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Title of Doctoral Dissertation:

Development of New Strength Evaluation Technique Using Small Disk Specimen

Name: MURAKAMI Kotaro

The objective of the thesis is that development of new strength evaluation technique using small disk specimen.
the new testing apparatus was designed and fabricated to conduct strength property evaluation in a
high-temperature hydrogen atmosphere and high-temperature fatigue property evaluation using small disk
specimens. Additionally, an investigation into the evaluation of strength characteristics of polymeric materials
using the conventional Small Punch (SP) test method was carried out. The thesis comprises of 5 chapters, The
contents of each chapter are outline below.

Chapter 1 is Introduction and presents the small size sample testing technique

Chapter 2 consists of literature survey on the problems associated with the present small size specimen tesitng
technique.

In Chapter 3, a study was conducted on the applicability of the SP test method to the evaluation of deformation,
strength, and fracture characteristics of epoxy resin. SP tests were performed on epoxy resin at different
indentation speeds. From the measured load-displacement curves, yield strength, tensile strength, and elongation
were estimated. Additionally, the post-test fracture morphology was observed. The investigation aimed to explore
the impact of loading speed on SP deformation, strength, and fracture characteristics. The results showed that at
relatively low indentation speeds, significant deformation occurred, and a single-letter-shaped crack initiated
from the center of the specimen. Conversely, at higher indentation speeds, brittle fracture occurred without
significant deformation near the clamping area. Furthermore, an increase in indentation speed led to an increase
in strength levels (yield strength, tensile strength) and a decrease in ductility (elongation). These changes in
deformation, strength, and fracture characteristics with increasing indentation speed were considered to reflect
the viscoelastic properties inherent to polymer materials.

In Chapter 4, a testing apparatus capable of conducting SP tests in a high-temperature hydrogen gas
atmosphere at 600°C and 0.98 MPa pressure was newly designed and fabricated to assess the applicability of the
SP test method for residual life evaluation of advanced high-temperature hydrogen equipment. Subsequently, SP
tests and SP creep tests were performed on austenitic stainless steel SUS304 at a temperature of 600°C and a
pressure of 0.12 MPa. Fundamental investigations were conducted on the influence of the high-temperature
hydrogen gas atmosphere on deformation and fracture characteristics. The results of the SP test indicated that at
room temperature, the maximum load and displacement in the hydrogen gas atmosphere were somewhat smaller
compared to the argon gas atmosphere. In contrast, at 600°C, the maximum load and displacement in the
hydrogen gas atmosphere were slightly larger than those in the argon gas atmosphere. Furthermore, the estimated
strength based on these results closely matched that obtained from tensile tests. In the results of the SP creep test,
deformation was more pronounced in the hydrogen gas atmosphere compared to the argon gas atmosphere,
leading to a slightly shorter creep rupture time. Additionally, the equivalent fracture strain (fracture ductility)



showed a decreasing trend with a decrease in test load, and the strain was slightly higher in the hydrogen gas
atmosphere compared to the argon gas atmosphere

In Chapter 5, new small-disk bending fatigue technique capable of testing at around 180°C was developed. The
diameter of the test specimen is the same as the SP test specimen, at 8 mm. Finite element analysis revealed that
the most suitable plate thickness is approximately 0.3 to 0.4 mm when the test material is epoxy resin. An actual
test specimen (diameter 8 mm, plate thickness 0.3 mm) was fabricated using epoxy resin, and tests were
conducted at room temperature using the developed testing apparatus. The results confirmed that the output of
the strain gauge follows changes in pressure. The air pressure was abruptly dropped due to fracture, and the
number of cycles to the sudden drop in pressure increased with decreasing applied maximum pressure. The
fatigue cracks initiated at center of specimen, however, when strain gauges were attached, cracks initiated at the
adhesive bond edge, leading to premature fatigue failure. Therefore, strain measurement using digital image
correlation (DIC) method is considered useful.

Chapter 6 presents the conclusions of the study.



