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Executive Summary

B Position of this proposal

This strategic proposal maintains that Japan should strategically implement the
fundamental research of integrated social infrastructure management system and the
research and development of science and technology of maintenance as the effort of an
entire nation aiming to find a fundamental solution to various problems associated with
social infrastructures and to realize a robust and sustainable society.

Since Japan has already accumulated large amount of infrastructure, costs of the
infrastructures such as maintenance, management, repair, and reinforcement are
rapidly increasing, and accidents and defects caused by age-based deterioration are
frequently occurring. Although there are many efforts of the industry, government, or
academia to address critical issues, they are far from engaging in sufficient fundamental
research and development of the foundation for efficient and effective maintenance of
these social infrastructures.

Thus, this proposal uses a mid- to long-term perspective and focuses on suggesting
research and development that improve methods for enabling the maintenance and
upkeep of currently installed infrastructures spending the smallest social cost possible.
This proposal thereby aims to build a robust and sustainable society while ensuring

Iinternational competitiveness of Japan for the future.

B Recognition of basic problems

Targeted social infrastructures here include public facilities for providing services such
as transportation, distribution, public welfare, and information and communication as
necessary for improving the welfare of the citizens and economic development. The basic
point of management for minimizing the lifecycle cost of infrastructures is to properly
identify conditions and functions of infrastructures and forecast future conditions and
remaining service lives, and implement maintenance, management, repair, and renewal
of infrastructures at proper timing by giving priorities to them based on the forecast. It is
necessary to shift from evaluations and decisions of maintenance, management, and
renewal that used to be often dependent on experiences and knowhow of veteran
engineers to scientific processes based on data.

The development of a truly robust and sustainable society requires comprehensive
management of lifecycles by breaking the boundary of conventional social infrastructure
management based on the cooperation and fusion with different types of facilities and
systems. This requires many new theories and achievements of research and
development and a much more ambitious and larger social agreement among industry,
government, academia, and the public sector than the previous most cross-sectoral

program such as a Cross-ministerial Strategic Innovation Promotion Program (SIP) of
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the Cabinet Office, Government of Japan.

Meanwhile, maintenance is often affected by various materials and structures of
targeted infrastructures and peculiarity and uniqueness of functions and performances
expected in targeted infrastructures. Thus, maintenance cannot be easily generalized or
standardized as wuniversal theories and methods. Still, efficient and reasonable
implementation of technological development and education in this field are necessary,
considering the massive amount of currently installed infrastructures which will require
maintenance in the future and an enormous variety of types and structures of these
infrastructures. That is, it is necessary to establish maintenance engineering for social
infrastructures based on experiences and theories and the science of maintenance with
comprehensive targets by finding common theories to individual technologies and

organizing them into systems.

B Overview of this proposal

Design systems and methodology of maintenance for reinforcing social infrastructures
and making them sustainable cannot be achieved in a short period. Yet, we need to make
efficient efforts to realize them. This strategic proposal analyzes and makes suggestions
for research and development strategies as the first step of the milestone leading to the
systematization of more innovative maintenance methodologies.

One example of problems in science and technology of maintenance is that currently
there is no system for identifying the conditions of infrastructures and making rational
decisions concerning costs and priorities of repairs to be conducted or theories that assist
such processes. The science of maintenance is expected to become useful for developing
advanced technologies for identifying proper timing and method of repairs, but it is still
just an ideal at this point. The second best option is an economical and reasonable
approach that is a systematic effort supported by technologies and data.

This strategic proposal suggests design, examination, and research and development
in the following three categories for realizing a robust and sustainable society. This
proposal especially suggests the fundamental research on integrated social
infrastructure management system as the first step which becomes the common base of
various research and development and effective management of the lifecycle of social
infrastructures.

(1) Description of the vision of a robust and sustainable society to achieve

(2) Design of the lifecycle process of social infrastructures

(3) Design of integrated management system that assists the lifecycle management of

social infrastructures

+ Design of infrastructure database focusing on the information of construction,
maintenance, and management of infrastructures

+ Construction and operation of integrated lifecycle management system as a test

« Implementation of researches on fundamental technologies using the integrated

CRDS-FY2014-SP-02 Center for Research and Development Strategy, Japan Science and Technology Agency
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management system (Example: Identification of the conditions of infrastructures
and forecasting of remaining service life, research and development of effective
and efficient methods for maintenance, management, and renewal of
infrastructures, and installation of systems that can be used for repairs and

recovery in case of a disaster)

System science )
-Lifecycle cost analysis
-Comprehensive risk management
-Integrated multi-scale analysis

-Integrated operation managfeﬁ[;/
N
N

Application
-Safety evaluation of structures

-ldentification of potential risks and
vulnerability

-Lifecycle management

-Asset management

Integrated social infrastructure management system Computer science
Thiearated -Simulation
Repair and _ ntegrate -Three dimensional modeling
i infrastructure -Structural analysis
improvement databasn i
) ataba -Performance design
-Repair technology

-Materials with long
service life
-Self-correcting materials
-Service life diagnosis

-Inspection robot

‘,d

Actual society (already installed and new installation

| -Reinforcement
“\technolog

-Cutting edge high performance sensor
-Non-contact three dimensional measuring
-Remote controlled monitoring

*Themes of research in the diagram are examples.

ES-Fig. 1 Research and development of elemental technologies centering on integrated
social infrastructure management system and the application of their outcomes

Along with research and development, this proposal aims to establish maintenance
engineering as common technologies and the science of maintenance as a basic and
universal discipline and to sophisticate research by shedding light on maintenance work
that remains insufficiently examined (ES-Fig.1).

Also, the realization of comprehensive maintenance of infrastructure requires the
establishment of methods and systems to implement social scientific approaches to
overcome restrictions of laws and organizations in addition to solving scientific and
technical problems. System technologies are essential for solving problems, because
social infrastructures are complicated systems in which hardware, software, and social,
economic, and human activities are interconnected. This means that realistic strategies
and systematic approaches are necessary at a national level for gradually shifting the
styles of the current society and infrastructures to the direction of realizing ideal social
visions by conducting researches of mutually dependent multifaceted and multi-layered
themes under proper timeframe and effectively leading them to the next process or
providing feedback.

In other words, this strategic proposal is intended to suggest research and

CRDS-FY2014-SP-02 Center for Research and Development Strategy, Japan Science and Technology Agency
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development of fundamental technologies of infrastructure management to design,
maintain, and develop a society where people can securely and safely live. The
technological systems and the integrated management system of the lifecycle
management of social infrastructures targeted in this proposal can become Japan’s
and the

environment. And the proposed lifecycle management method and system also aim to be

unique technology that incorporates the perspectives of people, society,
used for repairs and recovery processes in a time of disaster (ES-Fig.2).

In addition, the integrated management system that will be established by applying
outcomes of research and development into society and repeating operations and
improvements is expected to have large influences for Japan and other countries in their
implementation of international businesses in industrialized countries which have aging
infrastructures along with accumulated actual data and knowhow on operation,
maintenance, and inspection. Integrated management is also expected to be used as the

foundation of secure and safe society that supports regions with emerging economies.

-Regular conditions Partial ,
replacement v Repair
. , , ] yo- "
Main purpose: Planning . ,Rep:" Operation '"s‘)lectfm U ) Disposal- °
Maintenance and -Repair plan -Repairand -Operation evaluation a- \
prevention of aging ) reconfiguration . -Inspection Demolition 7
-New design -Application and constructi -Monitoring -Evaluation and diagnosif , /

: . Support ;or maintenance and management

|

Group of Zhasedondata _ _ _ __ _________ :

E&D uData gathering and integrated management and distribution support ! ' :
emes ! = ----------------------oANCo-mo-ooooo oo

1

Onsetof a

major da
1%
i . . Inspection and
" . il deS|gnl Repair and renewal Operation p )
Main purpose: -Emergency operation ) ) . evaluation
Repai e Operation reduction plan -Emergency operation Damage diagnosis
G, MEESE ] -Repair and reconfiguratiof / -Facilities and services , ,g 9
-Restoration and -Decision of

and restoration -Renewal (replacement) / / Identification of conditions, ,
response policy

¢ Repair I
Restoratlon and ecovery

ES-Fig. 2 Lifecycle management method and system that can also be used for repairs and
recovery processes in a time of disaster

reconstruction plan

A single management system
can handle disasters.
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7w 77 54 Resilient and Sustainable Infrastructures
http://www.nsf.gov/funding/pgm_summ.jsp?pims_id=13545&org=CMMI
IR : 2009 4~
B HEM (RFEmT, 537 7e s 7 40)
#EZ . The Resilient and Sustainable Infrastructures Cluster supports research to
advance fundamental knowledge and innovation for resilient and sustainable
civil infrastructure and distributed infrastructure networks. (477w 27 7 A
Infrastructure Management and Extreme Events IMEE) Ci%, #i52, VU 7
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Measuring Social Vulnerability - Reducing Uncertainty and Validating Indicators

Principal Investigator:Christopher Emrich; Organization:University of South
Carolina at Columbia; Award Date:08/15/2013; Award Amount:$174,000.00;
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Development of a Quantitative Model for Measuring Regional Economic Resilience

to Hurricanes, Principal Investigator:Daan Liang; Organization:Texas Tech
University; Award Date:09/01/2010; Award Amount:$278,726.00;

@[ NIST
7'va 77 A4 : Advanced Sensing Technologies for the Infrastructure: Roads,

Highways, Bridges and Water Systems  (Technology Innovation Program ® —g)
http://www.nist.gov/public_affairs/releases/20090106_tip_award_announce.cfm
http://www.nist.gov/tip/prev_competitions/upload/cnn_white_paperfinal.pdf
FnSCHFERL httpi//www.nedo.go.jp/content/100105718.pdf
IR : 2009 025 5 4
HBL . #0%8 $ 88.2million (BEMIT~yF 77 7 K)
BEEL . new, efficient, accurate, low-cost and reliable sensors and related technologies
that provide quantitative assessments of the structural integrity or degree of
deterioration of bridges, roads, water mains and wastewater collection

systems

@FKIN FP7
7' v 77 A4 : MAINLINE (MAINtenance, renewal and Improvement of rail
transport iNfrastructure to reduce Economic and environmental impacts)
http://cordis.europa.eu/search/index.cfm?fuseaction=proj.document&PJ_RCN=122
31510
IR - 2011 42~2014 4F
BIAE : 300 T —n
% . (DApply new technologies to extend the life of elderly infrastructure.
(2)Improve degradation and structural models to develop more realistic life
cycle cost and safety models. (3)Investigate new construction methods for the
replacement of obsolete infrastructure. (4)Investigate monitoring techniques
to complement or replace existing examination techniques. (5)Develop

management tools to assess whole life environmental and economic impact.
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