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Hiroto Imamura: Internal Stress in Paint Film Coated on Wood
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imen (substrate: Hinoki).
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Relation between fringe order and thickness
of unsaturated polyester resin paint film

(substrate: Hinoki).
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Relation between fringe order at position 1-i

or 1l-o and cross-sectional area S of vessel
(non-treated Kuri radial specimen).
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: at position 1-i (early wood), the vessel is adja-
cent to the late wood of the preceding year.

2 :at position 1-i (late wood), the vessel is adja-
cent to the late wood of the preceding year.

. at position 1-o, the vessel is adjacent to the
late wood of the preceding year.

4 :at position 1-i, the vessel is not adjacent to
the late wood of the proceding year.

: at position I-o, the vessel is not adjacent to
the late wood of the preceding year.
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2 : the vessel is not adjacent to the late wood
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Relation between fringe order at position 1-i

or 1-o and cross-sectional area S of vessel

(Kuri radial specimen treated with wood

filler).
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Symbols are explained in Fig. 19.
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Relation between fringe order at position 2

and cross-sectional area S of vessel (Kuri

radial specimen treated with wood filler).
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Schematic explanation for fringe order chang-
ing during moisture absorption of paint film.
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fringe order
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______________ -—— : fringe order in paint film on wood.
- f + - : fringe order in paint film on wood, caused
by curing stress.
m -- i fringe order in separated paint film.
i' s, ¢, m, ¢ are fringe order caused by swelling
P stress, stable molecular orientation and stress
/S N 3! recovering in retard, respectively.
time of moisture absorption
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W 5 OHEHC SV LT, BEREALGIREOBA RIS, ERIEIOREIC L > T LRI BN
L, INERESEEEEETFORPERT, —7, KMAEREO UREBAMOEHEIC X 5 EAIS

Table 2 K¥ B X OBED Tl &KER (%)

Equilibrium moisture content of wood and paint films

20“(, 65 RH 20°C, 90% RH

£ /0 11 L9

\
Hinoki ‘
—bubra—RT .y h 0. 62 5.19

Nitro celullose lacquer film
TREARIE U 2 TR R ‘,,,, -

Unsaturated polyester resin paint | 0.31 | 1.07

_film I I
=t e |

T3 /TN/JF I\’ij]Dyf] 1.83 | 3.57

Ammo a]kyd resin paint film
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FDOTED 2 U, BRI D Uk B 330 LOE T HIc T 5, 90% RH T 24
B BRI B 2 &, L3Oudh I 0. 015 2 L, 243 2,67 kg/em? O [E4i
IEINTHEM T 5,

Fig. 28 3= bmvrm—2 7 o —BEOHHBERIAO USRBZEE RS, CNEROMERNT L
[Ek 65% RH TlIL a0 5 e, 90% RH R T 24 BHOMEHC B W TS LERBRBENERS &
MERIS DRAFTE LI g, RHAOT TR E /NS, cnERIERBEEQHEFEMN TS 4 <
LicksEEAON D,

AR A DAIIRIR Y = 2 F USRI D L F Bzt Fig. 29 1cRd, 656% RH ToOMlEM
FTARTNC IR LT LR REIEIN L, RIS S 24. 3kg/em? /05 72.0 kglem? 8§ LTV 56 K
Ay
 F oK ERAR S KW EEE DV NS0 Ep SAM OEMILER T E T, WA D AU &5
WO b 1 Dl & B2 b . T O ATAMYSERBEART 2, LERHIT0.136 Th D,
HUBE IS D U R BACIi D LT B0 BGRBAETL 23 N EH TAMASSBIARES 2 & L & i
0.143 D720, AR EER D UERBEILWNETH 2 CE b b, ORI NMBIRITIET7. 2
kglem? TH %,

3 90% RH FTo 1 I EIC LE RO DS N2 A8 205, UL T O@BPEOHMHRH 5

Fig. 30 {3 HEBRIK D RETR AR Y = 2 7 v BHIREIIC DO TOR AR, 66% RH TOMNE S 1
RTEEIRD, WNBIE G S50, RIS 23 B A oRMASERAERE ¢ 2 &, LSz
0.19 2720, THITHEEFRESBIOMIZIIM LTS, BN 12.4kg/em? TH %,

DEICT I/ Tovd FIRENC DV T, Figo 31 ik RBEOBIE & Ko B 81 5 U koK

BAbAIRT o 65% RH TOIRIIAH ARG & SR D TERIS T8 - T B 2 L2 20T T 0 4 Tl
720 UL LTSI GIEHUE I AR KO MHEOEADATH D, IRAMIT O 2 ERIEE & il o
T BERIS SIS S, AT S0 LB

13 1.1% DIGHiAERT . Fig. 31 KB W ORI RPN
W% RATD 3 HAT, AMOIEMPENE XL N5 LERBOEREEINAERL, TOBRETLTE
EUTORIBE AT D, CAUCBERT ABIE S M L E B Fig. 32 X5 il 5, % 1«
Fig. 33 1212 76 H 1 CHUME U/cdm i, BEBEOOR RIS X O AHA @I o &S h o U0y i %
R PO D K DI, 76 HETHEESNICBIRD UE oA RSB O L2 LD 4 F &

Wwhte > TREWEAIRT

T3 7oA FRHEAR O R ERMAO FINIC B 1 5 LE KO LA Fig. 34 10879 o A 575
O UERBOME (Fig. 35) R & & I o sfich e D 3R —cib 3 5 F T LR
TN UERBO ST A Fig. 36 {CRT, 2 bbhhd X HiT, WHRBREKIZOOTE LEK
BT HBER IR O £ 1L E—H LI,

AREERT NI SO BIBUT 2T, WG I D 2L S IR D DRI Z AT A%, R D &

DEICIED, THDOEL, UFRBOE(LORZOMANARNTEL L&, =tatwin—27 v H

BRI E AT AR ) = 2 FOVEHRERINC DO TE, R T RLEE U 2o 2RI U F OB BRI b s I 0

N EERBG L2, NIRRT DR DSTIETH ~ foo —5, 73/ Tood FEUFERICTE,
WAL, —EEcE Lc L I8bN 2 76 O ENCEB TS, KHH
RO BB D2 N SR T, WIS IOUCERINETSH » 7o TORRIE, 73/ T F FETRSE

B L % IHDS
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E o3r
07 :'; ’9;;}1_\0 ° ° 2
OIJI]\IIIAJ IRV T S NON SSNE T T SE SUU S SO S 1 . }08 a\\ ° a'
0 2 4 6 8 10 12 14 16 18 20 22 24 26 i‘* 0.2% R . S
W () R
time of moisture absorption (day) X5
w507+
Fig. 27 RIAHEBIR (O) b XUBHERYE £
i (@) DEIRREE LEKE (= ko N
1\2,1,13_17/77 M, AR ERERR) 02 4 6 8 10 1216 16 18 20 2 2% 26

Fringe order in coated (O) and separated
(®) paint film (nitro cellulose lacquer film,
radial specimen).

T

i
0!]]Illilllllllllllllllll
0 2 4 6 8 10 12 14 16 18 20 22 24 26
/R G D)
time of inoisturel ahsorp\tiun (day)

Fig. 28 RMWNZBE (O) B XUHERES
R (@) OWBIME LI (=t a
wva—2 3y h—8E, WERRE)

Fringe order in coated (O) and separated

(®) paint film (nitro cellulose lacger film,

tangential specimen).
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o4t

:

= o

E

= 03
0 e 8 .
8, ° 5 e

0 P S R S PR NPT
0 2 4 6 8 1012 14 16 18 20 22 24 26
[/ I N A
time of moisture absor ptmn day
Fig. 29 KMAIEEE (O) & JURERE

& (@) OB & L sk (/f\ﬁ f
FY) T R TFOVBERRIE, AOHEEREK
Fringe order in coated (O) and separated
(®) paint film (unsaturated polyester resin
paint film, radial specimen).

ST U Y
time of moisture absorption {day)

Fig. 30 /(\l’thﬁﬂff/’fﬂx (0O) # X UHHER TS
(@) DOIRIEER & L3k CRaEfn
ﬂ~ )T R T OVEIEERIE, R E BRI
Fringe order in coated (O) and separated
(@) paint film (unsaturated polyester resin
paint film, tangential specimen).
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%
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J R . .
0 2 4 6 8 1012 14 16 18 2022 2% 26
WEd wE ()

time of moisture absorption (day)

Fig. 31 /\ltﬁfi/ﬁﬂﬁ (O) B L UHEERE%E
< (®) DRERIE LERE (7 3/
7»# FEIEERL, AR IERER L)
Fringe order in coated (O) and separated
(®) paint film (amino alkyd resin paint
film, radial specimen).
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0 0.5 1.0
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free fractional thickness I‘”\“”l ary
surface of paint film surface
Fig. 32 73/ 7w+ Fi DR FHD
l/ ES /’(”’Q /ﬁi </}\ Lx ﬁl&.» J/L)

Fringe order distribution in thickness direc-
tion of amino alkyd resin paint film (radial
specimen).
TOHE
76 HH

at 0 day, FHE  at 3 days,
at 76 days.

J

N/d (mm™*)
K
T

1.0
AT
ree g boundary
surface of paint film surface
Fig. 83 73 /7% FRIEE O 76 1 H o

S

,’L)(J}/f] (/T —]IP‘

Bigk & L E

Fringe order distribution in amino alkyd resin

paint film separated on 76 days (radial spec-
imen).

176 E] 5’

uﬁ i

i L7-45lE  separated on 76 days.
initially separated.
on wood.

Lt

Lt

0246870727476782022

R T D)

’4 26

{day)

time of moisture absorption
Fig. 34 RHAZHEEL (O) B X OBEm Y
I (@) OREHRITE Lewd (73
J?}l/”r }\/Lﬂ‘f—bf)f“]}\., %REUTK V\->
Fringe order in coated (O) and separated
(@) paint film (amino alkyd resin paint film,
tangential specimen).

t

i

BED PSR S (A kD)

— 177 —

10

o ]
boundary
surface

PR E 7D

Fig. 35 73 /74 Fk

Ut (i E AL

Fringe order distribution in thickness direc-
tion of amino alkyd resin paint film (tangential

specimen).

:00FH on 0 day.
1256 HE on 25 days.
76 HE on 76 days.

0 L
0 1.0
Flibi KR LA
free fr. tmln] thickness boundary
surface of paint film surface
Fig. 36 73/ 70+ FREHIBEIKO 76 A HO

B e & bi/ﬁ(ﬁ-ﬂ()} 17 OO SRR A
Fringe order distribution in amino alkyd resin
paint film separated on 76 days (tangential

specimen).
{ separated on 76 days.
initially separated.

— /MLT‘hu:ﬂl on wood.
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I, T ovF — SR NS & RS FRLIA & O R IR A & DRI s i D AL L
TR ERERL, DEERRDL LI, COBEMILICERMAET S CENERELI LN

R SE D EELIRTRIC B9 2 IR D o3ig, 43020, AT 5i1ck - TIREIN TV B0, WK O R
ERETFTNMAICDEDXHICEA LN L, TbH, DEELBIRICH 2 BIENTHEAOHE, 2T O

BIURIEEIT L DM EENLE L LD E L, COOTAHICH Lo NIB I 8TEdT 3 &, COIBID
FEMESINIE 2 O IC B 1 2R & EHERIC X - TRE AR COMLIGIR, cokIicL

THRAELIIBHAD D B, COWEE TIEM UL - EHORTTH D, M EMosdk R m{ko
HTE S DICWHDT 50w, TG IORAEORBIZAETEIIART . 20X 2 I LD T NOEBEIE
ERRRIEII DAL 1S 570, WAROARMATEEE, BEERE L LI IoMM Py 3£ 7T
OFFAMIE NI B EHZ DND,

VBB & R o REEES

WM AR S L OWET 2 S0, KR TR T OB E B KOOI, ot TR
A & WA I B I 0 WIS I B 2 5 3B A E § 5

WEEZAGE L H 125 BIH O BIEREBRICE N T, BIEN NS S B r B 2 2 tm D
NT 5100 2 DR AHIAHEEIC B UCE U 2B WIS H 5 € &id, AboRiiin s
MEICBERT 2D L E L bR SN D, L LIS, MG & RIEO NS OB %%
BRI Uc il 4 < 13,

1. EBE

BEFEONEIE AR T 27201, Wl (Mo 1) @7 Y QM KO E 1100 s A £ dE
Utzo Fig. 17 oFIEIHIKIE, Wiids LOWRAER U TR U Z 4 727R Uice BUHBIZ DD T O RE
W, BE (Mo 1) ©o&5AHERT 5 XF 5 DARORREE, $RBEBRMBIE OO T DR
i, #7=Y0FEEIERAORDRBRAZ BN LTT- oo BRIV NS = 235 HHE 100 31Cst L
BIVYNVT w4 F67THAMASDT, &M 105°C, 4815 TH 3, BiEE L ORRER IR
W, (1) v A7 ovsgipiRgs o (D) Ehs b Y o Aokl & 5 20°C, 76% RH AT (1)
R TORE S ABBE, £ HONE (O, 1) TRHERT2MEBEIDEE, KT TOH
Wik 7 vV lBik T3 14 AMTH B IXF T, h7eyRBRIKTIETRE S,

WES I DWREISH 720D, BRI IMAE L SN TV Z 720, LD SWICE U S i3 UIsiRiE
LH -, Wi L ORI U LEREIE = 3 v F — LS RIS NC X 2 b D E 575 Lic, =
BEVRIFOIERERER, (1), (1), 34 (D) OFLEMEFTO 14 HHT, £ 0.0496 cm/
kg, 0.1217 cm/kg H XU 0.1670cm/kg TH Y, WIBIEHOFIZRRIT X - 72,

iz o(t) BEY a(t) BENEFNMNN ¢ 2B 3605 LOOEREIERE, 4N ZHE ¢ ickd %
LERMOEINET D H N - N0, d 3RIKOFEERTNOEESTH 5, MEBREREEIZ0.32

~0.50mm TH %,
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2. ILE#MOEE
BAGASRRD s K AT A X, (5) b SUE L7z EE WNEERL S A3 0, 024 mm?,
0.082 mm? 5 L 0. 100 mm? OEEATOB®EO U wkiid Fig. 37, Fig. 38 & & ¢ Fig. 39 ok
s I e b rh i oo A
LSA B AL, EINET oS OBT 13 Photo. 2 DX D5,
SR WAIAIS A= SRR RIN

CHF 5 141 & 1-0 OWBALIC DO TIREAE DOIFALIC DN T I/ M, B DRERART

xR AR

GHs G-

ELTOULEREAERT . 1 DOEFICDON

I8 %, Fig. 40 3384

THIBALD U E R BT

UEFDBRIBIC DT T o e COXND UERBIE, fulilikaE

% 1-1 & 1-0 OWALIC DO TIEAIMIE, 2 & 3 O

DD TIR A A T,

ERETOIRIEA S &, 14 & 1o OWAOKIE S OBIRIE Fig. 41 O X DI85 HEELI
MIBICBEIE 3 28 0 1-1 OB BEMIBICS 2 & &, JERISE S &b inl, Bkisicd s &
F S ICh AR EAETR ZHEOHEED 1-0 OIWPALTIE, S H30.04mm? L H/NESWIIET
IR &80, LD REDHEMTERIEIEL-T S & bIcmd 5.

BUAREE R BRI L0 BB O 11 O X0 1-0 ORI Tl 2 2N nlile 5 K O LERIG T
LTLBM, S OWRT NS OIEHINT 5 B2 5.

TALS DI INT BT 2 SRR AR A8 i 9
FH L, WENEEIMIICHIET 288 &, HEEEAC S - THR I B
NICARHETNCDOWTHEZ AL, TOWSOREFHOEIEE 2 DOBEN T HICHETA SN

S ThIBENHENDS, T OME AN

B EVOARIFH D]

AT 290, SEEBICRELSBLLEHFA SN D,

3.0
Fig. 37 Wik 0. 024 (mm2) o EE AR B I I o I T
BEEIRD U E AL AL 7 ) ORI
)
Change in fringe order in paint film on the ) :""“i’},
vessel of S=0.024mm? (non-treated Kuri e et ,/,‘.? !
radial specimen). de/“
— O — L 1-1, at position 1-i. . el
- (Ot AL 1-0, at position 1-o. \\.___.: ..... 4 e
— @ — 0L 2, at position 2. ° % ﬁ"'*"":f/"’/
- @ - 1 YB0r 3, at position 3. }_-_w._\ﬁ_:;\”‘“‘
PR R 1€, dry condition. 0 . : . : 1 .
T : 20°C, ;77% RH, }\axr dryy(75% RH) condition. S
I fafRiE, wet condition. time < day
IR
A
‘/” p \1
E 2.07 \\\ '_,_:fgn-_,ﬂ -9
Fig. 38 [fiiihifl 0.082 (mm?) oM ET < N e
AD UEIBAALULIE Y ) AL = b
"gﬁMSD i‘j % //‘\\ »»—-&K?;;?
Change in fringe order in paint film on the «z,, o \‘\»_*N,_q_“ e NJ""-"’*"'
vessel of §=0.082mm? (non-treated Kuxri SE —, i RN
radial specimen). — l
LR BB 0 A Fig. 37 20U 0 S

)Z./L,
Symbols are explained in Fig. 37.
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BIEREBEM BIE, BRET 28 &
BHD 1-1 OMLBEMICH 2554,
1 OWALOAMAMED RS 1
BT A~DIEINC X - T3l

DF[T

MOMIC X » TIERN A WTLET 5, 2D,
FeT b,
FAEEEB MO R IE T 208 D 1-0 OWhL L,
DNTR, WEED S ANENE S BHIEOAR NS
3.0

N
=)

S¢ ¥ NJSd {mm—D

fringe order
Q

1

(AN ISt

time (day}

Fig. 39 Wi kiFs 0. 100 (mm2) o @& AEIic BT
BEEED L/ji{k@(x’“‘(:m-%ﬁl’ U NRERS
)
Change in fringe order in paint film on the
vessel of §=0.100 (mm?) (non-treated Kuri
radial specimen).
U RBE B AL & S Fig. 37 &IW U
Symbols are explained in Fig. 37.

30
I I m I I
208
fro
o/ \a / °\w\
O\D.u/ e O 3
1.oF
O O
0 L L L L .

time . day}

= A R RS O A S
ZUE 7 ) R

Fig. 40 BEE» SN

iDL %( ¥z

Change in fringe order in paint ilm on wood
fibers at the middle part of the late wood
(non-treated Kuri radial specimen).
T4 Fig. 37 LU

Moisturef conditions are explained in Fig. 37.
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SSEE A FERE LTS A8 5 B
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THERIG WL T 50 S A& E &,

iR B ALTHIRIE A 235

Il — 41280 PN O bt s

M5 90 296

APERE B 7~
DI~
LIRS oD B4R
BT B 11 ORISR IC D B & &, IR
U FEHERS ) 73

1-i O f

WAEERMBOEED 10 O

QB Liswna
DEE N DI - T

o 1-1 O
LHlzrbd ik

80

60k B o
- o /Qc/’
N Se o

© o

,.}-*F‘;\\\*#{* 4’4}
o+ FImel e +s
r + e TTeel

-40k *

.‘50_ IR SO M S S| S S ST SO M S
0 0.05 aie 015

S {mm?)

Fig. 41 fafikh
JGJT&GE
1w

Relation between stress at position 1-i or 1-o

and cross-sectional area S of vessel under

wet condition (non-treated Kuri radial spec-
imen).

1@ BIEERR M RIC
i)

‘,j» % 14 & 1-0 OWHD
5 SCIEMEE, ) A LIEER

BRIEST AW O 1-1 OWAL (BH

HO 1-1 OEAL Bkt i)
OEE D 1-1 OB

DENEN

WY

1 @ at position 1 i (early wood), the vessel is
adjacent to the late wood of the preceding
year.

2 :at position 1-i (late wood), the vessel is
adjacent to the late wood of the preceding
year.

3 @ at position 1-o, the vessel is adjacent to the
late wood of the preceding year.

4 @ at position 1-i, the vessel is not adjacent to
the late weood of the preceding year.

5 :at position 1-o, the vessel is not adjacent to
the late wood of the preceding year.

———y woue : at position 1-i and 1-o of the vessel
adjacent to the late wood of the precedmg
year, respectively
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B, SISk E L
2 DAL DS % Fig. 42 S s

N H DI L B

3, S D/NE VTR
RAVNE O, 2 DA

3 DHALD 4 Flg. 43 1087,

S HUNEIN
BN XM oedbDE b

KROWELRIETOIE ha A% &, 1-1 & 1-0 WO JE Fig. 44 10oRd L5

o 1-1 & 1-0 DL
HEisos, 1-ia
MBI X - T2 Sz ilik

DAL DR

L, S DAEL

Fofe b I

3 DIBALY

EDLHT Mhauicig,

44.15~61. 30 kg/cm?, 151,61 kg/

(

9.95 kg/em?® & 30.52 kg/cm?,

fr IR

44, 46 kgjem? 46, 03 kglcm?, S}l 45, 25 kg/em?

cm? O F

S 200 24 kglem? DGR, KO TR

DRI T, S DR IEVAIERE N e[V

THLE, 1-1 X l-o oo id Fig. 47 o &

Vg T RIS &0, AR B B A D 11 OB IR

SN

W, 141 & 1-0 OIPNLC BRI IS

1-0 DAL B

ORI B LT %, S A S ORIPETE, 14 o
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o 005 (214 015
S (mm?:
Fig. 42 $afbREICE D 2 2 OBRLOIT) & ¥
EWERE S GRLEL 7 )oK DR
Relation between stress at position 2 and
cross-sectional area S of vessel under wet
condition (non-treated Kuri radial specimen).
1 ¢ WAEEEReA I B 5 2 B
AR PEBRA IS B U AR v aE
1: the vessel is adjacent to the late wood of the
preceding year.
2 :the vessel is not adjacent to the late wood of
the preceding year.

0
=20

2 -40

., & =60

-80 F USRS S S TN TN TN S SR SN SN N N T |

S (mm®)

VRBBIC B 1) 5 3 DIALD IR & 3
MRS CRELEE 7 ) AR R )
Relation between stress at position 3 and
cross-sectional area S of vessel under wet
condition(non-treated Kuri radial specimen).
A Fig. 42 2L
Symbols are explained in Fig. 42.

Fig. 43

0
- 20
—40

Prrs

—60
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— 100

y
i
T T T

{kg/em®

—120
C— 140
-~ 160
L e NS N SO T S S S S S S
0 005 ore 015

S ‘mm?)

Fig. 44 @REICEBIT 5 14 & 1-0 O fir
DIy & EERNTETS (ML 7 voAD
.‘,Jk}fﬁ%)

Relation between stress at position 1-i or 1-

o and cross-sectional area S of vessel under

dry condition (non-treated Kuri radial spec-

imen).

ST Pig. 41 ERIL

Symbols are explained in Fig. 41.

T
®
’

HoRABIC B 2 2 DIBRLOIES &8
RS (LS ) A DR
Relation between stress at position 2 and
cross-sectional area S of vessel under dry
condition (non-treated Kuri radial specimen).
5 Fig. 42 LU

Symbols are explained in Fig. 42.

201 °

4 o

s
L —®
4
[

005 ., 010 015

{mm*~}

Fig. 46 #HLINEBICE Y % 3 OO &
EHNEES (WRIE 7 Y ORI

Relation between stress at position 3 and
cross-sectional area S of vessel under dry
condition (non-treated Kuri radial specimen).
513 Fig. 42 L[HU
Symbols are explained in Fig. 42.
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Fig. 47 faiikae
DIR)IEE
NBITY 379

Relation between stress at position 1-i or

1-0 and cross-sectional area S of vessel un-

der wet condition (Kuri radial specimen

treated with wood filler).

312 Fig. 41 AL

Symbols are explained in Fig. 41.

—— 1 1-i O, at position 1-i.

------ 1 1-0 DA, at position 1-o.

ithkE&%LM?U
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71 (kg/em?)
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Fig. 48

(TS S CH W RER 7 ) AR TR A Fig. 49 IR B 2 1-1 & 1-0 O AL
Relation between stress at positien 2 and U)JL\/J L WHETEES (B v 2 Y

cross-sectional area S of vessel under wet PN
cendition (Kuri radial specimen treated with
wood filler).

Relation between stress at position 1-i or
1-0 and cross-sectional area S of vessel un-
RS Fig. 42 20U der dry condition (Kuri radial specimen
Symbols are explained in Fig. 42. treated with wood filler).

Frid Fig. 41 &L

Symbols are explained in Fig. 41.

i, at position I-1i.

iy, at position 1-o.

Fig. 48 1 2 DBHALDB T2 RT . XM Shh
BT S A FNZEREF W, A

L&D, JEA

-1¢
HHEOM BN C > ~DIEMIC X - T, 2 DAL 20k
TSR IS0 29 548, SHERNZFVEFIZER ; -30F —g .t o
DI T FER S 03700 P D I FERIT IS ) 208 L T
L N - i 1 L L 1 1 1 1 1
1-i & 1-0 DRLOIE 60, 505 o
i Fig. 49 o X HRJERIB N E 5, S 30,05 5 mmt
g o Fig. 50 # B S 2 OIRRLOI ) &E
mm? J O /PNIOEE T EHH e
NSRRI LS bR FEIFIERE S (AL ) A TR
D, HRARE T DM D SR S 7t Relation between stress at position 2 and
e s - i 1 area S of vessel under dry
’ , FEHOE LTSS, S Ok s Hy cross-sectiona : ‘ .
WA < Liiie ) & 13 % PR HE condition (Kuri radial specimen treated with
D 1-1 QWAL (bt (FMEIRETHENC S wood filler).
N o . P2 Fig. i U
AHHRI FL LTI L 7o Fd, A0 b Mokt s AT iy

Symbols are explained in Fig. 42.
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HARTE T OO M NN TS - 7o, §ERIRIET 1-1 MG (M) OWEHHIC & - TUlRE ST 2 /e

W, JEREHE S /NS

Fig. 50 12 2 O DI )14 578 faghkie (Fig. 48) X g LT S O/NSWOIIH T w2 B
L, KEORIHTE L LT D, TIE, SERIET AR WO S 2 B S Nz o, W)
FHASAE <2 WM M NS 2%, S OR S I 1 EBRIEO AN
NPTz, 2 Dl b D, IRIBIC B 2 K0 S IEHIC BEZ DL LicbD B R

I DINT O & )\ S st EEZ DD

S5ND,
75k, Hibw e
¥ 24.01 kgjem? OAERT), & OWERIRAETIZ 34, 89~47, 56 kg/em?, SEE 39,90 kg/em? o [EHi5

SERE D BT ISP A LTS s 1 A s 1R 13, 98~35, 78 kg/cm?, -



— 184 — MEEER T

ALY, WAL

g chld, HIRDAUEIC & > THIFLN C 51
BIRT COERALIEH, L2 S¢
3. RS ORSTER

u\r

RN S TR oTee LLE

T/, 777005, MAHE Lo NBIEAE,
EhbNTWAEDITL - TH LIS, Fig. 51 |
BICALE T 25 OBIEO NG, B LTEM

T Mol ohizddie, ERETIE, Biii

7%“ @J&uu g’lt[ <, ﬁ LI’U\

ro\

AR DSIRIE LItz b a4

5t Y0 oD A A
D R FLAE L1 B 1R IS T 23,

Wi o5 296 5

BRI AT, SAEERET O IEMIE A & b1/
Fe3L, B

WCEBEEZ NS,

7 RIDBREBRRIC DO TOUER SR, WEEOED AR & <, JREHLE R G )7 & REBIHE o
ORAR I X 7 DERGEORELEZ 5 LIk > T
Z DIEFREO W A MR T OEREED & 0T

CORMARIN L TR R A IR 3 2 54 Lk

£l MBS DT D 1A R
FLRA TR D Jibc S LA -

KRG858 L, Sk ORAERIETR E IR 50, 2 OMIZBEM IO BRI Lo 75 2B

ORI F X/, ZOBRIZONT, DE¥DLHIC
ARIDREIL
HED DB D F NI X - T SN B 125, Bk

SRR IR O AEHE O K BT & - T,
SRR IS, RIS OAR

DR O BA

120

100

LI S B |

kg em*
EN

o

T

stress
N
<

f
N
<

LA EANE A S R S B |

<

Fig. 51 RO 4% BB J ORPHE E & Bep il -
B FIRIE S (B LI X F 5
ARITERERAO

Internal stress in paint film on ray, early
wood and late wood (Mizunara radial spec-
imen treated with wood filler).

1 B s LA
: H‘f. 71 uB@ e

ton ray in early wood.
con ray in late wood.
3 :on early wood.
4 :on late wood.
I, I, Il : explained in Fig. 37.

FZONE. WEARICBWNT, MR
CHEER NI EEZ o0, Bk

& A 8 O A i

ZTIRHMRE L B oo EBZ DN A, BHROHBIRIETI, WEBETOARMERD

BB L - TR E NS 20, TTOH
G CIHE T DSFAET B o BT D RIS
IS ¥ D ACHHEAE D WU AR & W0 7o), Akl
fik D RESHNLIZEFZ BN, BB
AR, U TR S Nicicd it bk E <
WiiT2EchTH B, BHBOINREICE T
MBS 5 7o, FLEAEBD T AR o DG & HiH
EFITOBEELLND,

4. STEERIM OEMEL & RERTER

K DRI & M TORERE L { B
D, PIZRHIESTIEEM O LERRMOLED
L7~3.4& 3N TN 50 2 D7D RIS & Wb
TOEMNE X CIHROEIMNBRARE L,
T = BN A D IEERIC DWW T DBk
FRMEOLIE 2.3 TH 22, Lichi- TRIM

LA, BB E SR

M o 8 BT EMFME
e, FiEE, KRR FICHHR A U
I, INBBEORIWIENIC K B EITENT
HAHHW, L LEHs cnicd 28BN
IR ASEBRICIE S N Bl IS0 ARRFTICE D
T, B E B o 2 B NIRINC S A B %

DRI B B AR T

KD NS IE BBrs




BUBIEO NG (5K — 185 —

T EEIE D b SFEAE Ut N RIS D 44, bd0 -
WIRIT & 78 » THE T 2 MBS K O :

fE DO NS JTIE DN TR S N T E 7,

o T

Photo. 3 &, # 7 = v AKIEKICH]

FREYS DGR ATRT o L FIRE DT

FZ N NS AT s L Tkl o 1T -

.
oo &

M B Tidis

T DT DT 0 D EF

!

oY iSiilieb s

[

WA, MPEEMATIC BN TIE oy |

LT O~10 FEOFIITEN T 4720, SIS —120k 1
|
L

or=0y R T. KERIE Fig. 52 WoRdT EB D ~160}

ThY, IZXF THICDOPNTORE (Fig. 51) & =200 ! ' : ; '
0 10 20 30 40 50 60

BT 5, oMoz rdic, MERETIE time i dave

BRAT L TRy 200 kgfem® @ BIERIEIASH84: L, Fig. 52 RS (1) S0 (2) ki 2

T e N, LD P IRIG ST (e SZ NI
L MR D IS 1 — 09" &b [W?AMMU\MLHﬁ7 -
R
EDRERSDD s BT 2 &, Bl Internal stress in paint film on early wood
(1) and late wood (2) (non-treated Kara-
matsu radial specimen).

T, 1,1 : Fig. 37 &L
explained in Fig. 37.

N
J
=
>
~
S
o/
A rjes
p

EHIOTHMOBLERESITH L, THIEKL

MBS &2 B 0 Beik DRI
B OIEEABERTIMH S NIz IR E <, PO RS VERIST &8 5, BT, W
ﬂ /{leBO :C it J/F[J\?Zhy)ffw; }T

SIS L LD /NS LTl EF L N5,

VI RERIS OF S

M5 Vicing LT & 7o &, BIEORLIE T & BMIS R Z 002 & OB idd 2 Al

THEL, WHIN) DY IR TEEEI D iR

ORIHED]

FIT AT
13 E IR O HESIA
B DR 4 < 2T b -

SR L

Izt as, SEEAED 2 [JHF1E, BRI SRS

I8 5 Z Ep O ERMMA D, §7bhh, T2 T, AHE: Uk xR F ol

DRICH 1 2 53134

F BTN DA~ DR

510 %5 S L U, KM ol Lol
il

e £ A5 AM oIl o

S L
L SREBEIE D MBI I 5 AD2TDE / FDOAI]

ERIK ;fo‘ BQSYIAEE N

HI A O
AT SN/ E S DIRU ST -
280~290 [1COAM I H o N
CCEIEHIS I HPE S, Fio Rt
BTSSR S 107228 N VAR TRIERIGIICIE 5 Tinte, S0 &b, HHNC L Bk

s & ML

RRAELLD 72 55 DU DI AS LN 72 WL ¢

Fo s, B
1oo Fiz,

R T d ¥

R w7 =

";f[’” 0){”, "3 T

DSEENED WEAL IS N -2 5 56T D0 T, D E Ok




— 186 — PREERBRIG DS 28 296 5

AMOEMTERINCEC D, 20ETRERBEMESTO~s 0779 VEHLRBERATH S

PHBIR I~ DO EZBIIMP T & 5, WEIRT &, REVEH LT 2 MHICBIEDOELD T 2K KD &

B ZARBFBRICTHEA TN B D EIDTHD, F 7 RRFEBICEA TOIREAM O & 78 > THIRIE

AR T HEL0RIFEHIE N LET S, = rakro—R5 9 H—BREB XTI/ T FEE
DEGWTNICELT 50 73/ Tovd FERERNIGCRIE(LO B £ 0B8R E SN TV 22, BRlE

BENC LW X TRMOEMDOFBESIKEELLEEDEZELLNDL, NG EFEMOTIRIEE, T

4 TIRAICRMEE MM BOERD A SN HEAIE I OFEIC B D SN b,

B DRI BB A OBEDERISINC DV TE Z B VTR 72 BRI & A HRIEO UEK
BEWRT 2 HEICE - T, BEMPRET 2500 =tnervn—275 v J—BHREALEMAY) 2 X7
WRIRREIED T 2ov F — WIEIIE 2R D28, T/ Toud FEIEERIRTIR ek 5 T & DsE
Hoteo TORMIT, 737 7F FERIBETE AN SBEEL /20 b OB IORIEREAR ST
LiEh otco TOXD AT TRERDIBRIMC T 2I0EO RS BRI LS - 720 X SNk
BOLHBETE, —RICREAMBRET 2846, AMOBNMOTHICHT 28 MO BEDERS L LOH
(IS DKIC L BIEMOM S, BEARODDIZ T 2 RIS SR RS  TLMREE & s B R A
HBHIICEZ . THDB, =torva—~R T v h—BED XD ICHEBELS, TOBILE LR
BRI BT, AMOBEO T Ak L UKICHT 2 IEEMEL, TP i icd UTERDICEE
Lok aEA7R T2, WLICEMITZEST 27 3/ T FRIEBRIROBAE N L& HBNTH 5, C
OHME LT, AMOBHOT AL IKICHT 2BEOINER, 7V~ BLUBIRNOBRREAZZ
S, WAL REFMZA B U B3 &GS ORI O G BRELILE0DTH 5 EF X o,

KO FEREEE O RE—hc kT 2 BIEO WBIBNC DN T BET 5 &, AE T MitEED
1) JERENT, 2) BaBtiB XU 3) N, DUETEICB Y A A BSRIBISNICEST AIRFE LTHT o
5o CODORTEMAICEET 225, 1) OBMAENSPIIEHEICHOLEETH 5, BIEOMLE
BeEEMEc kT 2 0Eho 14k, Tolo Fig 17 ThO, REIEA R 3P0 LR
LEEWTER & OMICEBEDSD 5 EBH O BT -, COEMBRIIVO 2 TR ICD
WTEH LNz, £D 37 wfafle UT, RHERE TN S 7R TBHREMIZS K OB EIE S RIS
NCEHTLEEZ o056, WESKHETDS 5. RBRDOAE—ZIO 3 THlR~cY 7 Yui v OiH

OB LMD 4 DN 7 =Y EAFOF SHEORMPEMBICENTAHONIEBDT, &
CICHEREDJE O3~ DFEMEDE Lo F2lgill, IHiRICE T 2R E—K 20 TRE VD 3D I X+ 7%
FUOVDO4ADH 5=y DE XHTDRMEE B BITERE PR H SN T BHBOREBAK E 0720,
BB B T o B RIS A RRE R IC R E R TR G708, C O BMHB & Bk i o 5 12 B AR 1d0E
BAE (VO 2) BLOF SHBOBMHEE L (VO 3) OBPEORMEIENICE TRE—Z 20T 2 &

ATLDED ARG P oY —VEE WS 2 BTk & 0 Bib»@Esirhi, ABRics
WTh DB, BTy EAFORITREKIC B 5 R R & T T OGS, 7 Y R T
oA (Fig. 17 © 1-1 & 1-o DAL ICH T 5 LIS & AEREr 5 D

WRC YRS B FERID ST, WM h B 0 4 R T O SRS ), WARIRE T D ERIE I 2L 775
BRWH L ENHODENL 5T,




BASAMIT B T B NI (BRD — 187 —
Vi o & &
EAARMIT B 1 2B NIBIB T WL, BIEOIRETSEO Vs KW ATEO [ 118 & O ke o

HETH Do AR TSN L OB I >EDEEDTH D,

I LTS A 2 4 7 OBEITIE, BEIROF AL S WAL ASHE A ZE D IO i A%
KMo LIedi-TC, OB SR EWEEICIR D, WG IDIEERB N 5L T &ITISH I3
ETHNE, M EROENIARNBEOL NS DIBERTH 5o BFHE T ORIBIC X - THED U { &35
D, CHNIG IS A L Z 505, & CREIDIERAE A AAMICRHMAE R S 284 TE, 74
FNC K 2 AM DN s K CBGHASEIIC & NEIRNC K S A L2 5,

4 i

AP DOARI N & Bt LS TS E AL T A~ &30, B Urifnhs & B R b 5, HE
Wi O8I, HiILWRUHEGEE L0 SABLUEE O LG OE K &0 HEGLEBRIOEG, TR

/.

i)

U oo mibii i, @il (F S I, BEED &8 IR0 K IIC K - T LD A B
WSJIE DML D E8BH Do AMOMEEE T, FMES L OB WAL N o2 X
DREL, HILDWMMIZ XD oD S <18 L Mind %

WM DT A8 G OBIIC AT 4 T 2 v FE—HELEE I OO TR Lice = Prtro—R 35

v AR E R A ) = R TV RHIBEEIE G = v F — IS s I T & 2RI/ NS ol L

T, TR/ TF FIREIR TR DB D K&, T0D¢

WAST A LIk, IBIIOEMREIN OB RKICIE 5 EEMRBD 2 EEL 015,

RPEM SN S DR LA 2T 5 & &, liRiEs J ULk O EEANE D BT IE AR DT
WCBIRIG T3 5 WIS 38 U, € O & S8 Wi & i CH D TOBRL, AHE
EDMER « AT &, il 28T TA SNlE L2 Bk

DR S NI EE LRI & b SV S5 o

[ C DI & 1A ¥ D A SRl

F S E T O LS R L O BRI D AR AR [ O NI 1, IO R ASBEA TSI B 5 & F s
AABHHE D RETY » WO, MG H D & X AP & B O A HHE DN « LU O R85 2
5,

SR O X BE_LOAMERTIICES T 2 BIEO NI IIE, AL & BB T2 L < 57

Do FTHHDL, MELIRIE TR E MR LA TERG D 2378 U, B L ik & 8 BRIG T A8 9 %
DEIC, A ORI O AHROM S KT Lo BES L MG DD TN S, 1) R EITERL

L&
A7 DEBCE, BRESSNSOEEWILNE T D, CORDNEIEAIDRLESEE iR &
Vo LI hio THHLBRIC S CTRIEES & WIBENOMRERET 2 501, 18- RIS

LN &I T 6 C LI D, 2) WIHTE i 2 UEAM D B D AOERICIZ 78 D O
B ET LIz, WIS QBN RIS SR 6100 3) BT AREIICH B & X

S Lo RIS, 7 7 ZARMEIICEE T 2 & ST HUS UITNCII G I RORIPE #2285, #75 24K
TIC B TIEAE T 261 (EE LT 20 F— RIS ) &g Ul E 0, Ledi- THRIEIE
TN E < VB NS AMED [ 21320 I 3o F— PR 7/ & TS Lo Az o
CEFITRANEIOE L HITlRINL, £0%BIMIT 2. BIEINTEC D, Ikt
&, ARMAMETRIRIEICH 2 & S 1CBIEO (LS 2IREHEITT 50 VL0 lid S®BEID = 50 F — ik



— 188 — RIS 5 296 13

B Z2NE LT At ARG 4 7 AREBAER I A BICAM o lE 2 s &
D, H7RREIRTOWEAHEET 3 AR INTRM OIEI%D 2 £ D BEAOES 2 VILESIERED

EEMEB LB OR Y b 74 7B EORMEICB N TIRHT 2 EBEIND, 4O WLOHEIICK T
AL OBILO RN 73 E M BIL 2 L5 2 DN b, T18h 5, WLl Ui BIismgo
TR AMEND BZONTHY, O EFBROHANMEHEERRICH 2 LB HEAEN 5, 5)

H D IHIE & - THALR D DRI A6 B 2 3975, SKPIET & E LG s & OIS 0vE R
CARER DA BTz, L L, WIBISIOE FEBEOAM DR ENORDICE S ESG L EF A
SNb e, HILDRIEAD LD BERIESSRETH L, 6) —RICEBEONTIE I BERISITH 2

ol

EZTEONTVBED, RMEBHICTENTIE, A SOBEFIOIER D 2 W0 IZKSDOEEIT X A AM DI
RSP B towd, WENCERISIMIET 2B B EICHRSKHICE T 5 LD ITERY A 7 vhil
DIMENLHETH, ROIEEFIRE T TOAM OFELUHESHREL S 1, SRS T OB FEHGR S
BIEOWRD 2R HAE L STHREONE IR LT EBTRENS, Lichi- THILD T
T LMDV S NETH b,

X [

1) Bikermay, J. ]' The Science of Adhesive }oint% 107~~108, Academic Press (1961)

2) HzyF—1H

3) Caustiarov, A, M.,, L. A. SUKHAREVA, L. M. KOVALJCHNK and M. R. Kisieev: Plast Massy No. 1,
57~59, (1964)

4) Cuervinsey, V. A.: Derevoobratatyvajushchaja Promyshchlennosti, No. 7, 11~12, (1970)

5) DAN\IENBI«:RG, H.: SPE Journal, 21, 669~675, (1965)

6) TEILEIARG TR - B2, 18, 78~87, (1966)

7 e e R BURFRSE - BB, 18, 88~~91, (1966)
8) e o TR RRATE C FUFPAZESR - B, 19, 65~-75, (1967)
9)  ——————  FUFF RSN - B, 22, 5262, (1970)

10) Hasram, J.H. and S. Werrsan: Ind. Eng. Chem. 23, 226~-233, (1931)
11) TImamura, H.o KBEE, 16, 168~172, (1970)

12)  ARREA ¢ 4520 [ B ARMZEARAER, P50, (1970

13) IMAMURA, H.: k#fzk, 19, 89~93, (1973)

4) - T ORMEE, 19, 393~398, (1973)

15) e RKEE, 22, 325~-330, (1976)
16) — o RbEE, 22, 331336, (1976)

17)  AFEEA - AMIEE, 31, 289~293, (1976)

18) ﬂ‘-szﬁéﬁ;-/J B2 L) T kEk, 61, 1108~1111, (1958)

19) ——— R CESF, P.257, Horsbik, (1963)

20) 4L B AT, 17, 838~-848, (1968)

21) AW BL e WA L ORBAEE, 19, 157164, (1973)

22)  JIA TR ¢ 98 21 [ B /M\M'/J\}\ﬁ*éﬁ, P. 83, (1971)

23) e B T2 M ORI OMRRICET AW, P. 147~148, MEMERE AR

Rt 49-2.

24) EIBER - M M= AMEE 6, 205-210, (1960)



BEAMICBIREDORBIE (44D —191—

(castanea crenata Sies. et Zucc.) of radial specimen., The paint was Epoxy resin without solvent.
Fig. 17 illustrates a typical example of the fringe order, the principal stress lines and the
positions for the measurement of the stress in the paint film near the vessel. The fringe order
at each position had a linear relationship with cross-sectional area (S) of the vessel (Figs. 19
~21). The linear relationships were also found at the positions 1-i, 1-o and 2 of the vessels
treated with wood filler. These phenomena were explained in relation to the shrinking force
of the paint film and the slight deformation of the vessel.

The fringe order in the paint film (Epoxy resin with solvent) on the early wood was higher
than on the late wood of radial specimen of Karamatsu (Larix leptolepis Gorp.) and Sugi
(Cryptomeria japonica D. Don) (Fig. 25). This was explained by the effect of the solvent which
was mentioned before. In this case, the swelling and the shrinkage of the early wood was
smaller than those of the late wood.

When painted wood absorbs moisture, the curing stress tends to relax, while the swelling
of the wood induces the tensile stress in the paint film. In order to obtain the stress capable
of instant recovery in the paint film of the moistened specimen, the fringe order in the paint
film on the wood was compared with the one in the paint film separated before sorption. This
method was founded on the following hypothesis: In the equilibrium state of the higher mois-
ture condition, the fringe order in the paint film separated before sorption is based mainly
upon the stress which needs an extremely long time to relax, while the fringe order in the
paint film on the wood is based mainly upon this stress and the one capable of instant recovery.
This method was suitable to the nitrocellulose lacquer film (Figs. 27 and 28) and the unsat-
urated polyester resin paint film (Figs. 29 and 30). However, the fringe order in the amino
alkyd resin paint film continued changing for a long period, probably because of the widely
ranged relaxation time.

The swelling stress in the paint film near the vessel was measured. Radial specimen of Kuri
coated with Epoxy resin without solvent were conditioned under dry condition (silica gel),
75%RH, wet condition (saturated water), 75%RH and dry condition (silica gel) in succession
for 14 days in each condition at 20°C. The stresses at the positions mentioned before (Fig. 17)
were measured under the wet condition and the final dry condition. The linear relationships
were also found between the stress at these positions and the cross-sectional area (S) of the ves-
sels (Figs. 41~50). The phenomena were explained in the difference of the swelling or the
shrinkage ability between the early wood and the late wood which were in a clamped state of
their swelling or shrinkage caused by paint-filled vessels connected with the paint film. The
restriction on the swelling or the shrinkage of the wood fibers by the vessel was supposed to
become larger with S of non-treated vessel, but smaller with S of the vessel treated with wood
filler. In many cases, wood filler treatment contributed to the reduction of the tensile or the
compressive stresses in the paint film near the vessel.

The stress in the paint film (Epoxy resin without solvent) on the ray of radial specimen
of Mizunara (Quercus crispula BLume.) was influenced by the swelling or the shrinkage of the
early wood and the late wood (Fig. 51). The difference between the swelling or the shrinkage
of the early wood and that of the late wood was observed in the stress in the paint film of
radial specimen of Karamatsu (Fig. 52). The swelling of the late wood was so large that it
compressed the early wood and induced the compressive stress on the early wood under the
wet condition. Since the swelling of the wood surface took place under some restriction, the
amount of the shrinkage became larger than that of the swelling. Therefore, if dry-wet-dry
cycle goes on, the compressive stress is supposed to increase.
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