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Shizuo Swnrgrsawa, Shinsaku Nakascawa: Studies on plywood. Rep. No. 2.
A study of glue lines of plywood glued by casein glue.
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8 31 ' 8.1 | 65.0£2.9 | 612 | 53.8
9 27 | 8.4 | 52.3+28 | 55.0 | 619
10 2 |75 ‘ 64.0£2.7 | 60.2 | 52.6
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L] |  63.0+3.9 60.4 | 55.1

skl 1 HEE NIRRT

89 —

% %25, 2 BAWB/KE #-2.505,5 7 4.455, 3 AMEKE 12.9%



— 90 — MEERRETEHE #5185

vz Lyﬁ“;ﬁ—’bénf w3, (8), BALICLOTHEAS v F— L RUEIEN Y £/ 382
it &l mT(UIbL L7zt T BT 1 ﬂ#iﬂlur’vf“tfi*ﬁﬂzﬂ)%{t'lfifeﬂabfﬁzﬁr@ﬁh &
MEC SRV EB L BN ZFILE Y, RHICEM 5T 2 D% b D A REEERTIINE 28

L2 N HTH 2, HEEHIOET ¥ 2 b0k, KiiOEZ5RIHEICETMLL Ta
BENTMZ 6NZDT, AW LEGEH] & OBDA T BB SIS TT %,
© 1 ERRO N REROEGFEO I 2 O LI TR OIS, RO £ LoTRE
D, At A CTIERHAETEHIOILENMIEW DX £ RATVWIOTHIREARILERLTWVWS

, Kk 60~T0u TH 2,

&Fﬂ&&#ﬁ@ﬁé&@%%komfﬁ&i@%ii@%7LM%%MM®%ﬂEWﬁ,
I B DILT W B LA BAUE, PR OB AR & 25 FmaE S <
ELWT®A5, L LESEGFEOIEIUNOFUBELAL v 5Tk R 5 T 213D
TWHTH Y, zoliFEicE+2 R. A. Cockrell K7t H. D. Bruce OWfZ™ IThirT b,
¥5E )1 & AR O 2 BRI DWW T ORI HiEIENO RO 72 b O IZHIN TE R WTH 5
5 LIERTWV2, TOFERITHW TN~ OB THGFE OMllv & OICHFFENI O § D4
LS00, ENLRERBHEORFEAELLC, Ffiins 40p BREOAH TlE —FAMHRE L
EE 3O TRV LDOBLWOT, BEIRORERHNIO b 0% —#Eniliks LB ¥ 2 Uiy
T 2720 A L &Y 0p U OEBRE b OT EANETDH 5,

4 FHEKOIRAE

R 5 ) = AT B L BT B TSR 5 LT\ 5 & OATRA £ 28
THOT, HLIKELLFFEL TV bORITA ER Vv, TILAERE SN YA ICHR RO
TV A A TR AR EEEH & SERIC I L Tw R WA (B3I Asic o
T, HEEHE &K E OB RETS 2. T IHRFEINOEE W b O3 F0K & Bl &

=3

l

HeAERID mm&ﬁmmvmu@@ EERI MR L W54 0
B3 EAR L EEH OB

DEFEHAVNTD D, EOTEA VKL, BHEIRBIT OB & 81525 5 &, FA EH
Il S R OERBRRIR IR ICHE LT v 2, SR ERLETICEtic 7 v — 235 2 FREERTE L
TIY, EFC L O THESREMDBSENENDRBHTD 2, I - M EFRMIC LA TR
HEEMOR DIV IOT 20 FRiETH 20T, ZORLZEETEN DR, TOWRI >



B €A vAREEROMRC DT (R - #)1) — 91 —

Y W e
FAR HEEHNRBRTOUBRE ()

HRLEM D F\ & D TEDTKRERS D 7 4 ~ (X RHCHFE LT\ %,

B LM CH A SBERIC % B .
MITRWTHTHEER SO TD 20 E SHI>WFETR WAL, > P HOBKEENGHZ2TYH,
CHIMICE D Lo TiRAVWhE DL,

HARRIOAH Y 2 ORADERS 1, MHEAHAn &R TMECLVED, HiMOKARZ O
BIEECEALTVS., F IMDORBROEIFITIANT b~ O TR TN D 225, HALD
Z DIE RV, REARZHIMOAVEF TR ZOIZZIRKRITHEZDOTERALTYV S bOMH
BiLD, ¥ F A THRIEIAYE D ( HFER QMW L OTIRF S LA LTIY, #41iT
fiR] “Starved joint” I LTW3, ZILREGERIOMEBEOEWINCEN L bilic®
LEND,

LPGERIOADEEZ X, T 2EARIOMBEIC L OTH D LPEIND. Mo/
WESFENGZMINIT £ { BEA LT “Starved joint” ¥IE LEWZ &iE—KiTmbN TV 3l
DTH2, ZV—RRZFREOHEY L OTw 24T R R & 7V —OBRADHS & O
R I R BIRIZ 7 v

BN LTGRO AR 5 BICR Lz 4 BRI TS 27

v

, 1 pEgER R WHEC & —ik

5K AMPIFA LAHEERORIK



— 92 — 1 HARREFIEHYE H51 8
MIcioi s, 2/ ZHEMIC/VMED b OIC 3 IR LLEMICEBOKRE S bDICE v,  TALZHET
TR 2 &6 MO CEAT 2 RIEISKEED b O & /MR
DD ERZYZDBL VT H O T T 2FAC LD T
WO, 2, 3, £ihd. 4iEEABBIEERRICRVT
NN TH 2, HAHROPITIRE « MO KA
o, TRESARIOER ARG, B OHEET
IDOTEORIBEZTHH 543, EKERITEI] LicA#IZIt

BN WHHICRITZEERFEAD

AN BIMSIIL P B d DT, [IBOIRAIZ % 3L L4855 7))
YT LB THS 5, |

V RHOEEIC DL TOERE

A EFEOMRECE LTIk, #E3R%  OMFAiThiL, 3iidin IN TR OlfHEic M
T 209, B COSHFIRG 5 ZIROFERICEA LTV S, £0—Tid McBain k%
OHHHAFC L OTITbNIcbOTH D, fdRERG 2 Truax,Brown #EickoTha
NedbOTH 3,

McBain HREHFOBNE ZOWCHREgeLic,  M—dHteAMOME 3L T OFME & 5
AT AT kS (Mechanical adhesion) T ), ZILEOWITOEEOINT
WEEO WA SR LMD, BERfEoTRULT 2854 b, H55H o 8k Keyive-
action) ICLOTHHT2DOTH Y, H217HT, SREOLILITAVWEESRETFIILS
LAk ek (Specific adhesion) T3 2, ILHHEIT5®icEkE LTERkansz &z,
ok AN 2 WEm DI 628550 X bR %, Van der Waals O T-I#IEN T KBS 03¢5
BEiC L, MH2s5eRICis Le R e KRIEEC XD TRHFZITb L2 L TH D, WHIEX
T OEFERIDNEIER UL £ O BITHR W TEE ML, WM 2355 LT W 2 10 K5 bk
BEx b Ok B 492 T LSBT H 2, RS < FAEHT 2N 2 Kiiic B5#] & OO/,
OFAOBEIALZEI R AR BER L TR 25260 2,

McBain 3L« OEBRIC L DT, AMEGHCEL R ZE LI 2Ok B H5TH
DRI ZALC LT LE RS THDOE L LTwih v &35 2 2. 2 e LT Truaxid
¥AEOZOIERITRO Tw 3 N E § EMESIIIIT ORI, Tk 2EHEEHF2 b ORI,
JHTH D Eifiim LTV %, Brown, Brouse 12 H75HIOROBEENAMEETEOLA L ) KV
TEBMEAD DT & TR LTHMIMEFER I LT 2, SURMEINIT & IEmitk a8 o %
L, SkidIrmitpne] & Rl c oS T 2 A kB h i o iz vw & LTItk
TR E DR ORTLORD BH, iU LT Halls 2w iimoOEERIC L 2T
B LTw,

Alexander [3387) 2 i & 5 2 22 B O MNITIERITTE WEHRIK T $ 223, SVELIRREIEr©



H A VAREER ORI D-T (R - ) — 93 —

AV ERERTWVWS, WISILIT LT Y RMOETEIC S 2D TLLHEMiThiL, Van der waals
ONFNBEELFEER 2T LW ST LETHELL LVWHiTH D, XEGEITRILOmEE K
ZRIRTHBPNERAEGTFIIGONAVWE YRGS Z2O0THOT, v HOHRIENO
Ewboicibizzing GF3E) #5532 & b1 IKTE Lo TwabiF THOT,

KM E TN — LRSI LIS EC T 2T EBRETH D, A LESH 2 KT Tn M
JaNBESEGERI L HM L TuEW DY, TOEFICHRILD TV 3 EHOEIAICIZ R K
TLTVLAVWOTHDOT, T \Icffil] 2N eAMERIZEFTCE L TKAMEL b OTw3
DTREVTHS 5 &\ 5¥fEfsiTbLsbETo Y, G. Kitazawa |t Mack, Fowlar,

Harlow S OIS 5 LT, AR EEEICE LT—BE iR T Lo TR AL
ELTV3, BIbEPd2samiplis, Gpd 2 willol & 1 OMRENR 20256 7,

BrEOh, g (Middle lamella) 25—k, kB & T OMREIZR D, HICH 2R
BRI & D TIET 2 & ST 352 O 2 LW THERE R D, ZONIEASL LA
WEFEEITS TEH S LHLTwD, CRREAZERTS 223, BOELBELVTHL S5 &
Bbihz, MBOANEEL, B2 THRAEELZH LTw R toRETHIR) ¢ 6N TE
b, ZID OAITIET OAAEDSHERSH & NEE & Ol X 5T T\ 2 I BIPH 2 eioZng &
D PEGRUEBECD T THOT, KRR R THABAERR LEM L TwARVLERT
AR INZBRIZEFNE M T LARAVWOTH S, FRNECH G 28553 EE N 2 VSET 2
BEANT LEAELRVIETEN L VGET 2 bEEA b O, BIbde b ailuBic i3 248
FBETHOT, TOREFLENMECKRIOTH B, 7 —F ) — v — AT 5N I BT
FEHEA I &3k LT w3 Middle lamella 55408 L T2 L3O THTH 2, GILde

1

Rw v wCcC w TCrer w \% w C w - Cwrerer
w7
W05 R UGN L7z U S AR O A OR
w T [ v V+r cC+ Vv
B ) B B O M 2 B € B
+3  43.2 8.2 . 33.3 18.3 51.4 1 48.6

|
%, ' 50.4 9.1 | 28.3 28.3 | 59.5 | 40.5
¥ | 29.8 8.1 26.4 . 26.4 | 37.9 | 62.1

WA TR, o kAR, vomE



— 94 — MERREGPIEHE B515

FHOHEMTINEY D, ZOWEMCHET 2RO, 25pioa e L,

LROFEM D6 2 LEFFCET 20N BRIz > 7, 2NF 50% R 2Tw30
TR LT FiE 402 icliilelrve TOPFEOLWEOIRIESE)) 52T HA5 EH2 640
%, ZOUPHIN7eBiiIZ KT T, Bifiic X DTz b, BUEOILE, ILELITHBILT
W2 ThAHS LHUGIN D, Truax (EBHIOEGHBRD S, @YERAO TICEOTIE
AM OV G KIRILIEIC LB T2 £ v S HRR 2TV 2, TALSREGE N EPSET 5L
BRI ESNZZREETH A 5 2V S HEROBIRE A2 b DOTH %,

PIFRIE Y FHMOAIT, Kitik 2O BB TEHOB IBNTE, HEFIAN T 2 &)
HLTVD, CZILEMBEOERELT 2V nictwT biThiL, BB IN B 4% i
D, QD THRHTER DK LI THER NN ET 2 00 THA 5 22 605, P
G. Kitayawa 1ZHIBH S ALZAMIRI 1Ly b HEF e L C— AP 17T 2 b O ThH W L AR
LTw3, AIBREEom <, ZRBEOPEICRWTRbFWES N ER L, ZXKEDO M-
i, — KBRS 2 TH A5 LR LTS, TR ZIELVWTHS
5, Wbz FY 7 =vOERETE L% T 5HIL Fowlar 2EOHGT NG 2 EBRIT X O Thrg
ENTHY, V7 =rOLwiijiF (Middle lamella) Th} 28553852 THA 5 L#2
B, TEIEOP TR A RO AL HEE T /e (Fibril) skl & 5% 2 11
EERLTVIOTINIHAERIITHZ EFTOILTOVINFEL Y b Z0EHENRSE 2 &#
2561, ZREOTE T bEWIEEEITS5TH A5 L2602, RO MO X 131
KRBT X OTUE L & 5 L3k Ze sl LIS R 07e, TELES, 5T VW T b F
REERIT DR ZKKOMETH 2 LH 26, TOPROIEN O, BEEDIEL, U
PSR EIc L2 b 2 <, WELFC, ZLTshbmvesaohs, ¢
LT HTE SN 25O OPE & fitfiigic e L7z b O TH O THGFOAC AN TR WA
V. ZALITBE L TIRBIEITH W T SRS EINA R Ve T DT D W Tk x i
RO DFEABUHENRC Z Zer L R 6 7w,

vV # =

HHTFO RO 7EE 2 D H ¥ 4 v AHOFTER ORI BMET TIicEs L <, H72i sy,
AORMEMOBEARECHE L THFONRE T o7k, Shsbzaiug,

1 #%4 v 7 —OBER L IWELT, ARET A2~ EEH LTIV -2 g >
FOBUT T, 7 — AW & 7 DA S TEET 2 Bk ke,

2 AHOHREIIE Z OEAET) T LHERTHIZSE T8 T b, AT % T LI K
FT 2, %7k HHINOLE 2 IHIEE, AKE, S5O RELOMONTICEOTRS,

3 PEMOEIZEGENCERAR R Y O TER T 243, HEREEAEA (s L4k



% E A4 v ARBEEBOBRC AT (%R « B)ll) — 9% —

FEROEIRM Y, KKICRWTFEY 60~70p T 3,

4 HEHBENORSEE 2 L O, FERLRTIC 7 v — SIS EIELTED, 71— &4k
PORE & DAV, ThUc s IS (BRI N, 2505 boREFNHREY T2
LRI OEAFLHRITOVWT WS,

5 HHSHEISAOWES & HERMEN & Ollic R A BRI ReNE W,

6  AMEAICEE AR LT ORI L MEEETH 2 L E 2N, ZORE N~
T Z7EOWML, PEEQEWILEO KA 2 b0k, TNERIO S FHELY BRTHY, o7
Mo 402 UFROIRK LT, 75 - 2-30% 50% LETd 3.,

TGN B IR T b SO AN LRI WIEE L BT TH S 5 LE2

biLs,
2 £ X KW

1) Weinstain, A. I.: Method for cutting and differential staining of microscopic sections
of hardwood glue-joints. Colloid Symposium Monograph. )

2) Smith, L. T. and Hamilton, M.: Starch adhesives. Chem and Eng. News. Vol. 22
1944

3) Brown, F.L. and Truax, T.R.: The place of adhesion in the gluing of wood. Colloid
Symposium Monograph. 1926

4) Kitazawa, G.: A study of adhesion in the glue lines of twenty-two woods of the United
States. Syracuse Univ. Tech. Bull. No. 66 1946

5) Brown, F. L. and Brouse, D.: Nature of adhesion between glue and wood. Indus.
and Eng. Chem. 1939

6) Chamberlain C. J.: Methods in plant histology. 1932

7) Cockrell, R. A. and Bruce, H. D.: Effect of thickness of glns line on strength and
durability of glued wood joints. F. P. L. Rep. No. R 1616 1946

8) Forest Products Laboratory: Starved glue joinss. Tech. Note No. 193

9) Brown, F. L.: Casein and its industrial application.

10) AARTERZLRSY | AR BETHHEE (Ko 1) HF £ 31% 1, 25 MR 24

11) KRR | GEs FOF I 22

12) [UASCEE, BBEE . »€4 vBOWE i@ iE 4

13) /NEERLR | RESIaE O S e AR B 1EE IR 22



— 96 — MARBRGITIEHE H51E

Résumé

The writer observed the microscopical property of glue joints of plywood
glued by casein glue. The assembly time——the. period from glue spread to appl-
ication of pressure——of prepared plywood is 2~52min. The results are as follows:

1. By the measuring of swelling of casein glue films, the writer found out
the method of permanent preparation of plywood section that has glue lines of
same width as that of dry condition.

2. The assembly time of plywood has a remarkable effect to its jointing
strength. When it is too long or too short, the jointing strength decreases. The -
optimum length of time vary with species of wood, moisture content of veneer,
viscocity of glue and many other factors.

3. The thickness of external glue line may vary within rather wide ranges
without affecting the jointing strength. The plywood of long assembly time has
a thick glue line. The average thickness of glue line is 60~70u.

4. If the assembly time is too long, the contact between glue and cell wall
of face veneer is get out, because glue is somewhat hardened before pressure
applied. This phenomenon is observed more frequently in wood of Shina. When
a visual examination is made of the surfaces that are exposed in testing the
jointing strength of these samples, the most part of glue is found on the surface
of core veneer.

5. Between the depth of glue penetration and assembly time can not find
out a remarkable relationship.

6. The excised cell wdlls seem to play an important part of glue joints.
The percent of excised cell wall surface in linear measurement is larger jn species
of thick cell walls and high specific gravity such as the wood of Nara and
Makaba than that of thin walls and low specific gravity such as the wood of
Shina. The percentage is more than 50 percent in Nara and Makaba, but in
Shina it is less than 40 percent.

7. The excised cell wall does not act as a homogeneous surface in gluing.
The adhesion between glue and middle stratum of secondary wall seems to has
the highest strength, because it is a recognized fact that the slope of fibrils of
middle stratum is nearly parallel to the longitudinal axis of fibre, whereas those
of inner and outer strata somewhat incline to the axis.
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