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Haruto WATANABE and Yoshihiro MATAKI

Studies on Two-species Laminated Wood Beams (III)

Relationship between Species of Face Lamina and
Correction Factor
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Table 1.  Species of cach lamina.

j Isunoki Distylium racemosum Sieb. et Zucc.
{ Kashinoki Quercus spp.
Face lamina |  Hoénoki Magnolia obovata Thunb.
‘ Tabunoki Machilus thunbergii Sieb. et Zuce.
! Mochinoki ILex integra Thunb.
Core lamina 1 Tsuga Tsuga sieboldii Carr

WORFEME L7 (Table 2).

Table 2. Bending properties of each lamina of laminated beams.
*Ratio of core depth to beam depth a=0.60
Core face lamina

cS)gef(;g; No. |— Upper f‘ace l‘amma B (Tsuga—vggp 9)1 **giFower faceﬂlﬁ -
lamina | Ef1 ’apﬂ“’mﬁ' u ‘ o E | e o,,,[} “ 0 ‘1 Efs ‘171,/2 Umf2r u ‘ o

1 129,820 850158411. 0. 877‘55 433} 331 59311 7;0 429'109, 973\ 7001294511.5'0. 779

g 2 110,625 724‘131511 30. 74941, 761, 310 54011 90.413151,393 8601658 11.40. 885
g 3103, 696 631113311, 80.78452, 179 361 59811.90. 414159, 721 10261908;11.30. 892
2 4 ’151 398 925 1863 1. 40. 90750, 409 305 468/11.80.419/103, 655 671134411.90.773
s | 91,827 593 99011 60 64057 810, 329 603‘11 80. 413:106 715 693 1236‘11.70. 700
o1 144, 505 752150911. 70, 92487, 524 521 87111, 5‘0 494 142,256 846 1418‘11.7‘0. 892
g 2 e 903155011 30. 86985, 333 462 81311. 90. 506 154, 748, 829155711.50. 876
= 3 129,568 798133411.50.85660, 221 362 71912.40.457115,204 76412791, 40.855
S 4 188, 24410851956/10. 9. 906‘60 818 361 66712. 2.0, 432220, 170 924{2256i11.20 948
5 |127.635 743|135011 50.85566, 104 369 765‘12 10.4711116, 141 719’13“’&”'3'0 882

1 1107, 556 7251208'12. 8l0. 63570, 400, 393 66611. 70 409113 4091 551, 1173]11 6|0 555

o 2 1123, 741 6841226 11.700. 602/69, 8951 7 | es2i2.1 10. 399103, 080 442, 956/11.70. 504
g 3 117,162 739128111.80. 59968, 874 352 66811.90. 4581103, 832 650 113711. 5}0 597
T 3 | 80,611 474 83912.6/0. 56269, 093 364 69411.60. 417 75,957| 401 76012.60. 573
4 114,616 60751069}12.30. 53158, 383 340 59811, 60. 393‘ 92,419 492| 95612.30. 592

1 | 88,467 554 94511.20.63184, 510 465 780 iu 30.455109, 674 7181099'10.80.725

g 2| 94,238 550 97310.60.62480,057 408 61012.50.457137, 936 698111010, 50.690
5 383,645 572 87510.70.62684,055 521 81212.40.476 92, 947 532 94310.60. 548
S 4 | 74719 412] 69210.60.65686,952 548 84412.30. 448, 70, 563 395 71810.80. 540
5 | 89,078 565 93810.60.63682, 606 483 82612.10.438 89, 180\ 555/ 975/10.60.706

o 1 69,360 365 669311. 10.55274,011 367 66011. 9;0 410 73,349 409| 727)10.90. 506
g | 2 97,452 481 93810.80.60680, 656 424 65112 10.428 79,606 456 76110.70. 569
2 386,557 423 85711.10.57373,849 374 TI311.60. 437\103 574 534 99910.70.665
g 4 59,503/ 363 68311.60.59085,484 365 72311.80.436107, 628 469 101410.90.667
596, 354! 456/ 96710.70.60361, 493 349 580‘11 80.309] 99,906 522, 99710.90. 645

E : Bending modulus of elasticity (lOakg/cm2)
o, : Bending stress at proportional limit (kg/cm2)
9» : Bending modulus of rupture (kg/cm?)
u : Moisture content (%)
o : specific gravity in air dry (kg/cm?)
Suffix f1, f2 and c ; Upper, lower face and core lamina,
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HERP O BT IR Resorcinol resin #75%] (A S 4 e x—n F KK 8)
B, BAE 30 (@) &L, A0 NERDICE ) FHER 25C (20~25C) T 14H [
L. BESRCERBIFEOTECE L, ERMARED LD 100MERET
NHTFRBER TR 7. BREOHBIIER L B L OFENk a=0.60 £ L, ik
S5x5x7lem “Th 5.

BREFBEICOWT S A5, B 25 AOHERBRED, Thi SEHCrd, SHEFET
FERBFED 5 KORBIE & GATVE. BRND LA S A & hE & - TSHARAE
D, BAITERBOBYENSITFRBRC T2 TR FLWEMHFICRs L e
DIz,

BTRBROAANY LREL O I/h =13, LIiAi> TRy % 65em x L, R IviR
FHHEORMP L L, MEAMIIERFEORESHECEE, RROFEHZ 2. 5(mm/min)
Ll RRERCERBOBRFOEAELAZELIC.

1. BRERELUEE

(1) AERBHTREBROEAME L BRI X > TROIEHFEM GREFTHE & ERIR
) OWES LOEHITHE 1O L B ) ThS. Table 3 I RIROMBSIC L DL RT.
(2) EAMEXFTHEMEE Ok
ERBIC KT B ERME L HEE L Ok, AILEEECHT 2 BIEMREE RAUE L OB
{%% Table 4 =L, FOFHEA Table 5 TR

gl T RE
(2) EREEECHT BEERN (I ELHEHOL) &, T TORKME
DOECAHEBEZ Lo - 1.
(b) ERHEMECET B EERK GLAME: ERAEMEOL) %, T TOERMH
DO EBZ L nh o 1.

© EREHECHT BEERKE ERFEMCRT 3 BERKL 2 hEL TR
IED BRI T,
H L PIBRERE -
(a) SECEFEMECHT 2 BEAE (FHE L ECEFMEO L) X, $XToRREHE
DI BEEZNRD LD o T,
(b) EREFEMECHNT 3 BERNR (EHfE L EMAEMEOL) X, T XTORKBRED
e EEENTDL NI o T,
(©) SECETEMCHT B BERKE EMHEMECT 3 BEMRKE 2B L THEE
MEDHN, HEOAN LICHEWERZRLI.
B FREERAE -
s PIREAEIC T3 (2), () 55 10° (¢) ORI RIERTEIC >\ C b ARk
Thot.
3) HERBEROFHFCOWT
BNEWAM Y BOEISHIRTE S E, TOEKICHY, BTG KM 2 EISH
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Table 3.  Actual values and calculated values of bending properties of
laminated wood beam.
*Ratio of core depth to beam depth a=—0. 60
Load at proportional Maximum load at

{

Species | . Modulus of elasticity i limit \ rupture

of face | No. '——————— —— e | -
lamina | E,y E, Es ; Py ‘ Py Py } Py i Ppi | Pu
|1 | 133, 522‘ 106,037 107,973 690 844 | 754 } 1248 | 1568 | 1393
' 2 124754 111,934 111,682 740 863 812 . 1268 | 1620 | 1476
g 3 116,641 114,449 108,315 690 896 704 1233 . 1643 1265
2 4 115038 115,126 114,505 650 830 508 1198 = 1768 | 1017
5 101,387 90,356 98,798 580 713 663 1100 1235 | 1107
|1 151,704 128,211 133,014 820 898 831 . 1640 1645 | 1582
€| 2 155521 137,245 139,112, 850 | 972 885 . 1550 | 1754 | 1660
£ 3 129,623 108,960 111,066 700 | 891 82 133 1491 | 1408
S 4 167,811 172,780 171,255 940 1084 | 1066 | 1515 | 2273 1 1939
s 19,63 109,833‘ 11,900, 705 | 844 . 606 | 1400 1536 | 1103
1 117,293 101,6221 103,759, 565 = 745 578 | 1040 | 1389 ‘ 1229
g | 2 106013 104,191 105112, 595 = 656 509 = 940 = 1272 | 1102
g 3 %107,608; 101,856 103,507 605 = 804 741 | 960 & 1399 1295
E | 4 99,246 76397 74401 525 542 440 880 | 989 833
5 }101,502; 93,943 94,710 510 633  S67 900 1166 1093
1 110,524 95990 95733 570 782 678 1045 = 1257 1157
g 2 109,287 103,921 102,354 585 = 698 663 1017 | 1165 1054
E 3. 98,344 87,396 87,426 515 679 | 590 | 930 | 1119 1042
s 4 88,749 75554 74981 05 S24 42 800 | 917 | 826
S | 117,235 92,774 88,027 575 721 628 | 1178 | 1232 | 1063
B 1 82,329 71,9120 71,771 390 = 495 | 438 | 728 | 893 | 803
3 2 | 91,352 86,670 86,542 505 582 | 519 - 845 | 1055 | 938
2 30 94735 90,579 90,55 420 579 493 983 | 12 997
< 4 | 80,455 83,075 82781 410 574 481 | 863 | 1055 = 1041
s | 84,500 86,207 88,488 410 537 42 773 1078 | 1001

Modulus of elasticity

Ey : Actual value (10%kg/cm?)

E, : Approximately calculated value (103kg/cm?)

Ejy : Accurately calculated value (10%kg/cm?)
Load at proportional limit

Pyo : Actual value (kg)

Py1 : Approximately calculated value (kg)

P2 : Accurately calculated value (kg)
Maximum load at rupture

Pyo 1 Actual value (kg)

Py : Approximately calculated value (kg)

Py2 ¢ Accurately calculated value (kg)

HTh 2 TRICAWIC ZBEEREO T OME LT, FRRBZWOALE0REY 15
LTWahERET5Z 2L, TOROFHBIOCFHCEWTEHETHS., #-T, &
Tk a=0.60 OFEFTONTEFORETH T -7z,
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Table 4.  Correction factors of bending properties of laminated beams.
*The same symbols as defincd in Table 3.
Species Modulus of elasticity {;31:1:1 at proportional rl\ggflllrlgum load at
of face | No. — — — e TR
lamina } EJE, | Eo/E» Ppo/Ppt Py /Pp2 Poo /Pt Poo/ Pz
1 . 1.2592 1 1.2366 0. 8175 t 0.9151 0.7959 . 0.8959
v 2 1.1145 1.1170 0. 8575 0.9113 0.7827 | 0.8591
§ 3 1.0192 1. 0769 0.7701 0.9801 0. 7505 0.9747
Z 4 0. 9992 1. 0047 0. 7386 1.2795 0.6776 1. 1780
5 : 1.1221 1.0262 0. 8135 ‘ 0. 8748 0. 8907 [ 0.9937
- 1 1.1832 | 1.1405 0.9131 | 0.9868 0.9970 1. 0367
§ 2 1.1332 ‘ 1,1180 0.8745 0. 9604 0. 8837 0.9337
'é i 3 1. 1896 \ 1, 1671 0. 7856 0.8314 0.9209 0.9751
§ 4 0.9712 ‘ 0.9799 0. 8672 | 0. 8818 0. 6665 0.7813
' 5 1.1802 ; 1.1584 0.8353 | 1.1634 0.9115 } 1.2693
i 1 [ Lis&2 11304 0. 7584 0.9775 | 0.7487 0.8462
g f2 1 1.0175 1. 0086 0.9070 1. 1690 \ 0.7390 0. 8530
(8 3 / 1. 0565 1. 0396 0.7525 0.8165 | 0. 6862 0.7413
jast 4 1.2991 1.3339 0. 9686 1.1932 0. 8898 1. 0564
5 1.080S | 1.0717  0.8057 0.8995 0.7719 0.8234
1 1.1514 | 1.1540 0.7289 . 0.8407 | 0.8313 0.9032
g 2 1.0516 1.0677 0.8381 0.8824 | 0.8730 | 0.9649
E 3 1.1253 1.1249 0. 7585 ‘ 0.9918 © 0.8311 0. 8925
[2 4 1. 1746 1.1836 0.9637 | 1.0264 0. 8724 0. 9685
5 1.2637 1.3318 0.7975 0.9156 “ 0. 8491 1.1082
— i 1 1. 1449 1. 1471 0.7879 0. 8904 | 0.8152 0. 9066
-§ L2 | 1.0540 w 1. 0556 0.8677 0.9730 . 0.8009 | 0.9009
%‘ 3 1‘ 1. 0459 } 1. 0461 0.7254 0. 8519 ‘ 0. 8761 ‘ 0. 9860
20 4 | 0. 9581 a 0.9719 0.7143 ‘ 0. 8524 0. 8180 ‘J 0. 8290
5 ‘; 0.9802 ! 0.9549 0. 7635 | 0. 8686 | 0.7171 ‘ 0.7722

@ MB|IFrrIEEY:
FLHC R T Y v RO 2R REME LT,

Ei=E, ;{1—(1—r)a"}

BHE LA, ORIk TL, «=0.60 T, EHROBEICEIRY, ELEIEMCH
T AEERK E/E=1.10940.039 ThH3nbH, LXnb,

Eo=(1.109-0, 039) (w"

- +0.216)Ec

e ABEMRRN TS, BIb, BEBOMLZEGRC L > TEETAH v WX > TE T3
E; O%EM Fig. 1 oM @MY R T2 L0838 Dd L.
() fIFHBIRERGD ¢
1SR CT L PIRR B R T 2 BT EM E LT,
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Table 5. Mean correction factors with various species
Species of ‘ Modulus of elasticity
face lamina I Ey/E; i Ey/Ez
Isunoki , 1.0784 + 0.0283 1.0923 + 0.0192
Kashinoki | 1.1315 + 0.0347 1.1128 + 0.0315
Hoénoki : 1.1216 + 0.0264 1.1168 =+ 0.0436
Tabunoki | 1.1533 + 0.0416 1.1724 + 0.0443
Mochinoki 1.0366 =+ 0.0420 1.0351 + 0.0288
Mean ‘ 1.1092 + 0.0387 1.1059 + 0.0426
*The same symbols
Fig. 1 Bending modulus of elasticy of laminated wood (Ep) in relation to ratio of
bending modulus of elasticity of core lamina E. to that of face lamina E; (7).
\
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Species of face lamina.

Isunoki : X Kashinoki: O Hoénoki: @ Tabunoki: A Mochinoki : [

My > Mye DA,
260 1
Py=- 30 o'ch {1-A-7)a?}
M7f< M‘YC Di%ﬁy

2
Pu=23 0, (1= (1=p)a)
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of face lamina at 95 per cent level of probability.
T

Load at proportional limit i Maximum load at rupture
Pyo/Pi Pyo/Py: Puo/Pni | Puo/Prz
0.7994 + 0.0356 0.9922 + 0.0625 0.7795 + 0.0491 ‘ 0.9805 + 0.0422
0.8551 + 0.0263 = 0.964g8 + 0.0326 0.8759 + 0.0534 \ 0.9972 £ 0.0387
0.8384 + 0.0244 1.0111 + 0.0471 0.7671 + 0.0613 ‘ 0.8641 + 0.0445
0.8173 = 0.0417 ' 0.9314 + 0.0363 0.8514 + 0.0267 } 0.9675 + 0.0288
0.7718 + 0.0239 : 0.8873 + 0.0530 0.8055 + 0.0216 ! 0.8789 =+ 0.0643
0.8164 + 0.0295 | 0.9573 + 0.0508 0.8158 + 0.0347 | 0.9380 + 0.0516

as defined in Table 3.

BHEHLUIN, COMRECELTIE, TXTOERREICR T My < Mye 2 KIML,
a=0.60 ThH, EREERBOMFIFIREST on & LTETE,

on="5 (1=(1=1)s%)

{HL, B=0dc/0yy,
ZZTC, B r o tOBBERDB L,

r=1118 e (Fig. 2)
F 7ol L BIBR A B OSBRI X BB EREK Ppo/Pp=0.816 £0.030 T 2 2>

Fig. 2 Relationship between (7) and ratio of bending stress at proportional
limit of core lamina ¢,¢ to that of face lamina ¢,/(3).
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B, R LD YR T FLPIER RIS I D HBUE o0 1,

0= (0. 816 + 0. 030)(%;’&1 T0.200) e e (Fig. 3)

I BBFRSKE TS, ThbbMEOMAGRICL > TEE T 8 10Xk - T opc 10X
T 50 OFRIR Fig. 3 OmE@EERT I LD LRI.

Fig. 3 Bending stress at proportional limit of laminated wood (9p,) in relation to (8).

Xdrce \
\
2.0} o
\X‘\
Xx .
1.5 xOC.
Sro o P
$.% o
1.0 S T~
f p®ao -~
NE\~ --a
0.5 T -

0.2 0.4 0.6 0.8 1.0 1.2 1.4

- B
8 : Defined in Fig. 2.

(¢) HFUERH .

H T BRI D DS L FRC, TNTOHE My < Mye D3RI L, 0=0mc/0m &
+2%, 1=1.310—0.10 (Fig. 4) 72 2BIFAKRD B, & 7o s F AU 8 o Tl EAH
b 3 IBIERER Puo/Pu1=0.816 +0.035 Th 205, HERPOFHIE © ZIHE o
i1,

awzmﬂmionwx9g¥+qmg%c
I BBERRIALT 5. Thobb, BEOEAEGRI L > TEETAH 0 ITL >T, duc i
2T omp OFERM Fig. 5 OoMmEEmERTZ L NFEDHLRI.
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117

Fig. 4 Relationship between (7) and ratio of bending modulus of rupture
ouc to that of face lamina 0.s(d).
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Fig. 5 Bending modulus of rupture of laminated wood (9,,) in relation to (6).
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o : Defined in Fig. 4.
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Studies on Two-species Laminated wood Beams. (III)

Relationship between Species of Face Lamina and
Correction Factor.

Haruto WATANABE and Yoshihiro MATAKI

Résumé

In part I and II, it was mainly verified that there was no relationships between
ratios of core depth to beam depth («) and correction factors, regardless of ratios
of span to beam depth.

This studies was developed to obtain any effects of species of face lamina on
above mentioned results, any relationships between correction factors and species of
face lamina, and moreover any effectiveness of face lamina on laminated wood beam,
when «=0.60.

Air-dried woods of each species (Table 1) were used as face and core lamina,
each of all was the products in the Kyushu district.

And all experiments were carried out on the same processing-and testng-conditions
of each lamina and laminated wood as described in Part I.

Following results were obtained in addition to Part I and IL

(1) In all tested ratios of span to beam depth, and in all tested species of face
lamina, there were no relationships between ratios of core depth to beam depth and
correction factors for bending modulus of elasticity, bending load at proportional
limit and maximum bending load at rupture.

(2) Bending modulus of elasticity: — There was little difference between correct-
ion factors for approximately and accurately calculated values in all ratios of core
depth to beam depth, and in all species of face lamina.

(3) Bending load at proportional limit and maximum bending load at rupture:
— Correction factors for approximately calculated values were always less than that
for accurately calculated values in all ratios of span to beam depth, and in all species
of face lamina.

(4) Examinating some effectiveness of face lamina on two-species laminated
wood beam, bending modulus of elasticity, bending stress at proportional limit and
bending modulus of rupture of laminated wood, each of all increased in a hyperbolic

curve with decreasing ratios of each value of core lamina to that of face lamina.



