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Study on the Adhesive Strength and the
Hydraulic Frictional Resistance of Anticorrosive Paint

by

Yasufumi IMAI*, Masahiro ISHIDA**
and Sho KUSUMOTO**

Abstract

Splitting of paint film seems phenomenologically quite analogous to the crack propagation
through the continuous body. The tip of splitting represents the boundary separating the continuous
body from the broken. The fracture mechanics, therefore, could be applied for the assessment of
adhesion of paints in the same line as of adhesive joints in structures. In this paper, a theory has been
developed to estimate the adhesive energy of paints. Isophthalic resin coating was splitted from the
substrate by wedging and peeled lengthes were measured as a function of the wedge thickness.
Employing the theory, adhesive energy was estimated to be 50-100 J/m?, which is quite resemble to the
adhesive energy of epoxy resin to alminum alloy substrates.

Additionally, the effect of painting on the reduction of hydraulic frictional resistance has been
studied quantitatively using three cylinders with different surface roughness. When the relative sur-
face roughness was decreased from 2.5X107° to 0.6 X10~® by painting and polishing, the frictional
resistance was reduced by about 2% under the high Reynolds number condition. More effect of
painting is expected for ships because the ship Reynolds number is higher than the present experiment.

1. #
TRE S EANIE, £EUNENIE, &%
BA LR Y OB TEERAV25E, BEESD
BErLLIZ, BELEMEONEEORT b ML
BEER7708E%%. LHL, SHE CRBEERDOST
feownThE v EEHENT, EENLID EAD
BEERTWIEW, Thbb, JIS K5400 121, BE—
WRABTESMEINTHTY, 6, 13MERKY, 6.
145055 -2 S 3888, 6. I5EBRERR, EHHN%E
HERRGHEENED SNTWIDATHSL, &
2, BRESBRTE, dvsy—F4 7 ERVEEC
EREAROT Y HE 20, BECEbLEBORED

FAFO634F 9 H30H 2

MR T¥F (Department of Mechanical Engineering)

SEMESEBEED DL EVI BDTH B, ORI
LEBREDHE D TEY, FEEICRT S,
BESHT 2 L wIBRKOAIERLTA 2, #
BNORIHT S & 5 EERATICH 2 SEOKIH LR
UHRRBIc b D, BT & MR » DBEFRIC iz > T3,
Thbb, ZOWME, SEOIFE LD RN
EEzZeND, ZIT, FWXTHE, BEOHBINIZ
WENFOEZ 2@EAL, HENOEENTFMEHS
5, BENFET T, BEERIOEEIFHE XA
B &R TWAP, BEDTE L AT ZEEH
& AEREOEE LRICESZTHY, ELidL,
BEDEE, BEO—HSEAREKE>TWSEWn)

R T8 2% (Department of Mechanical Engineering II)



10 PR R O HIBE TS E 5 & OB EEH O TR BT OB

ZEeHEFTHB.

T, JISONZIZERE R 7% A3, BEF OB MM
DOFEEBEFEE LT, Fig 1 @IRd &5, E/icR®
b, BEEE,»SENEMZ, ARRCESERE%4
TV A RBEMH B, Williams 5@ Z D FH kI
Lo TBEDOFTEMRFEL T 5. LiL, 22T
FH O LM A EERAT 5. T kbbb,
Obreimoff #3 Fig. 1(b)D £ 5 & HZWC XD ERF D
KIBERE 252 L7200, ZhiRBEOFIBI L Eb
ST L PRFICH B DT, SEIZ, A>T
EERL, BBNTEED S,

WIZBERORBETFE C OV T, 2L 213
OB EHEFE L S ME L 2 BRH 2HETH D,
R IZIBEDOEEIC X > TRENHBENEL S &
SEbhTway, EENERIEND RV, D78,
AWFE TR & 2 FABEBERESRICOVWT, R
HHE OB LD S EEFHE R MZ TW» 3,

2. EREEBLUBRFZ

2. 1 HEEEH

() EBRFE

RERF1Z, JIS K5400 ¥R —MakBr ik 3. 5 akBR
FrOfED FIcHE L, 300X 300X 0.6, 1V 7%
VEEREBREZWRE (T BEL TE- 72, ITED A
& B, 5 X300 /NAIZYID L, YIWTTE & K
LAEMORBIN DL &) BB L, HFEEIIBE

Adhesive
N
000

Substrate

Pressure *f

(a) Blister test.

Mica

(b) Obreimoff’s experiment on mica.
Fig. 1

CEFZ XS CEERERHL 2. 20Kk, BrDES
DK VR &I L Al & oficZ AN, Fig. 2
DL CBERFIBES T, A 2ED 2 & HBERY
LD, HHRISBELAALLSVROER LY
FIE—E k3., { SUR L BEOHIBE 2 EAEKRY
L, BELCTBBEOER 2L, ROBITICHWLL,
(b) fRATSTEE

BREOIGNERGRE, —RI9C,

o=xE|e|"” (+ :Bl5kRY, — ! EH) (1)
DEICERT. n=1 0HEIREHEEL LD, EZ
MR E 2 D, HIBEL 2B % Fig. 3 O L 5 IR
B, B&H, RELOFFHHREEZ D, RBOWNE
SOIFE—A Y FMEZT, HEL/ o DERET S
LT3k, FE— XV b RO,

o 2F
DT B,

1 42+n<2>"*zﬂ
H

B

(a) Wedge thickness, 0.10 mm

(c) 0.33 mm
Fig.2  Splitting of paint fillm with a thin wedge.

[ D

Fig.3  Analyzing model for splitting paint film.



SH RN -FH EL-#E 11

BDlbskytT2L, KESHIREER, M
=Pz LT, RAHBEON2,

2 Un
o

rREBE, HEE =0 TCOEM y=D T, HEP*%
HHELT,
Yy 4 14+2nfx n {x V¥ x\'"

B=1- T2 (5 () @
%85,

IDFED AV T T4 T ¥R A(=D"/P) i

. =< 2n )”2(2+n)L'+2"
"\T+2n) ~ EBH™™

ThY, R L->L+0L L ERBTH LI 4
VRGO,

c=1i D dn

1+n A’B dL
n 1+n

— oo ere(fe) " e
DESWCKRED, ZANFERECHEBEDIEZA
MELELOE, BT -E25020T, BED
B ALFE2QRC L VFMT 2 2 L8 TES, &
7z, n=1 OBPEMEEOEEIL,

Yy _ 1z 3(zV ,
173 L'*Z(L) @
L, BRAIGRERERY, TXVFRKEYS,
_3 s DV ,
GfSEH(L» . (3)

&, DCBWBERMEREBRRF D 1/2 k> Tw»3,
&, 3), VREMNTBE=ANVFORAELRL LM

TEBH, IWHEBROERnIcL 57, BEOEY

% D/L* DM pEh ¥ TRPWCMYAFA TS, D

A: Revolution
detecter

B: Motor B
C: Torque detecter D: Thermo-couple

¢ » 1 : Test cylinder
= F: Cylindrical

e

m

% " water tank

lia
A —200—

l— %200 —

Fig. 4 Test facility for friction torque measure-
ment.

DR, CSVEOERXTHATHE» S, RS
LERET20HTHELINVFOFTMESTE S, (3)
R, FEHIBTL ARGV WS BRI EE
FIRERBR LIk ->Twa,
2. 2 BREOREERSE
BERBMORAMRE L RBEBOBRERARSL D
Fig. 4 .IORTRABREBE2»ZERLEWEL 2, SEE L
B R 2 B L A R165mOHRAEE &, "R
200m® HEAEF OFIZB8WT, BEHE—Y B
koCHEEEShS, ELFRRAL-EMAFEHERL,
HEE ORI hEEH T, EL FORICEERDOK
EHALTWS, MEEZEIERESE 5720 DORE v
JRE—FIBOT—y Y SAERTARE NV 2E
F—IR M IBREBRCICTHRET S, 72, E—F
DOEEBIZEBRYE v 27 7 v 7 L BE 2 EEiiH
BACTRET 2, 58, KEEMCED SKOHE
E2ERT 5 0AERNDIC & FHRNAREHRHE
LT3,
SEOMHAMGETE Tablel WRY. HEAAGD
FELE = —BEE T, type A X FERE %
mIw v ERELTFZDD, type Bid type A D
REWE S0 lm THABR 2B/ L2 d D, type C
iZtype BOBERE S 5RXETELTLEBDTH
3, MEREHES OFHEIRR % Fig. 5 10n7. Kick
W, ARB, CLBRENELRY, ThZhoORE
AT —nEEOEBIRLT:, FERAESHE S type
A BBIUOCKEBWTZENLETN, W4, 2, 1 ym T
Hote, TablelIZR L7z &k 512, REHE ¢ L HEH
TEOHTREINLMENHEE ¢/d BENZFH2.5X1075,
1.2X107% 0.6 X105TH D, WTFN LD TNE WIE
TH5,

————— g — p—————
H

[ S DR

Fig.5  Surface roughness of test cylinder.



12 PR EREOFMEE B L CBERORAEEZEROWSE

Tablel  Principal particulars of test cylinder ’ Table2  Results of the splitting test
Diameter | Length | Roughness | Relative No Dm Lmm Lemm Hmm Rmspm GJ/m
type
d (mm) 1 (mm) e(um) | Roughness(e/d) 0.10 1.53 1.38
s 1 0.15 1.90 2.05 0.3 0.42 75.6
A 164.53 | 199.60 4.1 2.5X10 0.20 2.02 2.11
164.68 | 199.85 2.0 1.2%x10°% 0.10 1.58 1.49
0.14 1.69 1.76
C 164.61 | 199.70 1.0 0.6Xx10°° 2 0.20 2.09 2.10 0.3¢ 0.41 91.0
0.23 2.26 2.22
0.34 2.44 2.30
3. BRrEZE 0.10 1.43 1.37
0.17 1.74 1.83
3.1 HE 3 0.19 1.80 1.70 0.32 0.39 110.6
3. 1. 1 # =% 0.23 2.04 2.02
Fig. 2 1285 & 512, HEBAAZIEZRYSD <. 0.32 2.17 2.28
. — 0.10 1.72 1.8
I HEROBEOEMEHEL, TAOMNRAT 4 0.19 2.06 1.90 0.36 0.40 101.2
= S N o N 0.24 2.12 2.28
ﬁéﬂ<ﬁﬂy{?%5ij, EX‘/J\E%&LJ:UL%H%/—E 0.33 2.48 2.76
Uiz, HPOERIZD=0.19m, =1, L=2.64m 0.10 1.83 2.11
LUTEHEENHDT, BEMAZIML T3, ; gig gg ;gg o3 039 5.9
CEVRFOBaREZ, HFlcgELHEs ¢, [ 095 2.36 2.87 ' .
BICHBESL2RD, 2o av b T5L 0.33 2.78 2.91
Fig. 70k 3127 %, MAOERE D/L* =0.02831/ onoLe e
mDBEFEERLTWT, BUEBA TR, (XZVRHE 6 0.19 2.06 2.03 0.3 0.36 99.3
0.24 2.09 2.11
0.33 2.45 - 2.50
0.10 1.58 1.53
0.15 1.98 2.08
? 0.199 2.14 2.38 0.36 0.27 80.5
10 0.21 2.06 1.87
0.10 1.96 2.12
a 0.15 2.37 2.55
05 10 0.19 2.64 2.63 0.43 0.19  59.7
0.20 2.68 2.56
0.34 3.45 2.97
0] 0.10 2.02 2.15
0 05 10 0.17 2.63 2.83
Distance from the wedge point x/L 11 0.19 2.62 2.85 0.44 0.23  63.5
0.21 2.67 2.78
Fig.6 Deflection of splitted film and the 0.33 3.33 3.30
approximation by Eq. (2). 0.10 1.94 1.89
0.17 2.68 2.83
13 0.20 2.67 2.49 0.50 ~ 0.18 88.6
0.20 2.49 2.29
4 0.10 4.35 3.41
0.16 4.43 4.80
£ o 21* 0.19 4.82 4.42 1.04 0.24  43.6
3 0.20 4.59 4.61
5 /O’Oﬁ)/ 0.33 7.63 6.9
5 2 >~ 0.10 2.81 2.9
- /1 20¢ 0.16 3.51 3.13 0.84 0.22  55.3
% | 0.19 4.68 5.45
& o 0.10 3.00 2.73
. 0.16 3.27 3.41
(¢} 0.1 0:2 0.3 04 23 0.18 3.42 3.42 0.82 0.21 108.7
Wedge thickness mm 0.20 3.66 3.46
Fig.7 Relation between the wedge thickness D Le: Estimated length from the initial slope

and the splitted length L. % Reinforced by coating epoxy resin
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