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Applications”

Outline of the work:

Dr. Toshimitsu Yokobori established a unique mesoscale mechanics that links physical metallurgy with 
macroscale mechanics and derived original theories that quantitatively predict fatigue fracture and time-
dependent fracture such as hydrogen embrittlement and creep. These theories are widely applied not only to 
metals and polymers but also for estimation of elasticity of blood-vessel wall and derived mechanical 
indicators on deterioration of strength and life prediction which concern the maintenance of structural safety 
for these materials. These theories exceed the frame of fracture mechanics and change the paradigm of each 
specialized field.

1. Research of Fatigue Crack Growth
Many comet aircraft disasters occurred in the 1950s. Due to these disasters, research on fatigue crack 

growth was promoted, and Paris law was proposed which experimentally characterizes fatigue crack growth 
rate. It is the basic law for designing fatigue crack growth life. Dr. Yokobori found out a similar law of 
dislocation groups flow. Using this law, Dr. Yokobori derived a dynamic theoretical law of fatigue crack 
growth that corresponds with experimental Paris law (Paper 3). This theory is an original theory distinguished 
from that based on fracture mechanics and has been quoted mostly as Yokobori’s theory in the literatures.

2.  Quantitative Characterization of the Sensitivity of Hydrogen Embrittlement based on 
Analysis of Hydrogen Diffusion

Low-temperature brittle fracture of merchant and crystal carry ships occurring during sailing in winters 
(USA and Japan, 1969 and 1970) is considered to be caused by hydrogen embrittlement originated by 
corrosive chemical reaction. It has been prevented by the development of anticorrosive technology; however, 
concerning the technological development of hydrogen energy such as those for parts of fuel cell vehicle and 
infrastructure of hydrogen station, high-grade prevention measures for hydrogen embrittlement are needed, 
and the transportation analysis of hydrogen that flows into engineering structures under stress application is 
essential because of the difficulty in conducting experiments. For this, Dr. Yokobori has proposed a unique 
analysis method by introducing a factor that manifests hydrogen concentration into the term of differential 
equation of stress-induced hydrogen diffusion and of coupling finite difference method for diffusion with 
finite element analysis for stress analysis. He first derived the theoretical law of predicting the sensitivity of 
hydrogen embrittlement (Papers 10, 13). Previous literatures on analyses of hydrogen diffusion mainly 
comprised with those for materials science, and the analysis on the problem of hydrogen inflow into 
engineering structure conducted by Dr. Yokobori is distinguished from them as a practical research on the 
maintenance of safety for hydrogen energy infrastructure.
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3. Research of High-temperature Fracture Mechanism for Materials
Dr. Yokobori has conducted a systematic research on high-temperature creep crack initiation and growth 

and proposed the original parameter Q*, which characterizes creep crack growth life. Dr. Yokobori has also 
conducted the research on “proposal of the testing method to predict creep fracture life and its 
standardization.” In this research, the testing method of creep crack growth using a sharp notch specimen was 
adopted in ASTM E1457-07,15 including the definition of creep crack initiation. Q* parameter was also 
introduced in ASTM E1457-07,15 and ISO TTA 5; 2007, “Code of practice for creep/fatigue testing of 
cracked components,” as one of the estimation methods. These findings contribute to the establishment of 
international standardization, and it has been valued as a practical application of strength of materials. 
Furthermore, Q* parameter has been accepted as an original theory of predicting creep crack growth life, and 
it has been introduced in many worldwide literatures. Furthermore, on the basis of systematic researches for 
various materials and dimensions of specimens, Dr. Yokobori has proposed original concepts such as 
“structural brittleness” and “time-dependent fracture based on multi-scale analysis.”

4. Application in Non-invasive Diagnosis of Blood-vessel Diseases
Dr. Yokobori has conducted pioneering and systematic research on the strength deterioration of vascular 

grafts and blood vessel that are polymeric materials. Furthermore, as an application of technology on the 
nondestructive inspection, Dr. Yokobori has established an algorithm for diagnosing blood-vessel diseases 
from the original viewpoint of noninvasively detecting the acceleration response of blood-vessel wall under 
pulsatile conditions and estimating viscoelasticity of blood-vessel wall by proposing I* parameter that 
quantifies its progressive degree of viscoelasticity. This method and theory obtained the pharmaceutical 
approval by Ministry of Health, Labour and Welfare in September 2004. In addition, the method and theory 
were effective in predicting coronary artery disease by the clinical research conducted by Division of Vascular 
Surgery, The University of Tokyo Hospital in 2015 (Paper 17). Furthermore, Dr. Yokobori has proposed the 
non-invasive diagnostic method of the existence of aneurysm based on Chaos theory in 2006 (Paper 15).

Research achievements by Dr. Yokobori are valued as an original application research of quantitatively 
predicting life of fatigue and time-dependent fracture and deterioration of strength of materials; in addition, 
they have been awarded by eminent domestic and international societies specialized in academic.
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