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Evaluation of Interfacial Fracture Toughness between Paint and Steel Sheet in

Paint-coated Steel Sheet System Using DCB Specimen
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Synopsis : A method for evaluating the interfacial adhesion strength between paint layer and chromate-coated steel sheet in the paint-coated steel sheet

system was proposed. Three kinds of the steel sheets modified with chromic acid which contained various content of colloidal silica and a
paint composed of a mixture of alkyd resin and silica particles were used as specimens for the experiment. The adhesion strength was evalu-
ated by the critical strain energy release rate at interfacial crack initiation. To measure the critical strain energy release rate, an asymmetric
double cantilever beam specimen was used, where an interfacial pre-crack was induced between the paint layer and steel sheet. When the
crack propagates along the interface between paint layer and chromate-coated steel sheet, it was observed that the critical strain release rate
increase with increasing the content of colloidal silica in the chromate-coated steel sheet. Similar dependency of the silica content on the
adhesion strength had been also confirmed in the cross cut tests. This signified that the interfacial adhesion strength could be evaluated quan-

titatively by the critical energy release rate.

Key words : mechanical testing; paint-coated steel sheet; interfacial fracture toughness.

5 T &I ICEEAE R CEIRERiE D5 REEEEER D
JSIZKOME XN THE N, FEELFmBENEC 58
BIENRT, £ DFA, Fig 1OITAT & 5 IHmEIZ
TR & BN O BEEBRIE SR L s L D, R/

TERIZ A 5720, ML BT R85 BRI & b %k
DHEEEL AW ERBEE ST, KDEBWESHREL SO

B ze & DN HiR D K i PR LD BRE 2R 5Ty

%, BRICEWCESHREOFMICIE, BRI
1XMm@ﬂE%ﬂvﬁ*T47T%DOHk%,{D

IZEDF 2P L ZORBERFREZFARDS kN
thmiéhm<ﬂ%éhfnémjbﬁ L, ZOFHEY
EiE, EUNICEEEOBLEARNLZEDOTHY, BER
B AEERENIZIEET 37200 O TId &, Fig 1(a)lon

Paint-coated layer

/]
Wnsrrrrs
[ o]

(a) Specimen set up

Adhesive layer

HEE P RIEEARORE Th 2 »HBRETH %,

I, SRR AR % Bh 9 R R O % BRRE
fi 5 EDMESL 25 4 DEERTFIC BN TR 5T 3,
BRIZBWT, AEHEh TV B EL K UEEBORE
i I E 7 B0 REH % Fig. 2@)~@IZRT. (@idt T
ivﬁ:—%4Vﬁﬁ@ﬁﬁﬁﬁ%f/4y?y%~ﬁ—
IZ& D AR L 2B & HOMEREZEE 2 6 b IR
hﬂﬂbfﬁ@%(@13%%@L@%%%74»a0&
BEEE T 4L LBEANBFEOREET 3L 12 & 0 FH

Cobhesive fracture

Interfacial fracture

(b) Fracture surface

Fig. 1. Testing method of adhesion strength between organic coating layer and metallic material based on JIS K5600-5-7.
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Table 1. Chromate-coated steel sheets used for fracture
toughness test.
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Fig. 2. Schematic illustrations of popular evaluation meth-
ods of interfacial strength.
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Surface Silica content in Silica content Curing process
modification the chromate layer in the paint "
of steel sheets ( mg/mz) (Wt%) Tempoerature Tlr.ne
€ (min)
Chromate A 20~70 30 130 10
Chromate B 0 30 130 10
Chromate C 10~35 30 130 10
Interfacial pre-crack introduced by a released agent
/ LI Paint Fayer 204m
2~5um
0.5mm

200

(a) Paint coated steel sheet specimen with interfacial pre-crack
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Fig. 3. Shape and sizes of the asymmetric DCB specimen
for evaluating interfacial fracture toughness be-
tween paint layer and steel sheets.
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Fig. 4. An example of height measurement near the end of paint coating layer.
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Fig. 5. Stress strain curves for the paint layers with various
curing time.
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Table 2. Material constants used for the stress analysis.

Adherend
eren ‘ Young’s modulus: 205.8GPa

Poisson’s ratio:0.33

Adhesi
esive layer Young’s modulus: 2740MPa

Poisson’s ratio:0.38

Paint |
amt fayer Young’s modulus: 1320MPa

Poisson’s ratio:0.33

Yield stress:3MPa

Work hardening data

Break point &, Stress (MPa)
0.0068 6.351

0.0115 8.64

0.0211 1.12

0.0259 1.19

0.0316 1.22
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Fig. 6. Load displacement curves for DCB specimens.
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Fig. 7. Macroscopic view of the fracture surfaces, where some parts are enlarged by fluorescence micrographs.

FTRLEWVHEEARL TS, LaL, %O Fig
TR ENB KD, PEEEHMEIZH T, SRR
HARELTOB 600D, TO%, BEOKRMEMSFEL,
v o R & RO L R AR L
THD, ME-ZEMNHREAEOEEFRELZLRL DL
eV n, —F, 7o x— b AREF ® v=50 mm/min

35

DHB/AIZEB W TS Fig 6(a) IR E N5 &k 5 IfE-E Al
OB AMEIZ0=0.02mm/min DIFA & Fkk, 3EHD P
TREBWEAZRL TS, LaL, 2ux— b ARERH
DBEEIZFig. 7@ICRoh b &1, ya it — B, CEIE
REAICHRD &l < L 2 BRI RD 6N B
BDDD p=0.02mm/minHHED & 5 LK E EREYRES

299 N



I 300

$k 48 Tetsu-to-Hagané Vol. 93 (2007) No. 4

Table 3. Surface roughness of chromate-coated steel

sheets.
R, (um) R, (pm)
Chromate A 4.729 0.735
Chromate B 4.620 0.711
Chromate C 4.125 0.669
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Fig. 13. Effect of surface treatment on the critical energy
release rate.
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