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Haruto WATANABE and Yoshihiro MATAKI :

Studies on Two-species Laminated Wood Beams. (I)

Relationship between Ratio of Core Depth to Beam Depth and
Correlation Factor.
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Table 1. Bending properties of each lamina of laminated beam.

composition

upper face lamina (Kashi-wood)

core lamina (Tsuga-wood)

lower face lamina (Kashi-wood)

f number

gf ctf:asr;.secuon of beam ' o 6, | On ' u \ 0 E, ’ op i Om ’ u [ 0 A o, ) Om ' u |
A | 14515 1040 | 1734 | 103 | 0.832| 8343 | 458 | 849 | 11.6|0.503| 16555 | 1319 | 1771 | 100

A A; | 18485 1024 | 2016 | 94 0833 8554 | 436 | 856 | 113 | 0474 148.82| 1050 | 1617 | 9.6
04 As | 13271 557 | 1225 | 99 0746| 11013 | 548 | 957  1L1|0478 15185 | 1005 | 1506 | 10.0
As | 14906 | 982 | 1673 | 98|0751 8118 | 388 | 750 | 120 0431 16628 | 1171 | 1757 | 102

As | 23635 | 1062 | 2039 | 103 | 0907| 6978 | 427 | 735 | 11.0|0429| 16807 | 1045 | 1757 | 97

B, | 15333| 917 | 1656 | 10.1 | 0810 8330 | 444 | 763 | 10.5]0399| 16294 1137 | 1765 | 99

B B, | 17046 | 1118 | 1775 | 9.0 0757 828 352 673 | 112 | 0405 21833 | 1199 | 2004 | 10.3
20,5 Bs | 12990, 764 | 1394 | 9.8|0725 9759 | 519 | 868 | 11.1|0443| 13416 780 | 1433 | 99
B, | 17885 | 981 | 1792 | 1030918 9462 | 376 | 780 | 119 |0397| 181.04 | 957 | 1630 | 10.1

Bs | 13045 | 742 | 1292 | 10.1|0.752| 8924 | 446 | 829 | 1038|0432 18145 940 | 1795 | 107

c: | 1029] 876 | 1354 | 99|0708| 9957 | 674 | 1277 | 106 | 0451] 16603 | 1051 | 1819 | 110

c C: | 20674 | 1002 | 1946 | 980937 10685 | 505 | 836 | 107 0441| 15399 902 | 1574 & 94
=06 C; | 19070 | 1032 | 1935 | 10.5|0900| 9827 | 571 | 1134 | 110 |0433] 190.12 | 1065 | 1936 | 106
C, | 20696 1039 | 1983 | 97 (0817, 9326 | 479 | 804 121 | 0477 16365 | 838 | 1650 | 108

Cs | 15098 | 790 | 1565 | 99|0s7i 1152 | 503 | 962 | 107]0467) 19721 1012 | 2033 | 107

D, 9407 | 796 | 1134 | 105|0705| 68.82 | 447 | 748 | 104 | 0419| 11231 | 852 | 1418  106]

b D: | 16249 | 1156 | 1881 | 10.1 | 0812 4922 | 289 | 534 | 110 | 0430 11568 | 676 | 1218 | 10.6
207 Ds | 13378 | 727 | 1369 | 10510767 9752 | 638 | 906 | 11.0 | 0455 12490 | 710 | 1402 | 101,
D, | 13798 | 982 | 1668 | 960751, 9489 | 519 | 797 | 113 | 0415 22474 | 970 | 219 | 99

Ds | 18785 | 944 | 1753 | 99 0843 69.07 | 433 | 724 | 114|0422| 21292 | 1022 | 1941 106

E;: bending modulus

of elasticity (103%kg/cm?2)

op: bending siress at proportional limit (kg/cm?)
on: bending modulus of rupture (kg/cm?)
u : moisture content (%)

p: specific gravity in air dry
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Fig. 1. Composition of cross section of laminated beam.
« : ratio of core depth to beam depth

unit : cm
(A) a=04 (C) a=0.6
— 5.00 ———
T 100
) 1.
face lamina Kashi wood 1.50 _T ~
core # Tsuga » 2.00 3.00
*_ L
face » Kashi ~ 1.50 1.00
L 4
(B) a=05 (D) a=0.7
/'l\ BN
1.25 .0127_5
2,50 3.50
lfs 0,75

Lo die.

HIFRBRO R Ry L BEFOHIL 13, Lichio TAANYEH 65cmi L, =y sy
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fo. BBERCERBOZREOEKRLHEL 1.
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(b) EFOERROMT v > 7/ Fle dFRICEREROERANT @) ~ (1) Ree
LIEMEH AL HH L.

ERMEE LTI,

(a) T ¥ ¥ 7 REWIABIC Lo TR DIFE— bR RO BRI 313 HEL o
HADHE FWTRD .

(b) s HLIPR R BT E —odo 2 HEFROD EARE ) & HifIC ZB)+ 2 s 0 fHE AR
Dz,



92

Table 2. Actual values and calculated values of bending properties of laminated beam.

gcf)rrg)gssitisoeréﬁon‘number | modulus of elasticity } %i(;?l(ilt a‘t proportional ;%’:Elélm load at
of beam of beam‘ E, i E, | E | Pw ‘ Py P2 1 Puo ! Pmy i P
1 191.13% 150.88| 150.70 | 1088 | 1319 | 1212 1835 2123 1 1942
A | 2 178.88 161.79‘i 15976 | 1220 | 1144 | 1031 1807 | 2195 | 1919
a—0.4 1 3 158.50 140.31} 139.86 785 850 667 1621 1692 | 1465
' 4 154.38 . 152.99! 153.17 822 | 1184 | 1065 1446 | 2050 | 1949
1 5 200.22} 194.29} 186.09 | 1063 | 1262 | 1100 1664 | 2273 | 2100
1| 17677 148.88| 15057 | 894 1205 | 1037 | 1574 | 2007 | 1871
B | 2 195.32| 127.88: 178.78 858 | 1311 | 1216 | 1448 | 2138 | 2032
€=0.5 i 3 146.98 | 139.20 ' 128.66 871 924 871 1572 | 1691 | 1589
} 4 163.86| 127.88 171.66 967 | 1147 | 1072 1485 | 2026 | 1828
5 153.26‘ ]48.40‘1 144.95 749 | 1005 | 849 1401 1845 | 1481
|1 | 16037] 12993 12685 858! 1139 1029 | 1685 | 1875 ‘ 1715
C 1 2 169.54| 164.74| 164.05 882 | 1083 994 1769 | 2002 | 1848
a=06 ‘ 3 189.72 170.04 | 169.00 930 | 1143 | 1004 1637 | 2109 | 1882
4 174.58 165.93 166.95 967 | 1084 | 1014 1423 | 2037 | 1884
i 5 167.]8% 164.06; 165.00 ‘ 846 \ 1018 897 1603 | 20321 1776
‘ 1 |11084| 9160, 9315| 785| o911 827 | 1346 | 1412 1238
D i 2 13541 109.02| 110.67 749 883 682 1322 | 1495 | 1229
a=—0.7 | 3 134.20| 11847 120.27 749 814 l 742 1536 | 1568 | 1396
4 153.26  152.14| 149.85 773 | 1028 832 1446 | 2003 | 1862
5 151.39 15'6.01: 162.88 ‘ 725 ! 961 l 909 1425 | 1806 | 1687
«a : the same symbol as shown in Fig. 1.
modulus of elasticity load at proportional limit
E, : actual value (10%kg/cm?) Ppo : actual value (kg)
E, : approximately calculated value (~) Pyp1 : approximately calculated value (~)
E, : accurately calculated value (~) P2 :accurately calculated value (~)

maximam load at rupture
Pmo : actual (kg)
P : approximately calculated value ( ~)
Pps : accurately calculated value (~)

(2) EWHE L FHHEMEE DLk (Table 3, Fig. 2) s v > 7Rk

(2) ELFTEMECT 2 BEMRK (ERE L OLEEEOKL) RIXTOoROMCEER
EMNED B fo. BIEBROFEMEL 95 %D kEET (1.1114+0.0414) T, 1.0000 &
DEZRREDOLNS.

(b) ErTEMECH T2 BEME CGERE : ERFEMEOL) X3 XTOH OHMcFE
ERD B o o BIERKROFEMEL 95 %D AT (1.0998+0.065), T1.0000 % @
ZX .

(O EEFTHEMECHT 2 BEMRK L ERFEMECHT 2 BERK L 2 i LT 238D
s,

BT H AR A E -



(a) SECEHEM T 3B ERBIITRT OBOMCAEENRD bRk fo. BE
BRI D FHET95% D kBT (0.8260+£0.0481) Th 5.

(b) EREEME-NT 3 BERBIITXTOBOMICABEINED bR/ . BIE
BRI DT HETIS% DA HET (09337+£0.0778) TH 5.

(¢) SEEUEF B T 2 BIEMRIK L ERFT R 2 BIERK L & gL TREE
RED L.

BT AR E

(@) ELETEECET 3 BERKETNTOROHCHBEENRD bisro . B
BRI DFIETI5% D KHET (0.8158+£0.0455) T% 5.

(b) FEREFHEMHCT 2BERKITXTCOBOM CABEERRD bR - . BIE
IR D FHfEE 95 % DAKHET (0.9088+£0.0798) Th 5.

(o) ELETEMCT 2 BERK: EMEMCY T 2BERKE 2R LTHEDE
NED LRI,

Table 3. correction factors of bending properties of laminated beam.
(ratio of actual value to calculated value)
; the same symbol as defined in Fig. 1 and Table 2.

of beam ‘Of beami Eo/E; Eo/Ex | Ppo/Pu ] Po/Pye } Pro/Puy | Puo/P s
L1 | 12668 12682 | 0.8244 08970 | 0.8643 0.9451

A 2 11056 1.1197 1.0669 11835 | 08235 0.9418
w04 |3 1 11296 11329 | 09235 11782 | 09584 1.1064
4 | 10091 10079 | 0.6941 0.7713 06919 | 07418

s | 10282 1.0759 08426 | 09665 07325 | 0.7890

1 | 11872 1.1737 07418 | 08627 0.7840 | 08413

B 2 1.0829 10929 | 06544 | 07055 06770 | 07122
205 30 11494 11424 | 09416 | 09985 09294 | 09889
4 | L1772 | 09546 0.8426 | 09012 | 07330 0.8125

5 1.0328 10573 | 07456 | 08818 | 0.7604 09475

L 1.2342 1.2643 07532 | 08331 | 0.8987 09830

c L2 1.0290 1.0334 08146 | 0.8871 0.8833 0.9573
06 3 1.1158 11225 0.8143 09266 | 0.7764 0.8698
4 10524 | L1458 | 08923 09532 | 06989 | 07554

5 | 1019 | 10133 0.8305 0.9429 07889 | 09027

1 | 12101 11899 | 08620 | 09502 | 09537 1.0870

b 2 } 12421 1.2236 0.8483 1.0981 0.8843 1.0753
=07 3| 1138 L11s8 0.9209 1.0101 09792 1.1000
4 10074 1.0227 0.7521 0.9291 0.7098 | 07745

5 | 09703 0.9295 07543 | 07978 07889 | 08443
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Fig. 2. Relationships between ratios of core depth to beam depth and correction factors.

(i). Ratio of actual value to approximately (ii). Ratio of actual value to accurately

calculated value ; F; calculated value ; Fp
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a ; ratio of core depth to beam depth.

X ——; modulus of elasticity.
(®-—; load at proportional limit.
@ ; maximum load at rupture.
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Studies on Two-species Laminated Wood Beams. (I)

Relationship between Ratio of Corc Depth to Beam Depth and

Correlation Factor.

Haruto WATANABE and Yoshihiro MATAKI
Résumé

This study was developed to obtain any relationships between ratios of core depth
to beam depth and correction factors necessary to design calculation of two-species
laminated wood beam. The term * correction factor ” refers to a ratio of actual value
to calculated value. The actual values were obtained by static bending tests of laminated
specimens. The core material was air-dried Tsuga-wood (Tsnga Sieboldii Carr.) and
face material was air-dried Kashi-wood (Quercus spp.). Ratios of core depth to beam
depth were 04, 0.5, 0.6 and 0.7, with 5 beams in each ratio group, 20 test specimens
of laminated wood beam (5 by Sby 71-cm) were glued by resorcinol-formaldehyde resin
adhesive. The static bending tests were made by center loading and a span length of
65 cm. The calculated values were obtained by two groups of equations theoretically
developed. One group was derived assuming that both faces had equal mechanical
properties (approximately calculated value), and the other was derived using actual
mechanical properties of each face lamina (accurately calculated value). Following
results were obtained.

(1) In all cases, there were no relationships between ratios of core depth to beam
depth and correction factors.

(2) 1In all cases, there was little difference between actual and accurately calculated
values, but some difference between actual and approximately calculated values.

(3) Modulus of elasticity : - Actual values were always more than calculated values.
The mean of correction factors was 1.111 for approximately calculated values
and 1. 100 for accurately calculated values.

(4) Load at proportional limit:- Actual values were always less than calculated
values. The mean of correction factors was 0.826 for approximately calculated
values and 0.934 for accurately calculated values.

(5) Maximam load at rupture: - actual values were less than calculated values. The
mean of correction factors was 0.816 for approximately calculated values and

0.909 for accurately calculated values.



