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Shozo- Hayasur* and Tsuneo Kismima* : Microscopic Observation of the
Glue lines.
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Table 1. Properties of the test specimens.

\ Speci SuaGI ' HINOKI KUROMATSU
T~ pecies Cgfyptomerm Chamazcy paris Pinus N
Properties | e g thinberg’
~——
Moisture content (%) 14.8 14.0 15.4
Specific gravity in air dry 0.38 0.43 0.50
Annual ring width (mm) 2.7 2.8 1.7
Proportion of late wood (%) 10.8 6.9 23.3
Diameter of early wood
tracheid () radial 43 28 40
tangential 28 21 29
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Table 2. Properties of the test specimens.

T Species SuGr ) AKAMATSU
\ Cr_yptom.erza Pinus densiflora SIEB. et ZUCC.
Properties ) \\\\\\ 7 ‘g%’g;ﬂ A ; B

Moisture content (%) 13.0 11.4 } 11.5
Specific gravity (R)* 0.43 0.55 { 0.63
Annual ring width (mm) 1.25 0.83 i 1.95
Proportion of late wood (%) 9.8 22.7 ‘ 23.0

* R=oven dry weight/green wood volume
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Fig. 3. Relation between glue
spread and glue-joint strength
by using test pieces glued
under pressure 5kg/cm? in the
case of transversally glued
test. ‘
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Photo 1. Upper side of a glue line. Glue Photo 2. A part of a glue line, showing

penetrates into early wood tracheids but is glue penetration only into early wood (left
obstructed in the right half. KUROMATSU, half) and so-called starved joint in late
(r), =85 wood (right half). SUGI, (»), Glue-joint

strength 46.5kg/cm?, Glue spread 700g/m?,
Pressure 5kg/cm?, >80

/ }% ¥
Photo 3. Glue penetrates into early wood and Photo 4. Glue penetrates into early wood
ray parenchyma cells (lower right). KURO- tracheids, but oppositely directed menis-
MATSU, (), %35 cuses appear in glue line making starved
‘ joints (lower right). HINOKI,(»), %85

el o

Photo 5. Apparent transverse penetration of Photo 6.
glue caused by longitudinal one from cell

True transverse penetration of glue
. it . passing through windowlike pit-pairs of
openings in the glue line. SUGI, (»-#), xX70 rays. KUROMATSU, (£), 100
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Photo 7. Radially glued line including air Photo 8. Radially glued line having scarce

bubbles. AKAMATSU, (#), Glue-joint str. wood failure, i.e. 1~2cell layers of tra-
62.7kg/cm?, Gl. sp. 110g/m?, Unpressed, cheids, on its surface but no air bubbles.
> 80 SUGI, (), Glue-joint ‘str. 78.5kg/cm?, GI.

sp. 500g/m?, Press. 5kg/cm?, > 85

Photo 9. Casein glue penetrates into vessels. Photo 10.

Urea resin penetrates into vessels.
BUNA, (#), %25 BUNA, (#), %55

Photo 11. Resorcinol resin penetrates into Photo 12. Resorcinol resin penetrates deeply
vessels, wood fibers, and ray cells. BUNA, into vessels through perforation plates

(x), %55 (lower right). BUNA, (#), %55
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Photo 13. Resorcinol resin penetrates into Photo 14. Resorcinol resin penetrates into
vessels and wood fibers, but it is frequent- ray cells (upper half) and wood fibers
ly obstructed by tyloses. MIZUNARA, (x), (lower half). MIZUNARA, (#), »210
55

Photo 15. Resorcinol resin penetration is Photo 16. The same test piece as Photo 8,
obstructed by tyloses in a vessel. MIZU- showing mutually opposite surfaces of a
NARA, (#), %50 broken glue film with wood failure. SUGI,

(), Glue-joint str. 78.5kg/cm?, Gl. sp. 500
g/m?, Unpressed, »2
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Photo 17. Failures of rotary bending test
pieces. In outer surrounding parts of the
pieces they are rather flat on account
of the compression stress, but in axial
parts they are indented by means of the
tensile stress. HINOKI, x1

Tl

Photo 18. Slip lines (lower left) and a
portion of a compression failure (upper
right) in a compression test piece in
polarized light. There is no relation
between slip lines and borderd pits of
tracheids. HINOKI, (»), %160

Photo 19. Occurrence of slip lines has'
little connection with that of compres- 8.
sion failures. In this photo of a compres— =
sion test piece, taken in polarized light, Photo 20. In outer surrounding part of

slip lines are clearly and regularly a test piece of rotary bending, the
oriented in tangential cell walls of compression and tensile stress are al-
tracheids, but no compression failures ternately repeated, and accordingly
are found. HINOKI, (»), X160 many slip lines take place and reach

from radial to tangential cell wall and
to adjacznt cells continuously. HINO-
KI, (), x160



Photo 21. Urea resin glue penetrates along
the cell lumen cavities oriented at 30° to
the glue line in the scarf-joint. HINOKI,
(r), <160

Photo 23. In this normal sound piece,
there are no slip lines at all, but it is
rather unusual, since the slip lines can
always arise easily as the results of
growth stress, wind stress, or wood-
working processes. HINOKI, (»), X160

Photo 22. Same portion as Photo 21 in
polarized light. Cell walls adjacent to the
glue line are parfectly compressed by
cutting saw and slip lines appear.
HINCKI, (»), 160

;

Phote 25. Spiral cracks of compression
wood. They appear only in the secon-
dary walls, taking shape of pleats

Photo 24. Spiral cracks of compression | (stained by safranine). They are quite
wood. They appear at ca. 45° to tracheid different from slip lines which occure
axes, but no slip line can be found. over full thicknesses of the cell walls.
AKAMATSU, (), %310 AKAMATSU, (x), %1700
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HELm2lkbontELDBNLS,

hE, AT ENWT, Fﬁmﬁﬁ%ﬁ%t%?éﬁﬂﬂ%b&b5ﬁ¢b%0” Rl
HIEILOME K slip line &< HbbN2HALEH D L WHIHREY bbb 52, COBKET
i, AR D DA BETLA & < o slip line & %\t compression failure ORI
RBHLRAEFEZLNT, FHEILNS <T747Uwﬁﬂ®ﬂﬂfbéﬁ%ﬁmmx<rtﬂm
line A< HOTRHEETH DOk,

2. [EERphiFEHARE

AR O R © ERAY R B, ¢%%T@%%ﬁ ﬁﬁ%fmifm¥%1%éo
EEE T OYEE 2 A B OIS RES, 31D & bie RS BTG ERZ 1, Lnd
AMOEMBIRXFEROEID 1/2~1/3 TH 2015, RARNBEHSEHFRE L DL
Eibhb,

WES T, AEWS 28T ckbbsA, GRS LSBT LBED THL D
slip line »3% © (Photo 20), %= ORAMREXFEMN &M, &2 EHEE BKHEER
7t <, & &k minute compression failure X 2 FE® bk, UL LIEESR»HEER 3 1c
feo T slip line OFER/NI L0, EHHERA 2 b OBEES & Ffkic, slip line (2R
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X o, BEHE X o ERKe, —BHRCRDS b, B REENERE T, Hl
HoREH2ZFboTky, FEREcsyw TlIEL 7y 7V ALORFINEETH 5
72D EfRELN D, TR DWTRIERSREEH TR E TET v v i, G5k - 378050 & 238
nZ kb, BHECE S slip line ZBbh 2 HEEIND L WIHELH 59,

RBEEBICBT AR E Q cEED o slip line 75 & OFLE LTBHTE 22D 5
nismhote, ‘

3. RH—7 -Taqr +RKF

KB 30° oL B ONLHEME % (Photo 21) R EEHEEE T ¢ Photo22 o T & <,
HEBPTE OISR OB E I h T TV TR 2 %, chRERF 2w TED
SR RN 2BRT, ROWEEEC LB TEHE LV, 20X RS TEM DM
IPBIRICE T LT3 2 & R v, o oBRBEC T ClcfillENBE 20
T ETNERERBCH T 2 RMEEADRIEBR SN D, BER S 2BEDORIICE TH
FICRBBIEL, TOMENAARM L OBV EFRIZ LD TARMEEDEHNED NS, Tk
bbAH—7 « 25 AV IFHHVIEARAEZCEL TH, HEBOHE X, Mo & & S
DAHTIRL, TOHHEDREBLCOWTI ELTESAEELLbATERb VW 25,

4. fORHELOHEK

FEHEERe /72D 7155 — T slip line OFE®FAELLE A, KHWE X
slip line 7 EEEDS BN, FEHVACHBEMRET CRFEEFEL 12 (Photo 23)
2, M REECR LIELE L h 2Dk, < OB T v -5 — r 288 LEan, THhos
[ i@ 4> 7o 2T slip line OFELLVWHOREFTHEME VWO T LV, ik minute com-
pression failure DFED LN BB DI 2 H D,

AERTIHABRTHHMNTE 512 & D compression failure MNFEH LN TR O, FH
et B 3nskhic SR 2 72 minute compression failure 7z~ Lk slip line 3
SEEHEL T DhH, chONBEDORD AR LEEDORKEC 3t RFTESELONS,

EBT7HTYOHTHERL LA — OB LT, HTEAHOD spiral crack oK,
b dEimici slip line ke < Rbh4, WUYA T3 spiral crack @ 72 W5z i slip
line 73F2® b i, spiral crack il o Rililciz g 45° O HE T 5 ¥ AR b1 (Photo
2), Lmb 7 a=Y B THOAAEERE (Photo 25 RO L5, TKRECOLER
NRERDBLNE ik, BTHEBELC IO THWIAEINRTW B, chicK L slip line i#ifig
Bo#EE cRAEXE>THbR %A, AEETRMEcEEACEbR, Lirboh
FHFEDOE I DRI EDOT WS & & bThiE, §# spiral crack 134 < o b oT
H 5o

= &

ERM NIBHERE OHEEREX TMENCHBE Lic, T TERVANBORERC LicAn —
T ey bR BEEREYHL 2T HNEDLOT, AF, £/ F, sV O]
FRHK A, TR 07, 30°, 60°, 90° Katbh AR IED, KL BTfiE L+ —E
LG BTCHEEL, BEBHEoHS L oS W T, HEREOER L BEBEN C#
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BLlk, FAF, 7H<YOKA -fEH - REHAEERBL LB, BRESCEFO
ENTMRARC X 2EER I T THELY, FOHEERBOBEEL» AR L, chb
DIERZBL TKRDZ &N 5,

BEEAEEmMCHED L CwW AR &+ %5, M ALEERBEOLTHAEN 00 GF
Hb W EHERE) OB EEREES 2B TH 50, AEOHEMCHED THAL
0, »OEEECST AMIZOOKLHMT 200, BEEFRNBCERELE L, &AM
BT DEEROIN D Db, BEBPCIBEEGALY, RESED CEENEIK
TELDRDT 2, NEAEEOERINDIERMCE TR, WS HBENKBE &M
BELEMHFOMMIC Lo TG il bliiv, AA—7 « 23V Ve RBE2EELD
nledicld, FEHS 2 VWERBAEEECHAED 2 ~3EOBMEXLE L T 5,

BEEECEL TREEROMEDS LT, MEOWED ZOBEEERECUREEST L L
Erzbhb, T THEBERCH L CERMOMBERELY, BEBLOM#EKsWT, b
RCHEMBIC Lo T L, fEH - IRAMEEES T, EEOkoics i slip line 754
Ll WASTEBR ARV, LA LAS—7 « 224 b OEFTAKDTEL R TSmO Mg
BOWE,L RO BR, ChAEEHECEET L nELbND, BERFELESCEEL
kb nwaTh B,

WIFRE LT, AMOBEBECE L TREEFMOHEBEINMEDERABIRT 5 L B 2 &
Lo ViBlciz L BMEDR UREHK N TR LEEL TR TS 208, MHEID 2L THLEBA
BYERH D CcOMBEERENEL L & FCBHFER BONS, el EoFEMHE»BAT,
EEBH L THESCRNEROVES Y 2 (BT orMETH L w2 15,

Summary

Especially important properties of glued-laminated wood are its strength and
endurance, and jointing state of its internal glue-films is a key point to them.

Now, using scarf-jointed softwood pieces (Table 1), a precise observation
of the jointing state urea resin glue-films having different angles to the wood
grain (Fig. 1) was carried out, at first, in relation to their delamination times in
boiling water, proportion of glue spreading area, and penetrating depths of glue into
wood. Fig. 2 shows the interrelation of some factors above mentioned.

The results ars as follows : Glue penetrates into openings of wood cells. In the
case of pieces in which the angle between glue-film and fiber direction is 0°, its
sawn and glued surfaces are apparently flat even under microscope. But in ac-
cordance with the increase of angles, their flatness decreases, the number of their
cell openings increases, glue penetrates more and more easily, spread over the joint
surfaces grows more narrowly, and the time necessary for delamination of the glue-
films becomes shorter.

Secondly, the jointing state of glue-films is revealed by the microscopic observa-
tions. The test pieces are made by using also an urea resin adhesive which is
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adopted to the glue-films situated in all directions of two species of coniferous
woods (Table 2). The observation of the glue films is applicable to the interpreta-
tion of the relation between variation of glue-spreads and pressures and resultant
shearmg strengths of the glue joints (Figs. 3 and 4). A

Noticeable points of the results are as follows: (1) To get a precise jointing
by adhesion, especially such a one as that [of the glued-laminated woods, micro-
starved joints involving minute air-bubbles in the glue-films or so-called dry-
adhesions caused by the lack of glue by its penetrating into wood, should be
carefully avoided by proper adoptions of spread-rates and pressures. (2) To avoid
occurrence of starved joints, 2 or 3 times glue volumes are necessary for making
scarf-jointings compared with edge or flat-sawn grained jointings. And, micro-
scopically strict examinations of the sawn surfaces and glued states over the glue-
films are, indeed, most essential in the laminated wood making. (3) In estimating
glue-joint strengths, it is desirable to take into consideration minute wood failures
of adhesion, which consist of only a few layers of cells covering the glue-films, and
thus the individual error in measuring the wood failure proportions would possibly
be minimized, although supplementary evidence in regard to it must be pursued
in future.

In many cases of wood gluing, not only of the glued-laminated woods but also
of others, like the wood surfaces of the jointings, usually the sawn ones are used
as they are. Especially in the cases of scarf- or end-joints, it is evident that micro-
failures or -structures of their glued surfaces have influence upon the bonding
efficiency.

Subsequently, the failures of some specimens of the glued-laminated woods
used for strength tests are observed by the polarization microscope. The results
obtained are : (1) Slip lines are always found in normal sound woods but only a
few. (2) Distribution of the slip lines is generally uniform, but they take place
more frequently in the failure zones. Therefore the slip lines seem to be a sign
of failures. (3) The slip lines are generally apparent on tangential walls of
tracheids than radial{ones of them because of the fibrillar orientation of their
secondary walls. (4) And the slip lines occur more frequently in latewood than
earlywood, because the latewood tracheids are thicker walled and take charge of
almost rigidity of wood.

Again the results of observation on sawn and glued surfaces of the glued-
laminated ;wood are as follows: (1) On the glued surfaces belonging to the quar-
ter- or flat-sawn grain, there are no slip lines or failures caused by the adhesion
processes. (2) In the cases of scarf- or end-surface joints, cell walls in their glue
line regions are almost wholly bended at their ends by saw-cutting. And this defor-
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mation of the cell walls necessarily damages the bonding strengths of the joints, so

that we have to be carefil in carryihg out the adhesion procedure.

“‘:Furthermoré, so-called spiral cracks of the compression wood occur only in
the secondary walls of tracheids, but the slip lines are caused in full thicknesses

of the cell walls by some stresses.
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