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On the Gluability of Tropical Woods (Part 1)
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Fig. 1 Form and dimension of the shear test
specimen.
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Table 1 The 18 tropical wood species used in
this experiment.

Speci-
No. |[Common name Botanical name fic
gravity
1 |ROSE WOOD| Dalbergia latifolia 0.80
2 ZEBRA Microberinia blazzavi- 0.79
WOOD lenis A. CHEV, :
y Dipterocarpus grandi-
3| APITONG florus B. 0.72
4 | MATOA Pometia pinata FOREST| 0.71
5| KWAO Olea cuspideta WALL.| 0.70
6| MAKA Shorea assamica DYER.| (.70
Mansonia altissime A.
7 | MANSONIA CHEV. 0.69
8 | TEAK Tectona grandis LINN.| 0.49
9 KAPOR Dryobalanops aromatical 0.49
(KAPUR) G. N. F. :
10 | SEPETIRE Psel\l/lldosindora paiustris 0.46
Hexalobas crispiflorus
11| LEOUE A. RICH. 0.44
12 | WALNUT Juglance nigra LINN. 0.64
13 | PONKEY- | Lecythis ollaria LINN. | 0.60
14 | SPINARL Anisoptera thurifera 0.40
Mimusops heckelii
15 M:KgRE HUCH. 0.58
HAWAIIAN-
17 g{ﬁggg‘q_ Shorea philippinensis 0.44
18 | RED LAUAN)| Shorea negrosensis F. 0.41
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Table 2 Glue-joint strength of the 18 tr'opical wood species examined by dry? and cycle® test.

Bond quarity
Dry test D Cycle test »
Species Urea | Phenol | OYURVICS]  Urea | Phenol | B¥VI A

B. S W. F. B. S. W. F. B. S W. F. B. S. W. F. B. S. W. F. B. S. F.

el %o | Gl %o | el | % | ] | | el | %
ROSE WOOD 181 72 167 21 158 3 182 92 170 63 188 27
ZEBRA WOOD 192 73 140 2 156 6 156 77 140 6 214 4
APITONG 144 1 97 145 84 150 | 100 128 | 78 140 53 — —
MATOA 156 | 95 120 72 147 39 1441 53 114 67 146 74
KWAO 176 | N 123 | 72 120 0 143, 32 129 77 134 10
MAKA 166 77 - — 173 6 1651 46 19| 35 179 9
MANSONIA 171 98 178 | 84 143 6 164 82 1491 8/ 199 23
TEAK 09| 78 126 10 77 0 73 0 128 | 28 129 55
KAPOR 146 | 80 122 11 158 | 83 140 56 115 5 145 8
SEPETIRE 151 98 — — — — — — — — - -
LEOUE 120 | 96 131 61 1241 28 121 66 125 64 128 66
WALNUT 160 | 92 155 | 39 124 4 158 | 61 141 8 155 84
MONKEYPOD 123 | 84 114 7 108 6 135 | 28 92 3 136 37
SPINARL 1M1 89 117 6 87 4 1141 22 116 21 136 54
MACORE 128 | 94 142 50 112 9 127 | 100 85 19 115 69
HAWAIIANCORE 110 58 — — 91 9 — — — — 114 87
MANGGASINORO 8| 99 8| 86 941 79 86 97 94 87 110 100
RED LAUAN 91 48 91! 81 8| 92 95| 89 781 25 100 90

1) The test was carried out at 10—12% moisture content.

2) After cycling 4 times through a drying and wetting process, which consist of 8 hours drying
at 70° C and 20 percent relative humidity and then 14 hours exposure at 27° C and 45 percent

relative humidity.
3) B. S. :Glue-joint strength
4) W. F.: Wood failure
5) Each value is the average of 12 specimens.
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Table 3 Wettability, pH and percentage of
extract of the 18 tropical woods.

Wett- Percentage of
ability extract (%)
Species (C.W,| pH Cold | H

A. H. B Ol | Ether

mm.) water (water €
ROSE WOOD 390 5.41] 4.03 12.93 5.01
ZEBRA WOOD 591 6.15] 2.54[ 3.00 0.25
APITONG 305 5.501 5.60f 4.60] 1.00
MATOA 6141 6.300 3.30] 4.00] 0.28
KWAO 776| 4.85 4.80| 8.30, 0.22
MAKA 620 6.201 7.20| 15.40| 0.60
MANSONIA 7721 5.60] 1.88 4.01 0.46
TEAK 366 5.02| 2.51 3.60] 5.08
KAPOR 74/ 4.10] 2.50] 8.20, 0.98
SEPETIRE 9421 5.20 — — —
LEOUE 461 4.99 2.84 4.94 1.25
WALNUT 699 4.82| 7.62] 7.94 0.51
MONKEKPOD 839 5.92| 6.55 9.59] 0.80
SPINARL 75 5.23| 2.45 5.42| 1.14
MAKORE 1006] 5.93| 3.50, 4.5/| 0.44
HAWAIIANCORE | 1251 5.40] 3.64] 7.83 0.50
MANGGASINORO| 10431 4.97] 1.94 3.22| 0.51
RED LAUAN 1205 5.30| 1.30[ 10.20, 0.61

C.W. A. H. : Corrected Water-Absorption Height
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Fig. 5 Wettability (C.W.A H.) of 18 tropical wood species.
1: Rose Wood, :Zebra wood, 3: Apitong, 4: Matoa, 5: Kwao, 4: Maka, 7:Mansonia,
8: Teak, 9:Kapor, 10: Sepetire, 11: Leoue, 12 : Walnut, 13 : Monkeypod, 14 : Spinarl,
15 : Makore, 16 : Hawaiiancore, 17 : Manggasinoro, 18: Red lauan.



B - (PR - AEFE5A : RMEEEICEET 20 (BB 1)

— 5 —

O LIS 8 & 5K FGERE I EEIC L - T
FERICERVD B, TDIZHER S IHENO L Hawaiian-
core Tix 72 BE#HD C.W. A . H. »31251mmic 2L T
WADIEHLT, BHIBHIC{W Leoue Tidh$Hh46
mTdH b T DZEFEIZI1000mLl FTH 5.

AMEECBONTIBhPEELRTFTH S, L5
D3Z DIFEN & IZTREDSAREHNCEE L 1B DB 2 BT D
BET5. UL UERICCOFEEOENR2AIEST B L
BEEETH 3. % CTEEBRITHNTIZADTINDIREE
D—IGEET 5 728M%OKIRINE (C.W.A.H.)
K> TN 2HELL.

& TETAMOMmHIZAMOYE, {LRNRFICHE
dh3., FERTIIEEE OBRS L PO BIC
DWTHE LTz, SO BTONTIIERT 3.

WE L BN & ORI DWW TSR 215 - i iR
—EOWTELRL LHEEC.W. A H. & ORI
r=-0.92 LFEFIE HEELZEE RY. Tabb
HEO &HW#HIZE C.W.A.H. 13[EW., /5% Teak,
Apitong, Kapor, Leoue, Spinarl @ 575 fizRD
T &R 2B OBER2RT. Ch b0 S
RHOBMEL D NN EBAEERTHS I/
STDTLOHENRHHLEZLS., BMBEOLELEN
DB Fig. 6ITRT.

15001
\\

1300
~~ \‘
)
- B

51000

o
<
g V N
g \r'::;)(-);gfrul\' o \ .\\
e ‘-
| o}

e~
B 100+ e :

0 | L l

ﬁ/"
O 0.4 0.5 0.6 0.7 0.8

SPECIFIC GRAVITY (X)
Fig. 6 Correlation between specific gravity
and wettability (C.W.A.H.).
3 : Apitong, 8: Teak, 9 : Kapor,
11: Leoue, 14 : Spinarl

GLUE-JOINT STRENGTH (kg/cm2)

—HEN EEENE OBRICOVWTHRE LIZE C BT
ZEOMITIZARESBERIZED Shisu., Udb URRED &
SICHEOREBNAENDT, Th2EkRTDICHED
FIFRAUMHIC DN THEOERE A 5 & REMEEEA
TEZLUIEAITZ Fig. 71TRT & 51BN D X0
DEDBEENIBKRTH 5 Ebb- 1z, OEEHID
BEVIIIZOEAIED LN EBHEHHE TIT X2
V.

FREEMAN(Z?D%%%@;? A h ERM R RERET
BELUIEE, HE0.BUTORMITBWTEENICE
JIZTEEICEE T 2 AT O BEE LE>TRH >pH OIF
THBEDRTNE,

2) pH

& ¥ D pH fEix Table 3iTRT.

pH ff & 25 11 & DEBRIC DWW T —EDEMIZS 5
NishoTz. Uh LR D pH I3 EEFI OB LB I
BRBIITTLREZONS. TbbARERITHN
THIE L2 &8 ® pH 134.41~6. 30D & HIc b iz > T
b, TOX 575 pH OEESEERIOW(LIER @b
BB LRESE) ICHETIIDEELBH, BN
&&%ﬁmu@ibﬁ%&%@ﬁgyéwt%bma.

HEARMO pH IC DO TIIBIES DBELH D, 35
IR ZED TN, T TINLDOHRERE L BIC
EEEOMERZHEThIE—BEEE~OFEIS IR &
Na3TH55.

EOOr

—
oy
(]

100+ @ TEAK- //,,
SPECIFIC GRAVITY /’@ ®
| O — = — = 0.50-0.7)
70t § ——°
= g —_ 0.60~0.58
OT |© ——— —— 0.45—0.41 ) \
0100 500 1000 1500

WETTABILITY (C.W.A.H.) (mm)
Fig. 7 Relationship between glue-joint strength
and wettability (C.W.A H.).
Adhesive : Urea formaldehyde resin
The effect of specific gravity were
exclueded.



— 58 —

BIRERREHE 8155 A-2 HFE (196)

3) #hHE

ERO®IK, BKB IO — 7 viliHc & 2HHERZ
Table 3iTR9.

HR DR T GEIC X - TREHPORE % DRSHS
mméma O EEYE (FHCEES B o Rl
$)K%§@k;&icam%16ﬂé Z 2 THIHER
LEEE N E DBRRITONTHR L.

W7k R & BRI T § 5D & Ofic—
FEOBRIIED bz -1z, ULz —Fvilifiskic
BOTREEORF 2B THEDIZIZE LW Tt
HEODZWHBEENIEL 2 2EAZRT. BICRE
BB EEERIT #EE L&t Fig. 8iTRT X5 1ce
DE[BHES»TH 5. MMOBEERIDOE L OHEIZ
HEHBEE T,

FixbbRA—HEEM TR — 7 ViIHEEOKR XWX
ENDELAESN2ETIEBC LTS, CDTEH
SHIHENSE L TN OTENIIERE (EEHE) OFEL
2ILTNIZEENZALI VA EPHEELEDEE
Z5.

RERICIBN T — 7 VIERSR I E L, A—LE
DODOFHTHATHEE 1B L FARMEBEL, HoEE

T e READ A 51 B Teak FHc DN CEERIBA R
T DFRE % £ £ 7 —v (99.8%) TEENEZTU,
REMEEERTEE L. T UTCOEEN2HEL
fz& T A RS (Pbkg/cm?) X Y950 %D HEES]
(144kg /cn2) D ERDEBY b1 C RERWED B2 5
ThiT Edbrotc, (Fig 2 2R EEWEOZHE
ITOWTIEY ' F LN ZFHTDONTHEY — ZIRIT X
o(giﬁ%m}?éb BEEN® MEX®IzE5 TroOP
b DHEMDH .

mBING OHMEYH ED X 5 RS TH 3 HI13HH
B0 2 ThRAIEHE S » TR, FT TEZOYE 2R
B LB T X IT T B 2R T EmE OB R —
BRI IhEET2A LSV FENBZLONETH
59,

m. & E]

BGEEEAMISEEICOWVWTHE, Bh, pH BL0H
R e B & OBIR2HET UIc L CAROFRDE S
niz.

1) HEEEED (Y) LHE (X)) LI EED HEE 2 (R
Db H EORME & §IEEINIEART 5.

2001
O--meom
P -O
g
g
jas]
£ 1501
Z
m
[+
=
wn
=
g SPECIFIC GRAVITY
g? \@) QO --===-=-- 0.80—0.79
2 100+ B @ ——— vi0w
O] ©\\@ g —_— — 0.66—0.01 ‘
. —_— e (.60—0.08
& \ ® ——— e 0500 .
O L ] ] st
o 0.5 1.0 1.5 2.0 5.0

PERCENTAGE OF EXTRACT (%)
Fig. 8 Relationship between glue-joint strength and percentage of extract in the ether
extraction. Adhesive : Urea formaldehyde resin
The effect of specific gravity were exclueded.



RIS - VEBPACRR - EPEAAIK : RFHEE BT A T%0 (BB 130 — 59 —

BEAHAE FHEF(REL ERE#H UMOETIR = — 5 VRO K S0 HIE EEE T
R % r=0.84 Y=234X-9 EFT 5.

Tz /= r=0.72 Y=15/X+30 R, BEEICRIFETI0IELETHS. TUT
Bl & = v r=0.72 Y =180X+11 Ehox— 7 VSN IR S, —F pH, ks

2) WIEHEE LB OBEE NIRERIEEERITIE X0 & T OB & 5 & OBEIXIZ - X b U fEADS
Thk&botz, 1272/ —VEIEEERITS 4 FHohizhoic.
DIETHED SN, —AF VBB = Vv VY 5

CTRIE LA ERID S5 T2, Z £ X K
3) HMOmNELELE O MICIIEEDMEEE < (r = 1. BODIG, J.: F. P. J. 12 : 265270, 1942
~0.92) Y LWEOHME & SN (C.W.A. 5  prepvan, H A< F. P. I. 9 : 45]—d58, 1959
H.) 1383 5. 7gis Teak, Apitong, Spinarl, 3. TROOP, B. S. and WANGAARD, F. F. : Yale
Kapor, X" Leoue ® 5#fEIZ BORFOMET Univ. School of For. Tech. Report No. 4 : 1950
#WERicys. 4. BEE - AL BIREATHER 15(A) : 76—
4 HEDIZIZFRAUMTRIEND Iz e gnEED 84, 1967
BRI 5. NARAYANAMURTI, D., GUPTA, R. C. and
5 pH L& & OMICIIHRSBERITSL. VERMA, G. M. : Holzforschung und Holzverwer-
6) kMR E X ONE/K ARG EEE T TR L b tung 14 : 8—85, 194

51z, U Uz — 7 VIIHERICOW T EDIZIER

Summary

In these experiments, the effect of specific gravity, wettability, pH and percentage of the
extract on the gluability of the 18 tropical woods was discussed.

For the test of gluability, the 18 tropical woods were glued with urea formaldehyde (UF),
pheno lformaldehyde (PF) resin adhesive and polyvinyl acetate emulsion (PVAc). Dry test
and drying-wetting cycle test were carried out for glued woods.

The wettability for each wood was determined by the method of capillary rise. The values
of the corrected water absorption height (C.W.AH.) were calculated by the equation showing
in Table 3 for the actual reading water absorption height each hour.

The pH of wood was determined with a glass electrode pH meter on the mixture of three
grams wood flour and 50 grams of distilled water.

The percentage of extract was determined by the extracting method with cold water, hot
water and ether.

The results obtained are shown in Table 2 and 3.

The following conclusions may be drawn from these experimental results.

1) It was recognized the high degree of correlation between glue-joint strength (Y) and
specific gravity (X). The glue-joint strength increased along with the increase of specific

gravity. (Fig. 2-4)

Adhesive Cofficient of correlation Equation of regression line
UF r=0.84 Y =234X—9
PF r=0.72 Y=157X+30
PVAc r=0.72 Y=180X+11

2) The glue-joint strength was deteriorated for the specimens glued with UF, but it was
unchanged for the specimens glued with PVAc in consequence of the drying-wetting cycle
test.

3) It was recognized the high degree of reverse correlation between wettability (C.W.A.H.)
and specific gravity. (coefficient of correlation r=—0.92) The values of C.W.A H. increased
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with the decrease of specific gravity. (Fig. 6)

4) The glue-joint strength increased with the increase of C.W.A.H., when the effects of
specific gravity were excluded. (Fig. 7)

5) The relationship between the glue-joint strength and pH was not significant.

6) The relationship between the glue-joint strength and the percentage of extract either
by cold water or by hot water was not significant. But the glue-joint strength increase with

the decrease of percentage of extract in the ether extraction, when the effect of the specific
gravity were excluded. (Fig. 8)

The specific gravity had more important effect on the glue-joint strength, followed by the
wettability (C.W.A.H.).

The value of pH and percentage of extract had less important effect on the glue-joint
strength.



