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STRATEGIC PROPOSAL

Establishment of scientific and technological
basis for comprehensive understanding of
the fatigue and fracture mechanics
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Executive Summary

This is a proposal of research topics and approaches to promote them for comprehensive
understanding of the fatigue and fracture mechanics that relates to numerous accidents caused by
mechanical damage. Initial phenomena as an origin of fatigue fracture are often unexplained. This
proposal is aimed at establishing a new axis of scientific and technological basis with regard to the
fatigue fracture by deepening the understanding of its initial phenomena of which the mechanical
mechanism is largely unknown and the understanding of the whole fatigue fracture based on it.

In the efforts to achieve a carbon-neutral society, there is a rising demand for weight saving and
higher efficiency of energy equipment (prime movers) and transport equipment (automobiles,
trains, aircraft and ships). However, from the perspective of ensuring reliability and safety of the
equipment, these devices are designed by multiplying a safety factor. Therefore, a new approach
based on the understanding of physical phenomena of the fatigue fracture is necessary for further
pursuit of weight saving and higher efficiency. Deeper understanding of the fatigue fracture
phenomena enables shortened development time-to-market and reduction in the development
costs. It also allows marketing of a new product with adequate reliability earlier than any other
countries, which can lead to improvement of Japan’s industrial competitiveness. Hence, it is
necessary to understand the fatigue fracture phenomena more substantively as well as establish
and strengthen the scientific and technological basis for the fracture phenomenology and fracture

engineering.

It is difficult to predict fatigue fracture because the dynamic mechanism of the initial
phenomena from microcrack initiation to microcrack growth has hardly been elucidated or the
phenomenon is not understood or modeled. Under the current circumstances, strength required
for equipment to withstand the fatigue fracture is calculated from statistical and experimental
methods by using massively accumulated fatigue test data. Therefore, most of the recent
researches on the fatigue fracture are undertaken as part of the development of new equipment
and materials and remain as studies on properties of individual materials. In order to break away
from such circumstances, it is necessary to conduct research to advance the understanding of the
fatigue and fracture mechanics that have not yet been elucidated.

We propose the following two specific research topics to elucidate the microscopic mechanism
and mechanics of the initial phenomena of the fatigue fracture and thereby establish the scientific
and technological basis.

(D Discovering the law of the initial phenomena of the fatigue fracture

(@ Establishment of the fatigue phenomenology and the fatigue engineering based on the

understanding of the initial phenomena of the fatigue fracture

Significant progress has recently been made in experiments and in the non-destructive/in-situ
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measurement techniques for the mechanical characteristics and the fatigue characteristics in
microscopic size that relate to elucidation of the initial fracture phenomena. With exponentially
developed performance of computing machineries, efforts have been progressing towards unified
understanding of the fracture phenomena by multi-scale multi-physics simulation. Data science
such as machine learning and deep learning are expected as a tool for prediction. By combining
these experimental methods, measurement methods and mathematical methods, it is proposed
that the law of initial phenomena of the fatigue fracture should be figured out and that a new axis
of the fatigue phenomenology and the fatigue engineering should be established based on the
understanding of the initial phenomena of the fatigue fracture.

As a first approach for promotion of the above, it is important to form a cross- disciplinary
network beyond boundaries of academia and industry, where core human resources should be
developed who have understanding of both the basic research focused on the discovery of the
law of initial phenomena of the fatigue fracture and the fracture phenomena of actual equipment.
As a second approach, creation of a center of excellence should be promoted as a sustainable
research environment. The aim of the center is to elucidate the laws of the initial phenomena
of the fatigue fracture, which are diverse and complex, and to establish a new axis of the fatigue
phenomenology and the fatigue engineering based on it. This field is one of the fundamental
scientific and technological fields to protect and maintain national security. Therefore, it is
important for the government to promote research and development in this field from a
medium-to long-term and continuous perspective.

Center for Research and Development Strategy, Japan Science and Technology Agency CRDS-FY2022-SP-04
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1. BRM

EU (RINESR) TRIFR - A/ R—2aVBRlHATATSLELTIL—LT7 =070 5L (FP:
Framework Program) T#% Horizon 2020 (2014 ~20204) *¥>Horizon Europe (2021 ~2027 %)
MNEBIN TS, Horizon 202013 D2DARZRIFEZDMDENBEAHAN SN, BE—DFEELT [H#L
ERIZ], BZOFELT TEE)—Y—2v 7] BE=0HELT [HEWBREANORDEML] NEBIN
TW5, Horizon2020 (ZH 1 2BIFANFBEHEAD IOV 7 hORRERM TR 2-1 (IRT, BREHEDOHERN
BIRP T/ AT —ILOBETOCAOEBEICEIHFH/ULIMBRORE, BRRCEBBEREADICAZE
BEUEEMRORAMALRE I CEENMRASIN TV,

Fio. BMNBEYMREEZS (ESISHEHET ZFERD European Structural Integrity Society) HE
BELUREAZICEATIMENHEESINTED, ESISHEETD2FESLDEUropean Conference on
Fracture (2F&E(CEME. 2020F3I0FRICENHIE) FZBUTHROFKEXRPERITHON TV S,
ESISICIE. 2022F3BRRTCIODEMEESLHH. [TC3/FATIGUE OF ENGINEERING
MATERIALS AND STRUCTURES ] [T, EHBIRICEAT BB ZRDHI-OHDMECEEY DK F R
IS A E O EREMMRESNTNS |,

f15% 2-1 Horizon2020 [Z# 3T 3EAZEFEDNTAT T b2

paps| 702y MR - HE 7AYz V& RE - AREE
* microKlc €1,996,570 | k1Y (FRIEDRICH-ALEXANDER-
SREMOHBENZTALER UNIVERSITAET)

DEMARIEAR(CE D <HHIEH
HEY/oaXHhZAILETIL
F1OFE SHUERIZE | DORIR

(ERQ) * TUGHIT €1,960,985 | #—Z U7 (MONTANUNIVERSITAET
FT/RT—IILOWETOER LEOBEN)
DERICEIL BRELS
WIED/NIL I M BOF S

ftb 14 | &%Et€5,635,880

1 https://sites.google.com/structuralintegrity.eu/tc03 (2022812822877t X)

2 CORDISIZT Fracture Mechanics' ICkDIRTRL= 194 (BEDPHERBMRLEDTOY LY bEERL)
https://cordis.europa.eu/search?q=%27Fracture%20Mechanics%27&p=1&num=10&srt=Relevance:decreasing
(2022128 22H77tX)
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F£10E sl UERIZE
(Marie Sktodowska-
Curie Actions)

e NEWFRAC
BIRIEN T & WIRDAIRES
EFILERE U-BIEFRIE
Y —)LBR

* ATHOR
it A DIRIEZE &), MHEE
BEELQEOYMEICHTEVIL
FRT—ILETY VY

€ 3,359,824

€ 3,737,239

2~~~ (UNIVERSIDAD DE SEVILLA)
7 7E 9 B

752 (UNIVERSITE DE LIMOGES)
6 HE 6HEBE+ 8/ 8\ — hF—

* BriCoFra €173,076 | 75> (COLE POLYTECHNIQUE)
RHWROBZR - WM
RERAEADED A
ftb 84 | &5t €15,753,382
* DACOMAT €5,873,915 | /)Lox— (SINTEFAS)

BR. RETL—RAEEKRE

ADOEN A (Smart,
Green And Integrated

BEEROREZED LI
LWwro)LhO—%—0KEt/

T 1) — A —
DAORERITTT | mamicsusmansoR
SHIE (1> 75BR)
b1 | &5 €11,791,306
FEIDHE HEWEE e AMATHO €3,321,160 | 14177 (POLITECNICO DI MILANO)

Transport) STl / Y58 € 3,321,160

* ATLASplus €7,195162 | 7147V R (TEKNOLOGIAN
Euratom FEFFORBEGZEDZOHD TUTKIMUSKESKUS VTT QY)
programme for BREHCOEBEF AR
nuclear research e FRACTESUS € 4,666,061 | NJL¥— (STUDIECENTRUM VOOR
and training INRBRRICEDEFRELR KERNENERGI)

SR DOBIE N F R A5t €11,861,223
2, 1Y

RV RIRER < (DFG:German Research Foundation) ®&5% 704 >4 [Variational
Methods for Predicting Complex Phenomena in Engineering Structures and Materials | OH T,
BREETIZOMABOEMRDHNICLDMBEMEICT T 2HEENAMDBHIITHONTNS S,

Fio. DFGOBEICKD 2 EF=EMT U PRSI EHEERH LD, RERESFICET I VILFAT —
IVEITICES 270V MOAMEBER - HBEZRRTETL WS (ASL228),

3. RE

University of Nottingham & & U University of BristolA & 72>7T, 2011 E 6 BICEEMRIOE
FEEL Y — (Centre for Innovative Manufacturing in Composites:CIMComp. 520 57K R
/5%, M7.91R) XKLLl ZDO®, KEILY - WERFHR=E (EPSRC:Engineering and
Physical Sciences Research Council) OHE (1,030 ARV K, #15.6/8) (C&KD. 2017F LD 13K
FH'Si8 LT Future Composites Manufacturing Research Hub [ZHiK L., MZEDEF, HiER2ETE
[CEIT2EEMBERDOEEICEATHHRARI’ITHONTED., ZOFTHRIBICEAT 5 VILFRT —ILERTD
WENMTHNTNSY,

F7-. Imperial Collage London ® Composite Centre [ZEWT, BEMEDVILFRT —)LEERT
FIEORENEANIED >N TS, Composite Centreld, % /{bZITZ/{bZE/LRIZE/FT1Y
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