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;1 1 Ed % EEl S
TVAE¥ Acer mono MAXIM. A
7 + Fagus crenata BL. F
Nouo= v Ulmus davidiana PLANCHON var. japonica NAKAI U
V= Picea jezoensis CARR. P
K=Y Abies sachalinensis MAST. T

CNODOMBOS BILERMO LV A ¥ BIUTFHRARBRO - OICBICEAL
kHDT, VY, b FTYHMESIAMTE KK BT CERMBERE L CHE%
LIcbDDRRG, T v HRERKAERO B LD RBALEDTHE, Thd
EATERICE > TEBRMEENOAKESE 9~12% & L, ATEBRRY Y2 —VidHl
B DLELBEALALTHS, BRETHROMZIE 12em iCHtHL, THLEEBNA
TS 15mm it B e, BRI L 7 B A SSBHE BIEL & B, ATR (T )
B 600 mm, A KHDEDTH 5, th LFLEDF 4 7<%~ 7 Ol B &2 2R TH
EEECREELWEEIONS,

%1 5i;OHEDES (cm)

Table 1. Thickness of laminae after final surfacing (cm)

Species Number ~ Min. Av. Max,  Sendard - Coeficient of
“Ezo-itaya 62 1.475 1.504 1.540 0.016 1.06
Buna 59 1.460 1.49 1525 0.003 0.20
Harunire 62 1.495 1516 1.545 0.008 054
Ezo-matsu 88 1435 1.496 1.530 0.012 0.80
Todo-matsu 79 1.430 1.489 152 0012 081
Al 350 1.430 1.500 1545 0.016 1.07

HEPARRTHELET S I FORIRBLIERT EBV ThH B, 2AOTHES
1800em CFEDOE S & — KL 7o, LA UBEEFEERZLHKTO06cm 20, HED
007 cm X DO T DI ILODBERE L TE 107% L1350, FEL D P PEELE D
fC LB, DAKKDETHS I FOES£180cm iK€ A%k,

-2 JIFOMTYYIRBONELLUMEE

HIEIRRE, HEFRS 2 FionTlIHT o R v 4 150cem &L, hBRERFEEIR

EV2cm DebhisEEL, ThdboXRRNick v ¥ v 7R (E) =KD,

PP
Eb = W kg/cmz

2T, PR2ecm Db i252 57E kg), [ @Z/¢ (150cm), y @b A
2em), i35 I FDIE (em), RRFEAERX (ecm) TH5, 7 I FOEEHERBIICRE
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Table 2. Summary of properties of laminae

Item\Species Ezo-itaya Buna  Harunire Ezo-matsu Todo-matsu

No. of laminae 62 59 62 86 81
Min. 0.6 0.7 0.6 0.3 0.6

Av. ring width (mm) { Av. 15 18 14 18 20
Max. 2.8 2.6 36 40 6.5

[ Min. 0.59 0.57 0.39 0.34 0.34

Specific gravity l Av. 0.68 0.67 051 0.42 041
Max. 0.76 0.77 0.66 0.51 0.56

Min. 84 8.0 8.7 9.7 6.0

Moisture content Av . 9.6 118 95 112 110

(%) . . . . . .
Max. 10.7 155 12.8 159 144
Min. 86 62 51 73 62
Modulus of elasticity

Ey (108 kg/cm?) { Ay. 126 121 90 112 112
Max. 187 162 138 140 153

HE20EEVTH S,

5 3+ OERBIE—BicHL, EHETT VM £4¥ 15mm, 7+ 1.8mm, ~ir=v
l4mm, ==Y 18mm, b F<Y20mm TH3, ZOLDRIAMTEE  V=VLT
HHELRESEL, FirdERM sy <Y, PPy TRENLS BHEBEHAED,
WA (AEE, AKRu% OLE) HI VA ZvETFRIEEALRLTENENTGE
TO068BLUV 067, ~v=LHMRO5LT, TVTYBIULFFTYRIEEAERAL TO042
BLU041Ths, 20T V=L HEE AT 039~066 TH5, AKEILEHED
HE A 9.5~118% DIz H D, =4 ¥ E = U BEBRNEVERICE S0,
BoNIoPREL, HFY Y 7REi T V4 2 ¥ 25 A TEEME 126 X10° kg/em?, D
WTTFDI21X10°5 /=Y & b F=VIRFEL T 112X10°5 A= i3 & d /T 90X 108
ThsH, TORARVFNOBBIOVTHORVEL, BART V4 2+ D 187x10%
BNI A V=L D5IX10° Th B, 4

5IF0¥ VIBRBRER, ThICE->TII+258L, ERMEEOHA LR &
iz, AEOEEMRIRTTIHRDOT I F0oHEKL, E-HEHOHAETRY Y /E
HORENHDDAH, RAMDARENED, BEVWAVADHEAEED>%, Chb
DHELRBEARRTEEOTH S, ﬁﬁEIJG%&Héﬁﬁiﬁis;U%né DEEIR-E
DEBHTHD,
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Fig. 1. Cross section of laminated wooden beam.
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BIUY VI EEAERD 72, Blic 1.5X2x39em O En S JIS Z 2112-1957 12 4 &3¢
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Fig. 2. Cross section of a laminated wooden beam and
method of bending test.

RiLBFBLRVEDVTDRbS ¥ BXUHRISD 1 ¢y (WEAH) kB33
tebd dy=yi—yys FREL 72, HTRBRIZBOTE, HWE (r), BT HFARE (%)), B
PRE (00), v BXU dy oY v /B () BXU (B 2Kodi, ChdROEDE
S SRHHEL 7 (R25R),
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1B, 1l P BXU PRENZLHARERESLUERTE kg TH D, -
FLHWERP OLEOHERTO DS yys BIUOLEANNVEBE52bs v it
20P'P
Y13 = 1296ET cm
23P'

Y = 1296ET cm
TEbENB, CCTIERPIHICETIHE _XKE~2Y +THD (I=>kr/12cm'),
Lo THEAMO DA dy i3

Ils

Ay = yi—yys = 1296ET cm

E13B, THEhD

BPP PPy
1296y,] ~ 108y bh° ‘8/¢™
3P P

v/ — 2
Ei = Too64yT = 36dybh® 8lem

Eb=

Lo Ty v JREMRD OIS,

HMPRBRTH, BEL TORVBSGH5RE 20em OEREE D LD, Thit 20T
WEMZBRETRTY, £ 15m OEXDTov 75250 ED, thid53IF LR
RIZTHIMI L CHEEBSEERBO YLD 7oy /HERBRELE, X5 kES 5em
22D LD, ThEKFIFCERFEILT, SFHERE, KEBLCEKREREL 72,
MERRBREIT 427~ 150 + YHRABBERY, 8£1% 100 + v & URB&KDH R 10
cm ZEAERELCED DI RERI Y FRAF VY A2~ X VEROTHZBEL
f, MEMRBCIRELE, MEMLARE, BIBIUY v 7REERD Kk, 7oy 78
Wi BRI WA 35ecmx10em & U AHABRKEE ASTM MR BREBC XD, #HE
At v RRBEERANTHEo 2, CORBTIRELET GBI rkg/em? B L PAP
BHE (%) 2RD1, '

BHHTRBROE, RBREKLSEICHNBREELEL, REMRBRAELZ LT
8 (AA3, AT 1, UT 2, FT9) %- 7=,

ERORBROS B, NEHRBREIZ OV TOREBZ 1962 4 9~10 B (Fi| 10~22°C,
B 65~85%) iz, H£ERMORERIRE 11~12 B (R 11~21°C, K 58~66%) Iz, #
EHAEREIL 1963 £ 1 B L4 (888 14~18°C, JEE 58~65%) 12T~ Iz,

BRESUVER

1. /MERR RBRRF O BB R R .
SRk DREICHT 5 HRE > 5 DS EBBTI DUV T f M BIK SRR
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Table 3. Summary of test results for small clear specimens (average value)

Item\Species Ezo-itaya Buna Harunire Ezo-matsu

Bending and compression tests

No. of specimens 30 38 - 33 26
Specific gravity at test 0.66 0.67 0.52 0.38
Moisture content, u« (%) 12.3 13.7 11.3 13.0
%p (kg/cm?) 501 464 372 369

Bending test o5 (kg/cm?) 1146 1082 798 640
lEb (10*kg/cm?) 106 108 78 89

0ep (kg/cm?) 236 240 182 9224

Compression test { d. (kg/cm?) 509 477 380 332
E. (10°kg/cm?) 105 9% g 102

Tension test .

No. of specimens 18 15 17 17
Moisture content, « (%) 109 . 137 10.2 10.1
. 0:p (kg/cm?) 712 345 430 458
Tension test a; (kg/cm?) 1442 - 969- 981 833
lE, (10°kg/cm?) 111 82 f97 , 99

V‘Remarks: Gsp, 9cp and dsp are stresses at proportional limit in bending, compression
and tension tests, respectively. 03, ¢, and 0, are the maximum strength in the same
tests. Ep, E, and E; are the moduli of elasticity.

ROVTORBREDTRTERBLI, TheORE (FHE) £%3 10RT,

TNLOHEAA B L, BEHEKESTINTVZ0R VL 2Y¥HThs, iz
DOBRBIBKRED, CHIZDSONRTFHTHSH, FIERBRE BT VRENIZT <
NTWIENERTH- 720, BIEERI B ZOMIFRS X0 /A0S RERIC - o8, &
BRIKOMELEEICIENIIERE L2 ERELBBH(DEEILND, ~v=Lif
BIV VMG HEBI LA VIZOLADL T, BENER DT L LAk EL
758, COBEOBRED A V=LVHTRTY < YHOB®RALELTOBREIRIE T,

2 MEHOYYIRBOHK

DS O HECLD, FTERMRORUBMOMEERD, TS5KETIFD
¥V IRED D BRMEOY v /K (Cal B) BLUEHRE LTOY v /¥ (Cal. Eo)
EHE Lo TRDK,

cal. 7y = BB

Cal. E, = 21Edd)



ILEEARPRERRERHARE R24% BT

4 5 I FoO0 ¥ v IEH
Table 4. Moduli of elasticity of laminae
Modulus of elasticity 10°kg/cm?
Beam No. E, E, Es E, Ey Es E, CalE, CalE,
!

AA 1 187 140 129 133 135 131 165 161 146
AA 2 155 128 129 106 125 138 154 146 134
AA 3 135 131 119 110 112 124 140 133 124
AA 4 134 122 115 98 109 125 124 120 118
AA 5 113 108 102 86 96 104 110 109 103
AA 6 132 124 118 112 118 120 111 118 118
FF 1 142 134 130 125 124 120 147 138 132
FF 2 142 124 130 113 115 121 152 138 128
FF 3 131 128 120 118 110 112 125 125 121
FF 4 115 114 95 91 107 111 113 112 107
FF 5 107 83 76 62 88 95 104 99 88
UuuU 1 120 112 96 89 102 116 125 118 109
uu 2 110 98 92 93 87 101 112 106 929
Uuu 3 92 82 69 66 66 87 95 89 80
ut 4 75 60 59 51 60 67 78 71 64,
Uu 5 69 68 - 59 54 61 64 75 69 64
PP 1 138 131 95 85 129 126 140 134 121
PP 2 124 102 102 100 100 105 129 118 109
PP 3 106 75 73 73 81 91 101 95 86
PP 4 126 123 122 120 121 126 123 124 123
TT 1 150 147 127 118 122 122 153 146 136
TT 2 126 119 121 111 116 120 124 123 120
TT 3 94 86 85 62 82 82 86 88 82
TP 4 142 125 128 124 122 130 145 137 13T
AT 1 147 145 135 137 147 141 136 142 141
AT 2 147 148 136 126 128 130 138 141 136
AT 3 142 126 126 110 123 123 144 136 128
AP 4 134 137 118 125 125 132 142 136 130
AP 5 127 154 142 132 128 147 126 134 137
AP 6 126 103 117 109 108 111 123 118 114
AP 7 131 120 118 111 110 112 118 121 117
AU 1 132 93 91 90 89 89 139 119 103
AU 2 126 96 91 84 91 100 122 114 101
AU 3 110 81 79 78 79 84 111 96 89
FP 1 162 137 110 103 113 145 142 146 130
FP 2 155 95 87 79 84 93 138 127 104
FP 3 127 116 107 97 108 110 127 121 113
FP 4 134 101 85 79 96 102 127 119 103
FP 5 129 114 92 €O 101 109 127 121 109
FP 6 126 110 105 103 109 120 130 123 115 ¢
FT 7 139 130 104 99 106 112 136 131 118 .
FT 8 120 106 91 91 92 96 132 116 104 -
FT 9 133 113 121 110 114 115 117 121 118
FT 10 111 106 100 97 104 100 107 107~ 104
UuT 1 138 127 133 111 112 121 125 129 124
UT 2 120 120 113 103 108 114 115 117 113
UuT 3 109 111 102 99 102 105 116 110 106
UT 4 106 103 100 91 104 106 102 104 102
UT 5 103 101 99 95 93 103 98 100 99
UP 6 107 107 109 114 103 107 105 106 107

Remarks: Cal. Ez=modulus of elasticity of beam, calculated from E;~E; of laminae.
Cal. E;=modulus of elasticity of short column, average value of those of laminae.

"
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ze T,
E:: 737080y y 7/ F%E (kg/em?)
Ij: ZOhy#icBd s I +OBEXRE~ 2V F (cm?
It mprshic A 2 B BOKE ke~ 2> } (cm)
he: FERT 2 FOEE (cm)
h: SEERMZEDOR (em)
CCRBBLEEEHEREO T I FOMT ¥ Y S, 2N ORDRBOMT ¥
R Cal. By 5 X OUGREORER ¥~ 7 fF3 Cal. E. 2% 4 TR T, '
3 MEMOBREEMER

BERMIZOWTORELTOMTARBOREEESIC, HHEL TORMEHRROM
BEE6IL, THHEALMOBELET TRT,

T, REBIUTOHIRBRBRCDVWTEET B,

IV ZY MDA DS 1T EHIT AA 1~6 Tl HhEIL 0.68~0.71, i H FlR s
483661 kg/em®, T H X 964~1142 kg/em?, RV ALAEDRbAMLRD Y v IR
¥ (E,) 118~162x 10° kg/em?, HEABTHIFLTRIFDL RV iEBT B bAMLELR
HieY v SEH (Er) 121~182%X10°kg/em® TH D, ¥V SERRICBOTREHDDERE M H
I8, HOBEIZOTFNLEITVERicho THEORE®ERL, »po2hs iRk
BOET, CCRRBRLUAERMONSTRBEETHS, $HCDT /1 X ERMO K
H, BERAFRO Ly v NEERM EERICUETH S,

DEITFM DAIcL B FF 1~5 TIRHER 065~0.71 THEIGMEIZ AA1~6 LR
THIVBEBEICNLDPPE S, TOMT LAIRRE L 442~540 kg/em® & & F W
BiZ 5 508, BT 38X (2 680~1098 kg/em® TR EVEDHFRMARD T VA 2+ EEFEA
ERLTHBN CNIODUDAIIVEOSDHEINS, ¥V 7 HREE E 101~157%
10’§4 E; 104~170x10°kg/em® T OEHE V£ 2 ¥ H LD IEV, ~r=LHOsh
5 fl % ERAT L HhE 0.46~0.56, #i1f AR EE 222~421 kg/cm?, #h1f 58 & 367~833 kg/cm®,
¥ ¥ 2753 B, 15~114X10°, Ej 78~128X 10° kg/em®C, ¢ hd OFHHIE & heh 051,
348, 606, 91X 10° CHHERM D& 15 10 5 B ICH A TR XV ORKE L T RS DS
‘C’%%c FIFHRY O V= VOB DS I B EERM 8 KOFHMIIHLE 0.56, S Hisl
pﬁg 435 kg/em®, iy & 850 kg/em®, ¥ v FEEK 107X 10°kg/em® T, ZhicHN, 4
BIP v =VERMEIPROEsbD Lo, RBRCHEL V=LHDI 157D+
VYR MEIRL 51<107~163 X 10* kg/cm®, 4Eid 51~90~138 X 10° kg/cm?® C£ /NME
BRELCTHD M, 4EOLODOREMEBIIED B,

LEMM OB—BE» L BIERMIcHL, $ERMOL, I bbbV YHDS,
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Table 5.

B EAEBRENHERTAREG B2A4% H1F

® 5 HSERMBOMTHREBRR

Results of bending test for laminated wooden beams

Beam Sp. gr. a
at

of

of

Stress Modulus Modulus Modulus
t prop. :

of

L L. . . Ey E} Ipp dp Ey

No, test lmit rupture elasticity elastcity w"m g T, T O
™ (kg/em?) (kg/cm?) (10%kg/cm?) (10°%kg/cm?)

AA 1 068 627 1122 162 182 101 113 05 1650 238
AA 2 071 661 1089 158 168 108 115 063 1560 222
AA 3 068 551 1142 148 161 1.11 1.26 0.48 1680 218
AA 4 069 50 979 133 146 106 116 05 1420 193
AA 5 068 439 978 118 121 108 111 050 1440 173
AA 6 071 490 964 126 133 107 113 051 1370 177
FF 1 071 510  932* 157 170 114 123 058 1310 221
FF 2 070 503 1098 136 137 099 099 046 1570 194
FF 3 068 442 682 135 135 108 108 065 1000 - 198
FF 4 070 48 974 127 145 113 129 050 1390 181
FF 5 06 42 680+ 101 104 102 105 069 100 155
UU 1 056 399 610+ 114 128 097 109 065 109 204
UU 2 055 382 833 105 119 099 112 046 1510 19L
UU 3 050 421 680 83 93 093 105 062 1360 166
UU 4 046 222 367 82 8 115 124 060 80 178
UU 5 049 318 540 75 78 109 113 059 1100 153
PP 1 047 450 642 128 151 09 113 070 1370 272
PP 2 045 368 539 118 134 10 114 068 120 263
PP 3 040 388 472 103 104 108 110 082 1180
PP 4 042 254 314+ 117 127 094 102 081 750 279
TT 1 046 502 629 133 135 091 093 080 1370 289
TT 2 043 385 572% 123 141 1.00 1.15 067 1330 286
TT 3 041 277  355** 88 92 100 105 078 80 215
TP 4 047 476 666 132 145 096 106 071 1420 281 -
AT 1 054 601  843* 141 153 099 108 071 1560 261
AT 2 051 547  711* 134 149 095 106 077 1390 263
AT 3 051 435 723 135 152 099 112 060 1420 265
AP 4 052 508 755 13 147 099 108 067 1450 260
AP 5 052 5% 818 131 145 098 108 065 1510 252
AP 6 051 452 78 123 141 104 119 062 1430 241
AP 7 051 473 654 122 122 101 101 072 1260 239
AU 1 056 487 790 124 142 104 119 062 1410 222
AU 2 058 590 8% 113 120 099 105 070 1440 1%
AU 3 056 472 64l 101 111 105 116 074 1140 180
FP 1 059 502 922 148 157 101 108 054 1560 251
FP 2 049 441 622 132 148 104 117 071 1200 20
FP 3 049 471 676 124 148 103 122 074 1380  253c.
FP 4 05 458 613 124 129 104 108 075 1230 248
FP 5 050 467 794 128 137 106 113 059 150 256
FP 6 050 4% 711 132 139 107 113 069 1420 264
FT 7 053 419 477+ 127 136 097 104 085 900 240 ..
FT 8 052 447 69%6* 118 129 102 LIl 064 1340 227
FT 9 052 430  703% 126 138 104 114 061 1350 242
FT 10 055 308 592* 116 120 1.08 1.12 0.52 1080 2117
UT 1 047 391 758 122 131 09 102 052 1600 260 -
UT 2 046 452  601* 120 131 102 112 075 1310 261
UT 3 048 394  565* 110 s 100 LM 070 10 24
UT 4 045 418  634* 107 113 103 109 066 1380 ‘
UT 5 047 442 761 93 102 093 102 058 1620 198
UP 6 044 369 692 103 111 097 105 053 1570 234

Remarks: Ejp = Calculated from the maximum deflection for the beam, Ej =from the
deflection between two loading points.

* ruptured by shear without tension failure,
** ruptured from a knot in the lowest lamina.
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Table 6. Results of compression test for laminated
wooden short columns
it e Max. Modulus
, N Spétgr f pég;.sslirarfit crushinhg O.f . E, Top P E
.Golumn No. test Top strear:gt elaSEtIEClty GiLE .- o T
T (kg/cm?)  (kg/cm?) (10°kg/cm?)

AA 1 0.69 331 723 145 1.07 0.46 1047 210
ﬁ 2 g 0.71 409 713 146 1.09 0.57 1004 206
AA 4 0.70 331 660 117 0.99 0.50 944 167
AA 5 0.68 278 639 118 1.15 0.44 940 174
AA 6 0.71 300 645 117 0.99 0.47 908 165
FF 1 0.69 326 659 141 1.07 0.50 955 204
FF 2 0.70 293 610 127 0.99 0.48 872 181
FF 3 0.66 273 615 112 0.93 0.44 931 170
FF 4 0.68 215 556 119 1.10 0.39 819 175
FF 5 0.64 219 526 100 1.14 0.42 822 156
Uuu 1 0.56 294 540 113 1.04 0.54 965 202
uu 2 0.55 324 512 84 0.85 0.63 931 153
Uuu 3 0.50 252 438 74 0.93 0.58 876 148
uu 4 0.44 131 368 58 0.91 0.39 825 132
-~ YU b 0.49 195 429 79 1.23 0.45 875 161
PP 1 0.47 255 486 123 1.02 0.54 1033 262
PP 2 0.44 271 453 113 1.04 0.60 1030 253
PP 3 0.39 248 400 92 1.07 0.62 1025 236
PP 4 0.43 226 441 109 0.89 0.50 1025 254
TT 1 0.47 338 462 124 0.91 0.77 984 264
TT 2 0.43 419 471 129 1.08 0.87 1097 300
TT 3 0.40 262 394 89 1.09 0.66 986 222
TP 4 0.47 328 531 125 0.95 0.62 1130 266
AT 1 — — — — — — — —
AT 2 0.51 267 547 145 1.07 0.49 1072 284
AT 3 0.51 312 489 101 0.79 0.64 959 198
AP 4 0.52 322 503 148 1.14 0.68 968 284
AP 5 0.52 298 514 141 1.03 0.58 990 272
AP 6 0.50 285 487 145 1.27 0.59 974 290
AP 7 0.52 257 467 131 1.12 0.55 899 252
AU 1 0.58 315 503 105 1.02 0.63 867 181
AU 2 0.59 273 543 106 1.05 0.50 921 180
AU 3 057 272 479 80 0.90 0.57 840 140
FP 1 0.54 289 494 128 0.98 0.59 915 237
FP 2 0.49 265 426 118 1.15 0.62 870 241
FP 3 0.49 315 462 125 111 0.68 942 255
FP 4 0.50 286 450 121 1.18 0.64 900 242
FP 5 0.49 297 485 141 1.29 0.61 990 288
FP 6 0.49 321 489 159 1.38 0.66 998 324
FT 7 0.52 309 478 107 0.91 0.65 920 206
g T 8 0.52 234 430 126 1.21 0.54 827 242
T 9 — — — — — — — —
FT 10 0.53 274 455 91 0.88 0.60 860 172
UT 1 0.48 294 431 129 1.04 0.68 900 269
UT 2 — — — — — — — —
"UT 3 047 284 421 111 1.05 0.64 896 236
UT 4 0.47 262 399 98 0.96 0.55 850 208
UT 5 0.48 252 396 93 0.94 0.64 825 194
UP 6 043 277 396 109 1.02 0.69 921 254
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Table 7. Summary of test results for laminated wooden beams
and short columns (average value)

Species* Benaing “test Compression test
Sp. gr. Stress at. Modulus  Modulus Stress at cr&a}l))i{r'l g Mog?lus Numberof
face core t:zs‘t progéllmlt ru;:’t;xre elasti;:ity p r°§;i‘m“ Str?:,gth elaséi:ity specimens
(sgfem?) _(kg/om?) (10%gfem?) (kg/em?) (kg/em?) (10%gfem?)

A A 0.69 561 1045 141 330 676 129 6

F F 0.69 489 873 131 265 593 120 5

U U 0.51 348 . 606 91 239 475 82 5

P P 0.44 365 492 117 250 445 108 4

T T(P) 0.44 410 556 119 337 465 117 4

A T, P 0.52 522 747 132 290 501 135 7

A U 0.57 516 756 13 287 508 97 3

F T,P 0.52 494 681 128 285 459 123 10

U T, P 0.46 411 668 109 274 403 . 108 6

* A: Ezoitaya (Acer sp), F: Buna (Fagus sp.), U: Harunire (Ulmus sp), P: Ezo-matsu
(Picea sp.), T: Todo-matsu {Abies sp.)
FERYHOB, TV - FRUYHBAOERMIZOVWT A B &, ZFOHER 0.4
(0.40~0.47) T/hX WA, ¥ v 7 FZ¥ Ey 12 118 (B8~133)x 10° kg/cm? T h R x>, L
DU IR & PP 1~4  254~450, TT 1~TP 4 © 277~502 kg/em®> TH D, %7-
HBmX e BT ENEN 314~642, 355~666 kg/em® T& Hich I D EE MNE
na,

PEDSDicHL 2 BEMPL L3 ERM TRETMMOBEBLIL EDIh 300D
BB, THDLE, VA4 ZYHET v UMELE PV HOERM TR HEMNES
052 (0.51~0.54) Ex V4 2¥HDHDHDIZL 5 REFI/NEL BB ZhhbS THG
HoBIBRBE 522 (435~601) kg/em®, ¥ ¥ 7 E» 132 (122~141)xX10° kg/em® Th §* £
T~8% NEVDBTHS, LU iliTHSIZ 747 (654~843) kg/em® T 29% /& < 155 T
VB, CHRATEORBRICBOTEY A Y AHEEBHELTY F, Yoy / %, rw

ZUMERHELERM CRBTRABRE S IO Y v BRI FY B v sHOBEDED

KIREAFRELTCH-1d, HMTEIDADPDE > T EVSERLLUTNS,
COXVA ZYHAERENE LT, BHiC#ERME RO ERM AT 1~AP 7 Tit
T4 BYROLDPEIEBERMICHNSZ EDEOL >R EMNVAL BN, —HLEDOH
EBM OB PO BHERMIT 55 LHER 044 95 052 AT 545, BEBLY
MEICENTHD LD OBMABEDLNLDENS OFENEELTNBE ENE B, &L
WENDS OR/ME T BIERE 452 kg/em?, 11T 3 X 654 kg/em?®, ¥ v /&% E, 122X

14
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AP kglem® TEHIRELVWHKRTH B,

Droxv4 2 vk HERMMORSGERMICETEC LB VS 2 ¥ E V=L
Mo RBERM Iz DWT bR TH S, THubE, AULI~3 Tk v v 7 F¥ Ey 13 113
(101~124)x10°kg/em® TH T DKk x QF LWV, BT IR 516 (472~590) kg/em®, fh
W # & 756 (641~837) kg/em® Tov= LEEM (UU 1~5) icdl, OFNbAIBET
BOPORELIETHS, Ty LARES IR RIOBERFHRO /1 2¥H
LS ERT SO B AERMOBILUTV S,

TFHERRME LU THEBMOBRIZHVSEAL, =4 2¥HOBE LU

BRzohs, Lol 7 SHESERMOBERBRI A £v - $HEBIODPPES
E3TChHB, T VLD EY Y IREOPPRENT 2 F (K, 98~138x10°kg/
om’) EHEBRMOWBRELTHNSZC L EROT VAL 27 - TFHIDRBRPE B,
FBEBEBROYENTED O b, &Licdiy & vl 5656~668~761 kg/cm® TH/I
BREERVOADSDILE~NFELVWEH ETEH S,
- COMIMEBRRICBVT, BIERRBI XS FHHBEEIC > THRAELZSOMNEK
HBot, THERS5D I, OMIZ *HENLTEDLLTHS, ChOR 7T FMOHDER
MT2HR, "v=lHDALIK, =S/<YHOLLE, b FeVHOAHLIER, =14 2¥-
TSTYM2AE, TSAEY P FeYM3AE, T V= UYMLIAE, 75 b FeUH
TR, A= Fe 4R TES, DEERHBEL 2EHOBBIIOVWTAE S L,
R YRR B 12K, DNTI Vv YHAK, FHH2E, AvzLH1ATH
5, BlicEmEMIzT 4 2%, 7F, ~Nv=VOLEBMERY, BMiIC b FeYHER
WEBEBRM TRBKI1ZADS bO 1L AMMMBIEL 2, COXSiic b FeYMOHRIC
LEEMEROSEAR, HIEIKZOEERMOBESESTOHIIN TR C &
BNENVZ B,

DEZ, HMFRBRKETH®, ZOERKEBLOPHER->LES 20cm QFEICDVTH
TS EREHRBER I DV THTS, R6BIUVETREOTALNS X5 KRER
MIRBIZRERBITRIOBSLIODRY, TAMENCBTBERLDR, TR
BMEXOBOIARZIVDQRMTRIDOEELERLLL S 1 4 ¥ HDLDE DT 676 (639~723)
kg/em?® TH B, 2VOTTFHDAHDE D 593 (526~659) kg/em®, T4 &=L
508 (479~543) kg/cm®, T 4 2% - §H R 501 (467~547) kg/em® TH B, =Lt
DH, TS IHDH, F Fe MDA, 74 - $EMHILIZIZRA L cHEHEME 450 kg/em® §i
%, BENTHo DR V=L + SHERH T 403 (396~431) kg/em® THo 1o, ¥ v IR
BRERBIEERDI VA 25 -HEMM O & DHFA T 135(101~148) X 10° kg/cm?, -
VTI VAL FXHDOHDE D129 (117~146)x 10 kg/em®, 7' -+ £ EEHHF 123 (91~159)X
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10°kg/em?, 7 F ¥ D& 120 (100~141)x 10°kg/em?®, + = ¥ $ D& 117 (89~129)x 16°
kg/em® TH B, BE/NIDE V=L DA D 82(58~113)X10°kg/em® TH 2, Fis
SBRATNTRAIEREIRT VS 2+ HOAD AAL O 723kg/em’, ¥ v S EEKIZ T
F.x V=YD FP6 ®159x10° kg/em® TH D, Bz FhEFh v= L 0Ds o VU4
? 368 kg/em® B L 58X 10° kgfem® TH B, * - HIEIOREBK R T HEIIC BAERL
Fe DR E B v B DB DOERM CEME X 591 kg/em?, ¥ ¥ /%3 139X 10° kg/cm® ¢
Ho1 DT, Zhiclk~N, AEOT V4 2¥HMOHDERMIIEFRSICBNTT CH,
YU IBRBIRBOTRPE s S RERICIIo T,
4. EXEERBRER

FTHEBEENABEREERBRKRCLICFRLLEER 8 ITRT,

£8irkBd, BENBBEOIRXIVLOIZ VA 2 ¥ H OB OERM CHEKSH v €
141~181 kg/em® 3, DVWTTFHDADE DT 126~135kg/em® 5, JHHFh-oi
DR =YHMDHDPP3 T46kg/em® THB, LHL I TdHAERIL 8% ERLY
EEEERIESENVLZD, ABEBETR A NV=VHDADED, T4 2% - ~v=LHtO
bOPED L 983~100% ThHs, ZORELI B> DRTF - 2= VHDLDOT

%3 BHEUBRRER (VHE)

Table 8. Test results of gluing properties (average value)

Shear strength Shear strength -
Percentage of : Percentage of
Beam No. . t wood failure Beam No. ¢ wood failuré
(kg/cm?) (kg/cm?)
AA 1 141 87 AT 1 60 66
AA 2 144 96 AT 2 59 75 .
AA 3 150 87 AT 3 62 87
AA 4 169 85 AP 14 64 79
AA 5 167 72 AP 5 50 69 -
AA 6 181 92 ﬁ g 6 2:]3; 94
FF 1 129 85 4 86
FF 2 135 86 AU 1 98 100
FF 3 126 99 AU 2 108 93
FF 4 128 99 AU 3 96 98
FF 5 134 97 FP 1 81 57
Uuu 1 95 90 FP 2 78 51
Uuu 2 89 99 FP 3 69 49
Uuu 3 81 99 FP 4 82 60
Uu 4 70 95 FP 5 83 60
Uu 5 67 97 Il; P 6 67 56
PP 1 69 53 Tz 8 60
FT 8 74 63
PP 2 65 70 F
T 9 67 86
PP 3 46 88 FT 10 87 69
PP 4 51 81 U L ) :
TT 1 68 62 0% 3 & ]
TT 2 55 70
UT 3 55 62
TT 3 54 66
UT 4 56 96
TP 4 89 90 UT 5 64 o1
UP 6 61 83

4
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Table 9. Gluing properties for species

Shear strength ¢  Percentage of

Species Number of tests (kgfem? wood failure
Ezo-itaya (Acer) + Ezo-itaya 60 143 89
Buna (Fagus) - Buna 67 130 91
Harunire (Ulmus) - Harunire 84 84 96
Ezo-matsu (Picea) < Ezo-matsu 116 54 78
Todo-matsu (Abzes) - Todo-matsu 63 54 75
Ezo-itaya - Ezo-matsu 14 69 87
Ezo-itaya + Todo-matsu 9 70 79
Ezo-itaya + Harunire 12 118 99
‘Buna » Ezo-matsu 22 63 70
Buna » Todo-matsu 15 66 81
\Harunire » Ezo-matsu 4 64 9
‘Harunire - Todo-matsu 19 65 79
Eio-matsu « Todo-matsu 2 65 86
-Softwood - Softwood 221 54 76
Hardwood + Hardwood 223 115 93
Hardwood - Softwood 83 66 79

All 527 82 84

B 57, B 49~60% TN bEEMBIRBRIFE VLB,

SFEPEDC ERBEIICAS LR ICRT LI NS,

EIRHONTERDESDEALABOCENNZ D, BEINOREWEIOIENS
EXLSAL EAY TS AV, TH-TF, TS E¥ - =, Nv=L =L ERRD,
RS - S ERM DIBARIZEA LR L T 63~70kg/em’, Bb/NSVDOREERMOR
—WE OB A Tkg/lem® ThE, KERTRZVAL 2Y - ~v=UBESRTI9%, D
VBTNV, NVEL TSR, TS EY VA B, T4 &Y
'*i'§r'i55° BH/INTH- DR P2V P FTYTHEM, TNTE 7% ThHb,

THERM EEERMIC IO BAREERME S Lo L & B8 #EET) 115ke/
cm?, KBKE 93 % TEHIER, DVCLRERH - $HEMM t2heh 66kg/cm’, 79%
THDH, HEHMHESLOLXRINLDRPE D,

PrEoX i 0ORBTREEREENTIVTLLRIFTH- 12,

5, PUYRRBICHITIHNMERBRESIOLER

HMERES 2 F0¥ vy FBREDL O ROMT v > VB (Cal. E) 5LUEREELTO
MY~ SEH (Cal E) K%, ChoZEBRBELBL TA R, E/Cal E, Ejf
Cal. E, D% %51z, EJ/CalE, 2% 61z, 37 2nd0BREN3 BXU412RT,

37, ZOMITREBICBI 2 X SVERROVTDRDLA v hOoRDY v 7 FEHK
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Fig. 3. Comparison of the experimental value to e

the calculated one in the moduli of e

lasticity obtained by the bending

test.

E, was obtained from the maximum de-
flection of the beam and Ej from the de-
flection between two loading points.

EELAULSTT1I D09 THY, FHLTIN THE, $ic Ey/Ef D513 092 T
D, CORBICBOTRMFISHOAR LB HAICHTAHRERIC X 546N do ik

ZOR9% 135,
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BRHEIBS I FOVY v 7%

HOOHELE RO+ ¥ 7 &K 7o
Cal. Ey LEBEMBOR ¢ v th i “?ﬁf;;a ) o
3HDLIBY B bsboRD <§ ;EEH 1 |
v v SR Er L hi—FL, % £ |3o-;gg:” A
DRAYEEIDNT Db D g " URUT -® A
bR vy SEME ok 210 (e

o ° Al
peehsiubRrasnn 3 M
7, ARBTRERBOT BOP 3 . { "
AECHT, EBOXSmEREE 8 70 -
3o 1z, °

A

f;;i.j—@,‘yyy"ﬁ DL 70 90 110 130 150
. ¥ FBRO¥ Modulus of elasticity, calculated £z 10°kgAm'

SEREERY > 7 RB O B4 MR /RS B FE
Cal E. &L, T hASERAME & Hos el L Lha

; = oy Fig. 4. Comparison of the calculated value to
BHEMAITRTESICNDE, TO the experimented one in the moduli of

EZT«’- BOTALNS XS, T elasti?ity obtained by the tt'ast of com-
OB DD % presslonv parallel to the grain.

Ko, &< EHERH DB 0 b DB X OILER - SHESH DRAE D b Ol 7B & %
BEZOEORELSDHEL, CHRAVEHERHOT 3 5 ILHEE O RENP

DHD, RHUERMOEEOBACRSTVEBRINNEEZZIONEM, ARBOLS I
ML L BACR EORENAE N OT, COXIMRBREN>LbDEELLNG,
E./Cal. E. DBKfti FP6 0 138, F/hik UU2 0085, ik LA THZ, HBOL
W OAIC LB ERMTIRE DTS > 213470 0.89~100~113 T, 13& AL DEER
BAHEED £10% UHICH> oo CHREIEOFMS I F BRETH- e b & BED
nz,

S EROES, FEIORBTRIIFOY VY IREDSHELARBIUERLELT
DYy v FEEPEREE L —FK Lk (ROBARWNER XA Mbas ERICA
n3) 2 AHORRTRBIL SV TOEREMNOOKE LD, A RERTR LD
DEHREDoL, CHECORRIKLES $FORA—=Y 7Y - b FTYH TR
BREORADBDUEDE L, ~Av=LHEHED S DL DEMRE Ko i—Ic &3 F
B, TULLT I FORAHEDY Y SEMAEOR SV HIED BET B M, BEH L
o BN, RE L TRRADHHICED, TOREMDEBY, B L <
U, R THBICEOREDSHEYRE , Licdis TRREOH S D2 H A& Lol
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Fig. 5. The relations of bending strength and modulus of elasticity
to specific gravity for laminated wooden beams.
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‘The relations of compressive strength
and modulus of elasticity for laminated
short columns,

B (s }3/2)

(kg/cm?) L

E M B@-f FE M 3I@-dg  (10%keg/em?)

FHHFERENE (o)
(kg/cm?)
‘ . LEm I 140 200
gﬁmﬁﬁ{ﬁfﬁﬁ 11 120 140
- o 2= 11 182 260
IS LTI i, 180
xxﬁasﬂc{m%ﬁ 1t 218 300
XBTEERM o £ 1 192 270

210 300 80
180 210 70
273 390 90
240 270 80
327 585 90
288 405 80
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Summary

’ In this paper, two-species laminated wooden beams constructed by gluing lami-
nanons of a dense strong species of hardwood to core of a less dense weaker species
of softwood were made and investigated in comparison with those from the single-
species. For this study, the following five species were provided.

Japanese name Botanical name Mark in this paper
Ezo-itaya Acer mono MAXIM. A
Buna Fagus crenata BL. F
Harunire Ulmus davidiana PLANCHON var. japonica NAKAI u
Ezo-matsu Picea jezoensis CARR. P
Todo-matsu Abies sachalinensis MAST. T

i . In these species, Ezo-itaya has the highest strength, stiffness and specific gravity.
Bute has the same specific gravity but its strength and stiffness are slightly weaker
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than the former. The mechanical properties of Harunire vary over a very wide range
that includes very weak material. Ezo-matsu and Todo-matsu are the most important
species of softwood in Hokkaido.

Before the fabrication, the modulus of elasticity of each lamina was measured
and the defects were recorded. Thickness of the lamina was about 1.50 cm.

The laminated beams were made from seven horizontal laminations that were glued
to each other using a kind of ureaformaldehyde resin. The fabricated beam was
10.5 cm in height, 10 cm in width and 170 ¢m in length. The combination of species
in fabricating the beams, number of those and their marks are as follows:

Species
- No. of beams Mark
Face Core

Ezo-itaya (Acer. sp.) Ezo-itaya 6 AA 1~6
Buna (Fagus sp.) Buna 5 FF 1~5
Harunire (Ulmus sp.)  Harunire 5 Uuu 1~5
Ezo-matsu (Picea sp.)  Ezo-matsu 4 PP 1~4
Todo-matsu (Abies sp.) Todo-matsu 3 TT 1~3
Todo-matsu Ezo-matsu 1 TP 4

Ezo-itaya Todo-matsu 3 AT 1~3
Ezo-itaya Ezo-matsu 4 AP 4~7
Ezo-itaya Harunire 3 AU 1~3
Buna Ezo-matsu 6 FP 1~6
Buna Todo-matsu 4 FT 7~10
Harunire Todo-matsu 5 UT 1~5
Harunire Ezo-matsu 1 UP 6

For the 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. In
the static bending test, the two equal concentrated loads were applied at points one-
third and two-thirds the length of the span (I =159 cm). Two deflections, one is the
maximum deflection (y;) and the other is that (4y = y;—v,/;) between the two loading
points as shown in figure 2, were measured at 250 kg load increments. From this
test, the stress at proportional limit (¢,, kg/cm?), the modulus of rupture (¢, kg/cm?),
the modulus of elasticity (E, 10°kg/em®) calculated from the deflection y; and that
(E} 10° kg/em®) from dy stated above were obtained. After the bending test, a4 20°éfy.
long short column was cut from the non-destructive part of the beam and the test of
compression parallel to the grain was made, and the stress at proportional limit (¢,
kg/cm?®), the maximum crushing strength (¢, kg/cm?®) and the modulus of elasticity (E,
10* kg/cm®) were obtained. Also a block shear test specimen and a 5cm-long piece
were cut from the beam tested to measure the gluing strength, width of annual rings,
specific gravity and moisture content of each lamina.

The results of tests are summarized as follows:

1) The laminated beams consisting entirely of Ezo-itaya wood showed the highest
values in the mechanical properties and specific gravity. Those of Buna weod had
the same specific gravity but their strength and stiffness were slightly weaker that

¢
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the former. The stresses at proportional limit and the moduli of elasticity for the
beams from Ezo-itayo -and softwood (AT, AP) were about 7 percent lower and their
meduli of rupture were about 29 percent lower than those of Ezo-itaya, respectively.
But their values were very higher than those of the beams made from softwood. The
béims consisting of Buna and softwoo-, had slightly weak strength and stiffness in
comparison with those of Ezo-itaya and softwood.

2) In the beams constructed by gluing the laminae of hardwood stated above to
the core of softwood, especially Todo-matsu, the horizontal shear failure occurred fre-
quently at the time of fracture. In this test, eleven specimens out of the twelve
laminated beams made from hardwood and Todo-matsu ruptured by the shear failure.

3) The hardwood, especially Ezo-itaya, was superior in the gluing properties to
the softwood.

4) The calculated value (Cal. E;) of the modulus of elasticity for the laminated
beam agreed generally with the experimental value (E,) obtained from the maximum
deflection of the beam : the average of the value of ratio E,/Cal. E, was 1.02, the maxi-

mum was 1.15 and the minimum 0.91. In this case, the calculated value (Cal. E;) was
obtained by the following equation.

Cal. E, = 2 (EL)/I kg/em®

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

i 5) The other experimental value E; obtained from the deflection between two
loading points were slightly higher than the value of Cal. E, stated above : the average
of E;/Cal. E, was 1.11, the maximum was 1.29 and the minimum 0.93.

o 6) In the test of compression parallel to the grain, there was not a remarkable
agreement between the calculated value Cal. E, and the experimental E, in the modulus
of elasticity, but the average value of E,/Cal. E, was 1.04, the maximum was 1.38 and
the minimum 0.85.

7) The values of strength and stiffness to the specific gravity were superior in
the beam constructed by gluing the laminae of Ezo-itaya to the core of softwood.

8) The relations of the modulus of rupture (9,) of the beam and the maximum
crushing strength (9.) of the short column to the calculated value of the moduli of
elasticity in bending and compression (Cal. E, and Cal. E.) were shown as follows :

For all specimens

a,>Cal. E,/300
For specimens made from hardwood only
9,>Cal. E;/200

These are exactly the same as those stated in the first report. But the bending strength
of one of the specimens made from Buna and Todo-matsu was very weaker than this

relation, and also the strength of the beam from softwood only was generally weaker
than that.
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9) The allowable stress intensities under short-time service, the lowest strength
and the moduli of elasticity for structural lumber of hardwood (L-II) such as Acer,
Fagus, Ulmus species and softwood (N-II) such as Picea, Abies species are as follows:

Allowable stress

intensities The lowest strength Modulus

(sf kg/cm?) (8% 1.5 kg/cm?) of

. . elasticiy:

. i . bending &

compression betréglsrilgn& compression etre‘n:ilgn (10°kg/cm?)

dard b {L—II 140 200 210 300 80 -
Standard lumber N-II 120 140 180 210 70
High de lumb {L—II 182 260 273 390 90
187 grade umber N-II 160 180 240 270 80
7-pl. laminated wood L-II 218 3% 327 585 90
made from clear laminaeN_11 192 270 288 405 80

According to the lowest value of the strength or modulus of elasticity stated abowve,
the laminated beams tested are classified by their minimum values in the following
groups :
Below the value for the standard lumber L-II;
all Harunire (UU) laminated beams,
over the value for the high grade lumber N-II;
all softwood (PP, TT, TP) laminated beams,
over the value of the high grade lumber L-II; _
Buna & softwood (FP, FT) and Harunire & softwood (UT, UP) laminated
beams, '
over the value for the 7-pl. laminated wood made from clear laminae L-II;
all Ezo-itaya (AA), all Buna (FF), Ezo-itaya & softwood (AP, AT) and Ezo-itaya
& Harunire (AU) laminated beams.



S

EEHESELERM I L 2 BRAOTE BE28) (RR-E5 B K 7

= - ]
NBRURR SR B O RERBRER
5 3FOlE
R,: FEAHFHE (mm)
ru: BEBRLE
u: & K FE (%)
%p: I HBIFRE (kg/cm?®)
o, i # X (kg/em?)
E,: #hiy+¥ v 7B (10°kg/cm?)
%op: MEFEMEHAIIRE (kg/cm?)
%: MEMRES (kg/em’)
E.: WEMY v 775 (10°kg/em®)
Op: WEBIRHPIREE (kg/cm®)
o,: WBIEREX (kg/em?)
E,: 31Ky~ 7F¥ (10° kg/cm®)
A: /1 4% F: 7 + U: ~Nw=v1
P. =V = T: + F=v

APPENDIX

1. " Results of mechanical tests for small clear specimens

2. Properties of lamina

arks)
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?)

Stress at proportional limit in compression parallel to grain (kg/cm®)

Max. crushing strength (kg/cm?)

Modulus of elasticity in compression parallel to grain (10°kg/cm?®)

Stress at proportional limit in tension parallel to grain (kg/cm?)
Max. tensile strength (kg/cm?)

Modulus of elasticity in tension parallel to grain (10° kg/cm?)
Ezo-itaya (Acer mono)

Buna (Fagus crenata)

:- Harunire (Ulmus davidiana var. japonica)

Ezo-matsu (Picea jezoensis)
Todo-matsu (Abies sachalinensis)
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APPENDIX 1. Results of mechanical tests for small clear specimens

(1) Ezo-itaya (Acer mono)

i

No. Tu u p 9 E Gop 9, E,
1 0.60 12.2 542 1069 113 259 484 114
2 0.64 123 469 1194 118 182 479 83
3 0.61 12.3 570 1019 110 260 490 116
4 0.60 12.1 503 955 89 242 458 90
5 0.70 120 681 1414 131 228 544 89
6 0.75 12.2 463 1239 99 243 547 116
7 0.61 12.3 529 981 98 181 505 107
8 0.72 12.2 618 1368 127 249 524 94
9 0.60 12.2 387 960 108 336 468 110
10 0.74 12.2 494 1246 100 264 529 9
11 0.61 124 415 1023 97 200 461 106
12 0.70 12.1 557 1362 127 . 230 554 118
13 0.70 12.1 615 1305 119 221 537 113
14 0.61 124 419 924 96 269 - 488 134
15 0.65 12.6 581 1354 124 254 533 130
16 0.73 12.2 484 1142 92 210 532 87
17 0.65 125 536 1222 120 247 527 107
18 0.62 12.1 549 1113 114 290 . 486 73
19 0.67 125 536 1163 120 272 534 121
20 0.72 119 424 1245 100 268 545 84
21 0.63 139 451 1148 109 273 508 122
22 0.64 12.3 580 1259 117 224 532 128
23 0.63 12.2 453 - 1020 102 167 452 119
24 0.59 125 458 1088 104 219 476 104
25 0.74 11.9 437 1160 90 194 549 86
26 0.60 124 483 1093 91 223 490 124
27 0.64 124 418 1034 84 184 508 . g
28 0.60 124 544 1095 93 321 510 1
29 0.70 121 419 1147 94 146 511 91
30 0.74 12.5 402 1043 90 210 499 78
Av. 0.66 12.3 501 1146 106 236 509 105
No u Itp 9, E; No u Gip d; E,
1 119 759 1651 99 11 11.1 742 1505 121
2 12.1 583 869 61 12 111 810 1639 112
3 94 707 1485 121 13 10.7 845 1641 122
4 10.8 746 1209 115 14 10.7 636 1363 .94
5 9.1 1013 1812 138 15 10.7 382 1348 96
6 10.8 786 1619 124 16 12.6 1043 1681 135
7 11.2 621 1397 128 17 10.8 468 1357 9
8 11.1 671 1467 122 18 109 711 1475 118
9 111 699 1357 95
10 10.1 600 1079 92 Av. 109 712 © 1442 111

iR
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APPENDIX 1. (Continued)
(2) Buna (Fagus crenata)
. No. Tu u Ipp gy Eo Iop Ide E,
1 0.72 15.2 405 1170 120 203 467 123
2 0.71 15.2 367 1153 121 202 494 112
3 0.62 116 603 1131 113 230 504 102
4 0.56 12.6 413 878 99 310 459 105
5 0.68 13.6 500 1083 104 385 532 131
6 0.67 12.7 415 1123 101 209 454 95
7 0.64 12.8 561 1203 120 247 515 97
8 0.64 12.6 374 1101 91 243 425 67
9 0.71 15.1 454 1133 125 249 482 98
10 0.62 154 298 715 63 134 349 57
11 0.70 12.7 459 1051 111 256 502 109
12 0.61 14.1 536 969 111 320 481 95
13 0.71 12.3 316 1084 127 257 499 97
14 0.67 15.2 456 1091 111 217 468 78
15 0.78 133 412 1113 121 237 512 101
16 0.73 14.6 417 1027 123 168 443 110
17 0.75 128 519 1293 117 256 510 111
18 0.66 12.9 627 1277 126 198 507 116
19 0.64 14.2 315 863 108 187 403 67
20 0.57 124 463 971 109 172 471 114
21 0.63 13.6 534 1061 109 330 504 118
22 0.62 124 380 972 82 126 450 87
23 0.71 14.4 - 511 1083 111 347 431 72
24 0.63 154 316 707 51 145 361 55
25 0.69 14.9 459 1118 111 188 463 111
26 0.73 12,5 532 1131 119 303 536 103
27 0.65 131 600 1268 135 327 530 70
28 0.71 146 575 1182 113 211 482 120
29 0.71 15.3 482 1204 123 190 470 64
30 0.63 124 557 1098 111 355 520 102
31 0.66 12.8 605 1232 122 301 555 126
32 0.70 13.9 435 1088 106 277 483 79
33 0.63 15.2 335 777 70 154 378 66
34 0.73 14.3 592 1206 132 217 541 127
35 0.69 12.6 405 1163 108 422 498 91
36 0.73 14.3 486 1158 188 212 497 85
37 0.66 129 437 1123 188 167 458 92
38 0.70 15.8 480 1128 118 174 476 83
Av. 0.67 13.7 464 1082 108 240 477 96
No. u Asp -7 E; No. u Otp [ E;
1 134 406 924 81 10 13.7 310 818 67
2 pr-k -341 899 85 11 13.8 242 899 84
3 140 387 1016 86 12 139 292 972 85
4 135 234 731 64 13 14.0 256 794 68
5 13.7 520 1109 92 14 138 386 1238 91
6 13.7 362 768 85 15 135 382 987 87
7 138 418 1291 108
8 131 320 1225 99 Av. 13.7 345 969 82
9 13.2 317 864 50
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APPENDIX 1. (Continued)
(3) Harunire (Ulmus davidiana var. japonica)
No. Tu u Top L) E» Gep L E,
1 0.55 115 492 999 88 191 447 89
2 0.55 11.8 537 943 90 236 452 103
3 0.54 11.6 533 929 98 181 408 92
4 0.57 11.7 445 989 91 229 463 98
5 0.55 11.3 486 979 92 270 441 108
6 0.60 10.8 370 914 93 154 389 106
7 0.54 111 425 865 78 118 350 87
8 0.50 10.9 398 775 64 137 385 71
9 0.43 11.4 245 647 60 142 285 47
10 0.62 10.8 390 724 80 226 457 88
11 0.45 115 272 716 68 127 313 50
12 0.59 110 372 1093 87 223 408 72
13 0.40 109 180 627 47 78 269 47
14 0.46 11.6 189 582 58 121 324 71
15 0.46 117 264 754 71 133 310 65
16 0.60 111 532 1042 112 192 442 106
17 0.54 10.8 621 1178 103 205 419 107
18 0.56 106 562 939 91 240 446 100
19 0.48 11.3 322 680 62 144 318 60
20 0.58 111 341 419 63 238 459 79
21 0.63 10.7 456 758 78 305 458 91
22 0.64 111 444 888 92 246 476 111
23 0.59 10.8 409 913 104 148 369 93
24 0.43 122 247 659 63 104 282 62
25 0.49 11.2 395 739 86 220 365 66
26 0.45 114 243 536 43 93 307 60
27 0.42 11.5 208 520 46 108 292 47
28 0.51 11.1 409 658 74 215 414 98
29 0.53 109 299 804 82 155 336 107
30 0.65 121 373 917 98 264 509 96
31 0.47 11.0 334 675 72 170 313 64
32 0.44 11.2 264 743 64 149 303 48
33 0.46 117 231 731 71 137 322 61
Av. 0.52 113 372 798 78 182 380 80
No. u Iyp d, E, No. u Sep e, Ey
1 10.2 243 721 93 11 10.4 302 906 115
2 10.3 710 1397 129 12 10.3 524 703 84
3 9.6 301 1109 109 13 10.1 346 694 9
4 10.1 437 991 113 14 100 346 673 59
5 105 198 484 50 15 10.2 660 1372 110
6 10.0 371 1224 112 16 10.4 233 920 60
7 104 231 495 47 17 10.6 571 1159 a7
8 10.0 244 1094 98 .
9 10.3 794 1093 115
10 10.1 800 1645 131 Ay, 102 430 981 g7

iR
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(4) Ezo-matsu (Picea jezoensis)
No. Ty u Gpp dp Eb Cep P E.
1 0.39 130 374 756 111 268 400 131
2 0.39 135 372 706 110 298 408 104
3 0.34 12.5 278 533 77 146 277 73
4 0.41 13.0 408 721 114 311 401 132
5 0.40 13.0 321 621 81 218 342 93
6 0.39 13.0 423 649 84 264 362 102
7 0.37 136 329 497 63 121 297 65
8 0.35 13.6 329 570 76 119 287 99
9 0.40 13.0 414 733 105 310 397 115
10 0.40 12.6 424 752 107 340 400 126
11 0.36 12.1 313 A77 78 200 236 69
12 041 13.1 431 767 111 339 405 141
13 0.35 122 375 600 77 247 300 84
14 0.39 129 453 738 101 151 351 108
15 0.36 119 311 445 87 174 259 106
16 0.34 12.7 270 504 68 180 254 103
17 0.37 13.3 340 609 89 174 315 94
18 0.37 129 436 763 93 256 350 111
19 0.37 13.0 305 580 72 221 275 67
20 0.37 13.3 400 799 104 305 362 109
21 0.45 135 474 772 80 187 347 69
22 0.39 13.2 443 734 98 — 330 —_
23 0.37 13.2 428 701 96 301 354 120
24 0.36 139 421 631 78 158 291 96
25 041 134 406 775 113 214 392 105
26 0.35 13.1 331 575 76 206 309 79
Av. 0.38 13.0 369 640 89 224 332 102
No. u Iep g E; No. u Ip g E,

1 9.9 676 1064 126 7 105 405 1051 130
2 10.6 605 947 124 8 10.3 793 1176 132
3 104 324 828 84 9 9.6 292 401 68
4 105 295 665 81 10 99 469 852 89
5 9.2 283 675 81 11 10.3 373 750 81
6 99 389 751 89 Av. 10.1 458 833 99
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Properties of lamina

APPENDIX 2.

Es
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