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Table 1. Moisture content of small clear specimens (before
the fabrication) and laminae (after the test) in percent

of dry weight

) M.C. of small specimens, % M.C. of laminae, %
Species Min. Av. Max. Min, Av. Max.
Dakekanba 11.5 12.4 14.1 9.8 12,0 14.2
Shinanoki 8.8 9.9 1.1 9.4 1.0 12.2
Yamahan-noki 11.1 12.6 13.0 9.0 12.2 15.2
Harunire 9.5 10.4 10.9 9.3 11.1 14.9
All 8.8 11.2 14.1 9.0 11.6 15.2

ERRTROMZE 12cm It U, ThE2HBHPABRTE X 20mm it i1,
BALEBLABSRIRFEEFRECHNE600mm, 4KADSDTHS, BHOKE
RS F4 722314 Y FHDIE0 ERHESN B 2, EBICH LT LBICO0TE
370D, WELARBRTRFA7<~ 2714 Y F%D 18D ET, 2 OROREHN
RER Db ED o, 477 I¥%E18 (F4 77~/ O L4lmm) L L, Th
ARADI> EO2HORITEBE LTH, +4 72— DEE (h) O EDHEUR (Kt
TEA AV FTy 2%, p.312) itk niT

& de \ .

&85,

ZZTedFA47=—~7 0, DIYHMNER (125mm), CAIK Q) TH3E, +147
v~ DOEIVIEORBETH NITHEBEMAECREBITNWEELZONE,

HErABBRTHES I FOBIRE2ICRTEBD TH 5, &EHOFHMEL
2024cm T, HTHEL A ERSK, Uk UEHFZER 0.009~0.017 cm TELHIIC L
T1% UTTHY, REFBEEBDEVZS,

DABEIORTERIIFDOELSA21T0m itz A2 1z,

F2 s1yo0HEVES (cm)
Table 2. Thickness of laminae after final surfacing (cm)

. . : Standard  Coefficient of

Species Number Min. Av. Max. deviation  variation, %
Dakekanba 45 1.980 2.020 2.060 0.015 0.74
Shinanoki 32 2.010 2.030 2.050 0.009 0.42
Yamahan-noki 30 1.965 2.024 2.050 0.017 0.84
Harunire 53 2.010 2.034 2.075 0.017 0.84

All 160 1.965 2.024 2.075 0.015 0.74
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2. SXrOoMITFPrIREBOMESSURSE
HEF75: Flco0nTIKR TR v A2 150cm & L, hEEDHEILLD lcmD
kbé%%i,Cﬂ@%&ﬁK&@%ﬁ?vy%ﬁﬁw%*bto
Eb = —nyl;lzg—kg/cm’
LT, PRlem DlcbhAiaAE 52 25E (kg), LR, (150cm), yid7-H % (1cm),
b33 DR (em), hZFAEX (em) TH 3, 7 I FOMFY v/ EHEBEBENOTEEE
TREIEIDEEDTH 5B,

®3. 5 IFOHT Yy SEEOBHE (100kg/cm?)
Table 3. Summary of moduli of elasticity of laminae
in bending, 10®kg/cm?

Standard Coefficient of

Species Number Min. Av. Max. deviation  variation, %
Dakekanba 45 115 149 204 22 15
Shinanoki 32 82 114 154 19 17
Yamahan-noki 30 59 103 125 14 14
Harunire 53 51 107 163 25 23

YV S REREREICBO TR Ay & v M5 149%10°kg/em® TR K, UTF ¥ +
Jx, U, YAV FHOMRENEN, EOSHHHAI A V= VHBEDRE L,
ZIERIZ23% Th s, o 3HETEIEMBEEL 14~17% THRA/NS L, &N
BIROWTHBEXr v i 115X10°kg/em® TH D, ABED T I FOFT T,
PROREVEEZRTCERDPE, VYT / 2HRBNTS 2 OK/MER 82X10 kg/cm?
T, REEFFHREY KB 2 EBEEMLES T Ho v v 755 80x10°kg/em® X DK
THd, LrLy=eny /2B Vv=VHIKIZ59 BXU 51X10%kg/em® 5 /&
WEDSOREINTW I,

FIFOY VIRREER, FhICE-TIIFA20EL, ERMEEOHEAEE X
e, AEIOEBRHETNTERD T I FLOBRLEY, TTEHELLY Vv IHZEO
Ltod, vDdH, TOLDEDOENENS WEMRESET, A—BEOERM= 3ME, T/
AW UHIRDVWTREZOENPICERE T I FOMAETIIED5 BEH L, TOM
Fhh vl REMEL, B (3K IO SHEHERN 02 5 HEERL
7zo TROLEMBHOEBRMOMERBIVZNLDEER>EDLEEDTH B,
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Fig. 2. Cross section of laminated wooden beam.
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3. MEiHONE
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BWEEM L, MyRBRITERE 400k ICP#rZ R/ ¢ % 24cm & L, dhishEmh
WEICXDFNE -7, ZOBHED I0kg ZEIKRBRFOBREOIbILEL A YT —
Y (Rt a~730mm, %A 1/100mm) THE L7, HTHBETHR, BHICERES
bRI4m OMFEPYIOLR-T, ThIKDWTEIERIE, HE, QKESICRESRS
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KREILH T ABBCANTRELTB O,

5. MM OBRERER _
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7, AV ELOem & L, MREDFECLZHMIRBET -7, COBHE
D200kg CEICHRBADRTHICETZ b s+ ARBBABO TR IcbBE (R b
v~ 80mm, /hEDS 1/100mm) i &V, M3 CRTLIHSICRBRE DS 3 Forhk
CRODBER LYY =y (ERBER, K-13-1, BHMEK 602, ¥~ VR 2.1, fE5
FERE 3l mm, HEh, EAE-<— 2 LK) OERLALNBEYUSM-AJ R LY x4 —4
795*ﬂ—3$US&%Hﬁ247%£7¢2%ﬁ%bwibm,ﬁﬁﬁﬁu&ﬂﬁ@
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AEBETRY, FLRBCHIRBRCIAMBEVRSPOESIScmEEVED,
NEZ7 I F LIl UTEEERE, LE, SKEERD T,

MEMRBICBOTREABREOTRBPICESEREZ 0ecm &L, w7 Y2AHEAT Y
FRFYVA~E=%E0DF, WED2000kg &L ICERLHE L, OB, REBRF
DT B 2EICED DT HHEEICLBE Ry — L DiEADORBEFRD 1,000 512755 £ 5
WCEEE Ry — v OEREA S L, WEEERES 15~20kg/cm® & Lz,

COWMFBIUEREARCBVT, ABRFICABRFOER, TEEXRAELZLIL
HEHLEERD 2, FETRES ICEKRITMBEOREISmZED LB D T
IFEDOVTORERICEBE T LT Lk,

C OEBRM O HERIL 1961 £ 10 A LA~T 6, EMEERIFE10ATE~11AL
BT » 12, COMBORBREOZEER JUBE G iFHEE 14~18°C, 50~68%,
EiER B 12~13°C, 55~75% T& - 1=,

BRELUEER

1. MNEERAEBRAOREHRER
R OREICET 3 RBEEE D 3 DRERBEICOVT, 2X2X30em D/hF
BREERBRZ 20K TOEHL, HITRBETRY, 20K THR, BX4mEYPD Lo
£4  PHERESORBRRORHE (FE)

Table 4. Summary of test results for small clear
specimens (average value)

A‘éeflagefz Mo Specif Bending test ‘ Max
width o oisturé OpPeCHic  Stress at  Modulus e
Species annual content  gravity prop. N Modulus of ct;ushu‘\;igl
rings at test limit ruptare Clasticity . streng
(mm) (%) (kglom?) (kg/om?) (10° kgfom?) (kgfom?)
Dakekanba 1.1 12.4 0.68 589 1,269 124 676
Shinanoki 2.4 9.8 0.47 315 709 71 421
Yamahan-noki 2.4 12.6 0.52 321 798 79 - 381

Harunire 1.1 10.4 0.45 286 617 51 385
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THREMRBEZTE -7, TOBRBEROTNTEMNRLKE, 2ORE(FHE) 2R4
Z RN |

CNODOBEILDWTHBE, Frh v e { CREMEESTChTNECE
pbd, TbL, i HLAIRE 589 (510~670)kg/cm®, Hif3 & 1,269 (1,142~1,392)
kgfem®, ¥ ¥ 7 EB 124 (112~172)X 10° kg/em®, FEHEH X 676 (640~730) kg/cm® T,
ZORB/IMELBOLTHMBEORRRELIDARTHSE, 2O ELD, BREDNMNIVE
BHLOBAERMOBEME LTEY AV SHERVZONEBNTHILENVIBDT
ARBICBOT, £y h vy " HEZERMETIERMEEEL, TORERRETE -1
bDTH 5,

BNBCCTRBLEMBAT LLEBRMOS I F0MEARETE DTN, &
(i, »wv=VviHogs, FHREOCHRVONEL, ERHOHBICANZI IFDEY
(Y S EBZE—2%3) LOPRBBENEELSTVS, B8, fE1ICOVTARESL A
BLZOEBEORENABBTELREVCEBEDONS, COREBR V= LB
BAMTH BT, IXF7, YF4E, "V FYBRLEKODVTHABEO T E NV A
3, COEHNREOREVHEMEERMBEICT 2B, TORERELHEEL,
ZNEHEGEOIVICEBRTZ LI ICLIBTNITES I,

2. BEAMBOPIBMONBE LYY FRBOHE

EBEOKHEZ b PERAMBIBNT, ZOFVEHOMERIXRTRDONS,

. SH{E 7, dA) 2(EM:Ad)

2 (KA T D(EAY

T

7 ERMOBEEICEOT TSR EE TOER (cm)
7. ERMOBKEICENT TRIOEERS T TOERE (cm)
7 ERMOBHECBONTTENLGET I FOMEELE TOEE (cm)
E;: %7310y 7 FH (kg/em’)
A;: £ 7 I FOHBER (cm?)
CCKﬁﬁbt%ﬁHKBwTHEZKﬁthﬁK%mtii%@gémﬁﬁéﬁ
LFEBIE 1% DT TH20T, 1ERHEZBRT 25 I FBTXTEINGELOELRY
5 BERERMO D I#HOME (FOEIICHTIESR) BoX¥D kD KBHICK 3,
i _ 9E+7E,+5E,+3E,+E,

h =~ 10(E+E,+E+E+E,)

BERMBICOVTRD K j/h ODEAES KRT, ERHMERICSZ-T, 5 +0
BPEBRT22XT ETHMERBEDIICLIDT, 20 LA SR OS5 ITGENVETH S,
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Table 5. Modulus of elasticity of lamina
Beam. Modulus of elasticity, 10% kg/cm? 7w
No. : -
E, E E, E. Eq Eca*  Eay** h
BB 1 185 157 159 172 180 179 171 0.499
2 148 138 137 143 142 144 142 0.502
3 120 120 115 121 127 123 121 0.495 -
IT 1 154 125 117 134 148 146 136 0.501
2 110 107 108 104 121 113 110 0.493
3 90 97 99 92 89 91 93 0.503
AA 1l 112 103 116 115 116 113 112 0.493
2 99 110 99 99 101 101 102 0.503
3 69 93 90 96 59 70 81 0.508
rtu1 142 132 131 138 136 138 136 0.502
2 113 99 97 99 101 105 102 0.511
3 61 63 74 58 51 57 61 0.516
4 145 116 115 116 150 141 128 0.497
5 150 68 72 75 165 139 106 0.486
6 133 91 92 89 145 128 110 0.492
7 126 91 87 82 117 114 101 0.511
8 125 90 76 73 121 114 97 0.510
BT 1 204 125 128 142 191 148 158 0.502
2 165 123 106 107 161 153 132 0.507
3 155 130 119 135 155 150 139 0.499
4 135 108 114 113 142 132 122 0.494
5 121 111 82 98 136 123 110 0.476
BA 1 186 108 100 90 203 174 137 0.495 ’
2 158 108 100 122 157 148 129 -0.496
3 148 117 97 117 151 142 126 0.498
4 128 101 97 119 122 122 113 0.498
5 125 120 117 125 124 124 122 0.499
BU 1 151 119 121 114 163 - 148 134 0.494
2 150 101 85 96 154 140 117 0.499
3 « 149 126 126 125 157 147 137 0.496
(T) 4 138 ‘110 112 118 138 133 123 | 04497
(T) 5 130 110 110 99 125 123 115 0.507.

*  Feal.= X (E¢;)/I, where Eq is the modulus of elasticity of lamina 7, and I; and [ are the
moments of inertia of the cross sectional areas of the same lamina and the laminated
beam about the neutral axis.

**  Fav. is the average value of the moduli of elasticity of the five laminae.
***¥ 7 is the distance of the neutral axis from the lowermost fiber of the beam, and % is the
height of the beam.
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Eeu — P (?ﬁIt)
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L: BOPrsicBEd347 I FOME_XE~ AV b (cm?
hf¢ﬁmK%?5%&H%@%ﬁ:m%—va@m)

CCRBBULERMED T I FOMTY Y /B, 2L ORDEFOMT Y VS
BB XUOEHE (Euw., RIEHEY Y 7BROMEICA V) 2R5IThL1T 5,

3. EREHOBERRER '

R SNEEBEHICONT, TRE LTOMIRBRETSEL, LORTH, KX
mmn%wo&ofznwomfﬁﬁ&bf@ﬁ&%ﬁ%%ﬁmoto%@%%%§6£
VT, TEhoOREEREBITRT,

$9 BOBLUBOUIRBIERICONTERT S, 73 FOMARITEOTEN
#+ k5t BB1~3, TT1~3, AA1~3, UUI~3TEVTERIRZ S I F+OY v I REOK
ENHODH, 2BZOHEEOLODAR, 3BEDNIVLDODAEEMELELEDTH
3, CNOEBRMBOWMI Y Y 7/ EM(ENRT I FO&HE (P 7180 2L ED L,
ZBEC L ICR—EFA2RT, g RARE (9,0 8 XUHT®R X (9) 0fEii BB2 58 BB3
FODLTHAION, chERIEZNODOMELY Y /I FEOEFERA—-TH 5, chbd
AEEIEOBLORERAEEROZ N ETHE, F7ra v HItBnTR E 13 107~
160X 10° kg/em® & p7E D EMBH BH, Gy BT 0, KB TR ENEH 498~626 5 LU
1035~1205 kg/em® T - THEMHEMIEE LTOS C & 2 7 L, NEEKERBITICD
WTORBERABETHZ, v+ /3 TRTTIRTT3ICH L 90 B LT, 0 & Ep 8

15 Th3, vy Y/ FHMTRAALIZAAS L, 91315, 02145, E1.24%
BT ICB Y BENAE N, su= LHTERUULRUUBICH L 90 16 45, 0,22
f, Ev26f5ch%, DLOMESTRY v~y ) % ERHOBTHRS, ru= LR
OMFRIBLOY Vv IREIZBNTEAIRKEIVESBDLON B,

B—BECENTY Y T BEOERL I 2 Ak v VERM UU4~8 (T
SDNTAHBE, 2¥0LHCZ 3, UU4REEHMICY v 7 HEH 145 B8 LU 150% 10°
kg/em?, &HiCi3 115~116X 10°kg/em? £V 5 F 3 FRHNLD, 2D 0O, BX U G 1E%Z
NEN 685 B XU 1210kg/ecm® T, 2EEHMTEIRTH S, LI rav - " Hod
575 BBLICHEE LT, ZORERE LD LT, KE () 3 BB1 D 070 icxf
L062T, LENESAE <, BT R BBRHE WL 5, UUS RETMIC Y ¥ 7K
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Table 6. Results of bending test for laminated wooden beams
Sp. gr. Stress Modulus Modulus
Beam at atlilr’rll-i(;p. ru;())tfure elas(:ifcity Top B T 2 E
No. test by e s % Eear. Ymax Tu 10%y
Tu (kg/cm? (kg/cm?) (10%kg/cm?)
BB 1 0.70 626 1205 160 0.52 0.89 0.31 1720 228
0.70 498 1035 131 0.48 0.91 0.27 1478 187
0.66 507 1100 l 107 0.46 0.87 0.27 1666 162
TT 1 0.52 484 778 127 0.62 0.87 0.34 1495 244
0.50 336 672 113 0.50 1.00 0.29 1344 226
0.45 288 529 85 0.55 0.95 0.31 1176 189
AA1l 0.52 437 910 98 0.48 0.87 0.29 1750 188
2 0.54 436 703 88 0.62 0.87 0.43 1301 163
3 0.51 335 436 80 0.77 1.14 0.44 855 157
Uuu 1 0.62 428 990 132 0.44 0.96 0.17 1597 212
2 0.54 413 846 96 0.54 0.92 0.35 1568 178
3 0.47 276 460 51 0.60 0.90 0.48 979 109
4 0.62 685 1210 137 0.57 0.97 0.26 1951 221
5 0.56 482 920 119 0.52 0.86 0.22 1641 212
6 0.59 400 859 122 0.47 0.95 0.25 1455 206
7 0.54 386 828 102 0.47 0.90 0.31 1532 189
8 0.54 413 883 96 0.47 0.84 0.25 1635 178
BT 1 0.64 597 1010 160 0.59 0.87 0.28 1578 250
2 0.55 533 945 136 0.56 0.89 0.26 1718 247
3 0.58 653 1010 142 0.64 0.95 0.34 1740 244
4 0.56 369 657 124 0.56 0.96 0.37 1190 222
5 0.52 408 738 111 0.55 0.90 0.28 1419 214
BA 1 0.61 805 1031 147 0.78 0.84 0.34 1690 241
2 0.61 736 970 147 0.76 0.99 0.40 1589 241
3 0.60 367 804 140 0.46 0.99 0.21 1338 233
4 0.58 356 712 120 0.50 0.98 0.34 1228 207
5 0.58 451 895 108 0.50 0.87 0.34 1541 186
BU 1 0.65 602 983 140 0.61 0.95 0.41 1511 215
0.59 504 717 129 0.70 0.92 0.54 1215 218
0.62 627 1000 145 0.63 0.99 0.30 1612 234
(T) 0.62 529 961 115 0.55 0.87 0.40 1550 185
(T) 0.57 524 916 130 0.57 1.06 0.32 1608 228
* gp: Deflection at proportional limit. ¥max: Deflection at maximum load.
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Table 7. Results of compression test for laminated
wooden short columns.
Sp. gr Stress at Mz}il)_c. Mod?lus
Beam at prop.  crushing of Gop E. a, E,
limit t th el —_ _—
No. tf,St 1;101; s r?:g e ast:‘cxty Py Ty, . Tore
" (kglem?) (kgfem?) (10%g/em?)
BB 1 0.70 351 637 171 0.55 1.00 911 244
0.70 310 591 134 0.53 0.94 844 191
0.65 291 545 111 0.53 0.92 838 171
TT 1 0.51 352 450 149 0.70 1.10 882 292
0.50 260 440 105 0.59 0.96 880 210
0.45 238 382 100 0.63 1.07 850 222
AAl 0.52 305 472 127 0.65 1.13 906 244
0.55 245 456 114 0.54 1.12 840 210
3 0.52 218 406 86 0.54 1.06 781 165
UU 1 0.62 336 547 133 0.61 0.98 882 214
2 0.54 241 448 9 0.56 0.97 830 183
3 0.46 228 360 64 0.64 1.05 783 139
4 0.64 273 537 -121 0.51 0.95 840 189
5 0.56 258 444 97 0.58 0.92 793 173
6 0.60 283 523 122 0.54 1.11 871 204
7 0.54 236 455 98 0.54 0.97 842 181
8 0.53 270 432 920 0.63 0.93 815 170
BT 1 0.62 354 582 159 0.61 1.0L . 939 256
2 0.56 341 518 123 0.66 0.93 926 220
'3 0.57 285 516 128 0.55 0.92 905 226
4 0.57 320 518 111 0.64 0.91 909 195
5 0.52 274 470 108 0.58 0.98 904 208
BA 1. 0.62 342 582 142 0.59 1.04 940 229
2 0.61 338 520 129 0.63 1.00 852 211
3 0.59 316 548 131 0.58 1.04 930 222
4 0.58 286 517 122 0.54 1.08 891 210
5 0.59 274 496 109 0.55 0.89 840 184
-BU 1 0.64 329 576 137 0.57 1.03 900 214
2 0.59 289 513 114 0.56 0.97 870 194
3 0.63 349 541 150 0.64 1.10 859 238
- {T) 4 0.61 323 5560 131 0.59 1.07 901 214
. (T)5 0.57 264 469 104 0.56 0.90 822 182
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]!8 HRMOBBREROKE (FiglE)

Table 8. Summary of test results for laminated wooden
beams and columns (average value)

Bending test Compression test
Species* Sp ;ltgr. Stress  Modulus Modulus ~ Stress Max.  Modulus Nu‘l)xfll';er
face  core test atligri?p. ru;?t{lre elas(:ifcity = liIr)rfi(Zp“ Zrt?:r}:;ﬁ elas(gcity ixll):gls
(kg/em?)  (kg/em?) (10°%kg/cm?) (kg/em?) (kg/em?) (10%kg/cm?)
B B 0.68 544 1113 133 317 591 139 3
T T 0.49 369 660 108 283 424 118 3
A A 0.53 402 512 89 256 445 109 3
U u 0.56 435 850 107 266 468 103 8
B T 0.57 512 872 135 315 521 126 5
B A 0.60 543 882 132 311 432 127 5
B U (T) 0.61 557 915 132 311 530 127 5

* B: Dakekanba, T : Shinanoki, A : Yamahan-noki, U: Harunire.

150 3 X O 165X 10° kg/em®, &M ICiZ 2D 1/2 BE O 68~75x10°kg/em® Ev5H 5 3 + %
AOicbDTH2H, %,483kg/em’, 7,920 kg/em® & pIB D REWVEER L, €O
E(r) 12056 T/hENDT, E6ILHRTEBY ofry DEIHPEOREVEFTH S, UU
5~8 REBMMOY v 7 FZEEM2FBL DRI L, BHoEh 2R 2BOhEE L1
LDTHB, B BOTEPLRENLLNED, Gy BXUV 6 3ME SR L EER
T, D V= UHD UUA~BICDVWTRIET 3 &, REMICY VY IREOREVHDO%E
o T NEHRERE WEE LLERMEDLDI5E0A3, Corv=VHOHRE,
UU 3 0 & 5 ICETHICY v 7 51~61x 10 kglem? &0 3 hE 0 &DERIN D x,
HFMmE b 460kg/em’ S/ NIV DI BDT, HEKREDSVEBEEES KX, T
TIHW Y ¥ 7V ERBEESED & 5 BEBBEARCI I M ERELZTEVERMER OB
A, FITOMEREEDINEND B,
ﬁﬁﬁgwfcnkﬁ#ﬁVNﬁ%%ﬁﬁtbfﬁﬁwyf,vvnyzkﬁiﬂn
W= UHEROEERMOBRERERFROY Y SBREORR A A V= VOB AE DS
& EPERMAE RS, b5 BT1~5, BA1~5, BU1~5 O¥ENRT LS, 205
BT 5 B/AMEIL 0y 356 kg/em?, 7,657 kg/em®, E, 108 x10°kg/cm® @, B OBED A
WO BZEBRMOBMEXD TR K &, &I, HHOLERLBI/NS D)
Ofru BEU EpJ10°ry) DR E—~BEO DI D REWEIAETRT,
HMIRBEROBZHCLOEBBEICONT, £V HOos0s0 (BB) &4 %
VoHAERTME L b0 (BT, BA, BU) #HBIL T4 5 &, B LMRES ST+ Y
SEBATEIL LB THY, MTRSOARE T # v " HOBDS OBT T
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B, ZOZELOHFREETOIRT, tbHRBEEMOBREICEIEEINTNE LN
23, WERSCIBHONKRSOBENREINEZEZONEY, CCIRBLLER
HRBNTHESHOBERBOSICE->THE L SORBB-LOT, COREORE
ER Y DH 118 TORRENFERB TR C WO OLEMHESHET 384, £
NOOYKHOEBEIS TV RECHVEVLD,

LT RBUEERERBEERMRRIOTE - R LT 2L, &9
VR (BB) OfIF R X i3 1035~1205 kg/em® THRED 7 B ¥ NERM (95 754~1233
kglem®) & D F ¢ RT3, V= VERMERICHEN UUS 2R 9, i3 823~1210
kg/cm® T, MR ¥ F ¥ EHEBRHM (0,586~773 kg/em?), I X F 5 HE R (9 576~1168
kg/em?) XV T BREESDEVI LS,

SXiT, MFRBKETY, ZOEBEEHSPWIRo7ZEX 20em QIFERICONTE
T REMRBBERICOVTHRT 5, WMEMLARE (9.,), R (01280 T H
AR B L URBSOBA XD RRISNEL, THDE, MIRBOBALFU,
R—#EC L 3ERMIC >0 THBRTNE, £No.li@d No.3icl, &7 # v M
CLIT R, vFEBMT LIS, Yoy ) RERKT 11645, ~v= LERET 152
ETHB, "W LHOY Y SEBOREE I IO BERM UUA~8 BT
0,,236~283 kg/em?, ¢,432~537 kg/cm® T, L LICKERERBEHONKLY, FHrHYV
NHAETH E URES 56 & Uk O T 0, 264~354 kg/em?®, 7, 469~582 kg/em’
OEREICHY, THOBREMECBEOTEYF, ¥=2 Yy /%, ~v=LHOHOEEM
DENLDRPRENN, HTRIOBALHONILIUREOELVALEAONS
v, CREETRBICBOTIEY $ F ORAMSIERICAS HREE b0, BERICEZ
OEERRELIAEMOEEIDNEOTYURTH LD, CORRICBI ZERMO T T 7
mﬁﬁmgwﬁﬁﬂ#ﬁﬁ&ﬁ&thﬁafcnﬂéwbﬁotﬁémkm@ﬁﬁu&
LAEBERETHD, REERBEREI LRI ) CHBHEE L D LT,

1, HYRBOE, H3KELEISRETIFRRAMNL Y Y ~I%BD, FhIC
XoTERORERBLME L, chER4ICRT, CoORCEiy % &RI3THE 400 ke
TEDETIFORENBICBY 2ERBAERTHY, thE2 35K ELTOARTITE
ELEbOTHE, RN Comp) 75 IIER (Tens) ¥ THRHOPIMTO &1 5H
RTEDINEONBRERTH S, HLOBACBLTLSTOLS KNS UED T,
IEREINTOEHTHOME D, HEICL>TROLESICRT /h DEERIHKTL
b—B LB oo, Lol LFOREROERICHY 3 LARKIR MG O bBsIcET 5
HAIREE & RKIC BN T—F Lic, £ OWPIRERICHY 3 BH 0 GE£RF THART
KT, TRVTHOESICOHABREEZBITHLS, XBIKHLEOERE (—) &1,
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Fig. 4. Development of the strain in glued laminated beam. Each line
shows the strain of each lamina at 400 kg load increments.
Symbol “A” shows the strain at proportional limit in bending.
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Fig. 5. Comparison of the experimental value to the
calculated one in the moduli of elasticity.
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Summary

In this paper, the mechanical properties of laminated wooden beams and short
columns made from two-species of hardwood were investigated in comparison with
those from single-species. For this study, the following four species of hardwoods
grown in Hokkaido were provided as material for fabricating the laminated wood:

Japanese name Botanical name Mark in this paper
Dakekanba (Betula ermani CHAM.) B
Shinanoki Tilia japonica SIMK.) T

Yamahan-noki (Alnus hirsuta TURCZ.) A

Ulmus davidiana PLANCHON var.japonica NAKAI) U

e~

Harunire

In these hardwoods, Dakekanba has the highest strength properties and specific
gravity, Shinanoki and Yamahan-noki are slightly weaker and lighter species, and the
strength properties of Harunire vary over a very wide range. In the case of fabri-
cating two-species laminated wooden beams, therefore, the laminae of Dakekanba wood
were used for the face material. Thickness of the lamina was about 2.00 cm.

Before the fabrication, the modulus of elasticity of each lamina was calculated in
the following way: At the mid-point of the span (I = 150 cm), a lamina was deflected
by a roll mounted on a portable spring balance. When the deflection attained to 1 cm
the load applied (P kg) was measured by the balance. The modulus of elasticity (Es)
was calculated by the following equation,

PP
Eb = W kg/cm’

where,  is the deflection (1 cm), & and % are the width and height of the lamina in
em, respectively.

The laminated wooden beams were made from five horizontal laminations that
were glued to each other using a kind of urea-formaldehyde resin under pressure of
10-12 kg/cm® for 15 hours or more at about 55°C. temperature. The size of the beam
was 10x10X160 cm. The combination of species in fabricating the beams, number of
the beams and their marks are as follows: - '

Species

- Faﬁe = Core — ll\’lgé“(;g Mark

Dakekanba (Betula sp.) Dakekanba 3 BB 1-3

Shinanoki (T%lia sp.) Shinanoki 3 TT 1-3
Yamahan-noki (Alnus sp.) . Yamahan-noki 3 AA 1-3

Harunire (Ulmus sp.) - Harunire 8 Uu 1-8

Dakekanba ‘Shinanoki 5 BT 1-5

Dakekanba Yamahan-noki 5 BA 1-5

. Dakekanba Harunire 5 BU 1-3 BU (T) 45

(Total) 32

For the fabricated laminated wood, tests of static bending and compression parallel
to the grain were made by using the Amsler testing machine with 150,000 kg capacity.
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In the static bending test, the load was applied at the mid-point of 150 cm span and
the deflection of the beam and the strain of each lamina in it were measured at 200
kg load increments. After the bending test, a 20 cm-long short column was cut from
the non-destructive part of the beam tested, and the test of compression was made.
In this test, the strain was measured by a set of mirror g{tensometer with 10 cm gage
length mounted on the central part of the specimen at 2000 kg load increments. Also
the annual increment of growth ring, specific gravity, and moisture conternt of each
lamina were measured by using a 5 cm-long piece cut from the beam tested.

The results of tests are summarized as follows :

1) The laminated beams consisting entirely of Dakekanba wood showed the highest
values in the mechanical properties and specific gravity. The stresses at proportional
limit and the moduli of elasticity for the beams made from two-species of wood, Da-
kekanba for the face material and the other species for the core, were very similar
to those for the beams made from single-species of Dakekanba although the specific
gravity was less. The beams made from two-species noted above were superior in the
mechanical properties to the beams made from single-species of Shinanoki, Yamahan-
noki and Harunire.

2) The properties of the laminated beams made from Harunire varied over a
very wide range: the moduli of rupture were 460 to 1210 kg/cm’, and the moduli of
elasticity were 51 to 137x10° kg/cm®. In these beams, improvements in the strength
characteristics could be obtained by gluing the laminae with relatively high stiffness
to a core consisting of the weaker laminae: the moduli of rupture and élasticity of
these beams (UU 4-8) were 859 to 1210 kg/cm® and 96 to 137 X 10° kg/cm?, respectively.

3) In general, the theoretical value (Ec..) of the modulus of elasticity for the
laminated beams was slightly larger than the experimental value (E,): the average of
the value of ratio E,/E.;. was 0.93, the maximum was 1.14 and the minimum -0.84.
In this case, the theoretical value (E.a1.) was calculated by the following equation,

Eeoi. = T (E; 1)/I kg/em®

where, E; and I; are the modulus of elasticity of lamina- and the moment of inertia
of the same lamina about the neutral axis of the beam. I is the moment of inertia
of the beam. o

4) The average value (E,v.) of the moduli of elasticity of five lJaminae of a beam
agreed generally with the experimental value (E.) of the modulus of elesticity in com-
pression for the short column cut from the beam: the average of the value of ratio
E,/E,; was 1.00, the maximum was 1.13 and the minimum 0.89.

5) Relations of the modulus of rupture (4;) of the beam and the maxjmum crushing
strength (¢.) of the short column to the theoretical values of the moduli of elasticity
in bending and compression (E.;, and E,;.) were shown as follows:

ab>Ecal. X ﬁ
9, >E.y. X 1

300
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6) In Japan, the allowable stress intensities under short-time service and the moduli
of elasticity for structural lumber of hardwoods (II) such as Betula, Tilia, Alnus, Ulmus
species are as follows:

Compression Bending and tension  Modulus of
parallel to grain parallel to grain elasticity
(kg/cm?) (kg/cm?) (10° kg/cm?)
Standard lumber 140 200 80
High grade lumber 182 260 90
5-ply laminated wood made 218 364 90

from clear laminae

The moduli of rupture of the laminated beams tested in this paper were about 220
to 610 per cent of the allowable stress intensity for the standard lumber and about
120 to 330 per cent of that for the laminated wooden beams made from clear laminae.
The values of the maximum crushing strength of the short columns tested to the
allowable stress intensities noted above were about 260 to 460 per cent and 170 to
290 per cent, respectively.
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APPENDIX

1. Results of mechanical tests for small clear specimens

2. Properties of lamina

(Marks)
R,:

Ty

Average width of annual rings (mm)

Specific gravity based on weight and volume at the time of test
Moisture content in percent of oven-dry weight

Stress at proportional limit in bending (kg/cm?)

Modulus of rupture (kg/cm?

Modulus of elasticity in bending (10°kg/cm?

Max. crushing strength (kg/cm?)

Dakekanba (Betula ermani)

Shinanoki (T#ia japonica)

Yamahan-noki (Alnus hirsuta)

Harunire (Ulmus davidiana var. japonica)
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1 DEREREBBRE oBERBRESR
APPENDIX 1. Results of mechanical tests for small clear specimens
(1) Dakekanba (Betula ermani)

No. R Tu u Tbp 9% Ep Ie
1 1.0 0.68 12.1 518 1292 127 680
2 1.2 0.69 12.1 601 1215 138 660
3 1.1 0.69 14.1 565 1343 . 133 700
4 0.9 0.68 12.9 562 1279 127 640
5 1.2 0.67 12.4 574 1252 118 649
6 1.2 0.67 12.2 588 1279 120 650
7 0.9 0.68 12.3 556 1291 125 674
8 1.0 0.68 12.8 562 1308 132 649
9 1.0 0.68 11.9 678 1358 130 713

10 1.1 0.67 12.0 595 1142 128 678
11 1.0 0.69 11.6 510 1271 120 698
12 1.2 0.67 11.5 670 1338 121 682
13 1.3 0.66 12.3 630 1202 131 664
14 0.8 0.68 13.1 640 1236 117 649
15 1.0 0.67 12.1 605 1211 127 668
16 1.2 0.66 12.2 540 1286 116 645
17 0.9 0.69 12.7 610 1312 138 672
18 1.1 0.68 12.4 570 1210 112 660
19 0.9 0.68 12.5 690 1392 172 730
20 1.0 0.68 12.5 610 1171 117 684
Av. 1.1 0.68 12.4 589 1269 124 676
g 1. B ¥x)

APPENDIX 1. (Continued)
(2) Shinanoki (Tilia japonica)

No. R Tu u % oy Ep LA
1 4.2 0.40 10.0 280 589 54 348
2 1.8 0.46 9.8 295 719 70 418
3 1.6 0.49 9.7 300 771 78 456
4 1.5 0.47 9.7 335 816 80 433
5 1.9 0.49 10.4 345 782 77 446
6 1.3 0.48 9.5 375 822 79 435
7 1.5 0.45 8.8 340 738 65 420
8 3.2 0.48 10.0 300 730 72 432
9 5.0 0.43 10.2 250 627 69 337

10 3.1 0.44 10.9 291 661 64 380
11 3.9 0.47 9.8 390 785 68 425
12 2.4 0.49 9.7 340 752 75 465
13 4.0 0.49 11.1 375 836 88 447
14 1.4 0.45 9.5 295 698 61 400
15 1.6 0.41 9.6 310 618 57 340
16 1.2 0.48 9.6 340 890 78 464
17 1.2 0.49 9.5 345 711 71 443
18 3.3 0.47 10.6 345 736 76 384
19 4.0 0.49 10.9 400 800 98 408
20 2.2 0.45 9.4 240 592 58 310
Av. 2.4 0.47 9.8 315 709 71 421




78 : B EAERFERERGRSEE H28% BlE

2 1. (B &)
APPENDIX 1. (Continued)
(3) Yamahan-noki (Alnus hirsuta)

No. R ru u Typ I3 Ey L’
1 1.3 0.48 11.6 300 735 77 345
2 2.5 0.55 12.9 400 871 74 426
3 2.5 0.50 11.6 345 859 85 394
4 1.7 0.51 12.7 300 830 78 332
5 1.5 0.51 12.9 340 856 84 378
6 2.5 0.52 12.7 225 621 62 323
7 3.0 0.50 12.5 300 744 71 379
8 2.5 0.57 11.2 386 859 83 501
9 2.2 0.54 12.2 387 863 76 440

10 1.9 0.49 13.0 345 751 74 374
11 3.4 0.54 11.4 360 939 94 445
12 1.5 0.50 12.6 345 825 77 408
13 2.5 0.50 11.5 300 770 78 425
14 1.3 0.53 12.6 230 671 56 299
15 3.0 0.58 12.7 350 894 96 393
16 2.4 0.53 1.1 315 783 98 425
17 2.5 0.53 11.5 335 835 79 405
18 1.8 0.53 12.7 305 762 73 335
19 2.7 0.52 12.4 380 886 76 412
20 3.1 0.53 12.8 365 8383 79 351
Av. 2.4 0.52 12.6 321 798 79 381

ffig 1. (B8 &)
APPENDIX 1. (Continued)

(4) Harunire (Ulmus davidiana var. japonica)

No. R ru u Tpp ap Ep g,

1 1.6 0.56 10.8 350 874 78 500
2 1.6 0.55 10.9 430 876 - 76 509
3 0.9 0.43 9.5 305 525 43 328
4 1.0 0.44 10.3 295 515 42 335
5 1.7 0.55 10.9 340 © 809 68 499
6 1.3 0.54 10.9 390 803 68 402
7 1.2 0.41 9.7 166 438 33 342
8 1.2 0.40 10.3 210 467 38 305
9 1.5 0.52 10.4 326 616 58 461
10 1.1 0.43 10.4 300 575 50 372
11 1.4 0.51 10.4 326 596 52 440
12 0.9 0.43 10.5 220 522 49 326
13 1.5 0.56 10.7 395 874 80 495
14 0.9 0.43 10.6 260 515 46 320
15 1.1 0.47 10.6 270 678 55 371
16 1.3 0.53 10.3 290 749 64 422
17 1.3 0.44 9.9 255 553 49 338
18 1.1 0.53 10.4 295 713 65 415
19 1.0 0.45 9.7 250 540 45 399
20 1.1 0.43 10.0 280 573 40 306
Av. 1.1 0.45 10.4 286 617 51 385
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Bﬁ:n (Species) LaI{Inollna Ry ru u Ey
BU (T) 4 (B) 1 2.0 0.62 10.6 138
(U) 2 2.1 0.49 11.3 110
(T) 3 1.8 0.50 11.8 112
(U) 4 1.5 0.59 10.0 118
(B) 5 2.7 0.73 13.1 138
BU (T) 5 (B) 1 1.7 0.68 12.3 130
(U) 2 2.0 0.64 11.0 110
(T) 3 2.0 0.45 11.6 110
(U) 4 2.8 0.51 10.5 99
(B) 5 1.8 0.61 9.8 125




