943

D 1.8821 0.472 0.439 0.451 0.929 0.955

2.8297 0.579 0.534 0.581 0.922 1.004

4.0607 0.695 0.638 0.632 0.918 0.909

0 0.242 0.231 0.231 0.955 0.955

0.4869 0.311 0.306 0.316 0.983 1.015

E 0.9694 0.385 0.370 0.376 0.960 0.976

1.8780 0.514 0.488 0.500 0.949 0.973

2.9831 0.650 0.614 0.611 0.945 0.940

3.9441 0.749 0.678 0.682 0.905 0911

0 0.235 0.236 0.236 1.006 1.006

0.4781 0.300 0.291 0.317 0.972 1.058

F 0.9708 0.373 0.349 0.386 0.936 1.036

1.8821 0.497 0.467 0.512 0.939 1.029

2.9581 0.623 0.561 0.606 0.900 0.972

3.9031 0.718 0.654 0.700 0.911 0.975

Av. 0.951 0.987

CV. (%) 4,74 6.98
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Table 13. Relations between deflections due to bending
stress and horizontal shear stress
Bending  Shear Bending  Shear
Beam 8 Def.  Def. &fo, | Deam f Def. ~  Def. oufos
: (8p) (ds) ) (90) (3s)
0 0.0996 0.0504  0.506 0 0.1421 00795  0.559
0.5152 0.1315 0.0619 0471 0.4906 0.1913 0.0961  0.502
A 0.9855 0.1599 0.0786  0.492 D 0.9532 0.2295 0.1216  0.530
1.9313 0.2086 0.1139 0546 1.8821 02967 01756  0.592
2.9709 0.2506 0.1481  0.591 2.8297 0.3536 0.2253  0.637
3.8961 0.2822 0.1746  0.619 4.0607 0.4144 0.2807  0.677
0 0.0733 0.0459 0.626 0 0.1552 00866  0.558
0.5325 0.099%6 0.0616 0.618 0.4869 0.2070 0.1043  0.504
B 0.9986 0.1197 0.0710 0.593 E 0.9694 0.2518 01335 0.530
1.9829 0.1551 0.1034  0.667 1.8780 0.3232 0.1911  0.591
2.9129 0.1825 0.1308 0.717 2.9831 0.3960 0.25637  0.641
3.9928 0.2102 01585 0.754 3.9441 0.4482 0.3008 0.671
0 0.1371 0.0766  0.559 0 0.1506 0.0839% 0.557
0.4880 0.1831 0.0879  0.480 0.4781 0.1989 0.1006  0.506
c 0.9668 0.2051 0.1180 0.575 F 0.9708 0.2435 0.1292 0.531
1.8571 0.2830 0.1675  0.592 1.8821 0.3125 0.1849  0.592
2.8665 0.3408 0.2183  0.641 2.9581 0.3796 0.2438  0.642
4.0284 0.3970 0.2688  0.677 3.9031 0.4293 0.2887 0.672
55/5b
10 _ [B=5B=4p=3 (32 B=I.5 B=1 3=0.5
r !
o8 -
L 770 B=0
D~ -
~~d.
08 - =~ ~ e
o L Y Ay
——fmem
0.4
o2
o] s 1 — - | N I
0.05 olo oI5
ho/ L

Fig.

12. Relationship among ds/0s, ho/L and 8

—double tapered beam: span=100cm—
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HY, Oexz EIXT — A —HNEIEMRABEDOERBTH D, ThikhdET——~HEHIE
FRALSIEEMO EL LRI E ETHLMITREIMEE LTOERRLALRL, BRABOFREEL
EHEE D®IZFT vy 7EOFEBET, 7 - —EHEMHUOHE 0.95 (HILHEE=4.74%),
SIEEM OB S 0.99 (EALRELT7.00%) THb, FHEMEEL FAEIFFC I -T2,

KCAKEHEIE N OBACRIETHEBYEL THDE, HF——E—-2DKDEOD B
ETOXRFHMIENC L 58R 6, LHTICHC X 584X 6 L0k Table 13 D X 51t/ 5,
CRERALETF — A= EOF TR VCBERDEEIDOEET, ¥V EAAYEDOHN014 T
HoTHTHLMIFTIENC I BEEAD50% Ll EOBMEBEANRE L TR Y, it h OFEBLD
Bz b, EHIRIABILT ——=%2F T\ &, B DENOSTHB LEDHMNHLTNT
PhEL7eh, LR BDEHREL LTV EEDHIIBRACKEL - T HARRLT
Wh, ChALDBBREY 7T 7R LEDONFig. 12 Th B, 22T E/G Dfix 25 & LT, h/L
DiEXBEC LD, THIEXIET S 0,/0s DEXRENC L Y, & B DETOBFRERRETEDL
L7z, E 512 Table 13108 L1z 8s/0s DIEDOBELX MR TCRb LI, 2DIF/ T 7% RADE B0
ENRE LB LI T h/L DESEINT 5 & ZBUC 6:/0p DEN ER T2 Z &b
5, Ticbb, h/L OEIZX LT 8 DENKE I BT LIcht o TAFEHEIG OB AH
CARELIRSTL B,
3.4 HEF—NR—E—LOTRIHE

CORBTHVWERT -2 - —ABWTIE, TORKEXNEET HMABNTT
BLB b AAYHRDMTHD, THETNORRBRAORETIMNETOEALAAAVDEE
SFRTBETOBRLEOHEME L ERIfE% Table 14 iIc/R T, ZZ Tk ~4 No. OREOKT
RLEBHDLDIET < ~ERERNC, 2&5530EFEMCLESETRBY Thok

Table 14. Deflection at L/1~7L/8 of single tapered beams

Deflection at

Beam No. L/8  2L/8 3L/8 (Max) 4L/8 5L/8 6L/8 TL/8
Aol Cal. 51 118 138 145 144 121 105 45
Ex. 57 104 132 143 142 127 93 50

(8: 0.401) Ex./Cal. 112 08 09 099 099 105 08 LIl
ALz Cal. 51 118 138 145 144 121 105 45
Ex. 56 104 133 142 142 127 93 52

(£: 0.401) Ex./Cal. 110 088 09 098 099 105 08 116
Bol-1 Cal. 72 125 156 163 161 138 101 52
Ex. 74 131 156 167 164 141 101 53

(8 + 1.000) Ex./Cal. 102 105 100 103 102 102 100 103
Bo1.2 Cal. 72 126 159 163 161 139 99 53
Ex. 72 125 156 165 162 141 101 54

(: 1.015) Ex./Cal. 099 099 098 101 10l 101 102 102
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Table 14 (Continued).

B2E H2F

Deflection at L/8~7L/8 of single tapered beam

Deflection at

Beam No. L) 2L)8 3L/8 (Max) 4L/8 5L/8 6L/8 TL8
Co1-1 Cal. 66 116 146 149 147 127 91 48
Ex. 66 115 147 156 153 133 94 50

(8: 1.015) Ex./Cal. 100 099 101 104 104 105 103 104
Co1-2 Cal. 66 116 144 151 147 126 90 46
Ex. 74 125 155 155 169 138 100 57

(8: 1.013) Ex./Cal. 112 108 108 103 115 110 111 123
Boo1 Cal. 87 147 176 179 174 146 103 53
Ex. 91 152 185 189 183 153 109 58

(8: 1.926) Ex./Cal. 105 103 105 106 105 105 106  1.09
Bs.2 Cal. 88 149 178 180 176 148 105 54
Ex. 73 148 157 162 157 135 95 50

(8: 1.945) Ex/Cal. 083 099 08 09 08 091 091 092
Doi1 Cal. 96 164 196 199 194 163 115 58
Ex. 98 166 202 208 202 174 122 66

(8: 1.956) Ex./Cal. 102 101 103 105 104 107 106 113
D12 Cal. 94 160 192 195 189 159 112 58
Ex. 91 162 199 204 199 170 122 62

(8:1.929) Ex/Cal. 097 101 104 105 105 107 109 108
A2l Cal. 100 163 188 189 181 150 105 53
Ex. 100 162 188 190 182 150 106 58

(8: 3.046) Ex/Cal. 100 099 100 101 101 100 101 109
Ao Cal. 105 170 196 197 188 155 108 55
Ex. 102 164 188 183 183 154 110 62

(8: 3119) Ex/Cal. 097 097 096 093 097 099 102 113
D21 Cal. 122 200 281 232 222 184 128 65
Ex. 12 184 212 216 207 170 120 62

(8 3.027) Ex/Cal. 092 092 092 093 093 093 094 095
D22 Cal. 123 202 232 234 224 185 129 66
Ex. 116 192 226 233 222 183 128 67

(:3.034) Ex./Cal. 094 095 097 099 099 099 099 101
Cos1 Cal. 115 182 206 206 195 160 111 57
Ex. 1.7 187 213 216 205 166 116 59

(8: 3.838) Ex./Cal. 102 103 104 105 105 104 104 104
Coo Cal. 124 195 219 220 207 169 118 60
Ex. 110 177 - 206 209 202 166 1.2 57

(8: 4.069) Ex./Cal. 089 091 094 095 098 - 098 095 095
Av. Ex./Cal. 100 098 099 100 101 102 100 106
CV. (+%) 772 580 515 48 559 488 680 743
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bOTHD, ZOBFIWT — -~~~ s LARCT — < ~EH &S LR T L HHEH O
FRIEOZE X RS h g\, FHEME & RRE L O£ (15 128) T 101 (Bt
657%) THOFEFHL I A>T b, FRITORREARL TNTFHLcMBIRRBEL T
5 ENHER I I,
8.5 MF—N—FE—LlCHITIMITHIHORH

Tt — €= AR BT B WTEAN T OMTIS ) O5 MR EELR AN D 2o, Hid O #T R
REB& (TR B H T ~ 2~ ~ A0 5 B B-1-1 (B=1), B-2-2 (8=2), ¥ L 08 A-2-1(8=3)

(unit:cm)
BeamNo.B-1-1 \J/ uem
/F_—"/
4?[— ﬁ: I 944
72 I
72 L 3 sl 'J;
L=loo —
BeamNo.B-z-Z! i
e 1 \l/ i '
362 I L R
Yy J + 10.66
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[e]
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HH&_ 7/ |
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L/8 L/8

T
L/8 4= Lr8 . L/~ L/8 7 L/8
1 .

Fig. 13. Single-tapered beam dimensions and strain gage locations.
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LEGEND:
“~— THEORETICAL STRAIN
O OBSERVED STRAIN

G.5

0.4
To.3

To.2

[0.1

{ 1 [ | 1
oV 300 200 100 4] 100 200 300 400
Tensile strain (10‘60m/cm) Compressive strain (10_6cm/cm)

Fig. 14. Comparison of theoretical and observed bending strains at section
3L/4 of beam No. B-1-1 under a concentrated midspan load of 100 kg.
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LEGEND:
—— THEORETICAL STRAIN
O  OBSERVED STRAIN

L |

|
500 400 300 200 100

Tensile strain (10-6cm/cm)

1 | |
100 200 300 400 500

Compressive strain (10-6cm/cm)

Fig. 15. Comparison of theoretical and observed bending strains at section L/4
of beam No. B-1-1 under a concentrated midspan load of 100 kg.
y/h
r T ; 7
LEGEND:
— THEORETICAL STRAIN
O OBSERVED STRAIN
—‘0.6
To.7
—T0.8
o) T0.9
L | i | 1.0 4 ! 1 1
500 400 300 200 100 0 100 200 300 400 500
Tensile strain (10 %em/cm) Comprssive strain (10 %em/cm)
Fig. 16. Comparison of theoretical and observed bending strains at section L/4
of beam No. B-2-2 under a concentrated midspan load of 100 kg.
T T T T T
LEGEND:
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500 400 300 200 100
Tensile strain (10_6cm/cm)

Fig. 17.

100 200 300 400 500

Compressive strain (10_écm/cm)

Comparison of theoretical and observed bending strains at section L/2

of beam No. B-2-2 under a concentrated midspan load of 100 kg.
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Fig. 18. Comparison of theoretical and observed bending strains at section 3L/4
of beam No. B-2-2 under a concentrated midspan load of 100 kg.
T T T T !
LEGEND:
= THEORETICAL STRAIN
O OBSERVED STRAIN
{ L 1 1 i i 1 |
500 400 300 200 100 0 100 200 300 400 500
Tensile strain (10'6cm/cm) Compressive strain (10-6cm/cm)
Fig. 19. Comparison of theoretical and observed bending strains at section L/8

of beam No. A-2-1 under a concentrated midspan load of 100 kg.
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Fig. 20.
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- : . -6
Tensile strain (10 6cm/cm) Compressive strain (107 cm/cm)

Comparison of theoretical and observed bending strains at section L/4
of beam No. A-2-1 under a concentrated midspan load of 100 kg.
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LEGEND:
—— TEEORETICAL STRAIN
O OBSERVED STRAIN

| ] 1 1 I} 1 1 L |
500 400 300 200 100 0 100 200 300 400 500

Compressive strain (10_6cm/cm)

Tensile strain (10'6cm/cm)
Fig. 21. Comparison of theoretical and observed bending strains at section 3L/8
of beam No. A-2-1 under a concentrated midspan load of 100 kg.
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Q
i | ul 1 |

| 1 1l
300 200 100 [ 100 200 300 400 500

500 4(;0

Tensile strain (10 %cn/cm)
Fig. 22. Comparison of theoretical and observed bending strains at section L/2
of beam No. A-2-1 under a concentrated midspan load of 100 kg.

Compressive strain (lO‘écm/cm)

LEGEND:
~——THEORETTCAL STRAIN
O O0BSERVED STRAIN

lo | J_ | | |
400 300 200 100 [+ 100 200 300 400

Compressive strain (10~6cm/cm)

Tensile strain (10 Ccm/cm)
Fig. 23. Comparison of theoretical and observed bending strains at section 5L/8
of beam No. A-2-1 under a concentrated midspan load of 100 kg.
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y/h
T T T 1.0 T T T
0.9
To.8
LEGEND: L
o THEORETICAL STRAIN 0.7

© OBSERVED STRAIN

| 1 1
400 300 200 100 0 100 200 300 400

Tensile strain (10-6Cm/cm) Compressive strain (10—6cm/cm)

Fig. 24. Comparison of theoretical and observed bending strains at section 3L/4
of beam No. A-2-1 under a concentrated midspan load of 100kg.
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Fig. 25. Comparison of theoretical and observed bending strains at section 7L/8
of beam No. A-2-1 under a concentrated midspan load of 100 kg.

D3ROV TRENEORBEDORUE AR Tie oo, ¥ — oDk b o Bt Fig. 13 IR L
el B D THb, FRET~ 1~ —ADKDOBOOWE 1T % #IFE O REH & BiHE L
B LIS ME% Fig. 14~25 & Lz, B-1-1 & B-2-2 Tl +oBkmFE iz Eodhh
wHAEL, A-2-1 Tk 3L/8 OWECRET 525, WERELLEOZ LoD bR, HE
HETTREOEIANRZOND A, TOMOMEH TILREERRCHAL, BRIIERMEL
LETIRHETH3, BEOPTEL S X EHEPRCEET L LNBVDHLRS,
3.6 EFr—/—E—ADHTHBERE

HF — 2 — ADHTHREBERY Table 1512573, ZORBRTHWLEST — 2 — ¢ —
ADBRMFHHORET BB, f=2 F TIREDAAVER, B>21THTITELDN
VKA EDR (he) D2EDORVWEETAINECRET S, LTI ITREDROD
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Table 15. Strength of single tapered beams

Beam No. 3 Prax by ap 'II‘:yple of

(kg (kg/cm?) (kg/em?) 7a1 L -
A-1-1 0.401 1079 485 638 B
A-1-2 0.401 — — = —_
B-1-1 1.000 1062 421 677 B
B-1-2 1.015 1130 481 715 B
C-1-1 1.015 1103 444 628 B
C-1-2 1.013 1260 480 719 B
B--2-1 1.926 1086 399 677 B
B-2-2 1.945 755 401 471) S
D-1-1 1.956 908 486 613 B
D-1-2 1.929 800 426 (440) S
A-2-1 3.046 1090 418 661 B
A-2-2 3.119 902 356 (547) S
D-2-1 3.027 936 499 677 B
D-2-2 3.034 768 445 (555) S
C-2-1 3.838 1027 376 651 B
o —2-2 4.069 672 365 (426) S
(Ab.) 432 666 (606)

(Remarks): Type of failure “B” is bending failure and “S” is shear failure.

HEORRIMFIEHORAET HMHEH COMTILOIEE 0,p B XOMITHRE 0, L &b, 20
R OFISE R, AT MIRIE 6,, 432 (iR 356 ~ 499) kg/cm?, HilFHH X gp 666 (613 ~ 719)
kg/em?® Td b, IR GEBA IO i FEE, ep=424kg/em?, 0,=679 kg/em?® &
FFIZ L~ LTVD, EFRLChbLOROMT Y v 7/ RBE LD ZDVFIHET, ok =
0.006 TdH W IFITEUAETHS L Bbhsb,

DELET — A - ADWHIVEAY RS L, F MR 2L EDL DTT — A —Mr5[5%E
VLB LB & i e TRPIBIC L 233 EA R L T\ 5, Tibb, 77— —HOEFH

Fig. 26. Beam No. A-1-1.



AREF—A—c—2cETaMeE B 1H) RE-JLL) 421

Fig. 27. Beam No. B-1-1.

Fig. 28. Beam No. B-1-2.

Fig. 29. Beam No. C-1-2.
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Fig. 30. Beam No. D-1-1.

Fig. 31. Beam No. D-1-2.

Fig. 32. Beam No. A-2-2,
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Fig. 33. Beam No. D-2-1.

Fig. 34. Beam No. C-2-1.

Fig. 35. Beam No. C-2-2.
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RELIRDBR LI 5 CT — R —WHFIEMACH 2 & &, 7~ ~ERKERKFRHIE A
REL, T~ ~HPBYRORBCK > TR O THBBERYELL T2 b0 LR
bhéoﬂﬁﬁﬁ%ﬂbt%@KObfﬁ,ifﬁﬁwﬂﬁﬁﬁﬁmiéfxﬁkb%éﬁﬁ
BIEUMARL T\ 5 (Fig. 26~35 2M), 7ok, WEBBC OIS R ¥ iz 5%
hTH5b,

4 % ="

4.1 F=N=E—LCHITIHTREDFMCDONT ,y

AERC IV IFETEN TR OHE CRESHERRM Y7 — <~ — Ak Uk
a%@@WW%@%E%H%T@%&VﬁJﬁ%@tO%&H#6f~ﬂ~e~AnT%%
&, BEMEBRT &7 7 olT v v /7 REBHECHNEREL 2, THETHR
EEBRBOMF YV /IR EFTOEEFF— A —E—aR LI ZTOMTF Yy 7R LT L%
52 LMD B, TIHLLERMMALT — 2~ — ARTHHBFTRT — < —HE2Y) D
HIhHRBI 2 0 TCHABBCHTIEDEF I 7 2FAL TV 2B CIb5BEOMH
Frv 7FROETEERIAN VWD TEOBEENLERC > TL 3, T, BEDETHI
EAEEEIEHC L A MELZOHBLERTHILXTEY, 57— —HOEMSIKREL
B LI OB L 2L LTI D FREDHITABICKE S 7o TW L,

DELT =~ —aDRELTOHERELMITRIMCBEL THRA L THD, WF—<~
¥ — ADOHITFELREIICER L SRKDI S e RNTHE LR D,

PL?

b =TeEL5 *

4.1)

= 2T, ¢s=In(1+p)—B2+3P)/2(1+ By
DT~ =~ ARFAME FASVEOSKEREC I OBEACELCREL, D&
TOREE R ETDHE, ‘
PL3¢s PL?

16EL,5° ~ 4ET “a
ST I=bR12 THEMBLZDOXE AT OWTHL L,
he B
__hB_ 4.3
V365 9
DT = = ADFEE PR R T B E,
i :ﬁ%ﬂ (4. 4)

LMo TheEh bDRIZSOEDL SRS,

hih =2+ B)¥ 3¢ [28 (4.5)
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coB®REY 3 7k T £Fig.36  h/h
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COZERBETRHIE, T~
C-argERSRSomFAE o
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DHERPI TTH LD 2L THD, Lo THROREHEEL2B LV » T OBORILT
RO L VR THHLEEZDIENTEDLTHA I,
4.2 F—N—E—LOBEILCDONT
CORBICEVCTILET — R~ — AR T OBERBRE TR h, ZOHFED
BAMPIEHC L AHE TR FOBERHETH I LAMETH D LWV O FEERHF, L
PLF —A—FEOEBNKE L, HOFOENEIER - TWAHETET — < —HnrbOH
WAL T\wb, LEN-TTF —A—E -2l e LTERTLIHECIRT ~ 5~
Ha 3R BEIES 2 LT sRETHA Y, FF —~HEHIMDYRIEhD Z LIT
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F e = AL TR O S TEE O R L B L THFN RS I 2 b
tohs, ZOBORAEHET IS, HEMEL L CEAOERMBEESBECIEELAL
OO HELTT —3——a & LD TRHBREEOBERIL L, TR TRDHUIHEIO
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Summary

The purpose of this study is to investigate the flexural rigidity and strength of
tapered wood beams. The theoretical analysis about the deflection and stresses of tapered
beam was already presented by A.C. Mak: and E. W. Kuenzr. These theoretical equa-
tions for deflection due to bending and shear of tapered beam can be derived by using
elastic strain energy method. To compare the predicted values from the equations with
the experimental data, the following tests were carried out. For evaluation, six double-
tapered beams and sixteen single-tapered beams were constructed from laminae of Akaezo-
matsu (Picea glehnii) and Todomatsu (Abies sachalinensis), carefully chosen to be straight
grained and free from defects. Before the fabrication, the modulus of elasticity of each
lamina was measured. Then those straight laminated beams were cut to tapered beams,
and tested at five ratios [(h.— ho)/hy=05, 1.0, 2.0, 3.0, 4.0], respectively. In static bending
test, the concentrated midspan load was applied. Dial-gages with 10-?2 mm readings were
used to measure the deflection of the beams. At the same time, the bending strain
distribution was observed at various sections of single-tapered beams. The results of
tests are summarized as follows:

1) The calculated values of the elastic deflection of the double or single tapered
laminated beams coincided approximately with experimental values.

2) The ultimate strength of single tapered beams agreed with those evaluated
from the bending strength of an average of small clear specimens.

3) In bending tests of double tapered beams, the deflection due to shear was over
fifty percent of the bending deflection as shown in Fig. 12 and Table 13, so shear deflec-
tion cannot be neglected.
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4) When the tapered face was in compression side, the beam failed by bending, but
in tension side it failed by horizontal shear force (Table 15).

5) Converting volume of the tapered beam into the straight beam with the same
flexural rigidity, the tapered beam is about 15 percent smaller than that of the straight

ones in Fig. 36.
6) The observed bending strain was nearly equal to theoretical distribution as

shown in Figs. 14~25.



