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Bz Table 1 Dk THoD,
Table 1. fFHFEEREXIOMEHE

The quality of used adhesives

Permeability

BEaAE | e tt (RERIEHERERN)
Sort of { * %iﬁ}]i#(iﬁl 102) | Low mol ratio urea formaldehyde resin
adhesives | v AT A ° \ adhesives
5 OH . Urea forma]dghyde resin | - e e
Ttem \1 adhesive | A 7 B -
L o glem? | ,
Shecific gravity 1.28 } 1.273 | 1.286
Vo7 oy # % ‘
Percentage of resin ) 60.99 59.60 I 64.10
L pots 17.31 | 4.80 10.52
* W OB S dymjom ! . o
§urface tension 74.64 i 66. 42 2.5
B Mg R glt-om’ : 17.54 8.91
i

YL TR LT o = o 20% T 5% IRMTLENEBTR N D 0.022¢ THREL,
FEAN, ERR/EITRL 200 kg press A {fiffl L CAFMFHHY H 10kg, .3, 75 15kg THEMLIE
D% 24 I 30°C MRS CHEHLS &, Und0bLEMEEIRRIKC L) F.P. L s s%
FreSRRL TS 3\ THES /% YOTHL.

ISR NI LT, 5 RESVRIEE 7 4 % 5 ~ T 20 ton % THIAIE BAHRERRIET
HOT, FEREMIELETE 0.38mnk25% DIRAIC S W CIE L 7o, = ORRNA L R & Table
2 DERY THOTHERENILM DS 23, Lk & D 22K 2 fiie R HRERD b 253,
WTEARIBIIRA TG 100% Th b e, Fi 12 & 0 S WD UH o Bl D EIC 7eoC
FKbh T3 (Table 2 £18),
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Table 2. RFEBSHEKNC X 5085 L Ot oS HRE

The adhesion quality of sap wood or heart wood by urea formaldehyde resin adhesives

, Wom o | ibaba
& ) Species Sugi | Buna Makaba
~ Sort of timber B I I S
| BERE K oM E : [ [ ': |
| Viscosity of adhesives | 17.31 10.52! 4.85) 17.31) 10.52 4.85| 17.31 10.52 4.85
7 T e
! B s 4 Max.  97.5 100, 9’ 100.2, 170. 3; 156.8 127.1 196.5( 212.6/ 185.4
| Adhesion Stxencth ‘ Min. 81.8 87. 5 78.1 130.4‘| 94.0 98.0 122.3 172.9 177.1
Lo#o kgfem Mean  87.0 95.2 83.0 156.9 131.9/ 110.8 166.5 184.9 180.2
Heart VIW_ ‘M 1 ‘T“ ‘ VN | }
woodi il R X, 100|100 100 100 95 70 [ 100 l
| Wood failure | Min. | 100 ‘ 100 100 60 60 | 10 60 | 40
o/ ! | |
ll 7 , Mean | 100 jl00 100 90 8.3 38 87 | %
g % Max. | 92.5 103.2 95.0 177.4, 177.0| 122.5 208.2 183.6 159.4
Adhesion Strength ~Min. | 78.9 70.1 89.3 125.2/ 121.4] 99.0 151.4 137.11 122.0
U] kglem | Mean | 88.0 87.6 92. 5; 160.2 150. 81 108.0/ 187.7' 168.0/ 143.2
Sap — - —_— ————— e — —— 7__~ —_———— S e
| [ Mas \ I ‘ (
wood i 100 | 100 | 100 ! 100 | 100 100 100 90
Woodyfal]ure Min. 100 | 100 | 100 ' 70 50 30
% | Mean 00 | 100 ‘ | 97

100

78 68
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Table 3. PAEREBIIGEETSHIC X BT X OU0H O BEREMERE
The adhesion quality of sap wood or heart wood by extended urea

formaldehyde resin adhesive

R B B Species

o Sugi Makaba
* @  Sort of timber e A
o s 0 Max ‘ 42.6 \ 112.9
I Adhesion strength | Min. ! 24.5 ) 51.5
kglcin® ‘ ‘
L o ‘ | Mean 41.2 , 79.7
Heart \VOOd e
A o e LM SO
Wood failure | Min. 60.0 | 0
(74 !
‘ Mean | 80.5 | 0
- — ‘ |
| 5 s % | Max. 57.0 | 76.8
| Adhesion strength | Min. 29.9 f‘ 40.0
7 - ! kglem? | Mean 46.0 i 50.8
Sap wood P ! 7 ! ' o L o
L ko x M 100-0 | 0
| Wood failure I Min. 90.0 [ 0
%
| 7 |  Mean | 97.5 : 0
HERED S k¥  Moisture content at testing % ‘ 15.3 ‘ 16.2

Ly L iy
Fig. 1 % Sk o BEER ORI Fig. 2 % 55U O%ER
Microphotograpf of adhesive layer of Microphotograph of adhesive layer of
Makaba (Birch) heart wood Makaba (Birch) sap wood
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b HREL EORIES te X OFERRE R & OB N TR O W ED R S NI e RS s - it
BLTETETTSC LB h 2, REMIEESHLME L CHEA LB (IEr p. 112 iR
) WU L O h e DBRRERN R BN S . Fi AFHIC I TOMDIZ 5 2380 D BE s
) Fr AT RIELTWEDTHA D o < B SHTIRLHORIBAD I\ o bil# & ) BB
RERRTHDOTHBH LBESL T 5 2h 2% (Table 3 BHd),

DEFRFEFEDOFLHCT O TUL T TIEE 3 B LU 4H” R\ THE L 7eh b BT 50388 b asis
BIG2H 5 .

& &% % &

FlFIHE oL BHREOMERR, — B GEOEILT > T—IRTHR L, BEHER &< DHGT
BEkbh, 1EI LSO TCEOERVARTED LI, -0 TEMCEIR S N IcHEDEY 4
B WWERREORIICER IR, RN K TIRERTT 2%, BRI 52
T, KECHEI VPR RED Blaa T T 5 X 5icieh (88 13} Figa 24~25 2R, UE0OH %
BRI IR R L, FERFCE Y oMK AR T 570, £ DR OB RN 70> THERE
NRDENBDTHB.

BIAROIERED B XD TEIRD LB U R R TREEE U THIREE, 52\ R Elinh s A
W SEIREREE L XM ORITE CHEMCEASR Lon ML INHEMBERLACIDOTHS.

L7ehio T, FEEIMHR (B & L b RHFAHEORE L7530 THY, ThOEOR
PR HRARGERET B, & OBEERDERFT b L@ EN RS i 2 EHEZ L, 2085
Bl L Wb L O —HONFEE FHRA LT HNE O TRR LSO TH B,

HRBELEIREE 10 3 X0 4 OKMRED 24 (FEH) 3 X OSEEDFEIREE 1 ©AFH
GEED ZEWTHY 27 1 2 CHE LITEOKETEMBM 2 Lolcob F. P L SIS RS A

Table 4. JREBUREEREHIC X  EiRmm R ERE )

The adhesion quality of various width of annual rings by urea

ft/3e)

formaldehyde resin adhesive

BRI |

Bb

N\ ‘ ey = 3 ) 2 Az = =R
oo | CENRIR (RECELE MREELE SkER EﬁZk?rn e 2 A B 1 5
\ BB | Width |Specific/Specific| Mois- | Mois- | 7% 18 71| jepraz I\fu%_ Eﬁﬁl
\ . I of gravity | gravity | ture ture | Adhesion N
IR Site . | Wood ber |tage of
B of ‘anpua] of air | of content content‘ strength failure area of
Spe\ | growth Tioes ) drv jovendry adhasionl tested !Spec‘ summer
com kglem?® | kglem? Py p kglcm?® 9% | mens [ wood
! l % % [
‘ | Max. 95.8 | 100 50.0
Af‘léllgga 0.10 | 0.423 0.369 14.44 13.5 Min. 62.3 90 10 35.0
| } | Mean 83.6 |  98.5 42.5
[
l Max. 76.0 | 100 . 30.0
Sugi | 1?1;5?3 0.25 0.381 0.334 14.05 12.9 Miun. 53.9 75 10 t 20.0
| | | Mean 62.5 | 95 | 24.5
——— ; e
(. Max. 62.6 100 | - 10.0
:T%ilf;;o 1.00 | 0.326 | 0.266 | 16.02 | 15.8 | Min. 52.3 | 100 | 10 5.0
| Mean 57.9 100 9.0
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Table 5. HEERFIMIFHEE I X 2 FidEHEEN
The adhesion quality of various width of annual rings by extended
urea formaldehyde resin adhesive

L TEw Rm \ o % B
ek NI KEELLE AREIEER) SOk | Bk e K I"Zﬁ TR
H Width ‘Spemflc‘Spemflc Mois-  Mois- = Tk lr & N‘ P
) site . Of gravity : gravity | ture ture Adhesion Wood };lm' ¢ erce?-
TaE of | aunual  of air of content content strength | . .(1)0 ?r age Of
Spe- rowth rings | dry |ovendry of of | tatfure ot - area o
cies  8TOW ‘ . . adhesion tested N Specl- summer
cm kglem? | kglcm® o 9 kglcm® % mens wood
)

‘ - | | Max. 73.8 70.0 | ©50.0

Alita | 0-10 0.123 | 0.369 | 16.40 | 13.9 | Min. 7158 | 0 0 35.0

| Mean 39.8 | 22.5 2.5

‘ - \ ‘ Max. 58.6 | 70.0 30.0

Akita .25 | 0.381 0.334 16.00 14.0 Min. 24.5 20.0 10 20.0

Sugi ‘ Mean 44.6 6.0 24.5

‘ e ’ \ | ‘ | Max. 70.0 | 60.0 28.9

| Akita | ©-33 ' 0.347 | 0.304 15.10, 13.6 | Min. 43.5 ' 40.0 10 16.0

s e \ ‘ Mean 53.7 53.0 | 2001
e ' Max. 70.0 | 90.0 | 10.0

! Tok/;o 1.00 1 0.326 1 0.266 ‘ 15.90 ‘ 13.7 | Min. 38.5 ‘ 60.0 | 10 | 5.0

‘ | ! | | Mean 53.1 | 76.7 9.0

R

05852
AR
LAY

Iy

; i et e
Fig. 3 EEENIEERBR T O
BEHEIEE (2¥ R CEEERRT 10.0 #m)
42111 0.33 mm) The microphotograph of adhesive
The microphotograph of adhesive layer of adhesion test piece
layer of adhesion test piece with with 10.0 mm average
0.33 mum average width of width of annual

annual rings (Sugi) rings (Sugi)
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R LI E AR T2 D TH S

ZORBREEART L Table 4 DR H THOC, FEENIERBEDOET HILETIA L TEY
EERL, EREEORT T B> THEEMIRD LB Y, SETIIREOKRL 2 b D v HEN
NRTHDZ ENBRDBID,

D BEFRNABIL 0,=182715 7L BMRCIEDT WD L5 TH D, REREIRHEEROBHEIT 2+
EE#M TR Fr>Fc>Fur 7o 5W{%0 bARMOUEES N Weakest link Tl 510 Th 5.

FP T B R FERIIEEER (A p. 112 R T) AW URIRICHED T A F M O RS 1% 1l
FELHERUS Table 5 DX BHThd, 7ok, AFOEMREE L HEREHEY BEMSWHET % & Fig.
3 KXo Fig. 4 Drkh, HREICLD Fo AMETT % bRk 2R T 5.

V #®#m@EKE

TPETHA T X 5 S BROET TG, SEZC X > THEN LTk & OERD 5 M0, HlE
FICBEEO S ET, RIMMERICI T, BHEER O 1.6~3 5 Th v, SHAKTEIHFHC
LTRGBS DT <, IR 38 W TGN & B I0RE, BB & b FM R0 b, RENC X 5148
PEEZIE RO E LA RTH D 2 X — RO T 5,

BrHF A O AR 0BT CRAR O 52 B TR O AT BT Xt 3 2 Bl &k TR 3R & B L iR EE (i)
&2 hICHEHE, REMEEOBERE L 2 L 0T\ B, Ld D TRBIER L RBILE & ORI T
ThHoT, HEDOKR B & AR —BANCEA RILRINT 5 R —RIC TR b, TRHROEEL R
HREELEOMETTEMD TRESFEL TS, L LEFSC ST ETETE ORIENHEE 115 %l LB
BT & Fe 2 7o\ T D ARP OBEREEC B b T BB O BT A M & LT, BFEmcH v
HERHTERSO ST AT 5 HA 2 MR L L, BOMTIRRINC, Lad R s WHOFM, B
DEER T, HEER L&, B L OBRE LSS b OMEIC X OTW 0 IC iR T 5% %
BT % fe DT o R T H B o

i R LT T O LV K EE Douglas fir f6 X OVAITE A FH % T, Douglas fir {&-ou TR
THRE 100%, 75%, 50%, 0% &L, AFHITRLTIL 100%, 0% ZIFEL Tiid LB 4 x T
WEE LD TH D, ‘

o, BHERBM OMMIIERRI Ofl 42k Table 6, 7 DEkHTHD

HE#IE Douglas fir 115" % J 1 2%/ Ry (BIFD) LTHML, AFITOWT7 Y L1
No. 1 (Pheunol resin) EHKiEHRICEEE L, Douglas fir T4 30°C [EESEP 24 MfilgE, ~+
PR ERER 80°C Fekieds T 2 I IEMIBN A 7o 7ett, FrEo F. P. L BINTEGE RSk X O DI
BRFAERELT, 7227~ dton RHMBERBREC THRLICIDOTH .

Table 6. Douglas fir BXFTIEERIIFAA

Conbination of percentage of area of summer wood (Douglas fir) at adhesion

0%~ 0% 50~ 0 70~ © | 100~ 0

|
9/ / — - -
Douglas fir 0%~ 50% 50~ 50 75~ 50 | 100~ 50
0%~ 75% 50~ 75 ! 75~ 75 100~ 75

0%~100%

50~100 ‘ 75~100 100~100
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Table 7. A FRRMERERIIFES (EMESSD
Combination of percentage of area of summer wood (Sugi) on the various
pressure of adhesion
PE?F%H—L?Jf | [
e : . o o o o
e as jﬁggi Og 5 kglom? 10 kglcm? 15 kg/em? 20 kglcm?® 25 kg[cm?® 30 kgfcm?®
Species — m
0~0 0~0 . 0~0 } 0~0 0~0 0~0
Sugi
100~100 100~100 100~100 100~100 100~100 ‘ 100~100
i
[ ——— K,A _ - J— [
Table 8. JREEINFHIAIZ X 5 Douglas fir BRMTIRAIFGEMNE (I 10 kglom®)
The adhesion quality of various percentage of area of summer wood of
Douglas fir by the pure urea formaldehyde resin adhesive (pressure 10 kg/cm®)
. ‘ o o 75 94 o
B®HE = 7 O_/_O, o *\ 50 % ‘ 75 % 100 %
Percentage of area - f— '
< W. F. o5 W. F Tg W. F. o5 W. F.
of summer wood o oy kglomr | % kglemr % kglem | %
. - R . - T | .
Max 99,4 100 ‘ 111.6 100 125.4 \ 100 135.0 100
0% | Min 44.5 100 53.2 100 83.6 = 60 50.3 50
| Mean 67.7 100 86.7 100 9.6 | 94 94.5 92
o e . SR R
Max 135.0 ‘ 100 ’ 144.8 100 “ 150.4 70 129.1 20
100% Min 50.3 50 | 93.1 40 85.9 30 51.1 0
Mean 94.5 ‘\ 92 ‘ 120.7 76.7 120.0 56 77.4 E 6.7
Table 9. #ERFEBIIRC X% Douglas fir BOHTERBIHEREMERE (JERTT 10 kglem®)
The adhesion quality of various persentage of area of summer wood of
Douglas fir by the extended urea formaldehyde resin adhesive (pressure 10 kg/cm?®)
0 % : 50 % 75 % 100 ¢
wHERE 0% % | 7 7
B o 7 W F.| o5 |W.F. e W F. o ox | W F.
o1 summer woo kglcm® ‘ % kglcm? % ‘ kglcm? : % kglcm? %
i ; _
Max. 119.0 } 100 ! 137.7 ‘ 100 68.6 90 63.2 0
0% Min. 40.5 10 77.9 0 20.3 0 31.6 |
; Mean 74.0 ‘ 80.6 110.3 ‘ 40.1 53.0 | 27.0 42.1 1 0
| Max. 137.7 ‘ 100 | 140.4 i 20 119.6 | 70 91.6 | 10
509  Min. 779 1 g o 1281 1 0 45.8 5 19.6 0
Mean 110.3 40.1 I 133.4 l 10.0 83.8 16.0 47.6 5.5
Max. £3.6 ! 90 119.6 70 75.0 80 | 94.9 5
75% | Min. 203, 0 45.8 ) 5 13.2 10 15.4 0
Mean 53.0 ‘ 27 82.8 | 16.0 40.4 | 24.4 43.8 1.7
[ |
“ Max. | 63.2 0 91.6 \l 10 94.9 5 98.0
100% Min. 31.6 0 19.6 0 15.4 0 15.5
Mean 42,1 0 47.6 ‘ 5.5 43.8 1.7 4 45.3
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Table 10. A FBOHERIRD, ERIESNERE IS (R IRIEEDTEE)
The adhesion quality of various percentage of area of summer wood and

various pressure of Sugi by the phenol formaldehyde resin adhesive

FEiGT) kglom?® | !
f)(ﬁﬁiﬁi "™ Pressure s 2 s 1 a0
Percentage of S~ v < l | -
area of summer wood i
0~0 % i 103.8 } 137.5 78.1 76.5 74.3 ‘ 73.9
100~100 % l 83.1 | 119.4 128.4 150.3 145.7 142.0

\ L o

75 % Douglas fir I 35V 5 B HIOMBOTURLH 7 ¥ 7 1 2 RO ¥ A L THELIBAN,
BENDHMTE, ME ORI O TR 100% <7z, Fr ¥id Fe 2R LD,
Urea resin (7 25 £ 5) %BHO X 5 KBS TS AR T IR CHALELOTSH S, ZOR
Bt A R & Table 9 D2k ) THOT, HEENIFHCH L THINIEL RWEZ TS, HOH
FOMED B TIUE, I LBl BTl Th 55, S ¥ E7T L 2 -1
Al OFERTH B & B s 0 AR\ T ERENINCER L b 20 kg/om® T2 max. 723
HY, WTRLEM L D P OBBIRETH B,

ok, WIEOFEIREE L HEEN L OBFRN D, AFEMOBEEN 0o 13 51.1~56.8 kglen?®, B OB
BN Csu Wk 24.4~30.4 kglem® 75 B = L pVHIEA LT, .

V ik B

RS 2 BRI b b A A, BT, EREEO &KL TR b L THEL Th, Bl
T HAM OB & D EEMIANE TS, WER X D ARM ORI 15 s LD
EXIERERYEL TS, BEEMRED B LB L T2,

FIFEEDFEHRFC >\ TUIH DRI TN —Ic U, Tk X OB L (8 LRSI L
THEENRREITOLDDTH S,

1) EHoEE

(a) # ® o =

51BN CHEOIZER U e RSB BAE 36 M, SWSEe 18, #f 37 ML R UEH» bEEL
T (o2, v _BIVA FAFTLEIRL) BIOZ7 AV VvETHI VY, vvI7yD2H
DR BB L CUb D DRER 36 LORAB LRI, Tl R TERE AR L OBERMCTEEL, &
5™ o F.P.L SIS RS X D llE L .

(b) HWHEFEHIOER L UEKkR :
£ 30cm M 5cm B 2.0cm U=12~13%
(c) HEEHOEE
P.R. Phenol formaldehyde resin...... Solidite No. 1
U.R. Urea formaldehyde resin........ +5 %25 4 24 No. 104

E.U.R. Extended urea formaldehyde resin
FEOWEIRDERD
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Urea resin 100 8 Wheat flour 130 58

NH.CI 13 H.O 195
M. R. Melamin-formaldehyde resin........ EEWIEERL No. 56
C Casein glue

FOEIRIIRD EED

Casein 100 NaOH 11 #f
Ca(OH): 20 # H.O 300 B
S Soybean glue
CDEFIIRD LB DH
Soybean flour (Benzene ext.) 100 ¥ NaOX 8
Ca(OH). 15 % H-.O 350 &

R AR R EERI OME L Table 11 D k) THD,
Table 11. & pfIiRHERE# DR

The properties of synthetic resin adhesives

. EEEF|ofE Sortof a s as -
O T adhesives SOlldllpte 1?0' 1 Igetallﬁn go. 104 ‘ Melamin resin
Ttem el (P. R (U. R
f T Specific gravity glom’ | 1.13 ‘ 1.28 1.29
¥; B Viscosity 20.76 ! 17.31 ‘ 15.50
FGIES Surface tension 50.13 : 74.64 68.45
{52 Resin percentage % 71.18 ’ 60.99 43.35
#%8ES] Permeability 2.73 ‘ 5.52 5.70

(d) BEEHOBNE
P.R., U.R, E.U.R.,, M.R. {% 0.022g/cm?, C & X 0% S (% 0.023 glem® T B LIz, BHE
D 1/2 FORYHEEN OBEETIC B L,
(e) E & E A
AR I ERTE 10 AR, 5 kglem?, 10 kglem®, 15 kglem®, 20 kglem?, 30 kglem® O L&A
CEDERE L THSENRNEL, TORE LV EHILE 0.3 T 5kglom®, 0.3~0.49 1310 kglcm?,
0.491~0.59 1% 15 kglem®, 0.591 LIEi% 20 kglen® 2L T2 & LB L e DT, = DIER X
h B 7ot
(£)  fnshds X o0 R
U.R., E.U.R, M.R,, C BX0 S %t ¥ OESERICTESE LR, FEMLEEE 28~30°C
DIEEEN T 24 FRIMEAL, P.R. OAXERHLICE % 80°C s\ T 2WHIME L 72, KL, WF
ML BREBOETIC L BB ENIC & & 72 3 BEREADOIRTRES< & 5 CGRIBEL FfiL .,
(g8) &R B ¥ &
F.P.L B0 RBA % 2< b, HEMEBIIET 0.015in+t25% OFMHPIC TRMEEREEY FIV T
fT212,
(h) #l & & &£
LRERIEEER S, KERH OV TR LT 20 i LT, <ORREEY =T Table 12,
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(K3em
s
:

Adhesion  strength

=)
T

HERBRIGIIEHE 589 %

6s=182015

EE3E -]

(“3/m*)

Adhesion  strength
=S N85 35T 388
5

=)

!
01

1 1 L L L L L
02 03 04 05 06 a7 08 09 10 1

s % E Specipic gravily  of air dry (#em3)

Fig. 5 U.RIC X % RO H i 0571 & LB OBR
Relation between the adhesion strength on the surface of radial
section and specific gravity of our important species

by urea formaldehyde resin adhesive

Os =194¥5

ol

07 03 0r 05 % w0 0
RENE Specific \grawﬁ/ of aik dry (#/em3)

Fig. 6 U.Rc & %RBEEHEOM A 0SS & B OBIFR

Relation between the adhesion strength on the surface of tangential

section and the specific gravity of our important species by

urea formaldehyde resin adhesive
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|

P=3
==

(a%) N,

W.Fr =-91¥ +1a]

0 O 07 03 04 85 05 07 05 09 10
RF I E Specific gravily of air dry (@)

Fig. 7 REEMIFHETEHIC X % 3508 OIF H I OAT RN R & [LE D REG

Re

r B O B F

failure (%)

Wood

lation between the wood failure on the surface of radial section
and the specific gravity of our important species by urea
formaldehyde resin adhesive

20k
()
30
20 WFr=-66¥+124
10f
G 1 1 L 1 1 1 1 1 1 1 1
007 03 04 5 06, 07 06 05 10 1

awie  Specific  gravily of air dy @p3)

Fig. 8 JRFEMMFEGEHIC & % EEHBEOIR HH ORI R » LB OBF

Relation between the wood failure on the surface of tangential
section and the specific gravity of our important species
by urea formaldehyde resin adhesive
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(phenolresin
75 =189 his

% & h
=

X1 (225)

Adhesion strengls (“em?)
3
T

(a38)

1 L 1 1

0 o 0z 73 22 0 0¢ 0708 09 10
RENE Specy-/c ?mm? of air dry (%ém)
Fig. 9 FARMEIGEEAIC X » ZERBEOBESE H » HE & OBIR
Relation between the adhesion strength and the specific gravity of our
important species by phenol formaldehyde resin adhesive

200 ( Melaminresin)
% =/9015

170
160+

/1501

032

x2 238
X5

@33
@30

Adresion strength (Kem™) % & N
5

60~ 4

X6

L L L 1 L I L
0./ 02 03 0.4 05 0.6 0.7 0.8 0.9 10

REKE i gravity )/ ir dry (99ém?)
Fig. 10 M. R iz X 2RO HRE /1 & HHE « OBFR
Relation between the adhesion strength and the specific gravity of our
important species by melamin formaldehyde resin adhesive
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Relation between the adhesion strength and the specific gravitvy of

our important species by casein glue
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13RI U DEE)THDT, MEINC X DEFEIIMNELL T2 BN THS. Fig. 5 %
X Fig. 6 KEAL &k D, PHEERIORITE L BEENONRIARMOLEC X >TEE Y, KE, I
HThAER L, LENBEMT A>T, HEWCEREARBEML T %,

HERE N L AR IR & DR

REMEEEAIC S T
fEH e R L8 Y 15 e ot et e (@D)
wH LT e L 77 e ()

RAERRCTEDLLE L, Lo L2 EHRNROFEETHZ LIXE WAL IHEELI DL A
Thb, EEEOWEC LOT ZL0ERRBOLR, MEDIEI R ENMEERL T 5. KERHHETR
(Wood failure) (% IKEE & #5571 & DOIUR Lk, ESAKT 5IiE>THRAL, Fo £k Fr #
Fir & 0K b BB BIER RT b D ThoT, BERRLFoLBCHESTHCNELLY, SHi
2 VB LN T WS TEER O Y BRETHRIC T 5 BoHE O TURL L D THDT, RIBmEER
LILE X OWRERT L, Fig. 7, 8 DB ThbH, = ONIFROERIL,

ﬁﬁbi W. Fln,.R= —66 715+124 .......................................... (3)

MEEE W.Fp=-9175+141...... P (4)
(RL, 7 IEHILE)

7 BPIROERN TR EIN D, HEET), ARBUEHrR & IE & ORRIKEOMRESPIFEE, TrUAX,
T.RH I X oT BT & B RE BT O IR L #5571 L OBIFRICBI T2 RS8BT d Rk B
MERLTW5,
Lo ORITE L 35570 & BRI B R Y 21T 20, A—HEOHTL 27 hic&leoTu
DA DD, '
el xE 2 A%, RTREIOERHEON L R 2T B DM, FL LORMAICS sk
BB Tad0 L Ebits,
Z OERER L D AOCBIFETER O3 5 M OFEEMAE% Wood hand book'™ r EERICHEHL
s
SEO IO BT il ORGSR X D
I BERERA- O I TBIRIC TR ERE WS b ©
I - M e B SR B\ TR I BERE MT 2 B b @
M- ERECESELRG Y ED THD TRIFREEITLHH D
W gl A Ui AU BRI S MT 2 7 b D
WRGTHT LY L E 2T,
ORGSR, F UCTHIRBIRRERER, e REREIEGERIC X h ZEBE O O 2 Ky Thul
RDEBYVTHB,
T 23 @), FPF=Y (@), ¥v7x@), v/% (), ¥v7 (6), AF (1), ==Y (9,
Fye (10), YH (15), Rk x (26), Fwsx (27), ¥V (3D)

T 24vvex (4), B7=Y (8), 7H=Y (11), vrza=Y (12), Zwv=<=Y (13), v~
(14), 4 &% H=5 (16), rF/7% (A7), <% (19, »vF (20), 7+ (28), +r=7rn
2 (24



Table 14. RO GRIERIR, 27 < vBllR, 2+ v, KE7 0 —f DOREREMIREEEAC X 2 %7

Table 12. JRFERIIRHES N X 2 8 PRI O BE S Ml The results of normal state adhesion quality of our important species by phenol formaldehyde resin, melamin formaldehyde resin, extended urea formaldehyde resin adhesives,

The adhesion quality of coniferous wood by urea formaldehyde resin adhesive casein glue and soybean glue
L . Taiwanhinoki . , o , ‘ o  mekomats , B podo : 1 ‘ L ! Hime- | Mizn- | | i Shinano- o Hari- | .. | Mizu- - Aka | it
WIRE, HEE - Momi (1) Todomatsu (2) Hinoki (o) Sawara (6) Sugi (7) Karamatsu (8) Ezomatsu (9) © Tohi (10) Akamatsu ( 11) Hlmelxgmatsu Kuromatsu (13> Hiba (14) Tuga (15 Species IOd? Hinoki Saware Sugi ‘ Kara- . Aka H ime- | Mizu :‘Makaba Katsura Isunoki Buna Oni- Tabu iShm?’nO] Yachi-  Hard- ‘ Kiri | Mizu Hz'u.u Keyaki Aka- | Red White
(4) > I Yy aa .
Sort of timber ; (12) 0 H matsu (5) 6) - (7) matsu  matsu | komatsu me (19) (20) . (22)  (23) rgurumi (25) ki damo = giri | (31 nara , nire e gashi | lauan lauan
fas ‘ - . . ‘ e > (@ : ‘ - (8) 1y oGz o 1) GO O B 2 (2 VIS (28) (29) « (30) ) 32y (33) 3 (35) 1 (38) 39
and species ‘ | } ‘ 3 : : ; | | Ttem ‘ i 1 i : (39
&l F i) Tan- i) Lan- ;.1 | Tan- 1| Tan- : Tan- p Tan- 1 Tan- .1 Tan- - Tan- - Tan- . Tan- .| Tan- .1 . Tan- .. ' Tan- ! ‘ o ] - C - 1 ) T ‘ ‘
Ttem Radial o eiay Radial oo Radial | ot Radial | o4 Radial gential Radial oo Radial | gential Radial \ gential Redial S Radial b Radial | Gt Radial gei‘?ial Radial : gei?ial Radial | geg?ial wooE A Max. | 80.0  89.5  46.0  80.8  — oLl — — 189.1  102.3  139.8 i 1841 —  95.81 133.2 — 100.0 . — | 157.0 90.3 —  209.9 — 53,
L . i 1 J | ; | ‘ o i R \ ‘ ! Shear strength ~ Min. ' 61.8 76.1 34.6 68.3 1 — 83.0  — — 149.3 . 76.4° 112.0 127.8 —_ 73.5  114.3 .  — 79.2 0 ‘ 119.0 66.7 — 172.8 — 41.8
- v 2 w S m? ‘ ‘ - . ‘ i ‘
):tP fho 1 kglem 0 o o _ o " . - " o o ! o o o " FREsREE kgfem Mean @ 70.6  83.3  42.5 3.2, — 86.5 — — 173.3 93.1: 125.0 129.4 — 87.0 ' 125.4 — 92.8 —  135.5  81.9 — 1897 — 47.0
resure - J — O [ . S B R . [ R U S, _ L - . . o
T izﬁirii/”* - : : . Phenol resin dou o o Max. 100 100 100 100 — 100 — — 100 100 50 0100 — 30 100 - — 90 — o0 o0 — 00— 100
S hZ T B glemr p N - o 3 o / H ! = . ; ; ' ; :
Sﬁ‘eci’ﬁc gravity air dry 0.414 0.383 0.512 — 0.870 0.306 0.447 0.490 — 0412 0.408 0.422 + — 0.361 0.491 0.454 0.463 Wood failure Min. 90 90 100 % @ - 80 — — 70 100 © 10 100 — 20 70 — 20 — 40 60 — 50§ — 100
. o/ i :
L ‘ ‘ - 7o Mean % 95 100 9% — 95 — — 90 100 | 22 100 — 2.5 92, — 62 — 62 84 — 60 — 100
W W glow s ; o o , ‘ - = - e - R C e e — e — T
AL i 0,307 0.241 051 L - ). 304 208 0,437 — ). G 3 3711 — ‘ 1.3 6 . ) . ! ‘
Specific gravity oven dry 36 | 0.3 0.2 0.390 0.137 0.507 0.366 0.571 ! 0.331 0.433 0.397 0.416 i g Max. 3.0  101.1 £1.5 67.9 — 87.2 — 160.5  188.1 87.9 | — 151.1 — — , 10151  — 78.9 — 129.6  115.9 — — —  66.6
, < [ ' . '
Y K b o §hear strength ~ Min. 78. 1 91.0 14.2 59.7 — 72.2 ¢ — 109.0 157.0 23.2 — 128.3 — — ‘ 67.2 — 56.5 — 82.0 48.8 — — — 56.4
! = 1z o . - 5 5 ar 2 F 3 e e ‘ i ; '
Moisture content 12.80 12,39 15,66 — 10,97 11,15 11.68 12,17 | — 12,35 11.03 13.71 — 11.14 13.26 14,41 11,23 A7 3 vl keglem  Mean 90.5 96.8 18. 1 63.0 — 80.4 — . 140.3  176.4 45.7 | — 141.3 —_ — 00.7 ! — 66.5 — 106.9 73,4 — — — 61.5
- ! . Melamin 3 1 : — : ‘ e ! e .
| i . | . | - - | = i
R . R ) . ‘ | o e P Max. 100 100 Col — 70 . — 1 100 — 70 — — — = 90 — — —
i Max. 12067 | 13.90 12,00 12,43 11.76 — 12,86 12,40 1670 13.85  lo.14 | 15.20  12.23 —  10.97 0 10.48  13.41 1 13.00 1.8l _— 12,021 11,54 15.50 | 13.96  11.97  12.30 12.85  11.80 resin R e ok e 10 R o ‘ ‘ R 2 |50 40 90 9 100
: %9 ‘ ) ‘ i . } Wood f/allure Mia. . 90 100 100 | 90 — 40 — | 30 30 ‘ 5 — 50 | — — 10 — 40 . — 10 10 — — — 90
Mo ;Eu{;;%rétent | Min. 11,44 ‘ 1220 1036 1148 10.93 . — Lol 1182 1340 100 13,90 | 1457 11,40 — 10.00  10.05  12.04 ‘ 10,40 10701 —  10.89 | 10.63  12.76 1 13,20 11,117 11,90  9.01  11.25 Zo Mean 08 100 100 o2« — | 52 . — i 72 s8] 1L.7] — S — 3% | — 0 — 1 3 40 - - - 98.0
| . ! o - 1 . » K i . I L R . L R e — . S [ e i - o - i —
“ Mean | 12,15 ‘ 13.10 11.25 ; 11.91 11.81 — 12,06 11.97 15,24 13.16 15.26 J 11.70 11.73 ‘ — 10.56 ¢+ 10.31 12,76 ‘ 12.22 11.26 — 11.57 11.07 13.49 ‘ 13.48 11.54 12.07 11.77 11.50 g - 4 . Max. | — . 85.81 61.4 76.5 — 85.2 } — | 185.2 166.2 1 105.4 - — 129.1 _— — 1 1761 1 156.3 116.9 ‘ - { 155.3 — i “ — — 53.0
L | o i | - o : i i | | ‘ | 233 = | o ; RO ' ‘ . M ‘ T T T ! R : ) . ) T . :
| 1 ; ‘ : | ; ‘ | Shear strength 1 Min. — 79.6 . 37.7 1 57.4 — | 58 = ‘ 147.2 i 127.1 86.8| — 80.1 i — — . 109.4 | 110.8 10l.4 — 77.0 0 — - = = 27.3
i 3 7 | — ; 1 - 7 i - ; Sy . e | ! ; i ‘ ‘ | | |
e el Max. 803 904 73.9] 77.9 119.3 92.6  106.5  63.4 754 106.5, 79.8 86,01 — 99.2  94.0  93.7 ‘ 97.2  85.81 — 74.1 993 905 109.6. 116.3 1ll.o! 91.9| 100.0 73’;.11 keglcm | Mean =~ — 83.5 | 547 | 69.1] — . 9.1 — ' 1sl1 1486, 949 | — ‘ 110.7 | — — | 4.3 L1271 ‘ 109.8 | — | 109.7 |  — | — ‘ — i — 20.0
Je a5 71 kglem® |\ ey . . e ‘ | ‘ ‘ 1 - ‘ ‘ ; i i - - ‘ : - : —
3 L imn. - 61.9 65.2 37.6 32.0 61.0 — 2.7 3.0 45,0 55 5.1 1 48,0 4 — 5 3 |7 ; — 5 ! i 5 e 50.7 ! : ! I ' ' ' 1
Shear strength ’ > | ° / /9.0 S S S 890 7.0 7. ‘ 4.8 67.9 60.51 %6.1 682, 82.2° 850 9.8 50.7° 069.3 Casein glue e g Jg 4 M- — 100 100100 — 5 . — 10 100 | 100 — ‘ 100 —  — | 100 , 9% | 100 — 70 — = = = 100
| I ‘ 9Pk IF & ‘ ; | J ! ‘
- Mean 71.9 76.7 59.4 | 47.2 . 104.3 — 83.8 a0, 1 55.1 67.2 85.8 . 64.6 78.9 1  — 91.5 83.6 82.3 '  86.8 76.9 1  —  69.0 78.3 77.2 . 92.1  103.9 95.7 1 79.6 | 84.1 - "Wood failure - Min. — 9% 9 | 90 . — 1 T — 30 . 90 90 — 50 0 — . — 70 ‘ o' 1w | — 30 — — 1 —  — & 10
! i ‘ i ‘ 1 o/ | ‘ i i : ‘ j g :
- ‘ : e ! ! : | | 1 o i L Lo o Mean — 98 ' o7 o8.5 .  — 0.7 — 60.2 . 98.5' 97.5 ‘ - 84 . — — %.51 47 100 = — ‘ 51.7 — — — . — 100
) ‘ ‘ i i | ‘ w i _ ‘ R o e S R ) e A B
| Max. 100 100 100 | 100 100 — 10 106 100 00 1 ( — ‘ b 5 b 1 | | ‘ | ! ‘ : |
e o | {100 0 00 )0 100 00 100 100 100 100 100 100 1o 95 100 100 100 100 100 100 e Max. . 100.3 eas |l e — 80| — 147 — lozs. — 1w o } 12701 _ no.s | — 109.0 82.9 _ — _ 0.5
T Wy 22 ? . N ' A ' i S & . i i ; I | i . | i
V\\Igo)d fglljlure o { Min. 50 50 70 90 70 —_ 75 50 20 10 80 40 70 _ 100 ‘ 90 20 100 70 ‘ _ 10 30 80 70 20 ‘ 30 95 100 . ‘ Shear /str?ngth Min. - 71.8 17.4 50. 0L — 63,1 — 1010 — 10.4 ! — 77.8 —_ — 61.8 — 70.1 i —_ 57.2 18.8 —_ —_— — 15.8
i i , ! . , , ‘ ‘ ‘ ‘ | EL7v— kgfcm i — 701 6 — _ e — Lo T — o 7 5 — — s
; Mean 82 89 97 1 96.5 95 — . 94.5 87 93,5 89.5 95 85 92.5 — 100 99 93 100 97 — 77.8 66.5 96 l o1 68.9 i 90 99.5 100 Soybean | — o yleai o 85',1” WO‘ 77674.72 L 723 i B‘f’, B 81.6 o 717077:1 K ! 77;972‘,3?7 - 7997'53 1,77,8,8 ﬁifgi;¥ I R 275
‘ | | | A VN : . - _ — o T S R o | — T
| ‘ - ‘ ‘ ,‘ } 1 glue Sk E oK | Max 100 | 100 10( 30 0 ‘ | 80 | 10 100 ‘ ‘ 80 ‘ 20 50 ‘ {100
. . - . e | | . - ‘ - I . i | |
. Max. 20 30 35 050 10 — 18 25 30 30 20 40 3% — 35 40 s, 45 30 — 40 | 70 50 150 45 65 60 | 60 Wood failure * Min. — . 70 1 90 90 — 10 — o - 30 - 0 — - s = 10 — 5 5 — — — 70
RO OTE OB % i | 1 ‘ 1 | \ ‘ ‘ 0 : : ‘ ! | : : ‘ ; ‘ ; ‘ | |
- { P | | ! ‘ | | | | | o L b C _ — o - _ S |
Percentage of area | Min. 5 20 20 | 30 25 — 2 20 10 20 20 30 3 0 — 80 | a0 20 | 80 20 — 0 | %0 30 | 30 | %0 40 0| 55 I o Mean  — o2 o9 | o5l — 5| — 0 — 60| — A N A At S S AR A AR A
! . b - , ] \ ‘ ‘ ‘ ‘ 1 | . . : C g ‘ i 5 S 6 TR | N o 5 ‘ w . 1 -
‘ Mean 18  25.5 29 37 32 — 15.3 5 21 20 23.5 20 34 3Le | — 32 33 28 ' 3.5 25.5  — Bld o 58.5 36 39.5 37 ey s 58 oo | Max. 86.6 90.8 ‘ 61.0 70.3 9.6 83.7 1 46.4 25.6 1 86.21 72,7 18.91 99.6 o oehal 549 \ — — 67.8 73.9 | 85.0 18.5 1 75.2 | — 704 74
S A ‘ ! . ‘ ‘. | 1 ‘ o i | [ | N | | Shear strength | Min. @ 40.8 58.7 1 26.9, 55.7 20.3 41.8 20.7 . 112 22.7 26.2 2.8 42.4 18.5 16.1 - - 24.0 209.5 " 43.0 6.4 410 — 50. 4 11.1
, ' P ' . ) | | | : ' ; i KeE RS | kglcm® L ! : o, ! | | I : ” oL ' \ i
FBf_ . g D c D | C Be | —  F c b | ¢ b | ¢ F b c b c D - c F ol oc b | B b | ¢ = ‘ . Mean 64.7 © 75.2, 46.9 ' 1.8 38.0  64.9° 380.9| 19.6 531, 49.0| 6.31 71.7  36.0% 31.6 — — 51.5, 5L.0 €6.9| 269  59.41 — | 59.8  58.4
Failure type ; ‘ i ‘ ‘ — — | 7 , Extended | ! o S S B S o — S S E— -
: ‘ ) ‘ ‘ | | \ | \ \ ‘ - ‘ \ : : ‘ ‘ : w
o oresing | e e g e e . Max. 100 | 90 | V0 100 20 70 0 i 0 0 0 o | 10 0 ol - — 0 100 10 30 | 0 — | 70 5
. G } " L urea resin | A Wk ok ! | ; . i | i . |
(i1:J Remarks: S T;H? falll;f; gfet.b] on thi adh\,:llve l;‘llyer (tglue line). : Wood failure Min. 20 30 | 10 60 0 10 ! 0 0 . 0 0 0, o] 0 o ! — ! — 0 60 i 0 10 | o — 0o 0
US4 U 7o TG e failure gets on the adherent. i 9% | | i ‘ | ‘ | ‘ ‘ ‘ | G i
S i e o e ! ) | | Mean 51.5 58 37 80 | 6.9 35 0 o ! 0 o | 0 ! 2 0 0 — — 0 88 1.5 7.2 0o — 19.5 0.5
o X BGEERS IS AR L 0 ) SIS IS\ T Uk ikllr The failure gets on the adhesive layer and on the adherent (from the annual rings). ‘ ! I : ! i ' !, | i ‘ 3 ’

8 L RS O ER LA s T A U Ao Bk The failure gets on the adhesive layer and on the spring wood of adherent.
Bo—JE75 8 & MRS & 1 ks T L Ut e IR The failure gets on the adhesive layer and on the adherent spotty like.
B—HBEEIE & WSS OTE L 10\ T Ukl The failure gets on the adhesive layer and on the thin layer of adherent.
TR LD 4 Ukl The failure gets from the annual ring of adherent.

¢ AR LD ERHE O X5 12 U ekl The failure gets from the spring wood of adherent (saw teeth like).

B —wbsistdc 42 U e Tk 7 The failure gets spotty on the adherent.

F —WdEaihr ool 0 &= U keiklir - The failure gets from the thin layer of adherent.
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M A27%(22), ¥+ 7% (28), ¥yFx % (29), ~VFV (30), Ix+7F (32), »~1=L(33),
rax (34), THF> (35), Ax Y1 (36)

v A% (21), ¥7 (25

fods, BEOROFEMARFIE 15 LMELEEEETHS,

Table 15. (& {7 & & 08 £ &

The species and the optimum pressure of adhesion

‘ e
WESE | o % ' e % ‘ %ﬁ%@g
Species | . | pressure at
No. ‘ Common name ‘ Botanical name . adhesionn
i kglcm®
1 Momi Abies firma STEB. et ZUCC. ‘ 10
2 Todomatsu Abies sachalinensis FR. SCHM. 10
4 Taiwanhinoki Chamaecyparis formosensis MATUM. 10
5 Hinoki ‘ Chamazcyparis obtusa ENDL. 10
6 Sawara Chamaecyparis pisifera ENDI. 5
7 Sugi Cryptomeria japonica D. DoxX ‘ 10 '
8 Karamatsu Larix Kazmpferi SARG. 10
9 Ezomatsu Picea jezoensis CARR. ‘ 10
10 | Tohi Picea jezoensis CAAR. var. hondoensis REHDER 10
11 Akamatsu Pinus densiflora SIEB. et Zucc. 10
12 Himekomatsu Pinus pentaphylla MAYR 10
13| Kuromatsu Pinus T humbergii PARL. 10
14 { Hiba (Asunaro) , Thujopsis dolabrata SIEB. et ZUcc. ‘ 10
15 | Tsuga Tsuga Sieboldii CARR. 10
16 Itayakaede Acea mono MAXIM. 20
17 Tochinoki Aesculus turbinata BLUME 1 10
18 Mizume Bztula grossa STEB. et ZUCC. 20
19 | Makaba . Betula Maximowicziana REGEL 20
20 . Katsura Cercidiphyllum japonicum STEB. et ZUCC. 10
21 | Kusunoki Cinnamomum Camphora NESS. et EBEM. 20
22 Isunoki Distylium rocemosum STEB. et ZUCC. ! 20
23 " Buma Fagus crenata BLUME ‘ 15
24 : Onigurumi " Juglans allardiana Dox, var. acuta Ko1bz. 10
25 | Tabu Machilus T hunbergii STEB. et ZUCC. \ 20
26 | Hoonoki Magnolia obovata THUNB. 10
27 ! Doronoki Populus suavzolens FISCHER 10
28 Shinanoki | Tilia japonica STMONKAT 10
29 Yachidamo Fraxinus mandshurica RUPRECHT 15
30 Harigiri | Kalopanax pictum NAKAL ‘ 15
31 Kiri Paulownia tomentosa STEUDETL 5
32 | Mizunara Quercus crispula BLUME 15
33 Harunire Ulmus Davidiana PLANCHON var. japonica NAKAT | 10
34 Keyaki Zelkowz serrata MAKINO 15
35 Akagashi Cyclobalanopsis acuta OESSTED | 20
38 i Red lauan Shorea negrosenss F. 10
Pentacme contor M. et R. I 10

39 White lauan
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(i) ROErERS L IokR

DRSS L eSeTh 52, REELERS LB 0T, ARiiIEREEC L 2
BE T — 2 ERTH B0, & SICHIEREL RS LEEYINZ 5. SEMOKMIRE MY A, 2
pix (b)) LRAUL, EELRML (D), (e, () oLxbhT, BEHEHER ICHEFHIL, <5~
JL=Hh, THHy, 3X+7, 7TH, vrF, AFOHMHEGHE%L Table 16 LRLIzEEH THD
T, ZOBSCIRIEEM T Fo 2V TH B0 DARTIIE 2 90% L EaRL, BEEM T %
K& Fo & Fo LICEDTHEIR T3,

L2 Bis, AFx UERFEHIEZ AT, Thbb Fr X0 Fo o/ e p 8RBT~ o
R, AR F, IXFT, T, AF, v F, YUTEREELLEATY, A¥, ¥VF%D Fy it
WERFREIED Fr X0 Fo X b/Nehled, Fuw X hEEENVREING LA E—EDMEEY R
LT\ 5. T OHE)D REHEENH ORI UEE 5 BRI T 5 2 L1t b,

Table 16. JRFEMIFHEREHIC X 5 RBEOBEE

The results of adhesion of different species speciment by urea

formaldehyde resin adhesive

# S;imf ] M ' Makaba =Makaba | Makaba | Makaba | Makaba | Makaba
) ‘ ! * l l l 1
%te E \?9?65101’1 ‘ Makaba ' Akagashi | Mizunara! Buna Hinoki 1 Sugi
X _t i 1
. Max. | 217.8 143.9 106.3 133.3 116. 1 78.5
Adhesion strength Min. '  89.8 71.0 56.4 90.3 40.1 34.1
kegfems Mean  132.5 114.9 85. 1 110.8 75.1 56.4
oK I Max. 100 50 40 85 100 100
5l
Wood failure Min. 0 30 10 5 50 70
0/
70 Mean 52 40 24 40.5 91.5 80.4
FBRRE R Max. 10.99 10.6 9.10 10.99 9.43 11.00
MO‘“”{; t‘;’ggtem at | Min. 10.49 9.8 9.00 10.49 9.03 9.50
% Mean 10.80 10.3 9,10 10.80 9.30 10.30

Table 17. JREBEBIIFEERIC X » REFEOHEE S

The results of adhesion of different species speciment by urea formaldehyde resin adhesive

] #& S%:ecﬁs % Suzgi Su?gi Suzgi Suzgi Suzgi Sugi Sugi
IIEtemE[ ) ~—\,§§{1\e§1°n Makaba | Isunoki |Mizunara| Buna Sugi Hinoki | Sakura
B E N Max. 78.5 74.0 63.9 93.9| 65.4| 74.11  69.8
Adhesion . |
Strength Min. 34.1 35.8 36.5 37.5 37.5 38.6 39.6
kgfem?® Mean 56.4 51.6 54.7 61.7 52.8 56.3 53.8
' - Max. 100 90 100 100 100 100 100
R _
Wood failure Min. 70 60 70 70 100 60 70
9/ !
o ‘ Mean 84.4 72 | 82 86.1 100 ‘ 92 | 84.4
g‘:t,%ﬁﬁ%é‘vk;ﬁ | Max. 11.00 13.60 10.90 12.10 12.70 11.79 11.00
Moisture content : .
at testing Min 9.50 12.60 9.70 11.00 11.80 10.00 9.50
% ! Mean 10.30 13.12 10.30 11.50 12.50 10.90 10.30
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2 B8R o &
(a) # R B =
SIRE LTEERBEERM <D X, sX+F, 79, YFXE, ~VFY, ¥F /%, BVIFTEIN
SvyD8TE, HEMML LT /¥ RLOT YD 2%, 5 10 oo, % 1 HOERM OEH
OHENS 1.5mm BDw — 2y —~BIRAEIEL TREICHE Lo,
(b) WHGEHMORES L OEKE
HEE VB S L OB DO EIRRIIRED L B I LT, HERBERE R, BEO WA D I 50
b 28cm FICERELL oo
Table 18. HLEABUR DI ILE s L OHAkE

The specific gravity at oven dry and moisture content of test veneer

BIERE B OB 2 W O = . B0 EKE
Species No. | Common name | Specific gravity at oven dry | Moisture content of test veneer

5 Hinoki ' 0.353 12.03
11 Akamatsu 0.415 12.32
19 Makaba 0.590 | 11.16
20 Katsura 0.365 11.49
23 Buna 0.470 11.89
28 Shinanoki 0.400 10.05
29 Yachidamo 0.498 11.83
30 Harigiri 0.421 12.29
32 Mizunara 0.503 11.75
39 White lauan 0.428 11.44

(c) HgERIOER
Phenol resin adhesive, Urea resin adhesive, Casein glue ¥ X' Soybean glue #{ffHL, £®
HEEL 1) o () tAULTHs.
(d) HEBEHEAES I ORER
P. R, 3100 U R, (2 2 E8EIC 0.05g/om’, C 35 LO% S (X 2 BEMAIC 0.055 glom® BBAL, 3
ply DR E Uiz,
(e) B #F A
¥, ThASY, vFF, HYFOLEL 10 kglom?, i 15 kglem® O EfE T o,
(£) ks X O FERRH
1 o () tRACTHD. RBAROEKHEL 12~18% THIEL TfFo7k,
(g) & B, &
IR E BT A IEL, RIEEIRE 583255 P. R B X0t U. R &M REOHRE,
Bk, EBBRBEE 20 [HT, CHIU S XHERROLY 40 HfF .
BERESHIE A U 2o AR BSESILERTIIC LT, B 300 kg (660 1bs), HylHIE 1kg,
B I EA L BRI & B85 600 kg LITORIBRPIC T T 7 v ¥ 2 O TR 70 mam/min 1 L D 5
D7+ v 2% B CHIE L.
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The adheswn strength (kglcm®) and wood fal‘lure (%) of various species plywood by phenol formaldehyde resin adheswe

Table 19. FRIBRIIEHFEHIC X o BN SHBEET) (kglom®) 3 JUREBENTIR (%)

: o & ’;ﬁlg‘:,%ﬁ&@% Normal test ,{ﬂﬂgﬁ!{,ﬁ Boil test 7]\;:&’3% Hot and cold bath test

Spl\elgfes 1 Species Max Min. ‘ Mean Max. ‘ Min. l Mean Max. [ - Min. i Mean
19 | Makaba 34.5 (100) 27.7 (20) | 31.3 (80.4) | 27.0 (100) | 22.7 (5) 24.8 (43.8) | 33.4 (100) 24.2 (5) | 28.2 (27.9)
32 Mizunara 33.8 (100) 25.9 (30) | 30.0 (57.5) | 22.2 (100) | 12.6 (20) | 18.0 (55.3) | 24.8 (90) 15.0 (10) | 20.8 (48.7)
23 Buna 34.5 (100) 19.4 (10) 15.7 (45.6) | 28.8 (50) | 13.2 (0) | 23.0 (10.5) | 32.3 (80) 27.8 (0) | 23.5 (23.0)
29 Yachidamo 46.1 (100) 15.5 (5) | 26.8 (56.5) | 28.8 (100) | 12.3 (0) | 21.7 (47.6) = 30.9 (80) 14.4 (5) | 22.3 (24.6)
30 Harigiri 24.2 (100) 13.3 (20) 19.2 (77.8) | 21.9 (100) 6.6 (5) | 17.1 (55.0) | 22.2 (90) ' 8.0 (0)| 15.8 (38.1)
28 Shinanoki 28.5 (90) 16.2 (0) | 23.3 (21.9) 1 19.5 (30) | 15.5 (0) | 17.6 (13.3) | 21.0 (90) ' 11.5 (5) | 18.0 (29.2)
20 Katsura 29.4 (100) 17.3 (80) | 21.0 (92.5) | 21.3 (100) | 13.8 (20) | 16.7 (87.7)  26.6 (90) | 17.0 (20) | 21.3 (57.0)
5 Hinoki 25.6 (100) 17.3 (60) | 21.5 (85.2) | 20.8 (100)  12.3 (0) | 16.1 (45.0)  21.6 (100) 12.2 (20) | 16.5 (51.7)
11 Akamatsu 25.3 (100) 16.2 (0) | 20.9 (74.8) , 22.2 (90) | 9.8 (0) | 17.3 (40.0) | 17.3 (90) 10.1 (5) | 13.5 (43.3)
39 White lauan 20.2 (100) 13.6 (30) 15.9 (79.5) ! 18.1 (100) 8.0 (10) 12.2 (80.6) | 20.2 (100) 8.0 (10) | 14.7 (62.9)

Table 20. E,%ﬁfﬂ“ﬁ%%ﬁl X z)ﬁﬁﬂu%iﬁ%ﬁ (kg/cm) B I ORISR (%)
The adhesion strength (kg/cm~) and wood failure ( /o) of various spec1es plywood by urea formaldehyde resin adhesive
E‘gﬁﬁ%{ W = 7"‘?2@%:{% Normal test %[éﬁ;ﬂj’gﬁ Boil test m7kEBk  Hot and cold bath test
Ii\?g.l es : Species Max } Min. ! Mean Max. Min. Mean Max. Min. Mean

19 Makaba 43.8 (100) 24.4 (10) 33 7 (94.1) 0 (0 o (0 o (0 33.1 (100) 15.8 (0) | 25.3 (49.3)
32 Mizunara 36.8 (100) 17.3 (20) | 26.3 (64) o (0) o (0) o (0 17.9 (80) 10.4 (0) | 15.6 (43.2)
23 Buna 28.5 (100) 14.4 (0) | 23.0 (78) ' 9.8 (5) o (0) 2.3 (0.5) 23.0 (80) 6.1 (0)| 18.5 (65.0)
2 ~Yachidamo 26.6 (100) 12.2 (10) | 19.3 (64.8) | 5.5 (5) o (o) 0.8 (0.7) 19.1 (60) 6.6 (0)| 16.3 (41.5)
30 Harigiri 30.6 (100) 10.9 (10) | 24.3 (74.2) o (0) o (0) o (0 23.8 (100) 9.3 {10) | 17.6 (62.3)
28 Shinanoki 20.3  (90) 13.9 (5) ! 17.0 (25.0) o (O o (o) 0o (0 13.1  (90) 9.3 (0) | 11.0 (22.0)
20 Katsura 32.3 (100) 12.2 (0) | 22.6 (81.3) , 7.5 (0) 0 (0) 1.2 (0 25.9 (70) 11.8 (0) | 20.1 (46.5)
5 Hinoki 25.3 (100) 14.7 (50) 1 20.9 (83.8) | (0) (0) o (0 | o (o) 18.7 (60) 7.8 (0) | 11.5 (30.0)
11 Akamatsu 20.8 (100) 13.3 (0 17.4 (55.4) | (0) (0) o (0) L o (0) 18.7  (50) 6.9 (0) 10.7 (25.6)
39 White lauan 25.3 (100) 17.9 (90) | 21.7 (97.3) 4.5 (5) 2.6 (0) 3.7 (0.5) 25.3 (100) 17.6 (20) | 22.0 (74.1)
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(h) @ = % &£
Phenol formaldehyde resin adhesive 2>\ »C Table 19, Urea resin formaldehyde resin
adhesive &>\ ~Tlt Table 20, Casein glue ¥ X1 Soybean glue 1&o\\~Ti% Table 21 L
Table 22 T8 %, R7RT % & HE L O h BEROVERD H 52, SFMHER, U R 2 S &
L 7 FRRETEMEEZRL TV 5,
Table 21. %4 1 v 7 v —iC X B ERIGHEES (hglom?) 35 X OAMMITE (%)

The adhesion strength (kg/cm?®) and wood failure (%) of various species

plywood by casein glue

g“i;})%? ﬁjs ' & 777‘ B REAREER Normal t«?st
No. ‘ pecies ’ Max. | Min. { Mean
19 Makaba l 32.6 (100) ‘ 21.9  (10) 26.4 (30)
32 Mizunara 27.5 (100) i 14.7  (20) 21.0 (52.1)
23 Buna 28.5 (100) | 17.0  (100) 23.7  (100)
29 Yachidamo 24.3 (100) ‘ 12.8  (10) 17.6  (86.9)
30 Harigiri 29.3  (95) 15.7  (40) 22.9 (74.4)
28 Shinanoki . 20.2 (200 | 4.4 (50) 18.3  (10.6)
20 Katsura 21.9 (100) 12.8 (100) 18.1  (100)
5 Hinoki 22,9 (80) 13.3  (100) ’ 17.4 (49.4)
11 Akamatsu . 19.8 (100) 13.3 (1) 15.4 (31.3)
39 White lauan ‘ 19.2 (100) \ 14.4  (40) ‘ 16.8 (82.8)
Table 22. AE 71— X o BB SHRBETES (kglem®) ¥ X OAT SR (%)
The adhesion strength (kg/cm?®) and wood failure (%) of various species
plywood by soybean glue
@Tﬁiﬁ% ‘ o e RS Normal test
Spls(:les Species .
0. Max. ‘ Min. Mean
19 Makaba 24.8  (40) 11.2  (0) l 17.7  (6.5)
22 ' Mizunara 22.1  (30) 14.7 (10 19.0 (19.3)
23 Buna 21.1  (30) 13.8  (0) 16.6 (10.0)
29 Yachidamo 25.0 (100) 10.1 (0 17.5 (21.7)
30 Harigiri 22.0 (100) 1 12.5  (0) 16.7 (31.0)
28 Shinanoki 18.6  (20) 6.4 (5) 13.0 (9.7)
20 Katsura 25.9  (95) 13.3  (0) 19.1 (42.3)
5 Hinoki 20.3 (100) 17.0 (30) 18.5 (78.3)
11 Akamatsu 21.1 (100) | 9.9 (5) “ 14.8 (35.6)
39 ' White lauan 18.6  (30) i 7.7 (10 12.4 (14.6)

VI #EEESERERTHD D

A RN T 2EC T %, KREHFAC X DIEEH, &4, BIEHERE L, K0Fis Lo
HHEOERIC o TS 2 b ORI & Y AR OBSEME N EEA T 50w e 5 e dicfrok
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0, 45°
Fig. 13 #EEME & Fif & e T AOfHEe
The combination of the angles between the adhesion surface and annual rings
PR A F LAY, RESERGRCH 2ME (GERA|AM) 0L L TR 45° O
xS ORMAROM GBITH) % 45 B, RRCEAFRCABAE>THHM (FBakdiEaH) %
90 FELr LTI NE TR X S ICHERET, Lrb0b BRI+ 25 4 2 20FH L CEEL TV
EHEBRE T LD TH B,
Table 23. HEREM AR & o3 AOHER

The combination of the angles between the adhesion surface and anunual rings

0°~ 0° | 159~ 0° 90°~ 0°
Sugi 0°~45° ‘ 457 ~45" 90 '~45°
0°~90° 45°~90" 90°~90"

Table 24. JREEMINGHGT & 480 & 7o THEIC X BB E X OREBmH=
The adhesion strength and wood failure of test piece refering with the angles
between the adhesion surface and annual rings by urea formaldehyde

resin adhesive

. %ﬂfgt?érglﬁé??nﬁf
B ombination O o o o ol o o O, L AECIAEC _O0N".00° ~ 00
o @ o orain angle | 070° |0°~457 [0°~90° 45°~45° 45°~90" 90°~90
Species o ) .
o % - Max. 81.8 |- 89.9| 87.7] 96.1| 94.3  90.1
Adhesion strength ‘ Min. 74.2 74.2 66.4 70.8 69.0  73.1
kgfem® Mean 78.6 | 73.7  75.2| 82.9| 83.8 8L3
Sugi - — - - : - :
o | Max. | 100 | 100 | 100 | 100 | 100 100
Wood failure Min. 90 100 60 100 100 | 100
(/A
e Mean 95.6 | 100 87 100 100 | 100

COERSFEE A RT L Table2d DL B H THDOT, WThDIHARITEWTHITEA LEALLRI
[N

¥, EERRE ORISR 100% O - RMBIBrREE L /o b, LA > TEEIM ORI X
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OTRB LD THHHHLEDEE L LA, R OB REEOIEIC BT DL, EHMRLEF 5 bl
OB - OFRSRTIIBIREC R LAV A, I X B ARBIFRZVE DT b REHEC LTI Ed h
TABETIIE LD T VWETH D LETE S,

Zofzdic, Fr kX Fo o/ 2R REME @SINrEeR) 2HWTAF S Lo~ ~#%
BB Lo Bt Table 24 3 Lot Table 25 D 2 R0 THOT, FOEEENE X ORETLIFLED Ric i
FIHENL S Fhhis v, T L ASHEEREIC oL T BT R R SR R T L E 2 b, BEEHE N
FEiFL e T, BETIVIEE, RE, BEEAC IV ERIE LA LAV EBbN S, H 18]I
& er b oap OFEEDIE ) HEEOMAMICLARNTIII L D EEL bR,

Table 25. BRI X 2HEETN & 444f & 7o 3 MIC X 5813 L ORIpTR
The adhesion strength and wood failure of test piece refering with the

angles, between the adhesion surface and annual rings by

extended urea formaldehyde resin adhesive

— HEEREOME S [ -
T ombination o —0° o AED S._0n° S ARC A5 L0000 ~o 00"
W arain angle ‘ 0°~0° | 0°~15° | 0°~90" [45°~45° 45°~90°90°~90
_ Species ,Vi;,fiva - L
|
i Max. ‘ . . 9. .7 .
| B 7 + 'X ‘ 68.3 | 69.1 58.8 €9.1 61 66.5
l Adhe51on strength Min. | 47.7 46.6 44.5 ‘ 40.6 30.6 34.7
kglem? Mean ~ 58.4  58.6 | 51.3  58.6 Sl.4  52.6
Sugi ‘— ————— —‘— L p— S
. | .
K '\/Iax 90 | %0 | 90 90 | 90 70
£ Wood failure Min. ) 60 | 70 40 70 ‘ 50 20
i o .
i % Mean i 70 . 72.5 77 72.5 74 59
o e IMax sas lsso | osie | oere | oss2 ena
‘ B . = + z.ix. ; 53.5 ’ 35. 51.8 67.4 55.2 67.4
Adhesion strength ‘ Miun. ‘ 12.3 | 18.0 14.0 10.8 ‘ 12 16.7
kglens®  Mean 26,3 | 25.0 | 28.6 | 83.2  27.4 248
Makaba . ‘ | : — - -
4 . M 0
| R EE 0 | 0 0 0
Wood failure Min. 0 0 [ 0 0
! 9/ |
| 70 \ Mean | 0 | 0 |0 0

VI #EEMEoEEO 119

TRPINTER 3 2 B 4B 2 I R C b DT DM I 23, BREICV A BRL, EEITUak s
BEEREPHEITH 5 2R WIET BT ORRRTH %,

BHMRIRTE~ 2 X, AF, v FOFEHE M BHE Band saw THEO ¥ O, 7v
F T Lich D, WAL O, (L EFHE T 7o D% X124 mesh ¥ X 00100 mesh @ Sand
paper CHEE EIF b ORMML, RE ORI, fgtth EFFSRECE L ReR"T L Fig. 4 %
XU Fig. 16 &8 ) THOT, 2D L5 MHHOMMORIT IS CERERIR 27 4 2)XEHOHS
X OTHENEL N 212, Tl Sand paper #iVF, ST D DX 0.022/om?, v+ ~#iFDd
D% 0.033/cm?, Band saw D & DX 0.044/cm® TER L EREINL 3 X 2 20 kglem®, 2+ 10 kglem* 1T
—ELTHEREL, »2, FEMNEY 0.022/cm® T—ELEMTE2E L, X2 10kglom®, 2kglem?,
A bkglem*, 2kglem® THRE LIzh D% 30°C HIESET 20 Wi Le L bk, FTEOMBRA %%



—126— ERBRI Ve

AT |xa0

*

M\Jw ——

%k L
/ \"'\—ww‘”'\/\ -"V\/\f\’\ AN /\_.WM, »W

—x/5 | x40

TLot - 1 x5 | xa0

—

TLLt=B L ~—x/5 | x40
AN NS prman o N, e e et N e oo

Bag Ll N —=x15 | xa0

Eizre L —xi5 | x40

A A A A e e S N A SN AN e N

itrge ks /1 ——~x/5] x40

ftEge ftr L ~=x/5| x40

Aot s s

Send. paper (10 mesh) Il ~=X/5 | x40

Send paper (fo0mesh) L ——xI5 | x40

Send paper (240 mesh) [ —= x5 | x40

;and paper (2eo mesh) L ~-ns5 | 540
U

Fig. 14 = ¥FEERRFOTOM X

The roughness of adhesion surface

e

of Sugi test pieces

W E589%

1l —=XxI5] x40

AL

ook L ——x/5 | x40

— e T U T T T Y TN

itrgz 4 —w5 | x40
it r4e L —=x%/5 | x40

5 W VT Y
Bana  saw /l —x/5 | x40

-

Band  saw L —-xi5 | x40
W\w\lmﬂ—u\,.\_Nﬁ\_A_.\lW‘\,mx\\/.\wwuwwﬂ

Lt —$rke N ——x/5| x40
—_—

FLLT~ itk L —XI5 | x40
ww;

Send paper (womesh) J —xi5 | x40

Sana. paper oomest) L —x/5 | x40

e ————————————
—— Y Y

Sand. paper (240mesh) I/ ——x/5 | x40

Sand paper (2zomesh) L —x/5 | x40
v

Fig. 15 » -EERERF OHOM
The roughness of adhesion surface
of Kaba (Birch) test pieces

Gl LT 20 (EIER L EBRE IR E Toc b D TH B,

COREREEREA7T L Table 26 D2 B9 THOT, BEEHOMIICENELHNZ S8 e

RHEEIELTHBD,

dbe

PEE NI X L AEEIIZ L A LD LR, o¥RENELY —E L TERMN

B X AT BT BAEET T o7 Band saw 1 CHEBT Lo b ORI Ak EEREECH 0T,
ZORERBNELY—E L LIk DESERS TR L CTHES TR DEREIIETL T 5,



Table 26.  WHESH T O X BIEESHERE (RFSFPEE

The adhesion quahty of various roughness of adherent surface by urea formaldehyd'= resin adhesive

Jisi) i Species ‘ Makaba ‘r Sugl Hmokl Akagdshl

i Pressure kglem® | 20 10 | 2 \ 20 10 ‘ 2 10 2 20
e She P ATt | T T T e N 1—_“_— [ )

RN LRI e mpmmonsn ol mEENE SN mﬁ%FE?':M\ WA WA AR 8
e ﬁﬁeﬁﬁiAmmm%$A®°W%£Amm%%$A®eM§LA‘ il Adne: 17 Adhe- Ryl Adne- [

: ’""IL re | Sion Wood . sion Wood | sion Wood| sion | Wood: sion |Wood| sion |Wood| sion |Wood| sion |Wood | sion | Wood

B stren- fai- stren- fai- |stren- fai- |stren- fai- | stren-| fai- |stren-| fai- |stren- fai- |stren- fai- |stren- fai-

gth  lure gth @ lure gth | lure | gth | lure | gth | lure | gth | lure | gth | lure | gth | lure
kglem® % kglem* % \kglem? % \kglemt % kglem® % \kglem®| % \kglem?l 96 kglemt 94 ikglemt %5
Max. 175.6’ IOO‘ 172.9[ 10011 156.8“ 100 87.4‘ 100 | 77.1 100 | 66.4 100 | 99.8 100 | 124.7) 100 | 234.1 20

WEECERET O X EOM | v 412 70| 131.6 601 96.0 - 50 | 52.9 | 100 | 60.9 | 100 | 59.4 | 100 | 44.5| 100 | 45.2] 100 | 195.3 5

Saw by band saw
Mean ]52.5‘ 96| 155.1 85 120.5) 77 | 74.1 100 | 69.8 100 | 64.0 100 | 78.3 100 73. 100 196.9i 18

ST HTALE ]
Various surface
_ Pre-treatments

N0

100 | 78.5 100 | 76.5 100 | 113.9] 100 | 103.4| 100 | 214.1] 90

{ Max. | 201.8 100 203.3 100 194.6 100 ] 85.5
7 v~ L . Ry ‘ \
Planed by plammer | Min: 1414 90 | 160.4’ 100 | 187.6 100 | 63.2| 90 57.9 100 68.8 ' 100 67.0 100 | 73.2] 100 | 189.1 50
Mean | 175.8 99 ' 180.1 100 182.7} 100 73.0 9t |67.2 100 70.1, 100 | 92.7] 100 | 9L.4| 100 | 199.0 65
- I R AR ', T ien los ol 100l 1131 1o J 100 | 991 o
e . x. . 5.8 A . 95. . . .
s by | MaX. 18600100 195 8‘ 100 | 189.4 100 | 8.1 100 BI.7 | 100 95.9 | 100 113 1! 100 | 113 Oj 100 | 221.0| 100
Planed by rough | Min.  118.8 70 162.7 90| 165.9, 90|65.0 100 63.6 | 100 78.3 | 100 | 81.4 100| 75.6 100 |174.0 70
hand planner Mean ' 153.4 91 181.7 98 |177.1] 97 |71.4 100 72.0| 100 85.0 | 100 97.5 100 | 91.8 100 | 200.1 89
- s o e - M L ' ; .
. . 178 100 | 19 : : . 0| 8. : : 39.1] 1
(- bdhai b MAX- | 178.8 100 [195.7 100 | 200.1[ 100 £2.8 | 100 84.3 | 100 89.1 100 122.8 100 125.2 100 239.1 100

Planed by finish ~ Min. | 153.9 100‘1564 80 | 178.4/ 70| 45.6| 100 ' 71.6 | 100 | 61.3| 100 | 93.1 100 | 87.6 100 | 168.3 70
_ hand planner 171.5) 100‘1704 02 | 186.31 92 |62.81 100,78.8| 100|70.5| 100 | 114.1 100 | 108.3] 100 | 214.6| 86

=
4]
[
=]

100 AV =2y F

S =i

Sanded by 100 mesh
sand paper

Max. 205.4 100 ' 174.2] 100 | 197.3| 100 | 84.2 100 | 73.9 100 | 86.5 100 | 132.7] 100 | 108.4| 100 | 252.6] 100
152.7/ 100 l 119.2 70 | 163.7 90 ! 69. 90 | 31.3 100 | 67.4 100 95.0; 100 78.8/ 100 | 174.8 50
Mean 172.9, 100 \ 156.8‘ 86 | 186.4 98 | 73. 96 | 54.3 100 | 75.8 100 | 111.2 100 92.9; 100 | 216.8] 85.5

N

S
jo]
at

200 2 Yo =Dy F | Max. 199.0| 100 | 202.1| 100 | 188.2 100 | 83.9 | 100 | 80.9 | 100 | 86.1 100 | 118.7] 100 | 112.9] 100 | 253.0/ 100
;\;;ﬂ’;d“g%a‘;ﬁgsh Min. 146.4/ 100 ' 159.9; 100 | 153.0 90 | 38.7 | 60 ' 58.1 100 | 54.2 100 | 86.5 100 | 70.9] 100 | 195.9; 70
sand paper ‘ 2! 95.5 65.4 100 74.6| 100 | 91.5 100 | 91.2 100 | 236.3 91

P

Mean 173.5 100 187.0, 100 171.7' 98 ' 65.

(i) (M9 58 3l ¥ £ B 2NRRE K

— Ll —
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¥ % b Lo B b

Fig. 17 R4 1% Urea formaldehyde
resin adhesive i X HWEE (2 F)
Adhesion of adherent planed by finish
hand planner by urea formaldehyde
resin adhesive

Fig. 16 v
hyde resin adhesive i X W55 (= ¥)

Adhesion of adherent planed by planner
by urea formaldehyde resin adhesive

BETIAANTE < b o L FHuE Fig. 14 L8 Fig. 15 whbh b2 &< Band saw 12 X 4l
MEEHEE LI b O, FEER X OORIBr RIS RmN L T Th 5235, EREEL B A Rk
Efpoe /¥, =H%, THAVY OWCTRGEENVEL, KRR OPMe 2506, 225K 5M
ML L ARSI B R E e LT B D EEL bR,

AEFTE For 2V 510 0TAENC X 5 FENRKbNWOT, S5 Fr 5L Fo /e R
WREEE A2 A CRRETo/ey, RPHEERAZE TR CHEFNCIIEEL S 2 ) Zbhieh

f,
VI SRS KD 16) 19) 2) 21)

BIARSEFCBERCEE T 2 RGEE, ERLEGKRICT 40~200%" wiEl, i bRGHH
AEE L OIS EIEL Q0 B0 EMHRICEST 268K BORBRITBRO I L ) fich, TH
UMY, BRNIRKE D —BC BRI TH D,

Lo T, REOEEGHML T, B b0 gk x OWIR, B L OBRT SRR
IR e LT A KSR E X HFE L T b OBERE S N O&H KT X BEEES & OBRY %
BRI 0¥ DRIEC B TRRET R b D Th 5., H—HHEHEIROH O S K & k) » DRI,
FEREEEINHOSKBLE L, BREN L OWRE R D00, RRBOSKRIERE ST, o
TR ETH T OWTHET B,
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1. M o EE 150
(SRR AITE, <~ 140
2, 2 ¥, EAHERD, RO
chafleopmEEomn  ® T "
110 Makaba .
EiEEttc 60~90 HEy ®U a2
100!— — /00 %
1L N ~ 950, -
HEL, &kEEY 0~25% \§ Jol- 790 -
D% 7 BHRCBBE LB T 4L Jo €
g H| =+ % 7 1 2. No. B0k \ A
) % § / Suat S woad focdure <
102 & FEALCHEES R e e\ o =
®
#, ERHTHEEL 5~25 g 50 p \\ 450 5
g "\, Wood foifund 1o §
S tof /7 NI Wood 1 \ 10~
H R L TR IRARIC s 3 L /,/\\ // \‘ \ In §
BE EDT, AKE 13~ o N,/ \ =
N 20 A% N 20
49 o F.P.L SO0 / .
1ok /s . Jdio
SR EIFRLL, 20 ton 7R . ! . | 1 | 1,
b M e e o 3 5 70 75 20 5 30
MEERBRIT KR TTo% Moisture confen? (%) & K =
RRTHD. Fig. 18 HEIs o &k 2 BREHAE & O BT
ZORBERIC X B LB The relation between the mmsture content at adhesion

. dt dhesi lit
T AR 5~10% P and the adhesion quality

HCHRE L B REmE R L, S8 KRSVEEMT % L 2T %, &K% 20~25% TIREREH

B BRI TS 2, &KED 0% PO CREFEH OB X o THOKRGIINZ X BIENE L, 7

DIEVAREB TS TH D, LD T, KSENK L IUTIEER OSERB A ERMT 5 2 ki

LI X BEERERI DI, (LI L, KED X hd TR & & DA —FIC BB X 5%
Table 27. FEEEOEKRIEEE NS L OARRIEETR

The relation between moisture content and adhesive strength, wood failure

— BEE A kR | ]
o om M‘;f;‘gﬁescﬁ)?fe;: 0.1 | 2.9 5.1 | 10.2 | 14.8 | 19.8 | 24.7
Species e B } B L -
o g | Max. | 6.8 79.7] 67.9 | 73.4| ss0 638 | 326
Adhesion strength | Min. 35.5| s54.5! 54.7 | 38.8 45.3‘ 40.2 13.7
kgcm® Mean 49.1| 64.3| 62.4| 59.7| 63.0 55.7 21.7
Sugi ‘
ko o | MeX 70 100 100 100 100 100 50
Wood failure Min. 30 80 90 95 95 70 10
% Mean 55 97.2 . 99.4, 99.4| 98.9] 92.5 29
o = 4 Max. | 0 | 64.5 } 175.8 | 182.4 | 164.5 | 128.1 ’ 0
Adhealon strength | Min. 0 12.9 86.9 63.4 |, 92.0 47.6 | 0
kglem? Mean 0 8.7 182.5 | 135.7  122.4| 94.6
Makaba . |
ko o | Max 0 40 90 40 ‘ 70 | 30
Wood g/ailure Min. 0 5 10 50 5 | 20
= Mean 0 2251 87.7| 1750 260 260
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Table 28. HEEM:OHIRE /KK L BFET I L ORTRMTE £ OBIR
The relation between the moisture content of veneer at adhesion and

the adhesion quality

& Kk X ' I | |
Moisture content 4.3 . 4.8 7.6 1 8.4 | 10.2) 12.1 | 13.8 15.0| 16.1 .19.7| 21.0 32.0
% ‘ |

@
o

aci |
Adh“S‘O“: 18.6 16.6 2. Il 24.6 28.6 29.1) 21 16.3 18.7 16.5 981 12. al 0

|
3o |Max | 2. o 28.6/ 3l. 8’ 33.9 33.8) 84.4| 33.4! 32.3 31.4 26. .6 23. 5| 20.0
strength ’

l 21. 7} 24.6 26.1 28.1] 31.0 32.0 29.4| 25.9 25.5 20.8 18.8 15.6 0

kglem® \/Iean ‘

i (Mgﬁ. Max., 60  100.0, 100 | 100 | 100 | 100 | 100 |98 |40 |95 1100 | © {
fallure Min.| 1 | 85 } 98 | 90 | 90 | 90 | 65 5 ) o5 |0
% Mean 26.7 97 | 99.5 95.6 95.6 96.1 91.7 41.1' 61.4 18.3 41.7, 0
X EEREEOKMEKE
DS IKENEE B L ORI ERICRT L T /e B8R B TS DL THFER T\, #

PO WTIE 5~10% MM TIREL R L, BHROEEC RS\ T 8~12% DFHEICREEY

Table 29. FHERIEEDE KR L HEETER X ORHBIRETER & DR
The relation between the moisture content of test pieces and the

adhesion quahty at adhesion testing

| |
sﬁ?es Aﬁiﬂfﬁﬁgﬁfnd o.g)/ 2.8 | 4.3/ : 9.2/ 14.3/ 20.(3) 25.2
wood failure 70 |‘ ¢ | o 79 : % ‘ %
PR | Max. 69.6| 69.6| 104.7| 70.8| 83.5 ' 61.3 1‘ 64
Adhesmn strength ‘ Min. 46.4 54.4 45.9 59.6 51.7 49.4 . 46.5
Sugi kgfem | Mean | 60.6| 63.1| 67.1| 67.3| 69.6 ] 56.8 | 55.8
dem I Max. 100 100 | 100 100 100 100 0
Wood offtilure | Min. 100 100 90 90 70 90 90
70 Mean = 100 100 . 98.8 98.8 95 98.3 1 98.3
Table 30. SO SKE L PEE B L ORIBIEITR & DEIR
The relation between the moisture content of test pieces and the
adhesion quality at adhesion testing
. b | i
S:i%ﬁég Agfgﬂfiﬁggﬁ%ﬁid \l 0.3 | 3.0 | 51 { 10.1 L 15.2 | 20.5 | 25.4
pecies wood failure 70! 70 | 70 % % % | %o
. | !
moE !Max. 190.7 | 218.7 | 211.4| 208.4| 190.3| 113.8| 108.7
Adhesion strength | Min. 101.3 | 140.5 134.3 162.9 152.5 81.4 70.3
keglem: Mean | 146.4 179.7 | 182.6 | 190.2 | 174.7 | 94.3| 92.0
Makaba - - - - -
ko o Max ! 100 ? 100 100 100 90 100 100
Wood ;failure Min. . 70 20 50 30 40 5 5
% Mean | 83.3| 62.8| 85.0| 62.5| 63.3| 35.0| 36.3
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TTREREE D, BHEREH O SR 10~11% s\ THEE LI BT & KR % 0~25% DEERIIC & 1o
B UCHEEMEREN WAL T 50 R I L 7o

1. EH0ERB

HEHE U. R (45 %5 12 No. 104) M, B{LHIL NHCL 20%i%% U. R.CxL 5%i%
o, BREL 0.022 g/em® RWEIC T ENEML, EMIIIAFITIIL 10 kglem®, <5 52%¢L 20
kglom®, FERGHERNL 28~30°C fEESIC T 20 W], BRAEs 96~192 myflsifc <@L, F.P.L &
BRENEBRAAR D, &KE£ 0, 3, 5, 10, 15, 20 B I 25% in b O & L [HEERSEC 30° ©F
WTHIEL, SBREC X v BIRrA2 e Lic, #0543 Table 29 3 Lot Table 30 KRT k) T
%% (Fig. 19 1) .

2. & R

HEMEML S - 1.5mm 3 ply THKR 10~11.8% OXREX AL, TROEEXLHERL, B
£ Solidite No. 1 35 X ¢ Urea resin i3 40 g/? Casein glue % X ¢ Soybean glue 3 45 g/F'® C&A
U IR SET 37 ton press (cold press) #{HL T, 10kg/em® THHEL FEMFE 20 B,
Solidite No. 1 DREREH 80°C T 2 BRI L, ¥ i LMHBIRE IR TEIRE IR
HRRAEZHIRL, ZORRA L EREREHCHEL TEDSKRE Lic, 7427 ~HEKEIE
AR CERERRE 7o D TH B,

BEEH 200
a) Solidite No. 1 190
(S 180
170
HooOE 15.9 i
= 160
resin FE 64.6% @ 150
& 1.11 140
KEESH  95.32 130
I T 120 4
BiERes 6.6 i . N
B 10% i < *‘.5
< 100 S.oed failure —100 aa
b) Urea resin Nl Makaba 5
§ 90 —190 ¥
T 5 \
(FFxZA2) o 80\\ / AN yu Wood foi hre 80 ~
P EE 10.62 N 7 ) , =70 =
resin B 69.75% s o ~ sigi 0y
B < sk N -5
OB 132 1 N/ L S
o V 0 <
NERS)  75.49 30 EIUNS
PSS 9.383 20- 20
BLHE 20% Sol (L 10- 1'0
1 1 L ] 1 | .
T vE =) 5% HRhn 0 5 10 15 20 25 30 0

1
3
Aok E TMoisTure  confent  (/2)

Fig. 19 &7k & HEFEN 3 X ORIk R L OHR
The relation between the moisture content of test pieces
NaOH 11 ~ and the adhesion quality at adhesion testing

c¢) Casein glue {il4

Casein 100 %



Adhesion strengthv

RREE7 + v~y VI 59377 14K
Phenol formaldehyde resin adhesives—
Birch 3 ply plywood.

420

.o Measured value
T x 848 Mean
o X 3 Rk #pakms Mean wood failure
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2801
# al -
&
h
%
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)
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-180
1p
&5
r20f He0 ?[;
jool-. © ° o 00 %
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80 qa0 2
60 o 430
ad- H20
20 1o
. . . \ L 1 . . f | 0

N
2t B
Moisture content
Fig. 20 HRME7 + 1~V v RIIRHEEFIC X 53 BRiED
BN L FEREMEE L OBIR
The relation between the moisture content at adhesion

testing and the adhesion quality by phenol
formaldehyde resin adhesives

0 50 60
(%)

wood failure

Adhesion strength

RE7+1~=y vBIlR 375 146K

q20f Urea formaldehyde resin adhesives—Birch 3 ply plywood.

4001
o w2 oW E Measured. value
0 x L ¥ E Mean
scol- o I ¥J K38 Ak KT R Mean wood failure
a0
320
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#
N
? 260}
7
Toe
100
H90
180
7R
A7 88
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100f- 450 %
sor H40
o
6o ° ° EEY
40 © ) 420
o
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0 1 ° 1 1 1 I il 1 1 il I 1 1 g
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Maisture content
Fig. 21 JRFE7 1= ) vEIREEFIC X BB OSkER &
BEEMnE & OBIR
The relation between the moisture content at adhesion
testing and the adhesion quality by urea
formaldehyde resin adhesives
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HEAY TN~ H13T54E5R
Casein glue—Birch 3 ply plywood.

320
300}
2600
L@ Measured value
260k * B8 Mean
= o PR BpAEE Mean wood failure
-néj 2401
T
> E .
= 7200 N g
S 2 i
< ’f’,/aﬂ - 490
_—E —
< .
760 {0
Y
40 . —
I 7 %i
- Vi
> 60 E -%
00 50 % =
a0l 40
ol 1%
40t 20
20 e
o ° , L . C
= e 7 I T 7
& K F ®)
Moisture content
Fig. 22 #H¥ 1 v 7 — 2 X 55RO G KR & 5N & DR
The relation between the moisture content at adhesion testing and
the adhesion quality by casein glue
KEr L~ HA3TTFAEK
A Soybean glue—Birch 3 ply plywood.
240+
CORYE Measured. val
x ¥ .
A RO N: 3775 S M°an wood failure
2001 100
D o
oK
7 N seor -‘30
= ~ [«5)
% %‘/40— -’w*_g
Z 3=
= /20 e B
<C E
100 -150 Z 8
=
a0
{5
20
/e
e \° ° L . . . S
o 0 20 30 40 50 &0 70 80 9¢

S ok F (%)
Fig. 23 KE 7L —iC L 5 BERIEED S kR & 55 MHE & ORIk

The relation between the moisture content at adhesion testing and

the adhesion quality by soybean glue
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Ca(OH): 20 1 H.0 300 #h

d) Soybean glue FElg
Soybean flour (Benzene ext.) 100 74 Ca(OH). 15
NaOH 8 7 H.O 350 7~

HRL TR CEEEENTH D,

CoRBREEEY 7T L Fig. 19, Fig. 20, Fig. 21, Fig. 22 X% Fig. 280 & B iz LT Fho
BT WTh 10~20% HiEamL, ChaBBEERICo\W T4 % & Solidite No. 1, Urea resin
CBWTIHERR 0% » 6 EFL 20% THREEZRL, SKE) 50~70% KB LAT P. R 12¥5%
METL, UREZRWTL PR IHAMCIKT 5. REZ L —8IOH € 1 v 7 n —fifkigEs &
bW TRRILID 10~15% TREZRL, SKROBEINC L 72 TAMICItT 5, Lie»oT, [
MO RRIEFFIC B O UMFCE KRBV BARDEELINEL, 7o Y 7EEOHE L Y ZDBEREN
TRTCDOREHREREIN T A8, BRI R T 28N, MO 7L L OFEM & » 5—T<,
Los b ED PRSI BT DO B X BN FeDITEEBIT D a v, LD T, MHHEOEE-DL D L HE
1L LRI DM KM SR I B & B b,

ERE—HENOBER L LU, 7oy 7 DEENLEKRLOMFELIZ LA LR—BERAZRL, &K
BOPEFENCTUTTEIIARZ L, 10~20% BT AEENEESTH 5,

I HERaELtiEFfmeioRndT A

KRBT O & i3 FE A SRR OPHEOFH MR OIITETL T 5 & DT, ZOREHE Lo
DEFIRIGC X o T, MEMMECHERL TREL, SHEHFICX LT AR, 55 CIEEOEEY
O CHE L 2T T AC £ DMMEEM B L WEH M & O TAEC Lo TR T Ealk s
HEFT E1HSRY, RO TRHOBERT KT, EFERRTEE, &5\ VILEEOEEY L
DTERE LIS, $fEOFMIC Lo THEBEAN CHRET B L5 & LR PIET b idicfFon R
BRThHD,

A
CITTIIT)

77 S

Fig. 24 WHEREMED KRN R DH1E2
The combination of angle between the grain direction and adhesion surface
(in the case, change for horizontally)
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(AR B BN B\ CIETAHIREE D A FF (82 IEEE 0.344, Sk$R11.57%), EHRz7 19 v
VyEET Vv CEFE 0.526, BENEIKE 12.49%) MEMHREL, ToMOENEY, BRIl
TSI T 2356, T HllfEE R E ST & RN B 2856 OBEES L OBIRIAT T

EREATOL,

ks, A7 7 R L UCEEE, T sni SR A OMSERMRT X D BRI DRI AT L T e
Wb THD,

=) 70 100
S8
o 7 - = i
o o7
g e R
g _ 49 %] ,71
=
30 2 ’;}mze
20 2
10+
0 L L | 1 | | 30 1 ! 1 ' I L L
/5 30 a5 60 75 90 0 15 30 45 &9 75 40
18314 3 % B Bod B AR o % i3 ERe B ERE £
The difference of the angles of grain The difference cf the angles ot grain
direction with the adhesion surface direction with the adhesion surface

Fig. 25 ¥ OMHEmIE L B55H & O Fig. 26 White lauan o @HEERE L8

BLEEENE ORISR CREIT HE & DI THELEEN L OMR
Ris e ORI Fele B35E)

The relation with the angles between The relation with the angles bstween
the grain direction and adhesion the grain direction and adhesion
surface, and the adhesion strength surface, and the adhesion strength
(in the case, change for horizontally) (in the case, change for horizontally)
of Sugi of white lauan

a) BHERELERELRTANKENICELDES

ERDT 7 v B IOAFHEMHH LT Fig. 24 1087 X5 RS BB O T 2354 % 07 &
L, S$EEmEER £ 15°, 30°, 45°, 60°, 75°, 90° O EFIND & 5 icfin G, HERITARL
THEEY 45 42 (No. 102) #FHO ¥ #HHL, ERMICTRLETHIE 10k, BNE0RR
Fra SR LIRS DB (7ol b D Th 5.

CoRSEEFEA 7T L Table 31 % X vt Fig. 25, 26 THoT, HiEHL 0° &L 0 a0
BRI R, SEES RO~ BT 5 LA o TIRT L, iRl me ey s
LE, Tk 90° L 0 OBAICEVTRETH B, WEko R X 5 L EEIIAEE BOES
B REAL T RO 1/3 12785 2 i/ 2> T\ A2, 0° & 90° 7o K OFEED L DI DT ek
MZ L, 0° & 90° OIEDIEEAVHAL Tiiu HaNKiNeoN OXMAMEX 5. R ORH2H L
EAOBEEMITEFORE (0°) O3kt 1B THHI enBObLRL, BRI 2L T 90°
R BEESREAT 0° OHED 1/3 Ok R, IKERO FHOEEDIT 7 il T R

(A%) rx0fE—c LT HANKINFON DOKICAFHL TV 5s
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Table 31. #MiHERREEL IKIEANC & & fe B By Er OBERERE
The adhesion quality at the case the angle between the grain direction and

adhesion surface change for horizontally

HWHEER EEOREL&2 ' !
Combination of ‘ |

] grain angle

BEEHE 0°~0” | 0°~15°|0°~30°

/l\ﬂlgflﬂ(uﬁz N

1 & \Adhesion strength : i

Species| and wood failure ~_ | I

*10°~60°| 0°~75°  0°~90°

2
oo o | M 78.3| 63.5| s3.6| 43.8| os.1| s8] 307
Adhe510n strength | Min. 53.8 40.2 35.3 21.8 16.7 ‘ 15.0 14.0
‘ kglcm® Mean 65.1| 54.9| 40.6| 30.2| 24.5| 20.4 18.0
Sugi ' |
Max. L9 30 50
‘ R R fix 100 ‘ 0 100 60 40 }
Wood failure Min. 70 20 30 5 5 5 10
o/ | f
| 7 Mean 8.3 62.3| 54.0| 45 \ 30 } 24.0| 32.5
v Fy Ty DASKIC X BEMEE J
Calculated values by HANKINRON 65.6 55.6 39.3 28.1 21.9| 18.8 18.0
formula l |

Table 32. EHETEM & BT & O o TAIIKTINC & & Te D36
The adhesion quality at the case the angle between the grain direction and

adhesion surface change for horizontally

o BEEAE DA T ! .
\ Combination of
— grain angle
EEhE ~. 0°~0% [ 0°~15"|0°~30° | 0°~45° | 0" ~60° I 0°~75°|0°~90°
N ATk R . :
4 % \ Adhesion strength .
Species . and wood failure "~ | ‘
1 | i
b = + ; Max. 97.8 84.3 79.3 65.7 53.3 44,4 41.7
| Adhesion stroength i Min. 78.2 64.4 42.7 46.2 28.8 31.6 27.7
White | kel Mean | 86.1| 73.4| 645| 58.9| 44.5| 66| 33.3
lauan | i
o Max.
P R ?x 100 90 100 80 40 40 80
Wood fallure Min. 70 30 20 40 5 5 30
! o/
i e Mean [ 88.9 51.1 59.0‘\ 67.0} 28.0 21.0 51.0
Ay ey Y vy DRAKIC L AFIEAN |
Calculated values by HANKINSON 86.1 77.8 61.7 | 48.1 39.3 34.7 33.3
formula ! |

Teds, HANKINSON OSBRSS A v b fiffed DB ECMHMEEREE & 8 v i) & OfCRD Bz DT
DEDL5 L DTH DY,

_ [
T oy sinto40, cos?o

I
oni BEANIEFCMA DRCBEOME o0 FEAREEACMZ bNCBEOmEE
o FESHHEEMEL 0 RicTAY O TML b & DMmEE
F7 B LIOAFITEB T HANKINSON O D I b TULFH &2 Fig. 25, 26 X hREX
B Ao M. MCLEOD 38 L8 W. A. SAXBORN* B DIFSEIC B\ TiE, IKEEM 04T 0° OMED
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(A)

Fig. 27 MHEAEMMBEEECX LR T 2 5&

The case of the each grain direction crossed to the adhesion surface

12 DLk 7227 w503, KRRCET D7 7 VIR BER L 2 0oWME —1c LT\ b, LIcaioT, IKEER
X1 EEHOERERD SPFELTERVY, DT LSEEM L W2 23 121072 L3 0EDbi, h
B DFEFRIL RSO RIFRIC O T b e U —fd K < e had o sk 27w, 0°~15" £T
DOEE BT DHERETNITATH MDA & HTEL DD X8V

b) HMHEEAELERELALTHENEENICRALZES

WigED a) LEBCAFR IO 7 vickiLT 0°, 15°, 307, 45°, 60°, 75°, 90° DIEEANCAL
BB EET 2 chThR—EERL L2 DY 5 LA RSSO THEE LARLLDOTSH
%o

Lo, E—flgeiesntd Fig. 27 1R T LR VIERE LG, REFANETHRICET
CHEE LI E e, BRLUUEE LSS L) BERSRM % F.P. L SO ®EL, %
ORI ET DHESE (RA) i 28R OBElr AL HERE 71 & D B\ o HBER I D T LA
HEH S o > CBIMT IR & R R BE /IRl b W Do Lnd, (BIB) i 2 RMHED E A
FEIZ R TR BEERRF OV —F0 Gl BEEIE X Y £ Liciithv s & &) Tilfrpdsnde
U, Test 23&bDdTHL . Lo L EfTAHRO GEERD Bacik, REABRERTmciih s X 5
CEBRA IS i X 2T o oML S bns, (MC) & DFS OB &I EERISEO IO HE
b DB RATRE T d 2> CREEBIC 35\ LM OB 32 3 o ed & DB LAURRD T % . B OMA
¥kt e Fig. 28, 29, 30 DLk Thob.

IRBDREERTTOR BEERROM KL 7T L Table 33 D&k ) THOT, Rl EiTH5
W (R OHp& L, AR FRNCHERS LIclia OB IRIE & A Y KFEe L, Lienio TSI (0°
~0%) IEEHEENPEEOMATRL, 90°~90° OBEITHEAILT, Ui BN 00 oga 0B
XLT 90° DOHEITH 12 OfERRL, $EER (), LEY (Z7v) eounThvni b, Lich
2T, AT a) DEEICIsIT 5 X 5 07 OEEFEINCKT L TR AEEDN—TE O [BFRA e\ e b HANKIN-
SON DERICILEE Lie e SEFHMOEAITIL T 7y O, BB 0 2b 60 ~75° JTHTH\T
BEEZRL 907 12BWTEL 22T Be REEBHNIAEEC Lo TETLRAMC R W TRIZLAL 0 L
Te%. ZOBRIEALEXOSE LK THD. TOBaEL 0°~15° FTOHEFENL0° OE L EL
Ve LIe2i 2T, S E TOROEEY &2 DICOWTIIETFHROEE L R—RL TE Loh 2\,
a) DHEDHEENL ) —BCEMELRL TS L3 D LR, 07 T 2EEY 2 a) O
FOEE LD FA—HERb OOFIEFIRFTH D AR BN S,
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Fig. 28 #HEEH O—FD
MR R 2 R TR I
R e

The combination of the
one side grain direction
inclined to the adhesion
surface

(a) Eidk & U 18

HEARBIITRRS 95895

——
—==

Angement
Fig. 29 Mmoo B
ST i %
HEe

The combination of the
each grain direction
parallel inclined to

the adhesion surface

I Mo R=

Fig. 30 #lEmBENERE
T A 53
DHiAEE

The combination of the
each grain direction
intersectly inclined to
the adhesion surface

T A2 BT L o RS AT Bl B (R DB T T, FOIRMGIC X ol (s B
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Table 33. MifEER & BFRED & 7o+ AN, MEANCHEL 254
(Fig. 28 DFi4#DHA)
The adhesion quality at the case the angle between the grain direction and
adhesion surface change for perpendicularly

(the combination of Fig. 28 shown)

TREEAESfE | | | | ‘
ombination o o0 10185 4% nrnt | A0 aC ~E0° ATl T 0% 0n°
o grain angle ‘ 0” |0 1571 0°~30° | 0°~45° | 0°~60° 0°~75° 0°~90
Species S 3 - ’ - ; ‘
o o | Ve f 75.8 | 80.8  81.8 I 72.3 | 56.7 | 6.6 ? 24.9
Adhesion strength | Min. | 57.9 31.5 20.1 1 25.6  Z22.5 | 7.7 i 13.9
kglem® Mean ' 65.5 | 56.3  51.0 | 42.0 i 41.5 ’ 24.7 [ 17.9
Max. | 100 0o 100 100 100 \ 100 | 100
. NGRS ) ; ‘
Sugi Wood fallure Min. 95 80 50 . 60 60 70 50
%o Mean 99 97.2 87 90 ‘ 88 ‘ 89 86
SERERS KR Max. 13.43 | 14.24 | 13.00| 13.68| 13.80 15.08| 14.08
Moisture content :
at testmg Min. ! 12.54 13.10 12.54 12.66 ! 12.98 13.14 | 11.43
% Mean ; 13.12 | 13.69 ‘ 12.78 | 13.14 | 13.30 14.17 l 13.40
- Max. | 102. 79.3 ) 55.9 | 32.8 | 33.6 , 47.
P2 ' e + :.1X 02.4 60.0 8 6 8
Adhesion strength | Min. 70.7 03.8 25.6 17.0 17.7 18.3 25.5
kglcm® Mean | 88.2 | 64.4 | 43.5 & 314 | 26,8 5.4 293
1 H
[ R :
. - e e Max. 1 90 \ 0 . 80 0 90
White 7R B4 I % . 10 Wy 8 6
" Wood failure Min. 20 30 20 30 20 10 50
lauan o ;
7 Mean 80.7 68.9 57.0 58.9 54.0 | 27.8 ‘ 7.5
R K
Moisture content Max. 12. 16 12.18 12.81 12.62 13.64 12.98 ‘ 14.03
at teatln(r Min. 11.52 11.68 ‘ 10.98 11.75 11.93 12.10 I 12.88
% Mean 11.83 11.92 12.08 12.29 12.48 12.66 13.35
1801~ —_ 100
st \/\’—’ﬁ\ 1" ot \ 1°
A - % \ o
- NN S(lawan) -0 R
8f -180
70~ 170 \I
= [ 7= 170
Efé’w_ _:0‘? :':-’ 5260_ % {Lawany _w;g
ZRURY S {50 0 ’ 3
= @w 98 0% A sugi e
@ - .wi Z ggou WwF lo® 2
3 ;‘/ 1% E é’ \ (5447 — %
<5 WF oo wr \ g
L —u S ol (Lauan)—_ -
’ % T\ :
1ot~ o = . Bl
101 \
0 oio' 0"~IS' u"~m' o‘«ldj‘ a‘~'w‘ 0‘17;' 112"711 0 M =T |5’4;' XTI STy B
Fig. 31 Fig. 28 Offla-¢ OB& OBEREMENS Fig. 32 Fig. 29 D&Y DG OEEMELE
The adhesion quality at the combination The adhesion quality at the combination
(Fig. 28) of the one side grain (Fig. 29) of the one side grain
direction inclined to the direction inclined to the
adhesion surface. adhesion surface.

Dk &L T B S D), FEET GlMED R DM & B LTew b ), B0 GEEIRIT E b ),
B (v feof D), JUE CHEC AR b ©), Wi M fhcByWBRERT L 0),



— 140 — HERBGIIERE 55898
Table 34. #flEEMABRETICY LEX T 2854 (Fig. 30 MO D&
The adhesion quality at the case the each grain direction intersect the adhesion
surface (the combination of Fig. 30 shown)
— WEEMEOHEY - i
~ ombination o oo leo o s S0~ B0% TE T T2 OO~ 00
B O " grain angle | 00 ‘15 15 130" ~30"|45°~45°[60"~60° 75" ~75° 90" ~90
Species T~ '
s ose oy | Max 75.8 | 73.5 | 65.1 53.2 | 60.0  63.8 . 39.4
Adhesion streagth | Min §7.9 | 45.6 | 44.5 | 44.5 | 31.7 | 27.7 | 8.6
kgfcm® Mean | 65.5 | 63.1 | 53.0 | 48.8 | 49.6 ‘ 41,2 33.7
v Max 1 1 0 1 3 6 20
| AR E ax. | 100 100 0
Sugi Wood failure Min 95 | 0 5 0 0 0
% Mean | 99 S1.1 7 0.3 0.9 | 2
,ﬁt‘&ﬁﬁﬁ:l—:ﬂj\f@ Max 13.43 [ 13.72 | 16.00 | 14.44 | 13.14  13.31  14.9
Moisture content . | .‘
[ at testmg Min 12.54 | 11.46 | 12.94 | 12.54 | 12.07  12.50 ; 12.93
; Mean | 13.12| 12.95| 13.52 | 13.19 | 12.59 ‘ 12.77 ’ 13.97
_ - — : |
] % 5 M?x 102.4 | 94.0 | 89.8 | 8l.6 = 73.9  76.6 | 51.8
IAdhealon strength | Min 70.7 67.0 65.3 54.8 \ 51.4 38.2  36.0
‘ kglem? Mean | 88.2 | 82.0 | 80.8 | 75.7 | 64.0 | 7.7 | 45.8
| M 100 5 0
White | 7K o e 7 % ax. | 100 I 0 0 0
Wood failure Min 20 0 0 0 0 0 0
lauan 0/ |
| 7 Mean | 80.7 1 11.5 10 0 0
[ P i S o
| sleg ks Max 12.16 | 12.92 | 13.35 | 13.23 | 14.03 | 12.60 ) 14.87
! Moisture content .
at testing Min 11.52 | 11.55 | 11.69| 12.21| 12.55| 11.28 ! 13.74
% Mean 11.83 | 12.00 [ 11,18 | 12.62 | 13.35 | 12.26 | 14.29
BEAE GRENIC R 2 7o\ #2350, chbo
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Fig. 33 Fig. 30 Of& & OHEFMHHE
The adhesion quality at the combination
(Fig. 30) of the each grain direction
intersectly inclined to the
adhesion surface.
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DR E &2, BHATEEH L L QCEELCHAIROMRERTH S, L2 TInbARMY
DR E IR A LS WA BEE IR L e S BRI W ric BR L, Hilk X OB E BEEMRED
BKTE b THERRC /50 L 5 2 AL LTHER T LIEWTH D,

AR A F oMb Fific, WERERHZERL T, RE7 +1~ 9 vllR & ) #EF2Tw
L2 DBICHTRERICRBR L b 0 TH DT, OB HEETER A 8 & X D i 10%, 20%
40%, 60%, 80%, WXL CTHIEL7cdb DTH S,

TDERFHRART L Table35 DLk ) ThHoT, BROMAE, HOWHIHERES N TLRLDRK
WTHBZ LIIERTNEEHATH 5, TNIHOREAD Fr 2/ pEWZ 22 RTLDOTH B, Bl
MMl 10~20% 2&Tsd © XV EENIN L B FEREEIOMIHEE L T\ & EOMED, W0k
AT CRICISELC, V7 = v DS\, BTN & 7o > THML, o2 3 LHO F'o i
EWHO Fir X0 d KRB0, L bEEIEFED Fr 50 Fe  Fr X Fw XhKkid
TR X O KIs2FEE e mT oL Hbha, LicaioT, EFCSoTliE 10~20% &tk
EWRHE D LEMERL R, WOmMESKCR DI LA 2 CRECEENMETLTTF 2 23ls
MCERD S, OIS OR & BlEF DD EENHE L  HEFEML E b TE, LiaioT,
filiz 10~209% &LHIHEEND D2 2 TIERH X VE /R D HiOFIMEZED B EAY 52 5%,
P 30% L) Fic i B LA D TIE R L, 100206 W CIRIEBIRD TRE LN D Z LB LN S, 1K
R A O N A AT EREO S ILE S IEHM X 0 —BCEm <HEENL Lo TEWERY RL T 5,

Table 35. fifitfis X O OBERG AR

The adhesion quality of the wood include knot and compression wood

Er@ %T{noTéfg

| ’rs%

|
N BERSTI R Adhesion area )

il Ormal 10% | 209 | 40% | e0% | o9 = Com
BEE N & AR }ﬂHj’f.{ ! wood | ’ | pression
Adhesion strength % I wood

and wood failure i ’ | - l | |

! | ! T T
o Max. | 78.2 | 95.2] 9.5 84.0! 9%. 1 | 72.4 0 106.3
AdheSloz strength ~ Min. 677 | 6171 641 51.3 | 35.5 3.7 87.9
kglem | Mean | 73.2 | 83.7 i 78.8 | 67.8| 64.5| S5.1; 95.2
K ] - 100 | 100 95 | 100 | 1o | 100
Wood failure ! | 80 ' 20 30 | 30 20 ¢ 100
9
% | Mean ‘ 100 | 89.4| 92.5| 68.5| 60.3 l 50.5 }
(b) A -4

FRIEAROEFTHIMGELOMOBERCTE LTI EORRTH DT, THAFET D LIt k2 TR
PEREREN IR S WEL R ZT B2 2 W8T B 1o iT o R Th 5.

(B AR 0.10m, 2¥EIEE 0.369, &7kE 11.26%OKMAFITH BAEHICONTH+y 57
4 2 &2 FHL T RROBEERRZ (TobDThHh D ThbOFEEREEAIL Table36 D L) T, A
K R B R RS T B,

(c) #& 0N

NI ARN OFEIEIF A BT B 2« D OIGH S5 & DO —2 T, FAXIEHE AR OfE
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Table 36. A F # o # 75 M B8

The adhesion quality of ring gall wood

'""ﬁ L AFEAH Normal wood and \

ring gall wood E & B | A OB
gD ij{SU}ZHﬁ Normal wood | Ring gall wood
Adhesion strength and wood fallure T oe—
’ Max. 95.8 ) 81.5
¥ 7 77 Adhesion strength kg/em? Min. 62.3 51.3
‘ Mean 83.6 } 63.6
Max. 100 I 100
K E k% Wood failure 9% Min. 90 | 20
Mean 98.5 \ 51.3
sk E  Specific gravity of ovendry glem? ‘ 0.369 ‘ 0.365
4 iy 1§ Width of annual ring om ] 0.1 ] 0.1

X, #HERER R L LK a2, MITUBED/ ML & & AT RO R E U b EK
T %, MIEPIED RS DR U T Ul 22 & ORI > TRES PR GABEA Lisdiug, ka0
MU BTN X VISR THEIRAC e B, Lo T, EHOIHETIRA . FEADET 5B FN
D & B DILKG DIRADFNIEED BIAC KT B HAL i 7eotedhéy, Tieb b X b AuiasEr ek
I DI AT BT B, COFEA L U R Z ORI L, JEE < R 0 I & ofiffic
S OBERYEST D, LIchoT, REFIHE LTS X0 7 LI % E T REATH 2D, 20
MM, BEREINC O BT D0 B ST B b T o B TH b,

(FFRIE AT 0.595, &7kE 11.09%, © 7 OFEH OIAR % G L O B Bsesting
fFolboThb.

ZORBER LT L, Table 37 O Y THOT, KA I OTHENREAL, E¥EHM (&%ILE
0.543, &7k 11.23% OHERES) HEF Tk 98.7 kglom®, 97.5% #RE Tik 130.7 kglom®, AmiER
100% %Ak L THEIARS 140.8 kglom®, RIBIEHTE 85% %R L Tk #HIANC X > CTHEIHAT
BICE b e o THRENIIERM & » —BINCE W EE2RT 2 LR bR 5. WS b R R

Table 37. 3% A © ¥ & e

The adhesion quality of collapse wood

E.ﬁabj’kféﬂxﬁ Normal wood and

B - collapse wood E % M | ® A B
AR - &7kER e Normal wood | Collapse wood
Ad. strength wood failure and moisture content ] i
Max. 106.2 | 162.6
¥ % 7 Adhesion strength kglem® | Min. 91.9 | 111.4
’ Mean 98.7 ] 140.8
) Max. 100 } 100
KERHEETR  Wood failure 9%, Min. 1 90 | 60
Mean | 97.5 : 85.0
Max. 12.79 i 12.30
4 7k % Moisture content 9 Min. ‘ 9.78 10.20
Mean 11.73 ‘ 11.09
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. TR Lol SHEBEENC VTR, DO X ) BEE e R AR A R L, IKER
BT T ORICER RS b2, EERERHIRESEHIC IS T, Tk &0 L oficalk
DHELYTERNRE SIS (Table 2~3 £IR),

T ERHEE SHEMFhC B LT, SFEERERE OB H ML EIC I U ORI R R T

CORGRA BT 0,=1821 Te BIRICHED X 5 TH B, CHIIEEFER L L CORFEMIRE M- 2700
2, AFEEMTE Fr>Fc>Fy 70aBFE»D, REOBHENN weakest link THHHTHSD
(Table 4~5 3 X vt Fig. 3~4 £[B).

V. MHEEE R OHEREECHHh T B FHM O SR E S e L, BEEEcflbn,
LUMEREAEERA T 2 H &M TEIRR L3 L, BOMTIRESRIIC RS LR L T B o Bstine
D TRDT -

AXFHESG DBEES osp 1L 51.1~56.8 kglom®, B OPFES osp 13 24.4~30.4 kglem® TcBH T
& 2NHEE U (Table 8~10 £R).

V.l B ORHEOREIEIC LT, MO Lc—ic L, FHhhs Lo fiH L
THFEHHETE U CHGE IR 7ok RERBIIEEREHIC X D 355 L 14 D HE L ORI ADE
BRI OIREINSD.

L e - 7 T PP (1)
L e e (2)
W.Fr.r=—66715F124 ittt )
W.Fr.r==9171+14] o\ttt e @)

Kz, BIRMBEISEERSH, 27 3 vBIISESER, b€ 1 vIEGEH, KB 74 ~2onTOERRIIAD
LBV THB.

O R =180 Vs ot e e (5)
O R =100 Y 15 et e e e 6)
T R =199 7 15 ettt e (1)
L el 1% T PN 8

LI EDSEREER D, A ERIRHERS Hlic XT3 2 E3 O BERE 4:AE% Wood hand book™ » RIS
FHL
(1) BEEAM-OFMC TACERETR L D
23 @), FF=Y (), v7x@), rvs¥ (5), 77 (6), A% (D, =V=v (9,
Foe (10), Y& (15), k% (26), Fe s x (27), 9 (3D
(D) B EFERMIC R TR AEEN S 2 5 b D
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247vex (4), HF=Y (8), 7TH=<Y (11), evrxza=y (12), Zw~<Y (13), e X
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Research for the Improvement of Wood (Rep. No. 6)

Study on the properties of wood with special reference to its adhesion

Kunisuke HorroxkA

(Résumé)

I Introduction

In regard to the wood properties affecting adhesion, studies were made first by TRAUX
and Brousk, then J. Dernvoxt, R. A. G. Kxtgur, and others. Aand lately G. Krrazawa
has investigated the relation of specific gravity and adhesion strength. In Japan, only
microscope observation has been done, and this by Katuzo WAKIrA and some others.
Subjects have been our important tree species, and the study about the wood properties
affecting adhesion by synthetic resin adhesives, which although widely used, has been
comparatively little investigated either at home or abroad. For the future prosperity of
plywood and laminated wood, the investigations referred to above demaund prompt and full
consideration.

I have studied this project chiefly from the standpoint of the mechanism of adhesion,
and results obtained are as follows.

II Heart wood and sap wood

We have investigated heart wood and sap wood, the relation between average width
and the quality of adhesion. In soft wood, the adhesion strength of sap wood is more than
that of heart wood (refer to Table 2~3).

TL Average width of annual rings

The soft wood of narrow anunual rings is stronger than that with the wide. From this
reference, we assumed that the experiment formula of ¢,=182r;; is right (refer to Table
4~5).

v Percentage of summer wood area against the total area

We have investigate originally the relation between the adhesion quality and the
percentage of summer wood area against the total area.

The adhesion strength of spring wood is 51.1~56.8 kg/cm®, that of summer wood is
24.4~30.4 kg/cm® by the test pieces of Sugi (refer to Table 8~10).

V Specific gravity (refer to Table 11~22 aad Fig. 5~12)

With a total of 37 comprising 34 of our important tree species, 1 grown in Taiwan,
and 2 grown in the Philippines—we studied the adhesion strength and wood failure in the
case of adhering blocks with urea-formaldehyde resin adhesive, and obtained the following

experimental formula between them and air-dry specific gravity 7:s

Radial section 0u.r=182715
W.Fur=-9171+141
Tangential section Cor =194 715

Ww. F'm'T: —66 715+124

And with phenol resin adhesive, Melamin resin adhesive, casein glue, soybean glue

and extending urea resin adhesive, we studied the ability of adhesion on representative
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Table 38. Classification of various woods according to adhesion quality.

Group ‘\Sp’ecies No. Species (Botanical and common name)

| 1 | Momi Abies firma SIEB. et ZUCC.
‘ 2 | Todomatu Abies sachalinensis Fr. SCAMIDT
‘ 3 ' Sirabe Abies Veitchii LINDLEY )
5 ‘ Hinoki Chamaecyparis obtusa ENDLICHER
6 Sawara Chamaecyparis pisifera ENDLICHER
I 7 Sugi . Cryptomeria japonica D. Dox
9 , Ezomatu Picea jezoensis CARRIERE
10 Touhi Picea jezoensis CARRIERE var. hondoensis READER
15 Tuga Tsuga Sieboldii CARRIERE
26 Hohonoki Magnolia obovata THUNBERG
| 27 Doronoki Populus suaveolens FISCHER
| 31 Kiri Poulownia tomentosa STEUDEL
‘ 4 Taiwanhinoki  Chamascyparis formoensis MATEUMURA
8 Karamatu Larix Kaempferi SARGENT
| 11 Akamatu Pinus densiflora STEB. et ZUCC.
12 Himekomatu  Pinus pentaphylla MAYR
13 Kuromatu Pinus Thunbergii PARLATORE
I 14 Hiba Thujopsis dolaborata SIEB. et ZUcC.
16 Itayakaede Acer mono MAXIMOWICZ
17 Totinoki Aesculus turbinata BLUME
\ 19 Makaba Betula Maximowicziana REGEL
‘ 20 Katura Cercidiphyllum japonicum STEB. et ZTCC.
23 Buna Fagus crenata BLUME
24 Onigurumi Juglans Allardiana DONE var. acuta KoibzUuMT
22 Isunoki Distylium rocemosum STEB. et ZUCC.
28 Sinanoki Tilia japonica STMONKAT
29 Yatidamo Fraxinus mandshurica RUPRECHT
30 Harigiri Kalopanax pictum NAKAT
T 32 Mizunara Quercus crispula BLUME
‘ 33 Harunire Ulmus Davidiana PLANCHON var. japonica NAKAT
34 Keyaki Zelkowa serrata MAKINO
35 Akagasi Cyclobalanopsis acuta OERSTED
36 Sudazii Castanopsis cuspidata var. SIEBOLDT (MAKINO) NAKAT
- 21 l Kusunoki Cinnamomum camphora NEES. et EBEX
‘ 25 \ Tabu Machilus Thunbergii SIEB. et ZUCC.

Group I Woods that glue easily with different glues under a range of gluing
conditions;

Group T Woods that glue satisfactorily with different glues, and with moderate
care in the gluing operation;

Group T Woods that glue satisfactorily provided carefully controlled gluing
conditions are applied;

Group IV Woods that require special treatment before gluing to obtain the best

results;
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species. By adhering different species it was made clear that adhesion strength of low
density wood is dominant. Next, having regard to the foundation of making plywood, we
investigated the ability of adhesion of each species by adhering veneers of 10 kinds of
species in common use with phenol resin adhesive, urea resin adhesive, casein glue and
soybean glue. Using 37 species of heart-wood—34 of them being our important species, 1
of the species grown in Taiwan, and 2 of the species grown in the Philippines—we classified

the ability of adhesion with synthetic resin adhesives on the Table 38.

VI Angles between the adhesion surface and annual rings (refer to Table 23~25)
It was made clear that there is little relation between angles between the adhesion

surface, and annual rings and ability of adhesion.

VI Roughness of adhereat surface

There is a palpable relation between roughness of adherent surface and ability of
adhesion, and it was made apparent that on such rough surface as sawn surface by band
saw, very poor adhesion is obtained when we take a spread rate of 20—25 g/f#*, and if we
use high deunsity wood, the surface is smoother, the more superior the ability of adhesion it

gets. (refer to Fig. 14~15, Table 26)

Wl The moisture content of the test piece at the time of the adhesion and its relation

to the adhesion strength (refer to Fig. 18, Table 27~28)
We found in the test that the moisture content of the test piece at the time of adhesion
and its relation to the adhesion strength shows the maximum at 8—12% of moisture content

in either case of block and veneer.

IX The moisture content of the test piece at the time of adhesion test and its relation

to the adhesion strength (refer to Fig. 1923, Table 29~30)

In the block, the moisture content of the test piece at the time of adhesion test and
its relation to the adhesion strength did not show much of a change at low density wood,
but at high density it was apparent that they receive a notable influence from it. The
reason is that internal stress of wood due to shrinkage and swelling of wood overcomes
adhesion strength Fy or F¢, I think. In the case of adhesion of veneer, because of the
thinness of veneer, internal stress due to the shrinkage and swelling of veneer is smaller,
and different from the case of adhesion of block; it is controled by the waterproof ability

of adhesives, and it was verified that phenol resin adhesive is the superior.

X Angles between the grain direction and adhesion surface

For further analysis of the relation between angles between the grain direction and
adhesion surface, and the ability of adhesion, we divided our study into two categories, as
follows (refer to Fig. 24~33, Table 31~34):

(a) The case that angles between the grain direction and adhesion surface change

horizontally.

In this case the experimental value is in conformity with HANKINSON’S formula, 0p =
—————f.——‘,aiﬂ-fm:-f—;d , consequently we were able to ascertain that if we have the experi-
Ty sIn* 040§ Cos* 0
mental value of parallel adhesion, we can get any angle of adhesion strength.

(b) The case that angles between the grain direction and adhesion surface change

vertically.

In this case, it is clear that the experimental value does not fit HANKINSON’S formula.
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XI The defects of wood (refer to Table 35~37)
Among the defects of wood, we studied how much influence is given to the ability of

adhesion, comparing knot, ring-gall and collapse effects which caused by kiln drying.





