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Effect of Adhesive H,ardenihg Treatment on Adhesion Tensile Strength of
a High Carbon Steel

Iwao SAWAIL Yoshio OKUNO, Ken SUZUKI and Toshihei Misawa

Synopsis :

For the purpose of further increasing use with the adhesive bonding in steel structural joints, adhesion
tensile strength tests were carried out on a S55C high carbon steel/epoxy resin adhesive system under
20°C. Effects of heating temperature and its holding time on tensile strength and adhesion process were
discussed for evaluating optimum hardening conditions. Probability distribution of adhesion tensile
strength was found to be followed by Weibull distribution. The temperature-time-adhesion tensile
strength (TTS,) diagram described by the mean value strength and Weibull shape parameter was illustrated
to give a clear feature on the whole adhesion strength. The adhesion tensile strength obtained for various
heating temperatures and times was divided into three stages in Larson-Miller parameter plot, that is, in-
complete adhesion stage I of cohesive failure, suitable adhesion stage I of cohesive failure and deteriora-
tion adhesion stage Il of cohesive-interface mixing failure mode. Thus, it became possible to evaluate the
optimum hardening condition for adhesion joint strength using TTS; diagram and/or Larson-Miller pa-
rameter plot.
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m : Shape parameter (Weibull modulus)
{ ®45 1 0 Si : Mean value of adhesion tensile strength, $;
(mm) 12.70-0.06 Fig. 2. Weibull plots of adhesion tensile strength
obtained from the S55C specimens hardened for
Fig. 1. Geometry of adhesion tensile specimen. different holding times at 150°C.
Table 1. Chemical composition of S55C carbon steel used (wt%).
C . Si Mn P Sol. Al Ni Cr N
0.568 0.224 0.840 0.023 0.016 0.029 0.018 0.058 0.0037
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Upper number : §1, mean value of adhesion tensile strength (MPa)
Lower number : m, shape parameter

Fig. 3. Temperature-time-adhesion tensile strength
(TTS,) diagram for S55C steel adhered in var-
ious hardening conditions.
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Fig. 4. ._91 vs. Larson-Miller parameter* P for both
25S and 6.3S surface roughness.
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Fig. 5. Effect of surface roughness on adhesion
tensile strength obtained for various holding times
at 175°C in stage 1I.
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Photo. 1.
parameter ; 8.5X 103, 150°C-60 min).

Scanning electron micrographs (SEM) of adhesion fracture surface in stage I (Larson-Miller

Photo. 2. SEM pictures of adhesion fracture surface in stage Il (Larson-Miller parameter ;8.9 X 103,

150°C-500 min).
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Photo. 3. SEM pictures (a), b)) and EPMA Fe-K, image (c)) of adhesion fracture surface in stage [l (Larson-

Miller parameter ; 10.3X10%, 200 °C-3 000 min).
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a) Stage Il ; Larson-Miller parameter is 9.0X103, 175°C-60 min
b) Stage Il ; Larson-Miller parameter is 10.5 X 10%, 250°C-60
min
Fig. 6. Far infrared reflection spectra obtained
on adhesion fracture surfaces.
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Fig. 7. Schematic fracture paths and mode in
S55C steel-epoxy joint. '
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