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１．How to draw a picture of community / land 

After devoting several years to the cause, the 
National Institute for Land and Infrastructure 
Management (NILIM) established a firm research 
policy and, following an evaluation of institutions 
conducted last year, introduced a framework for 
performing R&D activities at home and abroad. In 
reference to the opinions received from the 
Evaluation Committee, we need to implement 
reviews and improvements constantly.  Meanwhile, 
new viewpoints of R&D in the housing and social 
capital fields have been broadly discussed in the 
Round-Table Conference on Basic Policy 1) of the 
Social Capital Council, etc.  Various new concepts 
and technologies have appeared, including smart 
city, MaaS, IoT, and AI. However, how do we draw 
a future picture of our land or community realized 
via the research, development and installation of 
these technologies?  This subject is discussed in 
this paper in the background of recent 
socioeconomic development, which is said to have 
entered a stage of maturity. 
 
Housing development and the provision of other 
social capital in postwar Japan has repeated a 
pattern of first securing a construction site and then 
starting construction on a vacant lot.  In other 
words, this approach is similar to drawing a picture 
on a white canvas.  The facility is designed and 
constructed in accordance with a certain concept / 
plan -- a picture to be drawn.  This is considered 
reasonable for a growing society. 
However, since Japan’s socioeconomy is said to 
have entered a stage of maturity, various issues 
have arisen, including the deterioration of social 
capital, the revitalization of vacant housing and new 
community development.  Hence, how to use and 

change existing stock in a future society has been 
often discussed.  That is, the issue is how to 
retouch an old picture so that it looks new.  If the 
only concern is to maintain the functions of 
individual facilities, it suffice to explore 
technologies for each facility in light of advanced 
design standards, etc.  However, to redraw the 
picture, engineers require a target, such as whether 
to repair or remove a bridge or what the streetscape 
should look like in relation to the entire community. 
Do we have the technology to redraw a community 
to a targeted future image?  Discussions are often 
made about community development for regional 
vitalization, addressing for example a group of 
buildings in the historic district, streetscapes in the 
Taisho Roman style, and shopping arcades from the 
Showa era.  In such streetscape development using 
existing stock, it is often easy to share a future 
picture of a community.  However, the basis for 
this is due in part to a streetscape from early 
modern to modern times being left either 
intentionally or accidentally in a community.  
Historically, streetscapes in Japan have changed 
because of repeated destructive damage across a 
broad area due to war, natural disaster, etc. partly 
because buildings were mostly built of wood.  
Consequently, there are almost no old streetscapes 
that have survived over several centuries like in 
Europe and elsewhere.  This is believed why it is 
difficult to draw a future picture of a community 
that everyone can agree to.  Now that various 
streetscapes exist under a mature socioeconomy and 
the maintenance, renovation and reuse of individual 
facilities are being discussed and implemented, it 
would be greatly significant for engineers to 
consider an "ideal" picture of a good streetscape 
that would last long into the future.  Isn't it 



 
 

important, even in the meaning that engineers have 
a source of vitality for R&D, to consider a target 
picture of community where residents 100 years 
after would feel that they live in a good town? 
 
The same also applies to the natural environment as 
the base of streetscape.  The land of Japan is small 
and the plains where the present socioeconomic 
activities concentrate have been formed in only the 
two thousand years after the Jomon Era.  Human 
activities have existed since the formation of the 
ecosystems in these plains.  In addition, in the 
mountainous land of Japan, many human activities 
have been conducted and forests have been used 
since the Jomon Era.  As a key word in nature 
conservation, satochi-satoyama (community-based 
forest areas and the surrounding countryside) 
appeared a long time ago, so the natural 
environment that fostered Japanese society has been 
groomed for the most part by human activities. 
At present, however, there are no longer human 
activities like before in the satochi-satoyama 
(including rivers) due mainly to the progress of 
urbanization, and it is changing into a new natural 
environment.  Engineers in the housing / social 
capital field should scientifically discuss how 
Japan's plains and natural environment of peripheral 
mountainous land will change also in respect of 
sustainable management of future lands and 
communities.  Particularly, since there is growing 
concern over climate change, it would also be a 
technical challenge to consider future communities 
and sustainability concerning management of social 
capital that is present with natural environment, 
based on discussion on what kind of natural 
environment can be established in the plains of 
Japan. 
 
２．Local communities and their functions 

While disasters occur frequently, there is a 
discussion about the fact that many residents do not 
evacuate even when an evacuation order is issued.  
In this discussion, focus is placed on the 
relationship between the function of local 
government, which issues evacuation orders (public 
help), and the function of individuals who evacuate 
(self-help).  However, it seems that the function of 
the local community (mutual help) that lies 

in-between local government and individuals has 
not been discussed in recent years. 
Not only the viewpoint of bearing mutual help for 
encouraging evaluation of individual residents, but 
local community can have various functions for 
community development and maintenance / 
management of social capital such as setting of 
community development objectives suitable for the 
community or participation in sustainable 
maintenance of social capital.  When aiming to 
form good streetscapes and living environments in 
Japan tens of years or a century from now, it is 
possible to consider a social system where the local 
community maintains the social capital including 
roads, rivers, and parks and revitalize existing 
streetscapes through frequent use of public space.  
It has been a long time since the collapse of the 
local community first attracted attention, but it 
would be necessary to establish a new relationship 
between government and the local community in 
order to build such a social system.  So, what 
entity can be established as a new local community?  
As the satochi-satoyama was formed based on the 
relationship between nature and the local 
community, which existed as a socioeconomic 
system at that time, what will be a sustainable 
socioeconomic system where the local community 
is involved with new land or community 
management?  This is an issue that should also be 
considered in regards to a local community that 
supports future community development, and 
maintains and manages social capital. 
 
The discussed topic might be a little specific as an 
opening message of the NILIM Report, but the 
R&D challenges in the housing and social capital 
fields seem to be still full of possibilities, including 
new technologies. 
☞See the following for details.  
1) Interim Report of the Round-Table Conference on Basic 
Policy for Land Transport Technical Administration:  
Panel on Infrastructure Development / Council of Transport 
Policy, Technical Subcommittee, Technology Group, 
Round-Table Conference on Basic Policy for Land 
Transport Technical Administration, Nov. 2018 
http://www.mlit.go.jp/common/001260362.pdf  



 
 

Countermeasures for Large-scale Sediment Disasters Caused by Successive Local Heavy Rains  

Increase in the frequency of sediment disaster by local heavy rain and damage intensification have been 
remarkable, such as the July 2017 Northern Kyushu Heavy Rain and the July 2018 Heavy Rain. Then, 
we study forecast techniques and countermeasure technologies for frequent large-scale sediment 
disasters.    

Social background and issues  

☞ Related articles.  
- A Study on Automatic Detection of Linear Precipitation Systems etc. for Sediment Disaster Warning and Evacuation   
- Issuance of the Guide (draft) to Study on Sabo (erosion control) Facility Arrangement as Countermeasure for Sediment Flooding / 

Inundation using River-bed Variation Calculation  
 

Sabo Department  

Effective sabo facility arrangement plan is possible based on the method of predicting occurrence 
and damage of sediment disaster by local heavy rain and relevant numerical calculation.  

 
Study on forecast of the linear precipitation systems that cause sediment disasters.  

Study on forecast of sediment disaster damage and effective countermeasure facility planning. 

 Frequent occurrence of large-scale sediment disaster from local heavy rain caused by linear precipitation system  
 Damage of sediment disasters is intensifying, such as outflow / accumulation of sediment / driftwood in wide 

downstream area causing flood as well as damage from debris flow and collapse in upstream area.   
 It is urgently required to establish a method of predicting linear precipitation systems, a method of predicting 

accurately sediment runoff according to the grain size of produced sediment and scope of water / sediment flood, 
and an effective and efficient sabo facility arrangement planning method based on the foregoing methods.   

Example of detection from the July 2018
Heavy Rain  

Study contents   

Development of a system for 
automatically detecting linear 
precipitation systems based on the 
indicators of atmospheric instability, 
amount of water vapor, possibility of 
causing an ascending current, etc. as 
well as 3D observation values of 
X-band MP radar, using numerical 
weather forecast of the Meteorological 
Agency. As a result of applying to the 
heavy rains that caused major sediment 
disasters in recent years, it was 
demonstrated that appearance of a 
linear precipitation system can be 
forecast about 2 to 6 hours before.  
 

Method of detecting linear 
precipitation systems with 3D 

observation data.  

Image of modeling considering the 
variation of sediment movement 
patterns from debris flow to bed 
load / suspended load.  

Numerical simulation of the sediment 
runoff in the July 2016 Northern 
Kyushu Heavy Rain (Left: Upstream, 
Right: Downstream)  

Improve the river-bed variation 
calculation based on the behaviors of fine 
sediment that vary according to gradients, 
such as sediment being caught between 
the gravels of debris flow, forming bed / 
suspended load in low-gradient sections. 
Verify the reproducibility to previous 
disasters and confirm application to 
damage prediction for sediment floods 
that cause damage in wide downstream 
area. Further, points of attention in 
calculation and application to the sabo 
facility arrangement plan were 
summarized as Technical Note of 
NILIM.  



 
 

 Road traffic management using big data  

In order to realize safe, smooth, and comfortable road traffic using road networks at the 

maximum, we have been studying on road traffic monitoring using various big data including 

ETC2.0 probe information and development of measures for improvement. 

Social background and issues  

Study contents  

Road Traffic Department  

Contribute to improvement in the abundance and quality of public life by the 
maximum demonstration of road functions and stable use of road networks.  

Study for improvement of the smooth performance and comfortableness in road traffic  

Extract original-destination (OD) data, traveling history data, speed data, 

traffic volume data, etc. from video images in addition to probe data 

including ETC2.0 probe information.  By merging these basic data and 

existing data for analysis, establish a technique for monitoring OD 

traffic volume, automobile route, use route change, and bottleneck 

points (Right Figure). Use also for impact analysis by application of 

road measures. 

Study for improvement of safety in road traffic  

Analysis of the pass‐through route 
in community road district (red 

broken line) 

Extract traveling history data, behavior history data, hazardous event 
information, etc. from the drive recorder data in addition to ETC2.0 probe 
information.  By merging these basic data and existing data for analysis, 
establish a technique for monitoring the site / area of hazardous event, route 
passing through the community road, hazardous event information in 
individual sites, etc.  Use also for impact analysis by application of road 
measures. 

 Roads should continue to play their functions to improve the abundance and quality of public life as important social infrastructure that forms national 

land even in social environment faced with various issues including depopulation, arrival of a super-aging society, and need for revival of local economy.  

 To this end, it is required to demonstrate the functions of roads at the maximum through the grasp of road traffic condition and development of 

improvement measures by using ICT (big data, AI, etc.), in which technical innovation is rapidly progressing. 
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Study of bottleneck point identification 

method  

☞Related articles.  

- Collection and utilization of ETC2.0 probe information  

- Trend survey of traffic volume measurement technology using AI  

- Method of using ETC2.0 probe information for traffic safety measures  

 

Bottleneck index indicates the "starting point of traffic congestion" 
and can identify bottleneck points more accurately than the congestion 
time ratio (yellow broken line). 

Arrangement of "portable roadside unit" concerning ETC2.0 probe at the entrance 
of the community road area may enable more efficient / effective analysis of the 
route passing through the community road (image on Right Figure). 



 

To the second stage of road structures maintenance  

Since the statutory periodic inspection, which started in order to maintain a huge number of road 
structures properly, has entered the second round, we are working on technical development for 
inspection, diagnosis, repair, and reinforcement and studying criteria for social implementation 
thereof in order to realize a more safe and economical maintenance cycle.  

Social background and issues  

Study contents  

Road Structures Department  

Realization of a society where roads are maintained properly at the 
minimum life cycle cost and safe and safe public life is secured.   

 If load-bearing behavior after yield of bridge 
members can be controlled, economical and efficient 
repair / reinforcement can be realized while 
preventing critical situations such as bridge fall for 
existing and/or damaged bridges subject to the old 
standards.  Conduct the experiments and analyses 
under various conditions to establish design 
techniques and review standards.  
In addition, for introduction of various inspection 
supporting technologies, which are being developed 
intensively, it is essential to clarify characteristics, 
such as relationship between application conditions 
and reliability / accuracy of results to be obtained.  
Develop methods and evaluation criteria for 
evaluating the performance of various supporting 
technologies according to needs in the maintenance 
cycle.  

Study of a performance evaluation method for road structures with focus on road functions. 

Image caption  

 Since completion of the first round of the road structures statutory inspection, introduced in 2014, there have been many reports on damaged 
structures for which measures should be taken as soon as possible or structures whose service has to be limited, such as traffic regulation.  

 In order to realize economical preventive maintenance through accurate repair / reinforcement of existing structures under various 
conditions, it is essential to develop inspection / test techniques that enable accurate and timely diagnosis as well as design techniques that 
can control the behaviors of structures with high accuracy. 

 In addition, in order to realize a resilient road network against frequent major disasters, introduction of design techniques and standards that 
can harmonize the performance of individual structures such as bridge, earthwork, and pavement with focus on road functions. 

An example of road functions being affected by 
run-off of bridge superstructure or clogged road.  

Performance check by phased test  
Example for the unified presentation 

method of technical evaluation  

土砂崩落に伴い
上部構造流出

上り線 下り線

In periodic inspections, soundness, necessity for actions, etc. 
are judged based on short-range visual observation. In order to 
improve inspection quality while overcoming the limit of 
appearance visual inspection and reducing excessive 
dependence on engineers' knowledge, implement analysis of 
inspection results across the country. 
Additionally, the design criteria of road structures were 
established as performance specification, but in order to 
properly realize performance consistent between structures 
from a viewpoint of network, it is essential to realize a 
permanent performance assessment method not dependent on 
types of structures, whether new or existing, and such a 
method should be developed through analysis and evaluation 
of inspection results and existing structures.  

雪崩に伴い
上部構造流出
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Improvement of the efficiency of changing building usages and renovations 
through the rationalization of fire safety and evacuation regulations, realization 

Development of effective technologies for the use of currently 

At the NILIM, in the General Technological Development Project* Development of Effective Technologies for the 
Use of Currently Available Buildings Through the Rationalization of Fire Safety and Evacuation Regulations 
(2016-2020), necessary technologies are being developed to rationalize and streamline the application of fire safety 
and evacuation regulations, as well as regulations on building uses under the Building Standards Act to respond to 
social needs. Some of the research outcomes were reflected on legislative revisions (the revision of the Building 
Standards Act in 2018). 

Social background and challenges 

Development of technologies to ensure fire safety in individual buildings and urban areas 

☞Relevant articles 
About the Law to Amend Part of the Building Standards Act (2018, Law #67) 

http://www.mlit.go.jp/jutakukentiku/build/jutakukentiku_house_tk_000097.html 
-Development of effective technologies for the use of currently available buildings through the rationalization of fire safety and evacuation regulations                       
-Various ideas to preserve and utilize historical streetscapes 

Urban Planning Department, Building 

Rationalization of fire safety and evacuation regulations for individual buildings 

○To require fire resistant structures in buildings, prevent damage to the surroundings 
caused by the collapse of large wooden buildings, and secure the safety of people 
inside the building. 
 
[General Technological Development Project] Implementation of investigations 
concerning search and rescue and fire extinguishing work and the development of 
technologies to evaluate the safety of buildings based on the outcomes of experiments 
 
Realization of structures to prevent buildings from collapsing using the effect of fire 
extinguishing systems and the concept of structures that would keep buildings from 
collapsing until the completion of the evacuation and rescue of residents 

Ensuring and rationalizing fire safety in urban areas 

 Local governments and private businesses are expecting to effectively use already available buildings, such 
as historical buildings that remain in their regions, for regional revitalization and tourism promotion. 

 To enable smooth progress of such activities, necessary technologies need to be developed to rationalize 
and streamline fire safety and evacuation regulations and regulations on building usages. 

 
Status of investigation and experiments concerning rescue and fire extinguishing activities 

○Requirement of the same specifications based on sizes or other 
conditions for buildings in fire safety zones or semi-fire safety 
zones 

[General Technological Development Project] Development of 
technologies to evaluate measures to enable effective prevention 
of the spread of fire concerning performances required in 
sections with the risk of the spread of fire as well as the inside 
and outside of a building 

 

→Securing safety in 
crowded urban areas 

Realization of the concept of structural methods 
equivalent of the current regulations on the 
prevention of the spread of fire 

The image of equivalence in the prevention of the spread of fire in building 
 

*General Technological Development Project: A system to comprehensively and systematically implement research through the cooperation among 
the industry, academia, and government under the initiative of the administration section by selecting especially urgent themes that are also applicable 
to a wide range of fields among important research themes related to construction technologies 

         

 Intensive application of required performance on 
the exterior section, and the use of wooden 
materials inside building (a revised image)  

Requirement of the same fireproof performance on 
main structural parts (current regulation) 

 →Promotion of the use of 
wooden materials →Rationalization when 

changing building usages 
Expansion of freedom in design through extensive implementation of 
general evaluations and standardization of performances 



 
 

 

 

 

 A scheme was constructed to gather big data on the energy conservation performance of buildings and analyze 
them in the cloud system using a web program designed to judge conformance with energy conservation 
standards. This enables a detailed analysis of the relationship between design specifications and energy 
conservation performances, which used to be unclear with conventional investigation methods, as well as the 
efficient supply of useful data for proposing energy conservation measures. 

Contents of research 

☞Relevant articles (introduction of relevant articles of the research laboratory) 
・ Identification of the actual conditions of energy conservation designs in non-residential buildings  

Housing Department 

Scheme for analyzing energy conservation performance of buildings 
using big data 

・ The energy conservation 
standards require the 
evaluation of energy 
consumption performance 
using energy conservation 
standards conformance 
judgment program 
(web-based program) for 
buildings 300 m2 or larger. 
The functions of this program 
will be expanded to gather 
data in the cloud system. 

・ Targeting non-residential 
buildings, data from 18,000 
buildings per year (design 
specifications and evaluation 
results) will be encrypted and 
stored every year. 

・ As a trial, the ID numbers of about 6,000 buildings for which applications were received in FY 2018 were obtained 
from some of the competent authorities. 
・ The data were analyzed to assist the amendment of the Act on the Rational Use of Energy (Cabinet Decision 

in February 2019), and the results were reported to MLIT. 

Trial of data analysis 

 Under the Global Warming Countermeasures Plan established based on the Paris Agreement and other measures, 
regulations are gradually being reinforced on large non-residential buildings, such as mandating the conformance with 
energy conservation standards under the Act on the Rational Use of Energy. 

 It is important to properly identify actual energy conservation performances to efficiently promote energy 
conservation in the future. 

 Currently, competent authorities are aggregating the results of evaluating energy conservation standards and 
reporting them to Ministry of Land, Infrastructure, Transport and Tourism (MLIT). Yet, all these procedures are 
being done manually, and thus the burden is large. In addition, detailed analyses cannot be done because information 
to gather is restricted to avoid increasing the burden. 

 It is an urgent task to develop a scheme to comprehensively identify and analyze energy conservation performances 
without increasing burden on authorities. 

This trial supported the proposal of energy conservation measures for buildings 
based on actual performances by supplying timely and proper information while 

reducing the workload of the authorities. 

Social background and challenges 

Development of a scheme to gather energy conservation performance data using a web program 
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Considerations on Research Institution Evaluation  
--- For better research management  

ITO Masahide (Ph.D.), Executive Director for Research Affairs 

Keywords: research evaluation, Institution Evaluation, research policy, research management  

 

1. Implementation of "Research Institution 
Evaluation" Every 5 Years  

The National Institute for Land and Infrastructure 
Management (NILIM) conducted a "Research 
Institution Evaluation" ("Institution Evaluation") in 
fiscal 2018 by hearing opinions in the experts 
committee. Research activities and the performance of 
institution operations were evaluated for the five years 
from FY2013 to FY2017.  
The Institution Evaluation does not evaluate individual 
research topics and is not regard individual researchers 
since it is conducted every five years, and the 
preparation of presentation materials or holding of a 
committee meeting is apt to be considered as the 
purpose.  This paper intends to review the last 
evaluation conducted, reconsider its significance and 
organize ideas for improving future research 
management. 

 
2. Meaning of Institution Evaluation for NILIM  
1) Grounds for requiring Institution Evaluation  
First of all, why is it required to conduct an Institution 
Evaluation? Under the Japan's National Guideline on 
the Method of Evaluation for Government R&D 
(decided by Prime Minister in December 2016), 
institutions  conducting R&D activities with national 
funding are required to "conduct evaluations" at an 
interval of "3 to 7 years" in accordance with the 
"middle- (long-) term objectives, etc."  
2) Institution Evaluation by NILIM, which is 

different from the National Research and 
Development Agency  

"Middle- (long-) term objectives" used herein are 
mainly based on the National Research and 
Development Agency (NRDA). For NRDA, the Act 
on General Rules for Incorporated Administrative 
Agency provides that the competent minister shall 
provide "objectives". On the other hand, NILIM is 
excluded from the application of the same act and no 
medium-term objectives are provided because it needs 
to flexibly respond to administrative needs as an 
internal agency of the Ministry of Land, Infrastructure, 
Transport and Tourism (MLIT). NRDA is evaluated 
mainly based on the degree of achievement in light of 
the numerical indicators provided by the medium-term 
objectives, while an evaluation method needed to be 
established independently for NILIM since the same 

evaluation method was not applicable.  For this 
reason, we first set up an evaluation axis based on the 
following.   

- Evaluate performance and work for improvement 
based on evaluation results.   

- Show the intentions of activities and operations 
clearly and systematically.  

- Value the presentation of quality, such as the depth 
of policy development of performance and 
thorough implementation of management 
measures, rather than the number of papers, etc.   

 
3. Outline of Institution Evaluation  
1) Evaluation axis  
Figure 1 shows the contents of the material explained 
in the committee. The first half describes the 
performance of research activities and the last half 
represents the improvement in institution operation; all 
the contents, including details from (1) to (8), are in 
accordance with the research policy (revised in Nov. 
2017).  Revision of the research policy was not 
intended to respond particularly to the Institution 
Evaluation but served as a basis for systematically 
showing the intentions of NILIM.  
2) Evaluation results  
The committee summarized its evaluation of NILIM 

I. Implementation / Promotion of R&D 
(1) R&D to support planning, drafting, and dissemination of 

land, infrastructure, and transport policy 
(2) Advanced technical support for response to disasters / 

accidents and upgrading of countermeasure technologies 
(3) Support improvement of on-site technological capability of 

Regional Development Bureaus, etc. 
(4) Collection, analysis, management, and social return of data 

serving as technical infrastructure of policy formation 
 
II. Institution operation  
(5) Establish a mechanism of management to support high 

quality research. 
(6) Develop personnel who foresee policy development in terms 

of both research and administration / site based on 
technology.  

(7) Maintain and strengthen the functions of test facilities, etc. 
that support technical research / development in the housing 
/ social capital fields. 

(8) Effective transmission of research findings and activities 

Fig 1: Contents of institution evaluation and 
presentation material 



 
 

as follows: "Achieved outstanding performance", 
"Constructed a system that enables high-quality 
research", and "Sufficiently appropriate", while 
opinions for improvement were also provided 
(described below).  The presentation material and 
deliberation on the day evaluated are separately 
summarized in the report 1).  
 
4. Review of the Significance of the "Institution 

Evaluation"  
Matters we noticed through this evaluation are roughly 
organized into the following three phases.  
1) Constant awareness to improve research 

activities and institution operations  
Since the "Institution Evaluation" is formally an 
"ex-post valuation" of five years, it is based on results 
and performance.  
For the performance of research activities, however, 
simple aggregate or examples of performance required 
by the draft of evaluation criteria may be considered 
as activities with less uniformity because NILIM 
responds to various administration departments and 
needs.  For this reason, we clarified what is "research 
that supports policies" and focused on what can be 
explained in common across the frames of 
administration and research fields.   
This also applies to "institution operations", as merely 
listing various examples of improvement is hard to 
understand what the overall aim is.  For specific 
activities, including cooperation with internal / 
external research management or outside parties, 
human resource development, and maintenance, 
management, etc. of facilities, we made it possible to 
provide the underlying concept of such activities and 
specifically explain the content of improvement in 
light of the concept. 
However, the explanation itself is not a goal. What is 
important is the process of repeating discussions, 
sharing the concept as an organization, and using the 
concept for autonomous research activities and system 
improvement.  
2) Recognition of the original significance 

triggered by "Institution Evaluation"  
This Institution Evaluation also served as an 
opportunity to organize / recognize anew the meanings 
of terms in common use.   
Taking the aforementioned "research that supports 
policies" as an example, it had been defined before as 
"drafting / implementation of technical standards, etc.", 
but it has been newly organized including the scope of 
"etc.", the meaning of "drafting" as research, and the 
roles played in "implementation." 
There have also been increasing requests to NILIM in 
recent years for open data. In conducting this 
Institution Evaluation, we organize anew data held by 
NILIM at present, circumstances of acquisition / 
possession, original owner, characteristics of each data, 
etc.  Various discussions would be required for open 
data and it seems that we have obtained a hint for a 

future stance on data handling.   
3) Assimilation of experts' opinions and merging 

of intentions  
As the main opinion, further promotion was advocated 
with regard to the "Visualization of the use of findings 
to the public" and the "Promotion of international 
projects."  It is also important to consider how to use 
opinions of experts for improvement. It is necessary to 
assimilate their opinions with proper intention, 
without sticking to only the indicated content. 
For example, in the former opinion, attention should 
not be focused only on matters such as the 
improvement of publicity or the increase in press 
releases.  These are just means and improving 
recognition of NILIM itself is not an ultimate purpose.  
It is necessary to have an idea of what the meaning of 
recognizing NILIM in policy realization / 
implementation is and how to position and conduct PR 
activities in the flow of research to that end. 
For the latter opinion, quantitative indicators are 
important, but it would be more important to study 
from a viewpoint of what kind of international 
activities are required as an internal agency of the 
MLIT.   

 
5. Conclusion  
In the Institution Evaluation, what I felt in the series of 
actions from preparation to post-evaluation is 
described as follows.  
As mentioned a little in the beginning, the Institution 
Evaluation is not a transient event but should be 
considered as an opportunity to review, from an 
external viewpoint as well, the continued effort to 
improve research activities and operations.  In 
addition, since evaluation results are also deeply 
related to individual research operations by way of a 
specific policy / mechanism of an organization, not 
only management departments but individual 
researchers should consider the future vision of their 
research activities and have interest in the operations 
of the institution.  
The content of this paper is mainly for the personnel 
of NILIM but is considered to have parts in common 
with research activities and management in general.  
We will be glad if this paper is used as reference. 
☞See the following for details.  

1) Technical Note of NILIM, No.1057  
http://www.nilim.go.jp/lab/bcg/siryou/tnn/tnn1057.htm �  
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１. Know the vision.  
In order to advance research and development 
accurately while socioeconomic circumstances are 
changing, long-range outlook is indispensable. In the 
sewerage field, for achievement of the Sewerage 
Vision (formulated in July 2014), which is a policy 
vision, the Sewerage Engineering Vision 
("Engineering Vision") was formulated in December 
2015. In order to solve important issues in sewerage 
service, the Engineering Vision shows as a road map 
technical targets and technical development items 
required for achievement of targets on 11 technical 
development fields and specifies what should be 
addressed by stakeholders including the government, 
project owners, private sectors, and research 
institutions.  Of the issues in the road map, those for 
which R&D is urgently required or those for which 
medium- to long-term solution is indispensable are 
studied every year in the Conference on Technical 
Development of Sewerage Systems (established in 
January 2016, for which NILIM serves as secretariat) 
("Development Conference") considering the latest 
situation and are published as priority issues of the 
road map. Details of these issues are available in the 
Sewerage Technology Development Report.  
 
２．Road map implementation 
According to the literature search on sewerage-related 
papers (conducted by the Development Conference in 
2018), in the technical development fields mentioned 
in the Engineering Vision, many researches and 
developments, etc. were implemented concerning "low 
carbon sewerage system" and "energy creation and 
renewable energy." Activities in these fields widely 
range from basic to demonstration stages and are 
implemented in a large number as well as in 
"Sustainable sewerage system (rehabilitation, response 
to deterioration, smart operation)", "Measures against 
earthquake / tsunami", and "Rainwater control 
(inundation measures)."  Next come "Basin zone 
control" and "Risk management." For the former, 
many projects are implemented in the application / 
demonstration stage, while the latter, in the basic stage.  
The field of risk management has been becoming 
important in recent years, and development toward 
application etc. is expected in the future. Note that in 
each field, technical targets for the present (5 years) 
are generally addressed, compared with medium-term 
(10 years after) or future (about 20 years later) targets. 

Particularly, there are many activities for priority 
issues of the road map on which support of the 
government is focused.  On the other hand, there 
were not so many researches on ICT or robots found 
in the range of this literature search, but it is expected 
to work on these fields for response to changes in 
socioeconomic circumstances.  
 
３．Where are needs of project owners  
According to the country-wide questionnaire survey to 
sewerage service provider (in 2016 and 2017 by the 
Development Conference), the fields where the 
possibility of introducing / using new technologies is 
relatively high or at least fifty-fifty (medium degree) 
were "Earthquake / tsunami countermeasures", and 
"Sustainable sewerage system."  Also in fiscal 2018, 
disasters by earthquake etc. occurred in many regions, 
and technical needs related to safety and security are 
always high regardless of the size of cities.  For 
"Rainwater management", "Energy creation and 
renewable energy", and "Low carbon type sewerage 
system," needs are higher in large cities 
(administration population of 300,000 or more) than 
small and medium-sized cities (administration 
population of less than 300,000), and a certain trend is 
seen in the level of sewage maintenance.  Particularly, 
in the cities with a size of core city that are eager 
about studying issues and could lead technical 
development / introduction, etc., according to the 
questionnaire and hearing survey (by the Development 
Conference in 2018) to such cities, many of them 
answered that they need technical development 
concerning "Pipeline rehabilitation", "Pipeline 
maintenance", and "Rainwater measures" such as 
measures for water from unknown source or 
infiltration water. Timewise, there are also immediate 
needs, such as "quickly" or "within one year."  While 
there is a concern about rapid increase of old facilities, 
the issue of "pipeline management," for which data 
accumulation, etc. are highly required, is often 
discussed as a technical issue in major conferences on 
sewerage and attracting the interest of business 
operators. 

 
４．What obstructs new technology introduction? 
According to the above-mentioned country-wide 
questionnaire survey, as an issue on new technology 
introduction, many business operators are concerned 
about procurement of technologies, such as 
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New Flood Control Frame considering Future 
Climate Changes  
 

AMANO Kunihiko (Ph. D.), Director, River Department  
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１．Introduction  
With regard to the July 2018 Heavy Rain, which 
caused a great flood disaster centering on the western 
part of Japan, the Meteorological Agency, based on 
the results of discussion in the August 2018 
extraordinary meeting of the Abnormal Weather Study 
Workshop, operated by the same Agency, referred to 
"the long-term trend of increase in water vapor content 
in the air in accordance with the long-term upward 
trend of air temperature due to global warming" and to 
the well-known fact that "water vapor content will 
increase about 7% when air temperature rises by 1 
C."  The Agency also announced for the first time 
the manifestation of climate change effect on heavy 
rain generated, stating, "Increase in water vapor 
content due to global warming is also considered to 
have contributed to this heavy rain."  
In recent years, large-scale flood disasters have 
frequently occurred and there is a concern that flood 
disasters are expected to become more intensified and 
frequent if global warming proceeds without 
improvement.  In addition, for the future of Japanese 
society, depopulation and declining birthrate and 
aging are forecasted and the capacity of investment in 
disaster prevention / mitigation and resistance to 
disasters may become weak.  While scale of disasters 
is expected to increase, stability and sustainable 
development of society may be impaired if there is no 
improvement in disaster prevention / mitigation 
capacity. Hence, management of flood disasters by 
promoting disaster prevention / mitigation measures is 
increasingly important. 
In response to the circumstances stated above, this 
paper details forecasted changes in heavy rain  due to 
climate changes, consequential changes in river flow, 
and the new flood control frame proposed by the 
NILIM.  
 
２．Future climate forecast  
Future climate forecast is conducted basically with 
General Circulation Model (GCM), which conducts 
three-dimensional calculation for the whole earth and 
Regional Climate Model (RCM), which conducts high 
resolution calculation for some regions with the 
calculation result of GCM as the boundary condition.  
In the climate forecast for regions with complex 
topography as in Japan, RCM is useful since it is 
based on high resolution, and calculation has been 

conducted with the horizontal resolutions of 20 km 
and 5 km, and calculation based on 2 km resolution is 
being conducted.  Future climate forecast is 
conducted based on some scenarios. The 5th IPCC 
Assessment Report selected four scenarios, including 
Low Emission Scenario (RCP2.6), which controls air 
temperature rise to 2 ℃ after the Industrial 
Revolution, and High Emission Scenario (RCP8.5), 
which does not conduct mitigation measures 
considering air temperature rise to be 4 ℃.  
With the resolution of 20 km prepared in the Climate 
Change Risk Information Creation Program by the 
Ministry of Education, Culture, Sports, Science and 
Technology, the NILIM collected data for each basin 
of the 109 first class river systems across the country 
using d4PDF, which is a database in which ensemble 
calculation is conducted on the data for the past 3,000 
years and future 5,400 years.  As a result of 
analyzing the data, rainfall from heavy rain is 
expected increase by approx. 1.3 times on a national 
average at the end of the 21st century under the 
RCP8.5 scenario. Based on this result, future rainfall 
is estimated to increase approx. 1.1 times under the 
RCP2.6 scenario. Further, as a result of conducting 
run-off calculation using the results above as rainfall 
conditions, the flow rate in the scale of flood control 
plan under the RCP8.5 and RCP2.6 scenarios showed 
approx. 1.4 times and approx. 1.2 times and the 
frequency of flood in the same scale increases about 4 
times and 2 times, respectively.  
Table 1: Forecast of future changes in heavy rain size, 
flood size, flood probability (national average)  

 
From the forecast of the effect of climate changes, it 
was found that heavy rain size in the scale of the 
present flood control plan (occurrence probability) is 
forecasted to increase about 1.1 times on a national 
average under the low emission scenario with 
temperature rise of 2℃, while flood probability was 
forecasted to increase about 2 times. Thus, even if 
change in heavy rain seems not so great, it is likely to 
be a great change in terms of occurrence of flood / 
inundation (flood disaster).  The meaning of increase 

Climate scenario
Heavy rain
variation

magnification

Plan size flow rate
variation

magnification

Flood probability
variation

magnification

RCP8.5 (4°C rise) approx. 1.3 times approx. 1.4 times approx. 4 times

RCP2.6 (2°C rise) approx. 1.1 times approx. 1.2 times approx. 2 times
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Efforts of the Road Traffic Department for Road and 
Traffic Innovations 
  

FUKUSHIMA Shinji, Director, Road Traffic Department 
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1. Introduction  
Roads constructed across Japan have greatly 
contributed to the improvement and enrichment in the 
quality of life as infrastructure.  Meanwhile, roads 
must continue to respond to rapidly progressing 
technological innovation, reconsiderations of the 
relationship between people and cars, and social needs 
for the pursuit of new cooperation / collaboration 
through road space.  In such circumstances, the Road 
Subcommittee of the Social Infrastructure 
Improvement Council prepared a proposal titled 
"Road / Transportation Innovation" in August 2017 as 
a future vision of road policy, including the following 
three directions:  "Road, transportation, and 
innovation --- Innovate social infrastructure beginning 
with roads", "Best mix of people and cars --- Realize 
advanced road transport," and "Make roads more open 
--- Pursue various forms of cooperation and 
collaboration". 
This paper introduces part of the activities of the Road 
Traffic Department, NILIM, in relation to specific 
proposals for road policy based on the new directions 
of the above-mentioned proposal.  
 
2. Ensuring smooth mobility  
--- Strengthening transportation management with full 
utilization of ICT, etc. ---  
(1) Road traffic management using big data  
ETC 2.0 can collect travel and behavior histories of 
automobiles accumulated in ETC 2.0 on-vehicle units 
through the roadside units installed by the road 
administrator. ETC 2.0 on-vehicle units are widely 
installed, totaling about 3.12 million as of the end of 
September 2018, and it is possible to utilize these 
probe data as big data.  Probe data on the speed, 
position, etc. of automobiles equipped with ETC 2.0 
can be obtained in time and space sequence regardless 
of the type of road, etc. 
NILIM is conducting R&D activities for traffic 
management by grasping the situation of road traffic 
in real-time using ETC 2.0, road monitoring cameras, 
etc.  For example, traffic safety measures including 
speed control and through-traffic access control 
measures are implemented by identifying dangerous 
spots, such as where abrupt slowdowns occur, with 
utilization of analysis results of ETC 2.0 data, etc.  
Further, in order to utilize ETC 2.0 data as well to 
analyze the effect of measures, R&D for upgrading the 
analytical method, etc. and technical support for road 
administrators are conducted. 

(2) Next-generation cooperative ITS  
Autonomous vehicle technologies that supports safe 
driving, such as an automatic braking system, which is 
one of many automatic driving technologies, have 
been developed as cooperative / collaborative efforts 
of automobile manufacturers, IT companies, etc. and 
have already been installed in commercial cars.  
Since information on roads, such as the traffic 
situation of the trunk road at the junction with an 
expressway or regulated traffic areas on the road 
ahead, is also needed for the realization of fully 
autonomous driving (as information only from 
autonomous vehicle technology is insufficient), 
collaborative activities for the next-generation 
cooperative ITS are going on between government and 
industry. 
In fiscal 2017, the NILIM started government-industry 
joint research into services for providing information 
at expressway junctions on traffic accidents and other 
matters on the road ahead, and conducting technical 
studies to achieve the government target of realizing 
autonomous driving on expressways by 2020. 
(3) Making ETC 2.0 probe data open 
In order to promote open innovation with big data 
utilization, it is necessary to establish an appropriate 
mechanism for making data open, including secondary 
use, considering the viewpoint of personal information 
protection.  With the aim to promote the utilization of 
ETC 2.0 data, NILIM has been conducting joint 
research since October 2018 in cooperation with 
industry in order to open access to ETC2.0 data 
collected by the government. 
 
3. Promotion of strategic flow of people and goods 
(1) Upgrading of road management with on-vehicle 

sensing technology 
For the purpose of upgrading and reducing the labor of 
road management, Ministry of Land,Infrastructure, 
Transport and Tourism(MLIT) has been studying the 
utilization of sensing technology, including camera 
image analysis and laser measurement, which has 
progressed remarkably in recent years.  In 2017, 
NILIM sought practical applications of on-vehicle 
sensing technology from the public.  As a result, 9 
teams from survey and map companies joined an 
experiment to compare and verify the accuracy, cost, 
etc. of the prepared map data.  We continue to 
prepare technical data concerning the performance of 
sensing technology required for road management and 
to study ways to upgrade the examination of specially 



 
 

permitted commercial vehicles.  
(2) Vehicle operation control support services for 
logistics business operators  
MLIT is promoting the introduction of a service that 
enables logistics and other business operators to use 
ETC 2.0 for operation management through real-time 
acquisition of information on the position of their 
trucks, use of brake, etc., and, thereby, improve the 
efficiency of operation management, such as by 
reducing the time for waiting for cargo, and ensure the 
safety of drivers. 
Aiming to realize this vehicle operation support 
service, NILIM conducted a social experiment from 
2015 to 2017 in cooperation with logistics and other 
business operators for the purpose of analyzing and 
evaluating the effectiveness, feasibility, and social 
effect of the service and developing measures.  Since 
this service went into full-scale operation in October 
2018, NILIM has been working to improve the 
convenience of this service by analyzing operation 
results, etc. 
(3) Autonomous driving demonstration experiment 

based on Michi-no-Eki (roadside rest area), etc. 
MLIT has been conducting a demonstration test of an 
autonomous driving service based on Michi-no-Eki 
and other sites, with the aim of social implementation 
by 2020.  The purpose here is to promote the flow of 
people and logistics in the interest of rural area 
revitalization by utilizing autonomous driving vehicles 
in hilly and mountainous areas, where the population 
is aging. 
In fiscal 2017, a demonstration test was conducted in 
13 areas across the country for a period of about one 
week.  The Regional Development Bureau formed a 
regional council of experts, local governments, vehicle 
providers, etc. and NILIM provided technical support.  
As a result, many issues that weigh on the realization 
of an autonomous driving service were found, 
including defect events that arise under various road 
structures or traffic environments.  Since fiscal 2018, 
we have been conducting a more practical long-term 
demonstration test of one to two months, in order to 
develop standards for road space adapted to 
autonomous driving and establish operation 
management systems and business models according 
to the circumstances of area.  
 
4. For disaster resilient roads of high safety and 

reliability  
(1) Promotion of no utility poles  
MLIT has been systematically working to remove 
utility poles from the viewpoints of improving the 
disaster prevention capacity of roads, securing safe 
and comfortable traveling space, beautifying 
landscapes, and promoting tourism.  However, 
progress is far behind major European and American 
cities and one of the factors for the delay is the high 
cost.  MLIT also intends to promote the removal of 
utility poles because many poles were damaged and 

fallen by strong winds caused by typhoons last year.  
NILIM is studying technical issues for introducing a 
method of implementing the no utility pole project at 
low cost and smooth consensus-building with relevant 
organizations, etc.   
(2) Strengthening heavy snow countermeasures 
In recent years, heavy snow has stranded vehicles on a 
large scale and suspended traffic for long periods of 
time.  Moreover, traffic hazards due to heavy snow 
often occurred in areas other than snowy areas.  
Given the circumstances, NILIM has been studying 
measures to solve issues, including road structures 
unlikely to cause traffic standstills such as wide 
shoulders required from a viewpoint of winter road 
management and uphill lanes, by grasping 
characteristics through analysis of data on cars in 
stuck and on-site hearings and organizing causes, 
issues, etc. 

 
5. Conclusion  
This paper introduced some of the activities for road 
and traffic innovation, but the relationships between 
people, cars, society, and road technology are 
changing at an unexpected speed, as evidenced by the 
advent of a super-aging society, changes in fuel and 
type of ownership, micro mobility, and autonomous 
driving technologies.  In response to such changes, 
NILIM intends to work for the realization of safe and 
smooth road traffic quickly and flexibly based on a 
medium to long-term viewpoint. 



For Strong and Resilient Roads 

KIMURA Yoshitomi Director, Road Structures Department 

Keywords: road structures, disaster prevention / mitigation, maintenance, design / construction 

1. Introduction
Road structures such as bridges, tunnels, earthworks,
and pavements support a safe, secure, and highly
productive society by providing road functions. In
order to support proper maintenance and efficient
renewal of these road structures, the Road Structures
Department drafts technical standards and conducts
research necessary for that, provides technical
consultation about on-site issues, and implements
technology transfers.
In fiscal 2018, various disasters and accidents
occurred and the Road Structures Department
accordingly advanced its policies greatly, which
included making modifications to the National
Resilience Plan and revisions to periodic inspection
procedures. This paper introduces the status of road
structures, NILIM's activities, and future vision from
the three standpoints of disaster prevention /
mitigation and crisis management, infrastructure
maintenance, and efficient development of road assets.

2. Disaster prevention / mitigation and crisis
management

Table 1 lists the disasters that occurred in fiscal 2018. 
This table summarizes the data published in the 
website of the Ministry of Land, Infrastructure, 
Transport and Tourism ("MLIT") concerning disaster 
information.  As "disaster" was chosen as the kanji 
(Chinese character) representing the year of 2018, 
many disasters 
occurred in 2018. 
In the same year, 
NILIM also took 
an emergency 
posture more than 
10 times and 
conducted field 
surveys and 
technical support 
as described 
herein.  
Disasters suffered 
in the year include 
liquefaction in 
filled wetlands, 
sediment disasters 
that seriously 
impacted 
transportation 

systems, and earthwork deformation. To establish a 
risk management method for such natural disasters, 
NILIM focuses on the improvement in disaster 
prevention performance by upgrading technical 
standards for new infrastructure, preventive measures 
for potential risk mitigation and disaster reduction for 
existing facilities, identifying disaster scale for 
securing the emergency system, and technologies for 
elimination of road obstacles, emergency restoration, 
and disaster recurrence prevention, and aims to reflect 
research findings successively in practice.   
Particularly for liquefaction, we study risk assessment 
methods for box culverts, embankments, etc. and 
provide information on strong motion observations to 
facility administrators through joint research with the 
Public Works Research Institute, etc. We also develop 
facilities required for studying impact mitigation 
technology concerning subsidence of road structures 
caused by earthquakes.   

3. Maintenance of infrastructure
As international standards for asset management, the
ISO 55000 series requires the establishment of a
hierarchical management cycle as shown in Fig.1, as
well as a system to evaluate and improve
implementation of the cycle. 1)  NILIM conducts
R&D of various technologies that constitute the
management cycle and is responsible for proposing
necessary measures through analysis of inspection

Table 1: Disasters in fiscal 2018 



Fig. 1: Maintenance cycle 

results and collection of defect information.   
For road structures including tunnels and bridges, 
visual proximity inspections are to be conducted under 
the act every five years as of fiscal 2014.  For the 
second round of inspections under the act, which starts 
in fiscal 2019, NILIM has proposed revising the 
inspection procedure based on the analysis of the 
periodic inspection results and serious damage / 
accident cases. In the proposal, while specifying the 
spots to check according to structures to reduce 
hammering test / inspection by touching, spots to 
check and points of attention for characteristic 
deformation are increased.  NILIM is also organizing 
the environment for cycle establishment, including 
guidelines for the utilization of inspection supporting 
technologies, which are being developed in each field, 
performance catalogs, etc. We want to improve the 
reliability and efficiency of inspections by continuing 
to use inspection results.   
As inspections proceed, structures requiring repair / 
reinforcement are also becoming apparent.  In order 
to streamline operations, we continue to push the 
introduction of the partial factor design method into 
repair / reinforcement design of road bridges, as well 
as the survey / design method for improving early 
deteriorated pavement sections.   
We also promote the study of management methods 
commonly available for road structures so that efforts 
in asset management, which is spreading across the 
country, are more streamlined and effective.   

4. Efficient development of road assets
For road bridges, the design technology standard was 
revised in July 2017 from the allowable stress design 
system to the partial factor design system, and the 
condition that "Design is possible that realizes various 
performances including safety reasonably and 
meticulously considering reliability" for various 
conditions of new equipment design was established. 
Applying this condition, we study ways to rationalize 
measures by utilizing new technologies such as high

Fig. 2: Road performance and structures 

strength materials and an effective and reasonable 
repair / reinforcement methods for existing structures.  
Furthermore, as shown in Fig. 2, in order to harmonize 
the performances of all road structures from the 
viewpoint of road functions, which is the ultimate 
purpose of road structures, we organize performance 
requirements systematically by design technology 
standards for tunnels, earthwork structures, pavement, 
etc. and study regulation measures that enable more 
specific performance design.   
Furthermore, in consideration of the development of 
ICT technology, we also study an efficient 
management method using ICT technology for the 
process from design to maintenance of road structures. 

Through the activities described above, the Road 
Structures Department intends to contribute to the 
development of strong and resilient roads and robust 
land.  
[References]  
1) KOBAYASHI Seiji, TAMURA Keiichi, FUJIKI 
Osamu: International Standard Asset Management 
Method, Kajima Institute Publishing, 2016.



 
 

Response to various uncertainties in the processes of 
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１．Introduction 

The mission of Building Department is to respond to 
various needs of citizens and society that keep changing 
with movements around the world and realize the safe, 
secure, and comfortable building environment. Therefore, 
the Building Department is providing administrative 
support based on scientific and technical knowledge upon 
planning, drafting, establishment, and revision of various 
technical standards, including the Building Standards Act. 
Other activities of the Building Department include 
on-site investigations at the scene of natural disasters, 
examination of measures to implement in the future, 
application and promulgation of investigations and 
research findings to the society, and the supply of 
technical support to organizations inside and outside of 
Japan. 
 
２．Response to various uncertainties in the 

processes of planning and establishment of 

technical standards 
This article introduces how the Building Department 

has perceived and responded to various uncertainties that 
we face while drafting technical standards using the 
Measure to Respond to Long-period Ground Motion 
caused by Massive Earthquake along the Nankai Trough1 
that entered into force in April 2017. 
1) Basic concept 

Engineering is a field where manufacturing is required 
even when there are unknowns, and experiences are 
lacking. Such uncertainties have long been handled to a 
certain extent by providing a proper allowance. Therefore, 
the position of seismic motions to enter for designs is first 
organized as shown in Figure 1. 
 Some of the past earthquakes have recorded seismic 
motion that exceeded standard seismic motion to be 
entered for designs and seismic motion of which 
properties, such as frequency characteristics, greatly 
differed from standard motion. This means we cannot 
deny the possibility that seismic motion that differs from 
or is much greater than ones entered for designs would 
affect a building. In addition, in the 2016 Kumamoto 
Earthquakes, level-7 seismic motion on the Japan 
Meteorological Agency’s seismic intensity scale occurred 
twice. This series of earthquakes made some scientists 

think that building designs would need to be adjusted 
accordingly. In reality, however, it is difficult to forecast 
the types of earthquakes to occur and how many times. 
Even when such predictions can be made, structural 
calculations would be extremely complicated. Based on 
the above observations combined, a reasonable way to 
handle seismic motion to be entered for designs is to 
position the motion as representative seismic motion used 
in examinations and to ensure a certain level of safety for 
other phenomena by adding a certain allowance to the 
designs. 
2) Ways to provide engineering allowances 

Figure 2 shows an example of how to provide the 
allowance in designs based on the above observations. 
The figure exhibits the relationship between the 
horizontal force on a building during an earthquake and 
deformation. The safety limit indicates the upper limit up 
to which structural safety is ensured. If the response to a 
large earthquake remains around the response range 
(ensuring safety) in front of the safety limit, it means that 
a collapse that would lower durability would not occur to 
a building, and structural safety can be ensured. If seismic 
motion is greater than expected, however, it may exceed 
the safety limit, and a certain variation will be seen in the 
evaluation of the response. Therefore, it is important that 
a building can change its shape without causing damage 
or collapse to an extent at which the building can absorb 
earthquake energy, which is somewhat greater than the 
safety limit. 

 

 

 

 

 

 

 

 

 

Figure 1 Position of seismic motion to input for 
designs 

Response to uncertain factors・In engineering, 
manufacturing needs to be done even when there are unknowns, 
and experiences are lacking. 
 → In response to unknowns and uncertainties, 
    a proper “allowance” is set. 

The position of seismic motion to be entered for designs 
 =Representative seismic motion used in examinations 
 ・ The effect of seismic motions which differ from the 
representative motion in property and levels is also possible. 
  Yet, prediction is difficult. (Great seismic motions may hit an area 
multiple times.) 
 ・Examination is conducted focusing on the entry of a representative 
motion to keep the structural calculation simple. 
  → By giving a certain allowance to a representative 
phenomenon, a certain level of safety can be ensured with 
other phenomena. 



 
 

In regard to providing such allowance in the design, 
the New RC Structure Design Guideline2 for example, 

requires having more than double the energy amount 
compared to when responding to a large earthquake. 
Based on this guideline, the appropriateness of individual 
performance is being assessed in the scene of the 
performance evaluation. 
 Meanwhile, since many people use super high-rise 
buildings, earthquake-caused damage that would make 
such buildings unusable should be avoided as much as 
possible since its effects are extremely extensive. Thus, it 
is recommended that the response to a large earthquake 
should be kept approximately within the response range 
(ensuring continuous uses) to keep a building usable after 
an earthquake without any repair or with quick repairs. 
By doing so, a sense of security can be added that even in 
the case of an unexpected phenomenon, the building can 
withstand it thanks to the allowance up to the safety limit. 
A design policy like this is one of the ways to respond to 
social demand on super high-rise buildings. 
 
３． Main research themes that are now in progress 

The section below introduces main research themes 
that are now in progress. All of these research projects are 
aiming to realize a safe and secure society and to create 
and revitalize attractive rural areas, which is one of the 
recent needs as General Technology Development 
Projects. 
1) Technological development to support the use of 
already available buildings through the rationalization of 
fire safety and evacuation regulations (2016-2020) 

The government of Japan set 2015 as the first year of 
rural revitalization and is conducting activities to ensure 
safe, secure, and delightful lives for the future by solving 
various challenges associated with regional 
characteristics in order to overcome depopulation and the 
shrinkage of rural economies. In relation to the above, 
local governments and private businesses engaging in 
town development are expected to utilize currently 
available buildings, such as historical architectures, which 

are useful regional assets, as lodging facilities or 
restaurants for tourism promotion and invigoration of 
their regions. The environment thus needs to be 
developed to smoothly enable such activities. Therefore, 
the objective of this research theme is to develop 
technologies to ensure rationalization and smooth 
operation of fire safety and evacuation regulations and 
regulations on the purposes, thereby realizing smooth 
utilization of currently available buildings. 

In June 2018, the Enforcement Ordinance for the 
Building Standards Act was revised using outcomes of 
this research theme among other aspects. Currently, 
notices and description of technical standards are being 
prepared. 
2) Development of design and construction technologies 
of mixed-structure buildings using new types of wooden 
materials (2017-2021) 
 A statement, “the development and promulgation of 
CLT and the promotion of the use of wood materials in 
public buildings will further be strengthened in order to 
accelerate the use of wooden structures and materials in 
buildings” was included in the Basic Policy of the 
Regional Empowerment for Japan’s Growth, which 
determined in the Cabinet in 2015 in order to respond to 
issues of the vitalization of rural areas and environmental 
problems and to create spaces where wood is used. The 
purpose of this research is to conduct technological 
development of structures, fire safety, and durability to 
advance design and construction technologies for 
mixed-structure midrise buildings constructed by 
combining wooden structure using large wooden panels, 
such as CLT with an RC structure or steel structure in 
order to satisfy various needs, such as the use of wood 
materials, the increase of variability, reduction of 
construction periods, and response to user needs to use 
wood materials on the surface. 
 Under this research theme, researchers are going to 
organize examples of designs related to multiple 
prototype buildings, their characteristics, and precautions 
using outcomes of various tests and experiments and 
accelerate the spread of relevant technologies. 
 
☞For detailed information 
1) Building Guidance Division, Housing Bureau, 
Ministry of Land, Infrastructure, Transport and Tourism: 
Measures on Super High-rise Buildings to Respond to 
Long-period Ground Motion caused by a Massive 
Earthquake along the Nankai Trough (June 2016) 
http://www.mlit.go.jp/jutakukentiku/build/jutakukentiku_
house_fr_000080.html 
2) Building Research Institute: Development of 
Technologies to Realize Ultra-Light Weight and 
Ultra-High-Rise Reinforced Concrete Structure Buildings, 
6. New RC Structure Design Guideline (draft), 
Architectural Research Report No. 139, 2001 

 
Figure 2 Idea of responses to uncertain factors 
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１．Introduction 

The term “Society 5.0” is starting to attract the 
attention of society. 

Society 5.0 is the first concept advocated as the ideal 
future condition of the society of Japan in the fifth 
Science and Technology Basic Plan. It refers to the 
following ideas: 

- Human-centered society where systems based on 
advanced integration of cyberspace (virtual space) 
and physical space (actual space) will realize 
economic development and solution to social 
problems 

- A new society that comes after the hunter-gatherer 
society (Society 1.0), farming society (Society 2.0), 
industrial society (Society 3.0), and 
information-based society (Society 4.0) 

Figure 1 A society realized as Society 5.0 1 
 
In the information-based society so far (Society 4.0), 

the sharing of knowledge and information and the 
cooperation beyond the boundaries of individual fields 
are said to be the challenge for reasons, such as the 
difficulty in finding necessary information among 
overwhelming amounts of information due to the 
limitation in human ability and the difficulty in properly 
processing discovered information. 

Another challenge was the use of information in actual 
spaces. A major issue was to reduce the workload of 
humans due to the social background with declining 
birthrate and aging population, depopulation in rural areas, 
and economic disparity. 

In Society 5.0, the following aspects are going to be 

realized: 
- Connecting all humans and things through the Internet 

of Things (IoT) to share various knowledge and 
information 

- Supplying and processing necessary information 
when necessary using artificial intelligence (AI) 

- Using information in actual spaces using technologies 
such as robots and self-driving vehicles 

By realizing the above, the goal is to overcome 
challenges of a declining birthrate and aging population, 
depopulation in rural areas, and economic disparity and to 
realize a society where people can respect each other 
beyond the boundary of age groups and generations and 
individual people can live comfortably and actively. 
 This article discusses challenges in realizing Society 
5.0 in housing and building field based on the current 
state of IoT and AI technologies used in housing and 
building. 
 
２．Current state and challenges of IoT and AI 

technologies used in housing and building 

 (1) Investigation to identify current conditions 
 The authors studied cases of the use of IoT, ICT, and 
AI technologies in housing and building published on 
the web to identify current usages.2 

This study found that most frequently used 
technologies were ones related to building operations 
used after the use of a building had started. Specifically, 
diversified technologies were introduced on the web, 
such as the operation management of buildings and 
building facilities (BEMS [Building and Energy 
Management System] and HEMS [Home Energy 
Management System]) based on IoT, AI, and other 
technologies designed to improve energy efficiency, 
comfort, health, and convenience, systems to 
accumulate the information of building, and the 
demand-response of power load.1 
 Based on this finding, the authors selected targets of 
the study mainly focusing on technologies related to the 
operation of buildings after the start of the use of the 
building. The authors then conducted hearing 
investigation targeting academics, experts, general 

 



 
 

contractors, building facility subcontractors, and 
manufacturers. The hearing investigation asked them of 
the advantages and technical and social challenges in 
system development, installation, and operation from 
the eyes of developers.2 

 
2) Challenges 
 Based on the findings of the above investigation, the 
authors found following challenges for the use of IoT 
and AI technologies in buildings to generate great 
social benefits as follows: 
① Housing and building dependent on IoT technologies 

are vulnerable to the disruption of power supply. To 
ensure resistance of cities and buildings against 
natural disasters, ensuring continuity even with the 
disruption of power supply will become a major 
challenge. 

② The hurdle for installing IoT-related devices in 
housing and building has become drastically low as 
their prices have lowered. Yet, while the prices of 
IoT devices have lowered, the ratio of the cost of 
cabling for IoT devices (for power supply and 
communication) and associated construction costs 
have kept rising. Therefore, the commercialization of 
cable-less IoT*2 will become a major key in 
promoting the use of IoT devices especially in 
already available buildings. (This is also effective as 
a solution to ① above.) 

③ In the current IoT-based systems that are now 
becoming commercialized, no coordination is 
available among groups constituting and supplying 
systems; they are becoming similar to individual 
silos without mutual compatibility and connectivity 
among individual systems. The task is to develop 
technologies and social systems by evolving from 
the silo-like technologies and realizing technologies 
that are mutually connectable and operable. 

④ In comparison to the life cycle of IoT-based systems, 
the service life of housing and building will be much 
longer. Thus, another task is to realize systems of 
which parts and components with different service 
lives are replaceable (the issue of generation 
management in systems). 

⑤ In relation to ④ above, another task is to clarify 
responsibilities over overall systems when system 
components and parts are replaced and to establish 
rules concerning the boundary of the responsibilities. 

⑥ With regard to AI, deep learning technology and 

image recognition based on deep learning are 
progressing at a significant pace. Some researchers 
and scholars consider the appearance of so-called 
machines with eyes as a great innovation comparable 
to the Cambrian explosion, in which the first 
appearance of an organism with complex eyes 
explosively accelerated the evolution of organisms.3 
No method to evaluate the effectiveness of AI has 
been established at this point; however, the challenge 
is to develop technological and social framework to 
evaluate the effectiveness. 

 
３．Summary 

 There is a need to overcome various challenges and 
difficulties listed in 2 above and to make these new 
technologies truly beneficial to society. 

The NIMLM also needs to actively examine the 
following aspects. 
- Establishment of technological and social framework 

to mutually connect silo-like systems 
- Establishment of social rules concerning the problem 

of generation replacement and boundary of 
responsibilities 

- Elimination of regulations that inhibit the introduction 
of new technologies 

- Establishment of social rules to ensure safety and the 
development of beneficial new technologies such as 
cable-less IoT 

 
*1: Demand-response: To enable the stable supply of electricity 

by controlling electricity on the consumer side by responding 
to the request from power companies to conserve electricity 
(with economic benefits as compensation) 

*2: Cable-less IoT: System that enables wireless communication 
without external supply or electricity Installed using 
environmental power generation technology (energy 
harvesting) + energy efficient wireless communication 
technology such as LPWA 

☞For more information: 
1) Website of the Cabinet Office 

https://www8.cao.go.jp/cstp/society5_0/index.html 
2) “Application of ICT, IoT, and AI technologies for disaster 

prevention and disaster risk reduction for housing and 
buildings”, NILIM document No. 1055, January 2018 

3) “Can AI exceed humans? - What awaits ahead of deep 
learning -” Yutaka Matsuo (The University of Tokyo), 
memorial lecture at the 100th Anniversary Ceremony of the 
Society of Heating, Air-Conditioning and Sanitary 
Engineers of Japan, December 1, 2017 
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1. Evaluation of research and development 

FY 2018 was the year of the NILIM institution 

evaluation, which is conducted once every five years. An 

institution evaluation is one of the research and 

development evaluations of the NILIM. It is a voluntary 

evaluation of all the research and development projects 

conducted at the NILIM during the past five years and the 

administration of the institution based on external 

opinions. The results are utilized for future activities after 

making decisions on improvements, enhancement of 

quality, and distribution of resources conducted following 

the evaluation. 

This article focuses on the institution evaluation from 

the perspective of the evaluation of research and 

development and the reflection of findings on future 

activities. Findings in this article will be reviewed and 

used as the reference for future urban planning 

researches. 

 

2. Results of the institution evaluation 

Upon the institution evaluation, eight evaluation 

criteria, such as ① Research and development to support 

the planning, proposal, and promulgation of land and 

transport policies, and ② Technical support for responses 

to natural disasters and accidents and the advancement of 

responding technologies, were set based on the NILIM 

Research Policy that was entirely revised in November 

2017. General opinions and opinions on individual 

evaluation criteria were then received from the evaluation 

committee (chairperson: Toshio Koike (National Institute 

for Educational Policy Research), the Public Works 

Research Institute, Risk management International 

Center). The following includes the opinions received. 

For opinions on the evaluation criteria, the main issues 

mentioned in the committee are selected for this article. 

 

General opinion 

 In regard to the implementation and promotion of research 

and development, cross-sectional activities should further be 

conducted. In regard to the institution administration, the 

development of productive research environment for individual 

faculties should be conducted. For both of these aspects, how 

people who receive the research outcomes from the NILIM use 

them should be made visible, and international activities should 

be promoted. 

① Research and development to support the planning, proposal, 

and promulgation of land and transport policies 

 Besides short-term research themes that respond to needs, it 

seems as if no long-term research theme is set and implemented. 

②Technical support for responses to natural disasters and 

accidents and the advancement of responding technologies 

 It is not easy to see that NILIM activities and research have 

resulted in the acceleration of disaster restoration and damage 

reduction. 

③ Support for the improvement of on-site technical capacity at 

Regional Development Bureaus and other facilities 

 Mid-to-long-term measures (plans) to ensure the 

improvement of the quality of on-site technical capacity are 

unclear. 

④ Data gathering, analysis, and management to develop 

technical foundation for formulating policies and utilization of 

the information for the society 



 
 

 A concern is whether the information is organized in a way 

that is readily usable as open data by government organizations 

and the private sector. 

⑤ Development of management system to support high-quality 

researches 

 A concern is that the number of joint research projects and 

the number of cooperating facilities are decreasing. 

⑥ Nurturing of human resources who have technological 

backgrounds and have the ability to observe policy development 

from the perspectives of both researchers and 

administrator/on-site workers 

 It is necessary to check whether requested human resources 

have the ability to observe policy development from the 

perspectives of both researchers and administrators/on-site 

workers. 

⑦ Ownership and the reinforcement of the function of 

experimental facilities to support technological research and 

development in the field of housing and social capital 

 It is necessary to identify whether experimental facilities are 

in the condition that will allow effective uses. It is also necessary 

to properly analyze the maintenance of experimental facilities 

and clarify issues and problems. Facilities should be updated 

based on plans. 

⑧ Effective public relations of research outcomes and research 

activities 

 Clear strategies need to be established to engage in effective 

public relations activities. More efforts are also needed to 

establish the NILIM as a world-class brand. 

 

3. Handling of research outcomes -For the future urban 

planning research- 

 The NILIM is organizing and releasing the handling of 

research outcomes. Thus, this article provides some 

additional information concerning past activities and 

future plans from the standpoint of urban planning 

research. 

 The first is the promotion of cross-boundary activities 

as mentioned in the general opinion and ④ and ⑤. 

 The same issue has been raised in the past two times in 

the institution evaluations in FY 2008 and FY 2013. This 

is a life-long issue for the NILIM as it is the general 

research facility of land and transport technology policy. 

Meanwhile, a difference from up to the last evaluations is 

the expectation for open innovation to actively 

incorporate knowledge and technologies from outside of 

the NILIM under the intensifying global competition over 

innovation in recent years and for the generation of 

knowledge and values beyond the conventional 

framework. Actually, the number of research and 

development programs conducted through the 

cooperation of different fields and industry, academia, 

and government has been increasing as a means to realize 

above. 

It is possible for Urban Planning Department to nurture 

and secure human resources and function as a control 

tower by effectively using its nature as the organization 

engaging in general research. It is also important to 

conduct research and development to support the 

activities of various cities facing the problems of 

depopulation and an aging population to establish 

independent innovation, create new businesses and 

economic activities, revitalize regional economies, and 

consequently result in reinvigoration of rural areas, for 

example. 

 The second point is the implementation of long-term 

activities as mentioned in ① and ③. This point has also 

been mentioned in the past. 

 The NILIM has set individual research and 

development themes based on the various factors of 

socioeconomic challenges and trends, national plans and 

future outlook of the private sector, and unexpected 

phenomenon, such as natural disasters and accidents. In 

this process, short-term themes that respond to needs are 

readily understood and prioritized. Meanwhile, long-term 

problems where the outcomes are difficult to recognize 

and unique themes based on the motivation of researchers 

are often put off. Actually, the budget for fundamental 

research has been significantly decreasing in recent years. 



 
 

Research, development, and especially innovation are 

associated with uncertainties, the requirement of the long 

term before producing outcomes, and impossibility to 

forecast outcomes. Given the above, it is necessary to 

ensure that fundamental research that requires long-term 

commitments based on political strategies and demands, 

as well as academic research based on free ideas that may 

become the source of future innovation, can receive 

stable funding under proper evaluations. 

 To realize Super Smart Society (Society 5.0) in the 

future, the Urban Planning Department is going to engage 

in the following activities under a long-term perspective 

while cooperating with relevant parties: research to 

deepen the observation of how technological 

development will affect cities and the state of humans and 

cities, development of technologies to organize and 

utilize data about urban information owned by various 

entities through sharing and coordination, and activities 

that would improve the status of the NILIM in domestic 

and international research network. 

 The third point is about the development of the 

productive research environment for individual research 

and the nurturing of human resources as mentioned in the 

general opinion and ⑥. 

 The NILIM is accepting summer college interns every 

year and offers them the experience of working in 

research facilities. The Urban Planning Department is one 

of the most popular fields among students and receives 

many applications from students every year. In addition, 

some research processes are outsourced to urban planning 

consultants when conducting individual research. Young 

engineers are actively working in such processes. (A 

notable characteristic is that many female engineers are 

working in this field.) On the other hand, people-based 

connections with local governments and foreign countries 

have been weak. 

 There are various reasons for such a state, but urban 

planning research so far did not have enough diversity or 

fluidity in human resources, and the accumulation of 

human resources has also been insufficient. The research 

environment seems as if it has not changed much from 40 

years ago. Human resources support research and 

development, and the environment plays a major role in 

accumulating the human resources. It is necessary to 

consider improving workstyles to realize flexible research 

environments where diversified human resources can 

work successfully. 

 

[Reference information] 

1) The NILIM Reference #1057, report by National Institute for 
Land and Infrastructure Management, “Evaluation of 
Research and Development Institutions” (FY 2013-2017), 
February 2019, the NILIM 
http://www.nilim.go.jp/lab/bcg/siryou/tnn/tnn1057.htm 

2) Integrated Innovation Strategy, June 15, 2018, Cabinet 
Decision 

3) “Mid-term Summary of Basic Policy Conference on National 
Land and Technology Policy” November 2018, Social 
Capital Development Council, Council for Transport Policy, 
Technical Subdivision, Technical Group, and Basic Policy 
Conference for National Land and Transport Technology 
Policy 
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1. Introduction  
Researches in Research Center for Infrastructure 
Management (the "Center") cover a wide range of 
fields, including estimation, public bidding / 
contracting methods, project evaluation, analysis of 
economic effect, construction work using ICT, 
utilization of the three-dimensional data from research 
to maintenance, urban greening, ecosystem 
conservation,  landscape / historical community 
development, and support of recovery from the 
Kumamoto Earthquake disaster.  The following 
introduces main activities of the Center, which is now 
in the third year from installation, including future 
prospects.  
 
2. Efforts for productivity improvement  
The MLIT is making all-out effort for productivity 
enhancement by designating the year of 2016 as the 
"year to start productivity innovation" and the year 
2019 as the "year to achieve productivity innovation." 
For productivity improvement in construction sites, 
the MLIT is also working for "i-Construction" as one 
of the important measures, which utilizes 
three-dimensional data, ICT, etc. in each stage of 
construction process, including research, design, 
construction, test, maintenance, and renewal.   
From this year, Public/Private R&D Investment 
Strategic Expansion PrograM (PRISM) is also 
promoting i-Construction, and the Center is also 
working for research based on PRISM.  
(1) Works using ICT  
Technologies to obtain position data using satellite 
positioning and three-dimensional data using laser 
scanner, etc. are progressing, and works using ICT 
that utilizes such technologies to conduct engineering 
survey, automatic control of construction machines, 
work progress control, etc. have been implemented in 
earthwork, pavement works, and dredging works. The 
Center has been studying formulation of standards for 
promoting the introduction of the above-mentioned 
devices into construction sites. In fiscal 2017, such 

standards were just revised to allow for survey with an 
echo sounder and work progress control using the 
history of construction machines.  We continue to 
study on the expansion of types of works and 
utilization of new technologies.   
(2) Introduction / dissemination of CIM  
The MLIT has been using CIM models since fiscal 
2012 as one of the activities for utilization of 
three-dimensional data.  
CIM (Construction Information Modeling/ 
Management) aims to facilitate information sharing 
among the persons concerned with the project and 
thereby achieve efficiency improvement / upgrading 
of the construction production system by introducing 
3D models from the stages of planning, research, and 
design to the stages of construction and maintenance.  
The Center is also studying procedures and standards 
for the introduction and dissemination of CIM. The 
Center will also study three-dimensional models 
available for calculating the quantity of civil 
engineering works, simple 3D models of existing 
structures, etc. for further utilization of CIM models.  
The Center also intends to study CIM introduction for 
machines and equipment.  

 

Fig.  Expansion of the applicable types of works for 

"3D Annotation Standards (Draft)"  

(Figure is an example of sluice)  

 
(3) New technologies including IoT and AI   
The Center is also working for introduction of new 
technologies including IoT and AI by studying 



 
 

measures for preventing construction work accidents 
using AI, data creation for time series changes in 
construction sites in view of automatic construction / 
process control, etc. We intend to aim at productivity 
improvement by taking in new technologies actively.  
 
3. Improvement of public bidding / contracting 

methods  
Public bidding / contracting methods have been 
continuously improved according to the demand of the 
times and changes in social situations. As a result of 
the 2014 revision of the Act on Promoting Quality 
Assurance in Public Works ("Quality Assurance Act"), 
quality assurance for the present and future 
public-works and development / securing of human 
resources on a mid- and long-term basis were added to 
the purpose of the Act, and introduction / utilization of 
various bidding / contracting systems were included. 
Such systems include the technical proposal / 
negotiation method, which requests the builder's 
technical cooperation from the design stage, and is 
also consistent with the concept of front-loading / 
concurrent engineering (parallel / joint work), which 
aims at total optimization of the construction 
production process.  
For this technical proposal / negotiation method, 
operation of the guideline started in 2015, and projects 
using this method began to appear in 2016.  However, 
such projects are still few in the country and we are 
organizing effects of application, issues, and 
improvement matters considering the status of 
implementation in construction stage, technical 
proposal / negotiation method is applied to 
construction works in which the owner cannot 
determine optimal specifications or conditions 
requisite for specifications.  We intend to continue 
the study to facilitate the progress of such works.   
 
4. Traditional construction method supporting 

community-specific historic scenery   
Since the establishment of the Act Concerning the 
Maintenance and Improvement of Historic Scenery in 
2008, the movement of "Historical community 
development" is becoming active as seen from the fact 
that 70 municipalities were certified for their historic 
scenery maintenance and improvement plans (as of the 
end of Dec. 2018).  
In such circumstances, repairing / maintenance sites of 
buildings that constitute historic scenery of the 
community are faced with the issue of how to secure 

human resources, materials, funds, etc. concerning the 
traditional construction method specific to the 
community. The Center is therefore working for 
sharing the basic concept, specific ideas, and 
know-how in implementing sustainable community 
development through maintenance / utilization of 
traditional construction methods by conducting 
hearings from experts concerned, research of similar 
activities in the country, etc.  We intend to continue 
researches for development of unique and good 
communities.   
 
5. Support of restoration from the Kumamoto 

Earthquake disaster  
In the works for restoration from the Kumamoto 
Earthquake disaster, which occurred in April 2016, 
advanced technical knowledge about bridges etc. has 
been required and a division was installed in April 
2017 by stationing research personnel on the site to 
accelerate the project. This division is providing 
prompt and elaborate technical support on the site and 
contributing to early restoration for projects led by 
Regional Development Bureaus and local 
governments.  
In July last year, restoration of the Kuwazuru Bridge 
by exchanging the hanging cable of the cable-stayed 
bridge was finished and shared. The division also 
gives advice on future management in addition to 
guidance for restoration.  While providing technical 
support for early recovery, we intend to reflect the 
knowledge obtained in technical standards and study 
aseismatic structure etc. enabling easy functional 
recovery based on the same knowledge.    

 
Photo: Kuwazuru Bridge after restoration   

 
6. Conclusion  
As new technologies including IoT and AI are 
remarkably progressing, we intend to improve on-site 
productivity and study social capital management 
according to site needs using these new technologies.   
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Analysis of the Effect of Accumulated Fallen Leaves on Drainage 
at Catch Basin Cover (Research period: FY2015 to FY2018)  
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Wastewater System Division, Water Quality Control Department  
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１．Introduction  
As one of the causes of road flooding, cases where 
accumulation of fallen leaves around the cover of or 
inside catch basin prevents rainwater from flowing 
into sewer pipes were reported. Since the possibility of 
the accumulation of fallen leaves on and around basin 
cover greatly affecting drain capacity was indicated 
based on the accumulation of fallen leaves inside the 
basin according to past studies 1), it is important to 
grasp the effect of fallen leaves on catch basin cover 
and drain capacity in the basin in studying measures 
for reducing the frequency of road flooding.  We 
therefore conducted an experiment to confirm the 
effect of accumulation of fallen leaves around the 
basin cover on the drain capacity of basin cover.   
２．Outline of the experiment  
The experiment was conducted on a total of 253 cases 
of basin cover drainage using a real-size road model 
(Fig. 1) in combination of 3 types of fallen leaves 
including zelkova, no fallen leaves, 3 types of the 
accumulation of fallen leaves (1 / 3 / 5 kg), 3 types of 
basin covers (Fig. 2), 3 conditions of water supply (1.3 
/ 2.6 / 4.3 L/s) corresponding to rainfall of 30 / 60 /100 
mm/h, and 3 types of road longitudinal slopes (0.5 / 
2.0 /6.0%). As means for accumulating fallen leaves, 
assuming fallen leaves flowing from upstream during 
rainfall, we spread evenly a half of the accumulation 
of fallen leaves on road gutters in advance, about 4.5 
m upstream from the catch basin cover, and 
additionally input the other half in divided amounts 
after elapse of one minute from the start of water 
supply.  
Drainage from the basin cover was measured in the 
triangular weir by evaluating the value ("drainage rate") 

obtained by dividing drainage (L/s) by water supply (L/s) as 
drainage capacity of the basin cover.   
３．Experiment results  
Table 1 shows the results of drainage experiment on 
the steel grating cover by changing road longitudinal 
slope, water supply, and accumulation of zelkova 
fallen leaves ("Amount of accumulation").  In order 
to check the difference of drainage rate according to 
whether fallen leaves are present or not, the drainage 
rate when there are no fallen leaves and 3 drainage 
rates of the three types of accumulation of fallen 
leaves of zelkova were compared under the same 
conditions of road longitudinal slope and water supply. 
In all the 27 cases, the drainage rate when zelkova 
fallen leaves were accumulated was smaller than the 
drainage rate of no fallen leaves. Further, drainage 
rates for each amount of accumulated fallen leaves 
under the same conditions of road longitudinal slope 
and water supply were compared in order to confirm 
the difference of drainage rate according to the 
difference of accumulated amount of zelkova leaves.  
In 5 out of 9 cases, maximum value was observed 
when the amount of fallen leaves was 1 kg, 
intermediate value, when 3 kg, and minimum value, 
when 5 kg.  In the other 4 cases (Table 1, yellow 
hatches), when the accumulated amount was the 
maximum (5 kg), the drainage rate was not the 
minimum value and we continue to analyze the 
experiment results.    

 
Table 1 Experimental results 

 
 
 
 
 
 
 
 
 
 
 
 
1) 2018 NILIM Report, p.49  
http://www.nilim.go.jp/lab/bcg/siryou/2018report/ar20
18hp019.pdf  

Fig. 1. Model plan view  

Fig. 2. Basin cover type  

Concrete cover  Steel grating cover  Fallen leaves 
control cover 

No fallen leaves

0kg 1kg 3kg 5kg
0.5 1.3 100.0 100.0 59.8 75.9
0.5 2.6 100.0 58.5 41.3 41.3
0.5 4.3 100.0 54.7 35.0 33.1
2.0 1.3 100.0 71.0 59.8 71.0
2.0 2.6 100.0 75.7 45.2 38.7
2.0 4.3 100.0 72.4 38.9 27.1
6.0 1.3 100.0 57.7 57.7 68.7
6.0 2.6 97.8 75.7 63.4 61.7
6.0 4.3 98.2 56.0 54.7 48.7

100.0 59.8 75.9

Amount of zelkova fallen leaves
Drainage rate (%)Road

longitudinal
slope (%)

Water
supply
(L/s)

Maximum value. Minimum value Intermediate value
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A Study on Maintenance Standards to Avoid Progress of Chain 
Destruction in River Crossing Structures  
(Research period: FY2017 to FY2019)  

FUKUSHIMA Masaki (Ph. D.), Head, YAMAMOTO Yoko, Senior Researcher, NAKAMURA 

Ryoji, Researcher, River Division, River Department 
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１．Damage to river crossing structures due to 

river-bed degradation  
There are cases where the foundation of revetment, etc. 
is exposed due to the progress of river-bed degradation 
and suffers damage in the event of flooding.   In 
addition, in the downstream of river crossing 
structures, such as ground sills, the effect of river-bed 
degradation may appear more remarkably and 
deformation, such as subsidence of bed protective 
works, may arise. In such an event, some cases are 
reported where bed protective works were swept away 
in a chain and the main body of river crossing 
structures, such as ground sills, suffered damage.  
Specifically, when part of the main body of river 
crossing structures is swept away, levee slope may be 
eroded by the drift generated by the flow concentrated 
on the site where the body was swept away. In 
addition, if the entire main body is swept away, the 
effect of river-bed degradation may extend to an 
upstream section and cause damage to a bridge etc. 
located at the upstream.  Accordingly, it is important 
from a viewpoint of the maintenance of river crossing 
structures to grasp the conditions that decide the chain 
destruction of bed protective works and the 
phenomena that arise in case of destruction.  
２．Development of numerical analysis models 

for reproducing chain destruction  
Accordingly, NILIM has been implementing 
"Development of technologies for forecasting 
deterioration / damage / destruction of river-crossing 
structures in river bed degradation" together with two 
research groups, Gunma University (Representative: 
Professor Yoshihiko Simizu) and Nagaoka University 
of Technology (Representative: Professor Satoru 
Otsuka), using the River Erosion Control Technical 
Research Development System. Gunma University 
develops a numerical calculation model to evaluate the 
fluid force that acts on bed protective works, focused 
on variation of flow regime due to expansion of the 
scouring hole in the downstream of bed protective 
works. Nagaoka University of Technology develops a 
numerical calculation model to evaluate the fluid force 
that acts on bed protective works, focused on seepage 
flow under the main body, such as ground sills. 
NILIM directly measures and grasps, through a large 
hydraulic model experiment, the effect of scouring 
condition in the downstream of bed protective works 
and difference in seepage characteristics under bed 

protective works on the fluid force that acts on bed 
protective works. Through these studies, it was found 
that, as a phenomenon that defines the chain 
destruction of bed protective works, the position of 
hydraulic jump greatly changes the fluid force that 
acts on bed protective works. As the Figure shows, the 
position of hydraulic jump changed in connection with 
the river-bed degradation in the downstream channel 
and the fluid force that acts on the gabion of bed 
protective works at downstream end increased in the 
case where deformation proceeds.  On the other hand, 
in the case where no deformation proceeds, the fluid 
force acted so that the gabion at downstream end is 
stabilized by reverse whirlpool flow.   

 
Fig.: Phenomenon that defines the chain 

destruction of bed protective works  
３．Design considering maintenance  
NILIM is going to propose specification of 
maintenance standards in the design phase of ground 
sills, etc. using the findings of these studies.  
Maintenance standards are intended to set forth a state 
in the design phase where the chain destruction of bed 
protective works may proceed and maintenance and 
repair based on inspection results are implemented by 
using the numerical calculation models created by 
these studies in the design phase.  
☞See the following for details.  
1) River Erosion Control Technical Research 
Development System  
http://www.mlit.go.jp/river/gijutsu/kenkyu.html   
2) Yamamoto et al.: "Study issues organized from the 
deformation hydraulic experiment on armor block type 
ground sills," Collection of Papers on River 
Engineering, Vol. 24, June 2018.  
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Promotion of Emergency Use of Groundwater at 
Disaster  
--- Evaluation of the available volume of groundwater with 
hydrological cycle analysis ---  

 
NISHIMURA Sorin, Senior Researcher, KAWASAKI Masaki, Head 
Water Cycle Division, River Department 
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１．Introduction  
Groundwater is one of the important factors that 
constitute the hydrological cycle system and has been 
one of the important water resources in Japan's history 
since good groundwater can often be obtained close to 
home.   
However, excessive intake of groundwater in the rapid 
economic growth etc. had caused various groundwater 
problems, including fall of ground water level, intake 
trouble, ground subsidence, and saltwater intrusion 
into groundwater in seaside area. Accordingly, intake 
of groundwater had been regulated and conversion of 
water source from groundwater to surface water had 
been conducted centering on the areas where 
groundwater problems occurred.  As a result, the 
tendency of recovery in groundwater level has been 
confirmed and groundwater is used effectively in 
some communities, but it is necessary to use 
groundwater carefully in order not to repeat the past 
failures.   
On the other hand, the environment surrounding 
"water" has also been changing in Japan. For example, 
there is reportedly no room to suspect global warming, 
rainfall is becoming extreme, and increase in the risk 
of flood / drought is concerned.  There is also a 
concern about water failure when the water supply 
system is hit by earthquake since occurrence of a 
large-scale earthquake, such as Nankai Trough 
Earthquake, is forecast at a high probability. It is also 
still fresh in our memory that water supply system was 
cut off and water supply activities were conducted in 
wide area in the July 2018 Heavy Rain and the 2018 
Hokkaido Eastern Iburi Earthquake.  
２．Evaluation of the available volume of 

groundwater with hydrological cycle 

analysis  
Use of groundwater in the event of a disaster instead 
of surface water is expected to strengthen the 
resistance against disasters.  To this end, available 
volume of groundwater needs to be evaluated in 
advance, and a case study was conducted in this study 
for the basin of Sendai River in Tottori Prefecture. 
Specifically, a hydrological cycle analysis model was 
built at the same basin to analyze a case of water 
source change to groundwater (diluvium) by 20% of 
the intake of surface water in terms of the drought 
event (shrinkage of the rainfall from April to August 

in the 1994 rainfall waves to 1/100 of the year 
probability). In this analysis, comparison of analysis 
values was made with the minimum groundwater 
levels in the past and the groundwater level when 
ground subsidence became moderate and the 
possibility of emergency use of groundwater at a 
drought was found.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.: Conceptual diagram of hydrological cycle analysis 
model 

 
３．Cooperation well system at a disaster  
The 1995 Hanshin / Awaji Great Earthquake caused 
damage to waterworks facilities and "water" ran short 
in many scenes, including firewater, drinking water 
for evacuees, and domestic water, and attention was 
paid to use of groundwater. In the 2007 Niigataken 
Chuetsu-oki Earthquake, water failure continued for 
about three weeks but serious water shortage did not 
occur because groundwater from wells normally used 
as a snow melting well was used.  
In consideration of such examples, some local 
governments established "Disaster Cooperation Well" 
System, in which wells owned by citizens etc. are 
registered as "disaster cooperation well" so that 
groundwater is provided to local communities at 
disasters from a great earthquake etc.     
Since evaluation of the available volume of 
groundwater with hydrological cycle analysis supports 
this system, we intend to continue the study including 
alternative use at disasters.  
[Reference]  

☞See the following for details.  
1) Technical Note of NILIM, No.883 (March 2016)  
http://www.nilim.go.jp/lab/bcg/siryou/tnn/tnn0883.htm  



 

 

 

Main Points of Technological Study Required for 
Redevelopment of Existing Dams 
- Analysis by reviewing previous cases - 
(Research period: FY2017 to FY2018)  

SATO Hiroyuki, Senior Researcher, ISHIKAWA Ryotaro, Researcher, KONDO Masafumi (Ph. 

D.), Head, Large-scale Hydraulic Structure Division, River Department  

Keywords: dam upgrade, dam redevelopment, effective use of existing dams 

 

１．Introduction 
While changes in rainfall characteristics, etc. resulting 
from climate changes have been indicated, needs are 
expected to further increase for dam redevelopment 
projects, which utilize existing dams and aim to 
improve their functions by heightening, reinforcement 
of outlet structure, etc.  Under such circumstances, 
the Ministry of Land, Infrastructure, Transport and 
Tourism (MLIT) formulated "Dam Upgrade Vision" 
(June 2017), providing the measures for advancing 
effective use of existing dams and "Dam Upgrade 
Guidelines" (March 2018), which organized basic 
matters for promoting dam redevelopment smoothly.  
This study, with focus on dam upgrade projects that 
require large-scale alteration of facilities, such as 
heightening of the existing dam body or body drilling / 
cutting for extension of outlet structure, out of the dam 
upgrade methods provided in the Guidelines above, 
organized practical research / study matters related to 
engineering and their points based on case study, 
which are required in each phase of a project for 
contribution to efficient implement of the project. 
２．Outline of the research and analysis 
First, we extracted the items of various engineering 
researches and studies actually conducted in each 
phase of the dam upgrade projects in Japan (planning, 
design, construction, first filling of water).  Then, we 
organized the purposes, information used, concepts 
and points of attention in making technical decisions, 
etc. in each research and study, together with the flow 
of technical study, which is required in implementing 
an upgrade project (Fig. 1). 
Note that major characteristics of dam upgrade 
projects include that it is required to implement 
construction work while maintaining the functions of 
existing dams including flood control and that 
feasibility of construction work needs to be studied 
early in the design phase since it may determine the 
method of alteration.  In this organization, 
considering these characteristics as well, we aimed to 
list as widely as possible research and study items in 
each phase of upgrade projects, including research of 
the state of dam body in the filled state and soil 
conditions of foundation and the analysis method on 
the structural design according to alteration methods, 

and strived to specify the points of each item. 
３．Future vision 
Planning and design of dam redevelopment projects 
are more subject to the conditions specific to the dam 
than new dam construction, and sharing / succession 
of experiences in previous projects was not easy in 
some aspects.  We are going to organize the results 
of this study in the future as engineering data and hope 
that it would be helpful in implementing future dam 
redevelopment projects more efficiently. 

Fig. 1: Flow, items, etc. to be studied in dam 
redevelopment 
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１．Introduction  
Flood disasters have been frequently caused by 
record-breaking heavy rain etc.  Particularly in urban 
areas, where concentration of population and assets, 
intensive use of underground space, etc. are 
proceeding, maintenance of sewerage and rivers is 
important since enormous damage is expected from 
incubation, and it is desirable to strengthen measures 
for reducing damage in the event of inundation since 
heavy rain exceeding the capacity of flood control 
facility is now frequent.   
The inundation forecast system, which has been 
developed by Flood Disaster Prevention Division 
since 2014 under the SIP (Strategic Innovation 
Program (by Cabinet Office), receives measurement / 
forecast rainfall and river level data every 10 minutes, 
computes the flow of river, sewerage, and ground 
surface in an integrated manner, and distributes the 
forecast inundation depth, etc. one hour ahead within 
10 minutes after receiving data.  
２．Inundation forecast example and verification  
Inundation depth was calculated based on the result 
and forecast rainfall data in the western Tokyo heavy 
rain on Aug. 13, 2018 and compared with the 
inundation depth obtained from the image of 
inundation on the website.  The result showed 15 cm 
as estimated inundation depth in actual rainfall, 12 cm 
as estimated inundation depth in forecast rainfall, and 
about 20 cm as inundation depth read from the picture 
when actual inundation occurred. Thus, a certain level 
of accuracy was confirmed. We also recognized the 

importance of improving the accuracy of rainfall 
forecast since heavy rain was forecast immediate 
before the occurrence of inundation. 
３．Social experiment  
We continually conducted a social experiment 
involving about 50 people from local governments and 
local disaster prevention associations including those 
from the area prone to inundation in the basin of the 
Kanda River.   
We confirmed that many of the participants use the 
inundation forecast information as a "trigger" for 
obtaining other information (TV etc.).  
We also started a joint study with academic experts in 
order to expand the system to the eastern part of 
Tokyo for use of the inundation forecast system in 
local heavy rain to prepare for the 2020 Tokyo 
Olympic Games / Paralympics and to cover the entire 
area of Tokyo 23 Wards.  
Fig. 2 shows the area of system expansion to the 
eastern Tokyo.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Area of system expansion to the eastern 
Tokyo 

４．Future vision   
We intend to improve the accuracy of inundation 
forecast through the use of new rainfall observation / 
forecast technologies including new model weather 
radar and continue to study inundation damage 
prevention / mitigation measures using inundation 
forecast information.  

☞See the following for details.  
1) Flood Disaster Prevention Division, River 

Department, NILIM 
http://www.nilim.go.jp/lab/rcg/newhp/index.htm 

0.15cm (On-the-spot inundation depth) *X-RAIN 

0.12cm  (Forecast inundation depth) * High-resolution precipitation 
nowcast  

Submersion situation (front of Keio 
Inokashira Line Kugayama Station)  

Photo source: http://健康

法.jp/archives/41780 

Fig. 1: Results of actual / forecast inundation 
depth calculation and image of inundation 
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Study for Preparation of a Hazard Map of Sediment Disaster with the 
National Building Research Organization of Sri Lanka (Research period: 
from FY2017)  

MATSUMOTO Naoki (Ph. D.), Senior Researcher, UCHIDA Taro(Ph.D.), Head,  
SUZUKI Kiyotaka. Guest Research Engineer,  Sabo Planning Division, Sabo Department 

Keywords: Sri Lanka, sediment disaster countermeasures, research partnership, hazard map  

 
1. Introduction  
In January 2018, the NILIM entered into a memorandum 
of cooperation for research on sediment disaster  
countermeasures with the National Building Research 
Organization ("NBRO") of Sri Lanka.1)  Accordingly, a 
joint research was conducted on applicability of the 
numerical simulation developed in Japan in order to 
prepare a hazard map of sediment disasters in Sri Lanka 
as early as possible. This paper reports results of this joint 
research.   
 
2. Contents and results of discussion  
Sri Lanka prepared "Landslide Hazard Zonation Map" by 
assessing the risk of slope failure and published it.  This 
Map, however, does not show areas where sediment 
generated by slope failure is expected to reach. In 
addition, since many houses stand on slopes in Sri Lanka, 
it is very important in disaster prevention to forecast area 
where sediments are expected to run off.  We therefore 
studied the applicability in Sri Lanka using the 
two-dimensional debris flow simulation "Hyper 
KANAKO" 2), which can forecast the area of runoff / 
deposition of sediments generated by slope failure.  
First, we conducted the numerical simulation of slope 
failures that occurred in Koslanda, Sri Lanka, after 
advancing the study on configuration methods, etc. 
actually practicable in Sri Lanka for topographic maps 
and parameters.  Fig. 1 shows an aerial photograph 
immediately after disaster and calculation results.  
According to the calculation results, deposition of 
sediments is much more than actual deposition in the 
collapsed area but a lot of sediments are deposited in the 
(red frame) area where a lot of sediments were actually 
deposited.  In addition, the area of deposition calculated 
was larger than actual but the reaching distance was 
almost the same. The accuracy of calculation results is 
considered to have been affected by the slightly coarse 
topographic map of Sri Lanka (1/10,000).  Further, in 
order to confirm how difference in input conditions 
affects calculation results, we conducted trial calculations, 
assuming future forecast calculations, by changing the 
ratio of fine-grained sediments, sediment volume, 
hydrograph, and grain-size distribution under the 
condition where no input conditions other than location 
and scale of collapse and topographic data are unknown. 
The result showed that the ratio of fine-grained sediments 
has a large effect on the reaching range.  Consequently, 
it was confirmed that even with topographic data of 
coarse accuracy, forecast of reaching range, etc. is 

possible.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Results of numerical simulation (Slope failure 

in Koslanda)  
 
3. Conclusion  

In addition to technical study, this joint research also 
intends to transfer techniques for preparing a hazard map 
for sediment disasters by inviting three young researchers 
from the NBRO. In the future, while using、Landslide 
Hazard Zonation Map as well, we are going to visit Sri 
Lanka to exchange opinions and continue discussion for 
early preparation of a hazard map through participation in 
workshops, field survey, etc.   

Note that for inviting researchers from the NBRO, we 
received a subsidy from the Civil Engineering 
International Research Exchange Support Plan of the 
Public Works Research Center.  
☞See the following for details.  
1) Civil Engineering Journal, vol. 60, No.5 p. 41  
2) Hyper KANAKO Workshop website: 
http://www.hyper-kanako.com/      
 



 

 
 

 

Issuance of the Guide (draft) to Study on Sabo (erosion control) Facility 
Arrangement as Countermeasure for Sediment Flooding / Inundation using 
River-bed Variation Calculation  
(Research period: FY2016 to FY2017)  

SAKAI Yusuke , Senior Researcher, UCHIDA Taro(Ph.D.), Head,  
KOMATSU Mio,  Guest Research Engineer, Sabo Planning Division, Sabo Department 

Keywords: sediment flooding / inundation, sabp facility arrangement planning, sediment dynamics analysis method, 
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1. Purpose of issuance  
To prevent disasters caused by sediment movement, it is 
important to evaluate the effect of control facilities 
properly and plan countermeasures while forecasting 
sediment movement phenomena that may occur in the 
future. However, mountain rivers targeted by sabo 
projects have complicated characteristics, i.e., a large 
amount of sediments caused by slope failure, debris flow, 
etc.  are supplied in heavy rain and flow in different 
sediment dynamics, such as debris flow, bedload 
transport cluster flow (intermediate flow of debris flow 
and bed load), bed load, or suspended load. In order to 
evaluate such sediment dynamics of mountain rivers in 
heavy rain, it is required to use an analysis method 
according to the sediment dynamics of mountain rivers in 
heavy rain and set calculation conditions properly.  
Accordingly, the Guide (draft) described the method of 
estimating sediment / flood damage using river-bed 
variation calculation and the method of evaluating the 
effect of control facilities for more effective / efficient 
facility arrangement based on the results of recent 
research and technological development in the relevant 
field.  

 
2. Main characteristics of the Guide (draft)  
Of the target phenomena covered by the Sabo Basic Plan 
shown in Fig. 1, the Guide (draft) mainly covers 
"sediment flooding / inundation caused by river bed rise, 
etc. resulting from runoff sediment from the upstream" 
("sediment flooding / inundation")    
Damage patterns of sediment flooding / inundation and 
scenarios covered by the plan differ according to the 
locations of targets of maintenance.  Accordingly, the 
Guide (draft) describes the method of setting proper 
rainfall conditions from a viewpoint of the location of 
maintenance target with regard to design rainfall as a 
countermeasure for sediment flooding / inundation. The 
Guide (draft) also describes the methods of watershed 
subdivision and water / sediment supply in river-bed 
variation calculation, method of setting channel shape 
and river bed conditions, method of verifying calculation 
results by numerical simulation, and concept of effective 
facility arrangement planning using river-bed variation 
calculation.  
On the other hand, even when conditions are properly set 
by numerical simulation and calculation results are fully 

verified, phenomena of sediment dynamics are 
complicated and even a little difference in input 
conditions may greatly affect analysis results. Further, 
considering a future scenario of increase in rainfall by 
climate change, etc., the Guide (draft) expects evaluation 
of uncertainty to be implemented including examination 
of multiple scenarios.  

A. Short-term measures for sediment run-off (during a 
series of rainfall duration) 

A-1 Debris flow / driftwood measures  
A-2 Measures for sediment flooding / inundation 

(caused by upstream sediment movement) 
A-3 Measures for sediment flooding / inundation 

caused by driftwood  
B. Medium- to long-term measures for sediment run-off 

(active period of sediment run-off) 
B-1 Measures for particularly active sediment run-off 
B-2 Measures for continually active sediment run-off 

C  Volcanic sediment and erosion control 
D Measures for abnormal sediment-related disasters 

D-1 Measures for debris flow caused by deep-seated 
landslide 

D-2 Measures for sediment flooding / inundation 
caused by landslide dam 

Fig. 1 Classification of phenomena to be covered by 
Sabo Basic Plan  

 
3. Conclusion  
Many events of sediment flooding / inundation occurred 
in the Northern Kyushu Heavy Rain in July 2017 and the 
Western Japan Heavy Rain in July 2018.  
Countermeasures for sediment flooding / inundation are 
urgently required in order to address the localization and 
frequent occurrence of heavy rain.  We hope that the 
Guide (draft) will be utilized in considering sabo (erosion 
control) facility arrangement planning as a 
countermeasure for sediment flooding / inundation and 
contribute to damage prevention / mitigation.   
☞See the following for details.  
1) Technical Note of NILIM, No. 1048, Nov. 2018  



 

 
 

 

A Study on Automatic Identification of Linear Precipitation 
System etc. for Sediment Disaster Warning and Evacuation    
(Research period: FY2015 to FY2018)  

NOMURA Yasuhiro, Senior Researcher, NORO Tomoyuki, Head,  
TODATE Hikaru, Guest Research Engineer, Sabo Risk Management Division, Sabo Department 
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1. Introduction  
In the recent years, sediment disasters caused by torrential 
rain due to linear precipitation system, etc. have 
frequently occurred in Japan, including the 2017 
Northern Kyushu Heavy Rain and the 2014 Hiroshima 
Heavy Rain.  Once a back building type of linear 
precipitation system, etc. is formed, cumulonimbus 
clouds generated at the windward successively flow in 
and heavy rain area remains over several hours, which 
often causes enormous damage. In addition, it is difficult 
at present to predict accurately th amount, location, and 
time of such heavy rains based on numerical weather 
prediction unlike rainfalls by typhoon, etc.  
Then, in order to provide information quickly to the 
personnel in charge of disaster prevention, we studied the 
method of identifying linear precipitation system, etc. and 
developed a system that enables automatic identification 
on real time.  This paper introduces the outline of this 
activity.  
2. Content of study  
Using the Meteorological Agency's two-dimensional 
analyzed precipitation data, we studied the algorithm and 
built a prototype system for identifying linear 
precipitation system from weather indicators (occurrence 
potential of local heavy rain) representing rainfall 
intensity, shape of heavy rain area, wind direction, and 
atmospheric instability, etc.  We applied this system to 
the 2014 Hiroshima Heavy Rain, 2017 Northern Kyushu 
Heavy Rain, and 2018 Western Japan Heavy Rain and it 
was mostly possible to detect generation of linear 
precipitation system before occurrence of a large-scale 
sediment disaster.  
Additionally, as the result of analyzing continuity of 
linear precipitation system in the 2016 Hiroshima Heavy 
Rain by identifying the developmental stage of 
cumulonimbus clouds particularly at the windward from 
those constituting linear precipitation system, using 
three-dimensional observation data based on the MLIT's 
X band MP radar, it was found that a more hazardous 
stagnant linear precipitation system can be identified (See 
Fig.).   

 
Fig.  Identification of linear precipitation system 

using three-dimensional data (X-MP)  
 

 
3. Future schedule  
Demonstration experiment of this system is being 
conducted by Regional Development Bureaus across the 
country and sediment disaster departments of prefectures 
etc. from a viewpoint of sediment disaster risk assessment 
and the system is going to be improved for easier use by 
disaster prevention personnel.  For upgrading of the 
linear precipitation system identification method using 
three-dimensional radar observation data, we intend to 
consider utilization of higher precise phased array radar 
(MP-PAWR), etc.  
 



Basic Trend of Stuck Traffic in Winter Season 
(Research period: FY2017 to FY2019)

IKEHARA Keiichi, Senior Researcher, KAWASE Haruka, Research Engineer, TKAHASHI 
Ayumu, Guest Research Engineer, KOBAYASHI Hiroshi (Ph.D.), Head, 
Road Safety Division, Road Traffic Department 

Keywords: winter road management, unclimbable, stuck, winter tire, chain 

1. Introduction
In recent years, heavy snow has been causing
large-scale stuck traffic and long-time suspension of
traffic, and such traffic hazards due to local heavy
snow often occurred in areas other than snowy areas.
A case where a car got stuck ("stuck car") on a
national management road occurred at 4,578 spots
across the country for the period from FY2011 to
FY2016 (including minor incidents), which are broken
into (i) 34% for the region of Tohoku  Regional
Development Bureau, (ii) 18% for Hokuriku Regional
Development Bureau, (iii) 14% for Hokkaido
Development Bureau, (iv) 13% for Kanto Regional
Development Bureau, (v) 11% for Chugoku Regional
Development Bureau, and others.  However,
occurrence greatly varied according to fiscal years and
was greatly affected by local heavy snow in the
regions other than the top three. 1)

Considering these situations, NILIM has been
grasping characteristics based on data analysis and
on-site hearings concerning the occurrence of stuck
traffic and organizing causes, issues, etc. as useful
information for other regions.  Based on results of
this organization, NILIM has been studying the
direction leading to solution by adopting a road
structure resilient to stuck cars, etc. such as wide
shoulder and climbing lane from the viewpoint of
winter road management.
2. Trend of occurrence and countermeasures in

Tohoku, Hokuriku, and Hokkaido
In the jurisdictions of Tohoku and Hokuriku Regional 
Development Bureaus and Hokkaido Development 
Bureau ("Tohoku, Hokuriku and Hokkaido") where 
stuck traffic occurs every year, we conducted 
questionnaire and hearing surveys in fiscal 2018 by 
extracting spots where stuck traffic frequently occurs 
in order to grasp the trend of occurrence and content 
of countermeasures. 
Fig. 1 organized the weather conditions of the spots 
where we conducted the questionnaire survey, and Fig. 
2 organized the main generating factors.  The 
weather conditions of the spots are characteristic in the 
air temperature of winter and distribution of 
precipitation, and generating factors have a trend 
according to the characteristics of weather conditions.  
When seen in the ascending order of average air 
temperature, stuck traffic often occurs in Hokkaido 
due to obstruction to vision or snowdrift, which would 
be greatly affected by low temperature or wind as well 

as snow on roads.  Stuck traffic often occurs due to 
snowfall and road surface freezing in Tohoku, and due 
to snowfall in Hokuriku.  As characteristic measures, 
delineators are introduced at a high ratio in Hokkaido, 
automatic spraying equipment has been partially 
introduced in Tohoku, and snow-melting pipes has 
been introduced in part in Hokuriku.  In all of three 
regions, the introduction rate of chain 
attachment/detachment area is high but there is a 
problem of stuck traffic due to no chain attachment.  
As an effective measure, climbing lanes are highly 
evaluated in all the three regions, which is probably 
because slow expansion of damage even in case of 
stuck traffic is evaluated. 

Fig. 1: Weather conditions of surveyed spots (air 
temperature and precipitation in winter) 

Fig. 2: Main generating factors of stuck traffic (Hokkaido, 
Tohoku, Hokuriku) 

3. Future summarization policy
We reported the outline of the occurrence trend and
countermeasures in Tohoku, Hokuriku, and Hokkaido.
We continue to organize the conditions and effects of
application focused on measures based on road
structure etc. and summarize results as information
useful for introduction in other regions.  In addition,
for prevention of damage expansion, introduction of
wide shoulders, as well as climbing lanes, would be
effective in realizing snow-resistant road structure.
We also intend to study measures for introducing these
measures from a preventive viewpoint.
References: 1) IKEHARA Keiichi, KAWASE Haruka,
KOBAYASHI Hiroshi, "Occurrence Trend of Stuck Traffic in
Winter Roads", Civil Engineering Journal, April 2019 (under
contribution)

* Precipitation and air temperature 
are the average values of the 
nearby observation station in 
winter (Dec. - Feb.) 
(Coverage year: 2010-2016) 

* Results from 
multiple answers
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1. Introduction  
In order to grasp the situation of disasters caused by 
earthquake, heavy rain, etc. as quickly as possible and 
support prompt elimination of road obstacles, the 
NILIM has been studying utilization of technologies 
for early grasp of disasters including an airplane for 
the purpose of surveying damaged areas before 
starting activities for elimination of road obstacles and 
grasping the risk of failure or re-failure of slopes when 
working for elimination of road obstacles. 
This paper introduces the results of study on the 
possible accuracy of measurement of slope conditions, 
including level difference and subsidence with focus 
on unmanned aerial vehicle (UAV) in order to avoid 
secondary disasters from failure or re-failure of slopes 
when surveying damaged areas or working for 
elimination of road obstacles. Measurement was 
conducted using a part of the drone airfield as test 
field (Fig. 1).  
2. Examination of the conditions affecting 

measurement accuracy 
Measurement accuracy is affected by slope conditions 
(slope angle, vegetation density, etc.) or measurement 
conditions (reference point arrangement, flight altitude, 
etc.).  Then, we studied the effect of each condition 
on measurement accuracy using the UAV-loading type 
laser scanner expected to be used for grasping the 
situation of ground surface under vegetation.  This 
paper introduces the effects of terrain clearance and 
vegetation density.  
For examination, the measurement cross section of Fig. 
1 (red line) was used from the results of measurement 
at the terrain clearance of 80 m and 140 m.  Fig. 2 
and Fig. 3 show the results of measuring the 
measurement cross section.  Although topography is 
grasped even under vegetation regardless of terrain 
clearance, Fig. 2, in which terrain clearance is smaller, 
shows measurement of topography with better 
accuracy.  Note that the number of points per unit 
area of the ground surface where laser beam reached 
was 1.7 to 2.5 times at the terrain clearance of 80 m as 
compared with the terrain clearance of 140 m. 
In addition, the rate of laser beam reaching the ground 
(points of reaching ground / all the points) is different 
according to vegetation and was 26% for slender 
bamboos (Sasamorpha), 18% for broad-leaved forest, 
and 9% for coniferous forest at the terrain clearance of 
80 m.  This is attributable to changes in vegetation 

density.  Note that similar trend was observed in 
changes in the rate of reaching ground according to 
vegetation density at the terrain clearance of both 80 
m and 140 m.  
3. Conclusion  
We are going to study measurement conditions on 
which the risk of failure / re-failure of slopes can be 
determined through acquisition of topographic data 
using UAV images and laser on actual disaster sites, 
etc. and examine how UAV can be utilized before and 
after activity to eliminate road obstacles.  

Fig.2 Measurement results (terrain clearance of 80 m) 

Fig.3 Measurement results 
(terrain clearance of 140 m)  

Fig. 1: Test field  
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1. Introduction  
NILIM has been observing seismic behaviors since 
1958 with the aim to rationalize / upgrade the seismic 
design standards for civil engineering structures and 
clarify their seismic behaviors. 
In recent years, structures having complicated seismic 
behaviors in the entire system are increasing.  To 
improve the earthquake countermeasure technology 
for such structures, proper evaluation of behaviors in 
the event of earthquake is required.  Accordingly, the 
NILIM has been working for establishment of a 
system that can observe behaviors of the entire system 
of structures (the "observation system") by conducting 
simultaneous seismological observations at many 
points in structures. 
2. Experiment for sending / receiving 

observation records using wireless 
communication  

As means of communicating records from multiple 
sensors that constitute to the observation system, 
wireless communication was used for convenience.  
Wireless communication technology has been applied 
to seismic observation inside buildings, etc. but has 
never been applied to outdoor observation such as for 
civil engineering structures.  Therefore, observation 
records were sent and received in wireless 
transmission on the NILIM's test course, over 1 km in 
a linear distance, to check transmission distance and 
communication intensity (Fig. 1).  The result of the 
experiment showed that observation records can be 
satisfactorily transmitted and received in wireless 
communication even in outdoor environment. 

3. Construction and observation system  
In order to detect issues in establishment of 
observation system using wireless communication, a 
system was temporarily installed on the elevated 
bridge.  This observation system consists of sensors 
for observing seismic behaviors of the structure, an 
antenna for receiving observation records sent from 
the sensor in wireless communication, and a logger for 
recording / processing observation records.  A total 
of about 50 sensors were installed on the bridge, 575 
m in length, in order to observe the behaviors in the 
entire system of the structure (Fig. 2).  We intend to 
continue observation to check communication 
intensity and recording accuracy.  
4. Conclusion  
In order to establish a technology using results of this 
study as a model case and obtain seismic records that 
contribute to further rationalize / upgrade the seismic 
design standards for civil engineering structures, we 
intend to improve seismic behavior observation in the 
NILIM.  
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Experiment using wireless 
communication 

Fig. 2: Provisional installation on the elevated bridge 



 

 

 

Consideration of Technological Requirements and 
Evaluation  Disaster Detection Technologies 
 in the Road Field 

 
SHIRAISHI Moemi, Researcher  KATAOKA Shojiro, Head   
Earthquake Disaster Management Division, Road Structures Department 

（key words）technological requirements, road damage, disaster prevention , initial response 

1. Introduction 
Plans are to proactively introduce both new 
technologies and technologies from other fields in 
order to collect damage information promptly.  To 
develop and introduce technologies appropriately, it is 
important to clarify technological requirements. 
However, technological requirements in the disaster 
prevention field are unclear because of the variety and 
complexity of disaster scenarios.  
NILIM has been making efforts to clarify the 
technological requirements of disaster prevention 
based on the systematized information needs of road 
managers since 2016, in order to develop and 
introduce technologies appropriately based on the 
arranged information needs of disaster response sites.  
2. Presentation of technological requirements  
In order to evaluate the level of information needed by 
road managers in disaster response and the level of 
information grasped by various technologies in terms 
of “promptness”, “coverage” and “reliability”, the 
level of information necessary for making decisions in 
disaster response has been set to five levels, from S to 
D.  Figure 1 shows an example of the technological 
requirements for “Reliability”.  These technological 
requirements have been improved by conducting a 
survey of road managers. Figures 2 and 3 show 
examples of the level of information needed by road 
managers in disaster response and the level of 
information grasped by various technologies in 
experimental trials.  These evaluations help clarify 
which technologies to use and the technological goals 
to achieve.  For example, in the case of disconnection 
optical fibers, the Reliability evaluation as a disaster 
prevention technology is “D”, which means it is 
difficult to utilize for making decisions as more 
detailed information is needed, but useful for initial 
response and wide area cooperation disaster response. 
3. Future efforts and issues 
In this research, we organized the technological 
requirements for disaster response in the road field, 
and constructed a framework for evaluating the 
suitability of information needed in disaster response 
and obtainable by various technologies.  In the future, 
we will explore effective combinations of technologies 
and their utilization in other fields. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

☞ more information  
1) 道路地震防災研究室HP 
http://www.nilim.go.jp/lab/rdg/ 

Fig-1 Example of technological requirements  
Technological requirements（Reliability） 

Ｓ Information confirmed by visual inspection in the field or 
information equal to it 

A Image information taken by cameras in the field or 
information equal to it 

B Information that makes it possible to roughly estimate the 
location and scale of damage 

C Information that makes it possible to roughly estimate the 
location and scale of damage  

D Information that makes it possible to identify that something 
unusual has happened  

 
Fig-2 Evaluation of information level needed for 

decision-making in disaster response 
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Estimate the scale of damage immediately after 
disaster occurrence and decide whether or not to 
establish an initial system and request wide regional 
cooperation.  

S S D 
Based on the damage information of all national 
roads, decide whether or not to close traffic in 
damaged areas and areas where secondary 
damage is possible. 

B A S 
Estimate the amount of work to restore areas where 
secondary damage is possible and determine the 
priority of road clearance. 

D D S 
 

Fig-3 Information level that can be grasped by various 
technologies 
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UAV
 

 Provides relatively high mobility 
compared to satellites and airplanes. 
Enables research from various angles 
and heights. 

B C S 
SAR 

imagery 
(Satellit

e) 

Capable of wide area   observations at 
night and in bad weather. Observation 
timing and area depends on satellite’s 
orbit.  

C S C 
CCTV 

camera 
Used for monitoring infrastructures in 
normal times and for detecting damage 
at the time of a disaster. 

S B A 
Disconne

ction 
Informati

on of 
optical 
orbit 

Immediately after the disaster, about 
few hundred meters discrepancy level 
38000km in nationwide. S S D 
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Survey of Houses Damaged by Quake, Sept. 
28, 2018 Sulawesi-Indonesia  (Term: November 2018)          

KOBAYASHI  Hideyuki(Ph. D.), Researcher  

Housing Planning Division, Housing Department    

(Keywords)  MSRB, Precast, Bad job, Reinforcement 

１．Introduction 

An M7.4 quake struck Central Sulawesi Province, 
Indonesia on September 28, 2018. The capital, Palu City, 
located on the moving fault sustained severe damage. 
 A tsunami destroyed the coastal zone, and liquefaction 
caused landslides damaging housing complexes. Most 
high-rise buildings collapsed. 

NILIM surveyed the damaged houses and buildings 
between November 2-4 in order to support 
reconstruction. 
２． Damaged buildings 

Most detached low-rise houses survived within the city, 
even nearby the fault. Conversely, most high-rise hotels, 
hospitals, and shopping malls, which were constructed 
after 2006, collapsed. 

As for damaged publicly operated rental houses, 
drawings were provided by the city, and we precisely 
checked the damage on-site (Figs. 1, 2). 

 

Fig. 1 Standard floor plan for MSRB of Palu 

３．Review of past technical cooperation on the 

MSRB 

  The Building Research Institute under the Ministry of 

Construction provided technical cooperation to the 

Indonesian Research Institute for Human Settlement in 

the fields of quakeproof buildings and housing since the 

1980s, including a project for developing Appropriate 

Technologies on MSRB (1993-98), which resulted in a 

proto-type design for the five-storied MSRB. 
  The damaged houses were based on the prototype 
through several outreach efforts for improvements by the 
Indonesian side, which included prefabrication. The 
houses were constructed through a national budget based 
on the technical standards provided by the Ministry of 
Public Works using stable pile foundations and precast 
columns, beams, and floor panels. The reinforcement bar 
was provided as part of the design, while construction 

skills were seemingly poor (photo), especially the setting 
of the hoop bars, which caused displacement of the 
vertical bars (photo, Fig. 2). 

 

Fig. 2: Reinforcement of broken column 

We sent the reports in English to the city and the 
Ministry of Public Works on Nov. 12. The next week, 
reconstruction of Lere MSRB was decided. NILIM is 
now providing 3D data of the buildings for structural 
analysis and an improved design. 
1) Research Institute for Human Settlements, 
Ministry of Public Works (Bandung) 
http://www.puskim.pu.go.id 
 Now assisting in the reconstruction of houses in Lombok (June) and 
Sulawesi (Sept.). 

 

 

Photo: Damaged MSRB (Lere) 

Reality 



  

 

 

Development of System for Detecting Damages by 
Earthquake Projected on CCTV Camera Images 
(Research period: FY2014 to FY2018) 
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Information Technology, SEKIYA Hirotaka, Head, ITOUJI Toshiro, Senior Researcher, 

MORITA Kenji, Guest Research Engineer 

Information Platform Division, Research Center for Infrastructure Management 

Keywords: CCTV camera, damage grasping, image processing  

 

1. Introduction  
In the event of an earthquake, administrative organs 
concerned are required to grasp the situation of 
damage promptly.  NILIM has been studying to 
support initial response in the event of an earthquake 
through detection of "changes" that may represent 
damage as differences by comparing images of CCTV 
(Closed Circuit Television) cameras installed at rivers, 
roads, etc. under the control of the Ministry of Land, 
Infrastructure, Transport and Tourism ("MLIT") at 
ordinary times with those immediately after 
occurrence of the earthquake.  This study is 
developing a system (the "System") that periodically 
collects images of CCTV cameras selected for the test 
at ordinary times and automatically collects images of 
same cameras installed near the epicenter immediately 
after receiving the earthquake information announced 
by the Meteorological Agency when an earthquake 
occurs. 
Many algorithms for detecting differences are 
proposed but none of them has accuracy of 100%.  In 
order to remove noise (e.g., moving cars), it is 
necessary to obtain several images from the cameras 
monitoring at fixed points in a certain time interval 
and statistically process them.  For the specific 
method, refer to the previous report 1). 
This paper describes a trial experiment of the System 
using the Integrated Disaster Information Mapping 
System (DiMAPS) of the MLIT.  
2. Trial test using DiMAPS  
DiMAPS is a GIS that can collect disaster information 
from the site and display it on the map clearly.  Fig. 1 
shows a screen that could be displayed as a result of 
the communication test conducted on February 8, 
2019 between the System and DiMAPS.  To display 
images created by the System, select the layer of 
"Damage images" on the right of the screen and then a 
list of thumbnail images of CCTV cameras that 
detected a "difference" on the System is posted on the 
bottom of the screen.  Enlarged images as shown in 
Fig. 2 are available by selecting "Detailed screen" of 
the CCTV camera image that needs to be checked in 
detail.  The System has a function to color the field in 

red where a "change" that may represent damage was 
detected. In the example of Fig. 2, open burning at a 
distant location was detected from the river 
monitoring camera. 
 

 

 

 

 

 

 

 

 

 

 
Fig. 1: DiMAPS screen after the communication 

test  
 

 

 

 

 

 

 

 

 

 
Fig. 2: Example of the image created by the System  
 
3. Conclusion  
We are going to increase CCTV cameras available in 
the System and grasp issues in practice. 
☞See the following for details.  
1) "Method of Grasping Disaster Situations Using CCTV 
Cameras --- Verification of the Optimal Number of Images 
for Noise Rejection in Detection of Areas Damaged by 
Earthquake in the Background Differencing Technique," 
JACIC Information No. 119, Japan Construction 
Information Center, Vol. 33, No. 2, pp.19-24, 2019.  
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System considering Large-Scale Disasters  
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1. Introduction  
NILIM has developed a system for visually grasping 
traffic status (Fig. 1) by indicating traffic result using 
probe information provided from an ETC2.0 loading 
vehicles and private enterprises, traffic restriction 
information based on VICS, etc. on the same map in 
the overlapped state, and is studying on functional 
improvement, etc. through practical operation. 
Large scale disasters occurred in the current fiscal year, 
including the Northern Osaka Earthquake in June, 
Western Japan Heavy Rain in July, and Hokkaido 
Eastern Iburi Earthquake, and this system was used by 
Regional Development Bureaus for grasping traffic 
result and preparing "Passable Map."  This paper 
studied mainly on improvement of this system by 
grasping / analyzing the issues manifested in these 
disasters through hearings etc.  This paper reports 
one of those issues.   
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: An example of indication of the traffic 

result display system  
 

2. Issues recognized and response  
(1) Traffic result is displayed even in closed 

sections.  
The issue was made clear that traffic result is 
displayed even in a closed section since emergency 
vehicles for road management pass through the closed 
section.  As a solution, since the number of 
emergency vehicles that travel through closed sections 
is very small, we have developed a program to add 
information on the number of traveling vehicles to the 
KML file generated from ETC2.0 probe information 
so that traffic result can be displayed only when 
exceeding a certain number of traveling vehicles.  

(2) Difficulty in quick identification of road 
administrator  

Since the existing system only classified road types 
into expressway and ordinary road, prompt 
identification of the competent road administrator was 
difficult when considering rescue operation or detour. 
Then, we developed a program to determine the road 
type from the information of DRM (Digital Road 
Map) to which ETC2.0 probe information is adsorbed 
so that road types can be classified into expressway, 
urban expressway, national highway, auxiliary 
national highway, principal local road, and prefectural 
road.  
(3) Failure to display closed sections accurately   
Since the existing system displayed the entire link as a 
closed section when it includes a closed section, 
on-site confusion occurred due to difference from 
actual regulation.  Therefore, we developed a 
program to display only actual closed sections 
correctly based on detailed position information from 
VICS Center (Fig. 2).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Example of failure to display closed 

sections accurately  
 
3. Future development  
For other issues not reported herein, we developed 
some functions including reduction of update 
frequency from 1 hour to 15 minutes and additionally 
install them at the end of the current fiscal year. 
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1. Introduction  
In the 2016 
Kumamoto 
Earthquake, there 
was a case of delay 
in early recovery of 
the function because 
of damage to the 
main beam and other 
important parts of 
the bridge in 
securing the serviceability of bridge (Fig. 1) as a result 
of slope collapse, ground displacement, etc. in 
addition to the shaking of the earthquake.  From the 
lessons learned from this incident, Kumamoto 
Earthquake Recovery Division has been developing 
design techniques required to control breaking pattern 
in order to minimize the effect on functional recovery 
of the bride even if the substructure of the bridge 
moves greatly due to slope collapse or ground 
displacement. 
As a method of controlling breaking patterns in a 
bridge, this paper reports the status of study on design 
technique considering damage control focused on 
bearing and their fitting part. 
2. Design concept of damage control type 

bearing  
This study examines design techniques by determining 
in advance which part of bearing will be first 
destructed in a condition where the bearing ultimately 
breaks and designing the part so that the breaking 
pattern is generated with a certain level of reliability.  
In this study, control of breaking pattern is conducted 
by providing a significant difference of strength 
(stratified strength) between members that cause 
bearing and other members. 
3. Shear test of damage control type bearing  
In order to check whether the damage control type 
bearing causes the breaking pattern as expected by 
design, a shear test of laminated rubber bearing, to 
which surface pressure was applied to a certain extent, 
was conducted.  For the rubber bearing used in this 
test, lower-shoes fitting bolts were selected as a 
member causing breaking in consideration of the 
viewpoints of functional recovery performance, 
including smaller level difference at girder end caused 

by breaking, certainty of damage control, and ease of 
replacement.  Stratified strength was also designed so 

that when the shearing strain (horizontal displacement 
/ height of the main unit of rubber bearing) of rubber 
bearing is 300%, lower shoes fitting bolts reach the 
final shearing stress but strength of over 1.3 times the 
stress is secured for members other than lower shoes 
fitting bolts (Fig. 2). 
In the shear test, after conducting reversed cyclic 
loading at 4 stages until the shearing strain of rubber 
bearing reaches 300%, one-way loading was 
conducted until 350% considering as well safety of the 
test equipment used (Fig. 3).  Since the test result 
showed that no breaking occurred at any part under 
the loading level of 350%, no breaking pattern could 
be confirmed.  It was, however, confirmed that only 
the lower shoes fitting bolts, one of damage control 
members, deformed and the main unit of rubber 
bearing and other bolts had no damage (Fig. 4). 
4. Conclusion  
We intend to further study to improve damage control 
type bearing as required based on the test results.  

 

  
Fig. 1: Example of damage to 
the bridge bearing by the 
Kumamoto Earthquake  

Fig. 3: Bearing shear 
test 

Fig. 4: Deformation of 
lower shoes fitting bolts 

(a) Damage control 
member 

(b) Stratified strength 

Fig. 2: Design concept of damage control type 
bearing  
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1. Introduction 
Information on infrastructure damage is important 
towards making disaster response decisions.  
However, with large scale disasters and disasters that 
occur at night, collecting information is difficult and 
an information blackout period ensue.  In order to 
collect information promptly and appropriately, the 
National Institute for Land and Infrastructure 
Management (NILIM) has since 2014 been developing 
technology to effectively use existing CCTV cameras 
and satellites to promptly grasp infrastructure damage, 
through the Cross-Ministerial Strategic Innovation 
Promotion Program (SIP).   
Development reached the prototype stage and the 
technology was partially deployed in fiscal 2017.  It 
began providing information to Regional 
Development Bureaus in fiscal 2018.  In this report, 
the developed technology and situation as of fiscal 
2018 are introduced. 
2. Development of an initial disaster response 

support system 
A system was developed with functions for estimating 
damage to road bridges and fills and determine risk of 
liquefaction, and automatically distributing 
information that enables the scale of infrastructure 
damage to be estimated, as well as a list of CCTV 
camera at the time of earthquake (Fig-1).  This 
system is managed in a cloud environment. Users can 
access it via a web service, if issued a login ID and 
password. (IDs are issued only to persons concerned.) 
The automatic distribution function (Fig-1②③)does 
not require an ID and provides information to officials 
of related organizations who are in charge of disaster 
prevention, such as the eight Regional Development 
Bureaus in Japan.  Moreover, the system was updated 
with functions for correlating seismic information 

blackout areas (Fig-2)．In fiscal 2018，this system 
provided information that supported the disaster 
response following earthquakes in the northern part of 
Osaka Prefecture and Iburi, Hokkaido. 
3. Damage detection by enhanced utilization of 

SAR imagery 
To examine optimal ways to use SAR observation and 

Fig-2 Updated system with list of CCTV 
cameras 

平成30年9月6日北海道胆振東部地震発生時
の震度情報空白域（青枠） 

震度情報空白の行政界の補間 
（隣接する行政界の震度のうち最も大きい値を採

Fig-1 Illustrated view of initial disaster 
response support system 



 

 
 
so forth, the initial survey conducted of the wide-area 
disaster and an algorithm and system for survey 
planning support were examined and developed. 
The algorithm was determined to comprehensively 
analyze the following conditions: the operating 
condition of the “sensor platform”; satellites and 
aircraft to be used at the time of disaster; the 
environmental conditions at the time of disaster such 
as time, weather, and the airports to be used; and 
prioritized items such as range and time.  Based on 
the results of trial applications at Regional 
Development Bureaus that started in July 2018, this 
system was updated to enhance the usability and so 
forth.  
To grasp the damage information promptly and 
accurately, a SAR image interpretation support system 
has been constructed.  It has also been developed to 
interpret SAR image more efficiently, improve the 
operability of the system, reduce task processing time, 
and increase the processing speed. 
NILIM has already used this system on a trial basis to 
monitor hillside collapse and other events immediately 
following disasters.  In fact, results provided to 
MLIT after heavy rains in Western Japan in July 2018 
were utilized in disaster response (Fig-3). 
Training for officials in charge of disaster prevention 
is carried out to advance nationwide efforts to 
introduce this system on a trial basis. 
4. Damage detection by enhanced utilization of 

CCTV cameras 
CCTV cameras have been installed to monitor 
infrastructure throughout the country by MLIT.  At 
the time of a disaster, in order to rotate the cameras 
and confirm the surroundings, it is necessary to 
operate individual cameras manually.  For this reason、

(1) a function that automatically rotates the CCTV 
cameras and captures a panoramic image and (2) an 
image measurement system were developed and are 
being tested.   
(1)Test of camera panning system 
Figure 4 shows a panoramic image captured by this 

system. In this case, the situation across a wide area 
can be automatically visualized. In the future, a 
“Guideline for Introduction” is planned. 

(2) Development and testing of an image measurement 
system 
Technology that measures the width and height of an 
object on the screen from coordinate information by 
superimposing CCTV camera images on point cloud 
data was developed and is now in the prototype stage 
(Fig-5).  This technology safely and promptly 
measures the damage scale by remote control without 
staff having to access the field.  This technology was 
tested by using cameras in operation and surrounding 
data.  In order to familiarize concerned persons with 
the system, a guideline for introduction was proposed. 

 

 
Fig-5 Sample image from the image 

measurement system 
5. Conclusion 
The results of development has been managed and 
revised and make efforts to support disaster response 
after the end of SIP.  

☞For more information 
社会資本情報基盤研究室ウェブサイト 
http://www.nilim.go.jp/lab/qbg/index.htm 
土砂災害研究室ウェブサイト 
http://www.nilim.go.jp/lab/scg/index.htm 
道路地震防災研究室ウェブサイト  
http://www.nilim.go.jp/lab/rdg/ 

Fig-3 Prioritized locations for interpretation 
highlighted in red and blue in a SAR image

（Fiscal 2018 heavy rain） 

Fig-4 Panoramic image laid over the screen of 
DiMAPS (Sample image) 
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1. Introduction
Non-destructive inspection is effective as a method for
detecting damage that cannot be directly checked by
visual inspection, such as truss material and fixed part
of anchor. However, non-destructive test techniques
includes various inspection principles and devices,
terms of application, etc. and detailed structure,
surface condition, etc. of test objects are different, all
of which affect detection accuracy and error
characteristics. For this reason, users need to select a
technology that meets their purpose and site
conditions, after understanding the characteristics of
various nondestructive testing techniques. It is also
important to reflect the above in interpretation of
results obtained (Fig. 1).

Fig. 1 Relationship between users and techniques 
NILIM conducted a joint research from FY2013 to 

FY2014 with 19 parties from industry and academia 
using concrete structures with regard to the test 
method for performance evaluation of nondestructive 
testing techniques and indication of test results and 
summarized results, which were reflected in some of 
"Theme setting types (public solicitation for 
technology)" of the FY2018 new technology 
utilization system. Then, this paper introduces the 
outline of joint research performance and examples of 
reflection.  
2. Outline of joint research performance
In this joint research, we obtained a methodology for 
evaluating basic performance (by detectable damage 
type, measurement limit thickness, depth, etc.), 
applicability, workability, etc. concerning the 
nondestructive testing techniques for internal damage 
in concrete structures. There are two points. The first

4) using specimens (Step 2) in which types of
simulating inner damage are limited and inner bar
arrangement etc. are simple or specimens that have
complicated bar arrangement like actual one or of
which surface material has deteriorated due to aging.
In addition, measurement is always accompanied with
errors.  Accordingly, users need to know this before
they interpret test results. Fig. 3 provides an example
of the scatter diagram showing how measurement

  

one is that we verified the effectiveness of conducting 
a step-by-step test according to the depth / size of 
damage and the complexity of inner / outer surface 
structure in order to clarify 
various principles and 
technical characteristics.  
The second is that we 
verified the effectiveness 
of indicating performance 
so that error characteristics 
are clarified under various 
conditions, such as change 
in error characteristics 
according to the depth / 
size of the relevant 
damage.  
The concept of a 
step-by-step test is 
summarized in Fig. 2. Test 
results are only examples 
of measurement with 
certain examples / 
conditions. Therefore, 
since performance of each 
technology should be 
provided by the developer, 
we decided to clarify the 
relevant damage, 
indicators to be obtained, 
technology use conditions, 
and error characteristics 

under use conditions. This Fig. 2: Test flow 
is Step 1. The following 
shows that applicable conditions and error 
characteristics under each condition could be clarified 
by conducting a step-by-step test, such as a test (Step 



 

 
 
error at damaged position will change when the depth 
of damage changes. Then, simple indicators, such as 
"right or wrong," cannot represent the principles / 
characteristics for each device, but if the relationship 
between changes in the parameter likely to be related 
to measurement errors and changes in errors are 
clarified as shown in Figure, it would become possible 
to choose test techniques from various viewpoints, 
such as those with a wide scope of application even 
with large errors.   

 
Fig. 3: Example of test result indication 

3. Example of reflection (Activities of Regional 
Development Bureaus and utilization of 
Technical Note of NILIM,)  

"Theme setting type (public solicitation for 
technology)" of the FY2018 new technology 
utilization system is conducted in order to accelerate 
on-site introduction and evaluation of new 
technologies by using / evaluating technologies 
publicly solicited  in response to technical needs 
determined based on on-site needs.  There are 
multiple projects of public solicitation for technology 
in FY2018, including "Technology for simply 
grasping corrosion in steel material, steel bar, etc." by 
Chubu Regional Development Bureau and 
"Technology for non-destructive detection of 
deformations under the post road surface boundary of 
road accessories" by Kanto Regional Development 
Bureau. Both projects aim to create a method of 
integrated indication of detection accuracy according 
to conditions and error characteristics regardless of 
types of technologies and technical data ("table of 
specifications") indicating the performance of various 
technologies using the method above so that various 
technologies are utilized according to their 
characteristics since non-destructive testing techniques 
include various inspection principles, devices, and 
terms of application. For study to this end, it is 
necessary to conduct public solicitation for 
technologies and organize the parameters given to the 
performance of each technology and examine the 
method of expressing error characteristics, etc.   
The solicitation projects above require implementation 
of a test using specimens and plan the provision of 
characteristics of each technology and implementation 
of a test under limited conditions, with respect to the 
factors that affect the performance of each technology, 

such as inspection principles and detailed structure of 
target object, and its surface, and error characteristics 
related to them.  These are based on the results that 
incorporated the findings obtained from the joint 
research by NILIM.  
The table of specifications aims to organize clearly 
information necessary for users, including 
performance of each technology, scope of application, 
and use conditions, and NILIM is making discussions 
with each Regional Development Bureau so that it will 
be useful for users according to items and contents of 
preliminary survey.     
4. Conclusion  
For the public solicitation for technology conducted 
by Regional Development Bureaus, we intend to 
organize actual tests and the table of specifications 
from the end of FY2018 to the first half of FY2019. 
NILIM also intends to use the knowledge obtained 
from this public solicitation for technology and 
propose further improvement / enhancement of the 
performance evaluation method of nondestructive 
testing techniques and standardization of the 
performance test method.  
Lastly, we'd like to express our gratitude to the 
persons concerned in the Chubu and Kanto Regional 
Development Bureaus with whom we are 
implementing the public solicitation together.   
☞See the following for details.  
1) Technical Note of NILIM, No. 981  
http://www.nilim.go.jp/lab/bcg/siryou/tnn/tnn0981.ht
m 
2) MLIT's website: Results of public solicitation for 
opinions and public solicitation for technology 
concerning the performance requirements of the press 
release "Technology for simply grasping corrosion in 
steel material, steel bar, etc."  
http://www.mlit.go.jp/report/press/kanbo08_hh_00051
7.html  
3) MLIT's website: Results of public solicitation for 
opinions and public solicitation for technology 
concerning the performance requirements of the press 
release "Technology for non-destructive detection of 
deformations under the post road surface boundary of 
road accessories (traffic signs, lighting facilities, etc.)" 
http://www.mlit.go.jp/report/press/kanbo08_hh_00054
3.html  
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1. Introduction
Obligation of periodic inspection once in five years
was stipulated by law in 2014 with respect to about
10,000 tunnels, 700,000 bridges, etc. all over the
country.  In fiscal 2019, the second cycle of this
periodic inspection started. The Ministry of Land,
Infrastructure, Transport and Tourism ("MLIT")
updated the technical advice (periodic inspection
procedure) and notified road administrators across the
country in March 2019 in order to improve the
reliability of periodic inspection and contribute to
streamlining of inspection operations etc. using new
technologies etc.  Accordingly, NILIM analyzed the
results of past periodic inspections etc. and the draft of
revised version with the Road Bureau.  This paper
introduces an example of the study conducted by
NILIM to improve the reliability of periodic
inspections and streamline the inspection operations.

2. Study for improvement of reliability
In periodic inspection of tunnels and road bridges
under national control, detailed conditions are
recorded in addition to the data required by law in
order to use inspection results for quality improvement
and streamlining of the maintenance of road structures
in the country.  NILIM has been conducting various
analyses using this record.
Fig. 1 shows the result of probability calculation as to
what extent of damage occurs due to aging to the
members of which condition was altered in repair /
reinforcement and to the members standing since the
beginning.  In each year, red (e) represents the
probability of damage being serious, and blue (a)
represents the probability of damage remaining minor.
Fig. 1 also shows increase in the probability of leading
to serious damage according to the elapsed years.  It
is also found that there is a probability of serious
damage even if the number of elapsed ears is
relatively small.  For the members repaired /
reinforced, distribution of the degree of damage is
inclined to blue (a) or red (e), unlike the members
remaining since the beginning, which suggests the
trend of being vulnerable to damage.

Fig. 1: Example of re-deterioration of the 
repaired / reinforced member  

Fig. 2 shows results of the organization as to what 
extent of damage is caused to the member in next 
periodic inspection (5 years after) that had no or minor 
damage in the previous periodic inspection.  It is 
found from this that even a sound member may have 
damage to some extent.   

Fig. 2: Example of change in the element with 
"a" after five years 

We conducted various analyses on other structures. 
For example, as a result of analyzing the spots of 
floating / peeling / exfoliation of concrete, which were 
confirmed in the tunnel periodic inspection, they were 
concentrated on the joint part at 65% and damaged 
part and repaired part at 34%, as shown in Fig. 3.  

Fig. 3: Occurrence trend of floating / 
peeling / exfoliation 
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As known from the above, it was confirmed anew that 
periodic condition check is important to detect 
abnormality and carry out timely actions, without 
depending on the elapsed years or condition confirmed 
in the previous inspection.  Further, including the 
above-mentioned results and the results of analyzing 
other various damages, technical considerations in 
grasping damages to tunnels, road bridges, etc. were 
improved.  For example, from a viewpoint of 
preventing peeled concrete from falling onto road 
users etc. and causing injury, examples of the structure 
/ part that requires focused inspection or that allows 
for labor saving, according to structural characteristics 
were improved.   

3. Study for streamlining
It was also suggested from the aforementioned
analysis of periodic inspection results that
nondestructive inspection etc. are desirable in addition
to short-range visual observation for some parts or
damages and other method could be taken in some
cases.  It was also found from the examination of
actual periodic inspection records by each road
administrators that many road administrators have
detailed record of conditions such as crack drawings
and photos by typically classifying types and sizes of
damages and are quantitatively recording their
occurrence range etc.  Accordingly, it is also
important to maximize the effect of data accumulation
by each administrator through streamlining of their
work and utilization of their data.
Hence, it was decided in accordance with the
scheduled renewal of technical advice to support the
grasp of detailed condition and disseminate reference
information for utilization of equipment etc.
contributing to laborsaving in recording work.  For
example, in selecting equipment etc. on the site, it is
desirable that the specifications and capability of
various equipment etc. are indicated in a unified
manner and can be compared and that errors etc.
should be clarified for interpretation of results.  Then,
technical data providing the specifications and
characteristics of machines in a unified manner was
prepared for the equipment etc. that have been tried by
the government.  NILIM has conducted joint studies
and proposed as findings the methods of grasping and
indicating capabilities in using equipment etc. that
support conditin detection at narrow part, etc. (See Fig.
4).  These proposals were referred to in indicating the
specifications and capability of equipment etc.

Fig. 4: Verification items for using supporting 

equipment  
It was also found that local governments often keep 
records, as symbols, of not only soundness diagnosis 
results but damages to each part of road bridge 
following the "Basic data collection procedure," which 
is one of the detailed damage recording methods. Then, 
NILIM has published deterioration curves (see Fig. 5) 
created from the data accumulated on national roads 
under control according to the types of members and 
damages for comparison with average aging of the 
road bridges under national control when the condition 
is recorded following the procedure above.  These 
deterioration curves are expected to serve as reference 
when studying the priority of actions for a lot of 
structures that need preventive maintenance, e.g. by 
comparing the average trend of aging with the 
condition of the target structure. 

Fig. 5: Example of deterioration curves 
(corrosion of main girder)  

4. Conclusion
The issues in repair / reinforcement design were also 
clarified from the results of periodic inspection.  For 
repair / reinforcement, we intend to improve technical 
standards in turn since improvement thereof is 
urgently required.
☞See the following for details.
1) Material for the 10th meeting of the Road
Technology Subcommittee, 2) Technical Note of
NILIM, No. 1030, 3) Technical Note of NILIM, No.
381, 4)  2018 NILIM Report "Analysis of
deterioration characteristics of road bridges based on
road bridge periodic inspection data", 5) 2019 NILIM
Report "Development and Implementation of the
Performance Evaluation Method of Nondestructive
Testing  Techniques"
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1. Introduction  
For the purpose of speeding up the examination 
process for permitting the passage of 
oversize/overweight vehicles on roads, etc., the 
Ministry of Land, Infrastructure, Transport and 
Tourism (the "MLIT") has been collecting 
three-dimensional data on ordinary roads since August 
2018, including roads managed by local governments, 
by installing sensing equipment in the road 
management vehicles of Regional Development 
Bureaus, etc. 
In this study, in view of utilization of this data as well 
for upgrading and efficiency increase of road 
management, we assumed detection of potholes, 
which are frequently created, out of the items of 
"checking road surface deformation," use of which is 
highly needed by on-site offices, and conducted an 
experiment to clarify the relationship between 
traveling conditions, such as traveling position and 
speed at measurement, and detectable size.  
2. Collection of 3D point group data  
Based on the depth and size of potholes analyzed from 
the annual patrol log kept in the office, 15 types of 
potholes were created on the test course.  3D point 
group data was collected from the vehicle equipped 
with the sensing device (MMS-AT220) owned by the 
Kanto Regional Development Bureau, which run on 
the test course in 9 patterns, two times for each pattern, 
in combination of 3 patterns of traveling speed (20 
km/h, 40 km/h, 60 km/h) and 3 patterns of traveling 
position (normal lane, adjacent lane, and opposite lane 
were expected) (Fig. 1).  
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Outline of the experiment  
 

3. Analysis using pothole detection methods  
Four types of methods (RANSAC, PCA (principal 
component analysis), scan line tracing, and point 
group density variation) were used for analysis, and 
parameters were adjusted to optimize the ratio of 
detection / misdetection of potholes for each method.  
Of these methods, when the RANSAC method was 
used, the optimum ratio of detections and 
misdetections in areas other than planted area was 
obtained when traveling on the same and adjacent 
lanes, although there was misdetection of planted area.  
Accordingly, as an example of analysis results using 
this method, Table 1 shows the results of detection of 
potholes in the shape specified in the same Table. 
Table 1: Results of detection of mortar-shaped 
potholes, 20 cm in diameter and 5 cm in depth.  
 
 
 
 
 
 
 
 
 
 
 
 
The following knowledge was obtained: "Potholes on 
the same lane are detectable even in high speed 
traveling (60 km/h)", "It is necessary to travel at a low 
speed (20 km/h) to detect potholes on adjacent lane 
certainly", and " "Potholes on the opposite lane cannot 
be detected even when traveling at a low speed (20 
km/h)." 

 
4. Future development  
We intend to specify conditions for use by Regional 
Development Bureaus in road management by 
clarifying the relationship between traveling 
conditions and detectable size in the fields other than 
potholes, including detectable conditions based on the 
difference in the performance of sensing equipment 
(point group density) and slope deformation.  
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1. Introduction  
The Ministry of Land, Infrastructure, Transport and 
Tourism ("MLIT") released the "Estimation of future 
maintenance / renewal cost of social capital in the 
fields under the control of the MLIT" in November 
2018. In this release, long-term cost is expected to 
increase from 5.2 trillion yen in fiscal 2018 about 1.3 
times in 20 years and 30 years, respectively, and to 7.1 
trillion yen at maximum, about 1.4 times, in 26 years.  
This estimation is based on implementation of 
infrastructure maintenance in accordance with the 
concept of preventive maintenance, while much more 
increase is expected when based on the concept of 
breakdown maintenance. Accordingly, R&D activities 
are continuously required that contribute to realization 
of sustainable / effective infrastructure maintenance by 
improving efficiency such as active use of new 
technologies and data. 

 
2. Maintenance research in 

NILIM  
Under the aforementioned 
circumstances, in order to 
establish a maintenance cycle, 
the NILIM is promoting R&D of 
technologies for maintenance 
with attention to the viewpoint 
of management.  NILIM is also 
working for information sharing 
among individual fields in order 
to contribute to solution of 
common issues in maintenance.   
In addition, the NILIM is 
promoting R&D for maintenance 
using the framework of the 
government's science and 
technology innovation policy, 
such as the Cross-ministerial 
Strategic Innovation Promotion 
Program ("SIP") and the 
Public/Private R&D Investment 
Strategic Expansion PrograM 

(PRISM), as well as methods in cooperation with 
private sectors, such as the Breakthrough by Dynamic 
Approach in Sewage High Technology" (B-DASH) 
Project.    
The table below shows policies in each field and 
activities based on the viewpoint of promoting 
maintenance cycle establishment.  

 
3. Conclusion  
While continuing to grasp on-site issues and needs and 
trend of up-to-date technologies, we intend to 
implement R&D activities on maintenance and 
technical guidance for site workers after reviewing 
existing study results and strive to transmit externally 
results, progress, etc. of R&D activities. 

Source: Report on General Technology Development Project "Development of Technologies for 
Accumulating and Utilizing Information in Order to Streamline and Upgrade Maintenance of 
Social Capital" (modified in part)   

Table. Organization of activities in each field 
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１．Introduction 
In order to promote energy saving and energy creation 
in sewerage, low-cost and efficient innovative 
technologies need to be developed. Accordingly, the 
Ministry of Land, Infrastructure, Transport and 
Tourism ("MLIT") has been promoting the 
"Breakthrough by Dynamic Approach in Sewage High 
Technology" (B-DASH) project since fiscal 2011 in 
order to realize cost reduction, creation of renewable 
energy, etc. in sewerage projects through acceleration 
of R&D and practical use of innovative technologies 
and to support overseas development of the water 
business by Japanese enterprises. In addition, National 
Institute for Land and Infrastructure Management 
(NILIM) has been studying innovative technologies as 
a commissioned research in the B-DASH Project. 
This paper outlines (i) "Empirical study on the 
technology for practical use of collection with 
methane refiner and occlusion container, "which was 
adopted in fiscal 2015 as real-scale demonstration, (ii) 
Empirical study for practical use of the technology 
using local production for local consumption type 
energy with high-efficiency digestion system, "which 
was adopted in fiscal 2017 as real-scale demonstration, 
(iii) Empirical study on the generation type sludge 
combustion technology considering greenhouse gas 
reduction, and (iv) Empirical study on the technology 
for improving the treatment capacity of final settling 
tank. 
 
２．Outline of real-scale demonstration 

technologies 
(1) Empirical study on the technology for practical use 
of collection with methane refiner and occlusion 
container 
(Joint Research Organization of JNC Engineering Co., 
Ltd., Adsorption Technology Industries Ltd., 
Kyudenko Corp., Sinko Co., Ltd., Yamaga City Gas 
Co., Ltd., Prefectural University of Kumamoto, 
Otsu-cho, Mashiki-cho and Yamaga-shi) 
In order to conduct stable gas purification and power 
generation stable throughout the year, demonstration 
is proceeding for the technology of power generation 

from surplus biogas that is generated, purified, and 
stored into occlusion containers at multiple 
small-and-medium-size sewage treatment facilities, 
and then transported by vehicles for concentration at 
one location. 
Introduction of this technology is expected to promote 
effective use of sewage resources in 
small-and-medium-size sewage treatment facilities, 
reduction of maintenance cost by energy creation, etc. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Outline of the technology on practical 
collection using methane refiner and occlusion 

container 
 

(2) Empirical study for practical use of the technology 
using local production for local consumption type 
energy with high-efficiency digestion system (Joint 
Research Organization of Mitsubishi Kakoki Kaisha, 
Ltd., Kyushu University, Japan Sewage Works 
Agency, and Karatsu-shi) 
In order to verify stable digester operation, increase in 
gas yield, etc., demonstration is proceeding for the 
highly efficient digestion system technology 
developed in combination of utilization of unused 
biomass such as kitchen garbage, non-powered 
digester stirring equipment, sludge solubilization 
equipment to increase biogas generation, and a fuel 
cell that generates power with high generation 
efficiency using biogas. 
Introduction of this technology is expected to reduce 



 

 
 
sludge disposal cost due to concentrated treatment and 
to improve energy self-sufficiency rate in sewage 
treatment facilities. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Outline of technology for empirical study 
for practical use of the technology using local 

production for local consumption type energy with 
high-efficiency digestion system 

 
(3) Empirical study on the generation type sludge 
combustion technology considering greenhouse gas 
reduction, and 
(Joint Research Organization of JFE Engineering 
Corp., Japan Sewage Works Agency, and Kawasaki 
City) 
This empirical study aims to demonstrate the effect of 
improvement in power generation against heat input 
and the effect of reducing NOx / N2O emissions for 
the system technology in combination of the 
high-efficiency power generation technology utilizing 
unused waste heat from the sludge incinerator and the 
local stirring air blowing technology that reduces NOx 
/ N2O emissions and is applicable to existing sludge 
incinerators (fluidized bed).  
Introduction of this technology is expected to improve 
power self-sufficiency rate and greatly reduce 
greenhouse gas emissions in sewage facilities. 
(4) Empirical study on the technology for improving 
the treatment capacity of final settling tank  
(Joint Research Organization of Metawater Co., Ltd., 
Japan Sewage Works Agency, and Matsumoto City) 
Demonstration for checking the stability and the cost 
reduction effect of effluent quality is conducted using 
the existing final settling tank frame about the 
technology which ["which is improved quantitatively 
or qualitatively"] * make processing capacity at low 
cost by installation of a filtration part, without 
extending a final settling tank. 
Introduction of this technology is expected to realize 
low-cost and efficient renewal of equipment in sewage 

treatment facilities that are insufficient in treatment 
capacity and need to renew its equipment as well as 
stable water treatment when flow rate increased due to 
integration / abolition etc.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Outline of the generation type sludge 
combustion technology considering 

greenhouse gas reduction 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 4: Outline of the technology for improving 
the treatment capacity of final settling tanks 

 
* Quantitative improvement: 

Water treatment in a volume twice the estimated 
daily max sewage flow without degrading the 
quality of treated water. 

Qualitative improvement: 
Water treatment to quality similar to rapid 
filtration water in estimated daily max sewage 
flow. 

 
３．Future development 
We have generally confirmed the effects for the four 
technologies introduced above. 
NILIM is going to formulate guidelines for 
considering introduction of technologies based on 
study results, and promote dissemination and 
development of the guidelines. 
☞See the following for details. 
[Reference] Website introducing B-DASH 
http://www.nilim.go.jp/lab/ecg/bdash/bdash.htm 
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OD Traffic Volume Inverse Estimation Method  
Development of Hourly Variation Coefficient Model
(Research period: FY2018 to FY2020)  
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1. Introduction
The Ministry of Land, Infrastructure, Transport and
Tourism ("MLIT") conducts a research to grasp
one-day OD traffic volume ("census OD survey")
once in five years in general. On the other hand, to
study congestion control measures and road traffic
measures responding to emergent events such as
accidents or disasters, it is desired to be able to grasp
OD traffic volume according to days and time zones.
As a means for estimating the daily OD traffic volume
from the daily observation link traffic volume
constantly observed with the device, the daily model
of OD traffic volume inverse estimation method has
been developed.  In this study, proposal of an hourly
variation coefficient model, verification of the
applicability to actual area, and improvement of the
method were conducted as a method of grasping OD
traffic volume according to time zones, which was
developed from the daily model.
2. Proposal and verification of the hourly

variation coefficient model
Fig. 1 shows the estimation flow of the hourly 
variation coefficient model of the OD traffic volume 
inverse estimation method. Specifically, hourly 
variation coefficient is estimated using the hourly link 
traffic volume obtained from the results of census, 
daily OD traffic volume, and hourly observation link 
traffic volume constantly observed with the devices on 
the road.  

of the estimated values and the Census values showed 
that the former had small hourly variations and a 
deviation from actual traffic condition. This would be 
because classification of OD traffic volume into 5 
patterns complicated the distribution of OD traffic 
volume among the patterns within the same time zone 
and unreasonable estimated values were likely to arise, 
while the hourly variation trend could be reflected 
according to each OD.    
3. Improvement and verification of the model
In order to clear the cause of this problem, the model
equation was added with a term to consider the hourly
OD traffic volume of the census OD survey results
("Term of census prior information").  The ratio of
weight of existing terms and the term of census prior
information" was set using the weight coefficient α.
Of the results of applicability verification of the
improved model, Fig. 2 shows OD within Hanshin
area.  Compared with the model before improvement,
the hourly variation coefficient closer to the census
value was estimated, which shows the effectiveness of
the improved model.
4. Conclusion
The influence of weight coefficient on the estimation
results in the improved model is different according to
each pattern of OD traffic volume. Aiming to develop
application of the model across the country, we intend
to continue the study on the method of setting proper
weight coefficient.

Fig. 1: Flow of hourly variation coefficient 
model estimation 

First, in the Kinki Region, five patterns were set from 
the hourly variation trend of OD traffic volume and 
applicability of the model was verified for each pattern. 
Of the five patterns, Fig. 2 shows the results 
concerning the ODs located in Osaka-fu and part of 
Hyogo-ken ((Kobe, South Hanshin, and North 
Hanshin) ("OD within Hanshin area").  Comparison 

Fig. 2: Results of hourly variation 
coefficient estimation   
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1. Introduction
In recent Japan, big data can be collected efficiently
thanks to the progress of ICT, and advanced image
analysis has also become possible due to the progress
of AI (artificial intelligence) technology.  In response
to the progress of such technologies, the Ministry of
Land, Infrastructure, Transport and Tourism ("MLIT")
installed "Workshop on new road traffic survey
system using ICT"1) in October 2018 aiming at shift
from "Survey system focused on vehicles based on the
road traffic census to be conducted once in five years"
to "Survey system based on constant observation,
whether at ordinary times or the time of disaster, using
ICT in full scale.
In realization of this new road traffic survey system,
the traffic volume measurement using monitoring
camera (CCTV) images for road management and AI
is considered an effective means since it enables the
use of existing equipment and is expected to be
applied to measurement of pedestrians etc. other than
cars.  Then, the Road Division conducted a trend
survey to six companies developing traffic volume
measurement technology using AI in order to grasp
the current level of domestic technology for traffic
volume measurement using images and AI.
2. Trend of traffic volume measurement

technology using AI
The traffic volume measurement technology using AI 
discussed in this paper is a technology using the 
vehicle detection function based on deep learning. 
With this technology, AI, which has learned the 
characteristics of moving objects (cars, pedestrians, 
etc.) caught in various directions, recognizes moving 
objects with images in road space and measures their 
traffic volumes. 
This trend survey was conducted on measurable 
moving objects and accuracy in each company as of 
the end of 2018.  Table 1 shows the outline of survey 
results.  As regards distinction of moving objects, it 
is possible to distinguish two vehicle types, small or 
large, and two-wheeled vehicles, while a system to 
distinguish pedestrians, bicycles, and motorbikes was 
developed only by a few companies ((1)(2)(3)).  For 
accuracy of traffic volume measurement, high 
accuracy is obtained in the daytime but it is difficult to 
detect moving objects in the night time when there is 
no road lighting, etc. and only the area illuminated by 
car light is visible, and many of the companies above 
are unable to measure traffic (also impossible to 

distinguish car types)4). 
For images to be analyzed, various photographic areas 
are expected (according to height of cameras, 
depression angles, and other conditions).  To secure 
high accuracy of traffic volume measurement in such 
environment, highly accurate vehicle detection ability 
using AI is required.  To this end, many of the 
companies above need additional learning by AI about 
visual perception of moving objects according to the 
photographic areas of images to be analyzed ((5)).  
Effect of weather, including as rain and snow, has 
been verified by two companies, and it was confirmed 
that there is almost no effect on accuracy unless rain 
or snow falls on the lens ((6)).  Additionally, it was 
confirmed that AI measurement is also difficult in a 
situation where recognition by observation is difficult, 
such as "overexposure" of images due to direct 
projection of vehicle light or sunlight to the lens (i.e., 
image turns all white) or continuous situation where 
the object of measurement cannot be recognized at all 
due to overlap of vehicles ((7)). 
3. Conclusion
The present level of domestic technology with AI was
found to have widely reached a practical stage for
daytime measurement but have some problems for
night time measurement.  We are going to study to
solve issues in night-time measurement, etc. for
application of road traffic survey to practice.
[Detailed information]1) Workshop on new road traffic
survey system using ICT
http://www.mlit.go.jp/road/ir/ir-council/ict/index.html

Maximum performance
Minimum

performance

Number of companies with a

certain level of performance
or more

Daytime

Night time

(with streetlight)

Night

(without streetlight)

Small size / large size

measurement

0/6 companies

Possible to observe pedestrians.

(Possible to measure vehicles

simultaneously)
Unmeasurable

Impossible to measure

pedestrians

5/6 companies

Bicycle and motorbike are
distinguishable.

Collective measurement
as two-wheeled vehicle

Measurable / distinguishable

3/6 companies

Daytime 99% 90%
Accuracy of 95% or more

4/6 companies

Night time

(with streetlight) 99% 90%
Accuracy of 95% or more

3/6 companies

Night
(without streetlight) 80% Unmeasurable

Accuracy of 80% or more
1/6 companies

Not required
(Not mandatory)

Required
Not required: 2/6

companies

Almost no effect
Not verified.
(Accuracy is

expected to fall)

Almost no effect

2/6 companies
Not verified [4/6 companies]

(7) Other
Matters affecting accuracy

- Overexposure due to  direct projection of light to the camera lens.
- Shielding of measurement objects  due to overlap of vehicles

2 types
Small size / large size

measurement
6/6 companies

Item

(1) Vehicle
type
distinction

(2) Pedestrian measurement

(5) AI for each image
Additional learning

(8) Effect of rain / snow
(weather) on measurement

Indistinguishable

7 type distinction
Passenger car, van, SUV, light
truck, midsize bus, large-size

bus, large-size truck

2 types
(small size / large

size)

(3) Bicycle / motorbike
measurement

(4)
Measurement
accuracy

Table 1: Trend of the traffic volume 
measurement technology using AI (6 

companies)
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1. Introduction  
In Japan, the stage construction system has been 
widely adopted for efficient road maintenance, which 
temporarily uses two-way two-lane roads and changes 
them into four-lane roads according to increase in 
traffic volume.  At present, two-way two-lane roads 
account for about 40% of expressways.  On two-way 
two-lane roads, when the preceding car is traveling at 
a low speed, passing behaviors may be restricted and 
the state of following the preceding car may continue, 
which may impair smooth, safe, and comfortable 
driving. 
The Government Order on Road Design Standards 
provides installation of an additional passing lane, if 
necessary, on a two-way two-lane road to provide a 
high service speed to road users.  However, 
quantitative effect of such an additional passing lane 
has not been clarified. 
Then, we analyzed the effect of improvement in traffic 
smoothness from installation of an additional passing 
lane according to traffic volume using ETC2.0 probe 
information.  
2. Setting of analysis sections  
In order to analyze the effect of improvement in traffic 
smoothness using traffic volume and speed data, we 
selected two sections where an additional passing lane 
was installed and annual average peak time traffic is 
different.  Table provides the outline of the sections. 
For analysis, as shown in Fig. 1, a total of 9 sections 
were set by dividing each additional passing lane and 
the preceding and following lanes into three sections, 
respectively. 

Table: Outline of the analysis sections  
Section name  A B 

Lane extension (km)  1.3 1.1 

Annual average peak time traffic  
(cars/h/lane)  

414 840 

Regulatory speed (km/h)  70 70 

Maximum longitudinal slope (%)  0.8 0.7 

 

 
 
 
 
 

Fig. 1: Image for dividing the sections of 
additional passing lane, etc. 

 

3. Analysis results  
Fig. 2 shows average speed calculated according to 
traffic volume and 10th percentile speed for two 
sections A and B. Note that "10th percentile speed" 
means the low speed generated by one out of 10 cars.  
It was confirmed from the Figure that the average 
speed and 10th percentile speed increase in the 
additional passing lane section, and decrease thereafter.  
It was also confirmed with the 10th percentile speed 
that the effect of speed improvement increases as 
traffic is busy.  On the other hand, the 10th percentile 
speed in the posterior section is much lower than the 
preceding section when traffic volume is 600 cars/h or 
more. 
This would be because the bottleneck at the end of 
additional passing lane appeared and impedes traffic 
flow when traffic volume becomes large.  
Consequently, the effect of improvement in traffic 
smoothness would be expected from installation of an 
additional passing lane when traffic volume is less 
than 600 cars / h.  

 
 
 
 
 
 
 
 
 
 
 

Fig. 2: Speed distribution according to divided 
sections  

4. Conclusion  
In this paper, we examined the effect of improvement 
in traffic smoothness by installation of an additional 
passing lane based on the relationship between traffic 
volume and speed.  We also intend to continue the 
study on safe and smooth road planning and design 
methods. 
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1. Introduction  
The Ministry of Land, Infrastructure, Transport and 
Tourism ("MLIT") has been studying traffic safety 
measures using the data showing the points of sudden 
deceleration (sudden deceleration data), which is 
obtained from ETC2.0 probe information, etc.  The 
sudden deceleration data is considered to include not 
only hard braking to avoid an accident, which is one 
of the hazardous events close to accident, but simple 
hard braking in other cases.  Similarly, hazardous 
events are considered to include actions to avoid an 
accident without using hard braking, situations where 
two cars suddenly approach to each other without 
evasive action, etc., as well as actions to avoid an 
accident by hard braking.  It is therefore important to 
handle the sudden deceleration data properly after 
understanding such characteristics when using the 
data.  
To this end, NILIM has been grasping the 
characteristics of occurrence patterns in sudden 
deceleration and hazardous events.  Specifically, 
occurrence patterns are organized with regard to (a) 
Non-hazardous events collectible from the sudden 
deceleration data, (b) Hazardous events collectible 
from the sudden deceleration data, and (c) 
Uncollectible hazardous events. 
2. Grasp of the occurrence patterns of sudden 

deceleration events and hazardous events 
using drive recorder data  

We analyzed the driving recorder data from the 
event-recording type and constant-recording type of 
recorders to grasp occurrence patterns of sudden 
deceleration events and hazardous events (Refer to Fig. 
1).  In this study, "sudden deceleration event" was 
defined as "event where hard braking occurred with 
the longitudinal acceleration of -0.3 G or less" and 
"hazardous event" was defined as "event with risk of 
collision, such as action to avoid an accident or close 
approach of cars." 
The event recording drive recorder records video, 
acceleration data, etc. when sudden deceleration 
occurred, which enables organization of the 
occurrence patterns of hazardous events collectible 
from the sudden deceleration data (B in Fig. 1) and 
non-hazardous events (A in Fig. 1). The constant 
recording drive recorder always records video, 

acceleration data, etc. during traveling, which enables 
observation of hazardous events regardless of the 
extent of sudden deceleration and organization of the 
occurrence patterns of hazardous events uncollectible 
from the sudden deceleration data (C in Fig. 1).  This 
study analyzed about 2,000 cases of sudden 
deceleration events recorded in the event recording 
drive recorder and about 500 cases of hazardous 
events observed during 2,000 hours recorded in the 
constant recording drive recorder. 
The result of this analysis showed that non-hazardous 
events (A) collected from the sudden deceleration data 
include deceleration behaviors at a stoplight or before 
right / left turn and that hazardous events (C) 
uncollectible from the sudden deceleration data 
include contact avoidance with a bicycle / pedestrian 
or crossing collision with a bicycle (risk aversion by 
bicycle). 
3. Future study 
In the future, in order to use the sudden deceleration 
data effectively, we intend to analyze the 
characteristics of vehicle behaviors, peripheral 
environment, etc. in the event of sudden deceleration 
using the event recording drive recorder data and 
study a method of discerning whether an action of 
sudden deceleration corresponds to a hazardous event 
(distinguish whether A or B).  
 

A

B

C

急減速事象
(ETC2.0プローブ情
報に含まれる事象)

急減速データ
で収集される
⾮危険事象

急減速データ
で収集可能
な危険事象

急減速データ
では収集
できない
危険事象

・・・

・・・

・・・

危険事象
 

Fig. 1: Occurrence patterns of sudden deceleration 
events and hazardous events 
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1. Introduction  
In the BIM/CIM (Building and Construction 
Information Modeling/ Management), which has been 
promoted by the Ministry of Land, Infrastructure, 
Transport and Tourism ("MLIT"), front loading in the 
design phase has been studied for the purpose of hand 
rework prevention. 
National Institute for Land and Infrastructure 
Management (NILIM) is studying a simulator 
("inspection simulator") that checks in the design 
phase whether a new bridge has a structure enabling 
visual inspection from a proximity distance as one of 
the front loading requirements.  This paper reports 
the results of analyzing applicability of the inspection 
simulator in each of the items we organized 
concerning "certainty and ease of maintenance," 
which is confirmed in the conventional design stage. 
2. Research of items to be checked in the 

inspection simulator 
In this study, we surveyed the items concerning 
"certainty and ease of maintenance" that should be 
checked with the inspection simulator through existing 
materials including specifications for highway bridges, 
commentary thereof, and road bridge inspection 
passage installation procedure (draft) and hearings 
from the organizations concerned.  As a result, shape 
of girder end, securing of work space near support, etc. 
were identified as items to be considered in the design 
phase. It was also found to be necessary to verify 
whether the inspection method using inspection 
passage, inspection vehicle, etc. can be implemented 
and to what extent checking with visual inspection 
from a proximity distance is possible, etc. 
3. Analysis of the functions of inspection 

simulator  
Based on the research results stated in section 2 above, 
we analyzed whether "certainty and ease of 
maintenance" can be verified by the inspection 
simulator with the reproduction image using 
three-dimensional models.  Fig. 1 shows the image of 
inspection simulator.  As Fig. 1 shows, use of the 
inspection simulator enables visual indication of girder 
end and work space as well as confirmation in the 
design phase as to whether design meets the items 
requiring consideration. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1. Image of the inspection simulator  
 
In addition, inspection method of structures can be 
examined with three dimensional images of the shapes 
and peripheral environment of structures.  It is 
further possible to check whether all the spots can be 
inspected without omission with color-coded 
indication of the area that can be visually inspected 
from a proximity distance in a range from inspection 
passage or inspection vehicle. 
Through the analysis above, we prepared the functions 
(draft) required to check the certainty and ease of 
maintenance with the inspection simulator.  
4. Future development  
We intend to produce the inspection simulator on a 
trial basis based on the prepared functions (draft) and 
confirm the effectiveness through trial use on the site.  
We also intend to develop the functions (draft) into 
functional requirements (draft) and promote 
installation in simulation software using CAD 
software and three-dimensional models.  

Check the shape of girder end, securing of work 
space near the support, etc. 

Check the inspection method using inspection 
passage, inspection vehicle, etc. 
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1. Introduction  
The Ministry of Land, Infrastructure, Transport and 
Tourism ("MLIT") has been promoting "i-Bridge" to 
improve productivity and safety of bridge construction 
projects using ICT and applied it on a trial basis to 
part of the restoration work related to the Kumamoto 
Earthquake. 
This paper introduces a study on the method of using 
data for maintenance, which is obtained from the 
earthquake restoration work for a road bridge 
proceeding in relation to this trial use. 
2. Maintenance of data obtained from 

earthquake restoration work Need for 
utilization in stages 

In earthquake restoration work, there is uncertainty in 
design stage which is not found in new construction 
work, such as determination of residual stress.  For 
such uncertainty, it is important to check whether 
there is any difference from the determination in 
design stage by monitoring changes in the structure 
system in construction stage. 
On the other hand, there are also matters of concern in 
maintenance stage, such as possibility of damage 
growth and secular change in repaired part.  For such 
uncertainties, it is required to identify properly, from 
the information obtained from the earthquake 
restoration work, damage caused by the earthquake to 
members, repair method for the damage, and data 
required to secure the durable performance of the 
repair method applied, and to keep records and store 
the data by clarifying the mutual relationship of the 
data. 
3. Example for utilization of CIM model in 

maintenance stage  
Based on the aforementioned viewpoints, this study 
focuses on three-dimensional visualization of data 
using CIM.  As a specific method, a CIM model was 
created for the bridge in which cracks were caused to 
the PC box girder by the Kumamoto Earthquake and 
repaired with carbon fiber sheet and data required for 
maintenance is input as attribute information.  
Maintenance in this paper has viewpoints specific to 
repairing members, such as "Isn't there any progress in 
cracking that may affect load-bearing performance?" 
or "Isn't there adhesion peeling in the carbon fiber 

sheet?" Accordingly, for such viewpoints, it is 
necessary to keep records so that maintenance can be 
properly conducted.  
For existing bridges, 3D CIM models are created from 
existing 2D drawing information and the level of 
detail required for CIM models need to be set 
individually according to the purpose of use. CIM 
model creation in this paper focused on reproduction 
of the shapes of members illustrated on general 
drawings based on the aforementioned viewpoints and 
enabled three-dimensional display of interrelation of 
information on damage inside members and repair 
work information as shown in Fig. 1. 
4. Conclusion  
We intend to further study on utilization of CIM 
models that contribute to maintenance through careful 
examination of information to be recorded in CIM 
models according to repair work methods considering 
the points of attention in maintenance of repaired 
members. 

☞See the following for details.  
1) NISHIDA Hideaki, SUZUKI Shinya, TAKIMOTO 
Kodai, HOSHIKUMA Jun-ichi: Civil Engineering 
Journal, No.10, Vol. 60, 2018, pp.24-27  

Fig. 1 View from the inside of PC box girder in 
CIM model  
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1. Introduction  
i-Construction is a part of the productivity revolution, 
which has been promoted by the Ministry of Land, 
Infrastructure, Transport and Tourism ("MLIT"). It is 
an activity to improve productivity in construction 
sites and realize an attractive construction site by 
optimizing the entire process including research and 
design, construction and test, and maintenance.  The 
productivity improvement aims to improve 
productivity by 20% no later than 2025.  
NILIM launched the promotion headquarters of 
i-Construction in March 2016 and has been working 
for research, development, and dissemination of 
productivity improvement in construction sites using 
ICT, 3D data, etc. 
In FY2018, promotion of i-Construction was 
positioned as an add-on measure of "Public/Private 
R&D Investment Strategic Expansion PrograM 
((PRISM)" to accelerate R&D activity. 
 
2. Expansion of ICT construction 
ICT construction uses 3D data consistently in the 
processes of research, survey, design, construction, 
and inspection and aims to improve productivity with 
efficient construction and quality control using 
ICT-based construction machines and surveying 
instruments.  Starting with the introduction into ICT 
earthwork in FY2016, i-Construction was introduced 
into pavement works in FY2017 and into dredging 
works in FY2018.  NILIM has been conducting a 
research on actual use of i-Construction in 
construction sites and studying methods for increasing 
applicable types of works and use of new 
measurement technology.  In FY2018, we prepared 
the draft of work progress control procedures using 
ICT for soil improvement works, slope works, 
earthwork surrounding works (curbstones, gutters, 
revetment), and the MLIT released new standards 
based on the draft in March 2019.  
 
3. Promotion of the use of BIM/CIM  
BIM/CIM（Building Information Modeling / 
Construction Information Modeling/Management) 
aims to increase efficiency in the processes of design, 
construction, and maintenance and to advance 
information linkage between processes, based on 3D 

models added by attribution information, and NILIM 
has been studying on development and use of 
procedures and standards (see Fig.).  In FY2018, 
NILIM studied on standard specifications for using 
CIM model for contract documents, standards for 
quantity calculation with CIM model, CIM utilization 
in the maintenance stage, etc. 
 

 
Fig.: Utilization of 3D model  

 
4. Future development 
In FY2018, as the "Project for introduction / 
utilization of innovative technologies for drastic 
improvement of productivity in construction site," the 
MLIT solicited from the public for new technologies 
expected to contribute to productivity improvement, 
quality improvement, or efficiency increase in check 
inspection, which were tried in construction sites 
under the control of Regional Development Bureaus, 
etc.  While following up on the situation of trial use, 
NILIM intends to continue studies aiming to realize 
productivity improvement, including studies on use of 
up-to-date technologies such as AI, IoT, and robots, 
and formulation of procedures and standards for 
implementation. 
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１．Introduction  
As a general characteristic of sewage temperature, it 
is warmer in winter and colder in summer than the 
outside air. Use of this temperature difference as heat 
energy is expected to reduce oil and natural gas 
consumption as well as CO2 emissions. In addition, 
possibility of supply and demand matching with heat 
consumers in cities is high since there is a large 
amount of sewage in cities. The Ministry of Land, 
Infrastructure, Transport and Tourism (MLIT) is 
therefore implementing projects actively to promote 
the use of sewage heat as unused energy.  
Meanwhile, the MLIT has been implementing the 
Breakthrough by Dynamic Approach in Sewage High 
Technology (B-DASH Project) since fiscal 2011 with 
the Water Quality Control Department of the NILIM 
as implementing organization, and two proposals for 
road snow melting technology by sewage heat were 
adopted in fiscal 2018. This paper introduces the 
outline of these two technologies adopted.   
 
２．Outline of demonstration technologies  
(1)Empirical study on practical use of snow melting 
technology using sewage heat from small diameter 
pipeline (Joint Research Organization of Toa Grout 
Kogyo Co., Ltd., Maruyama Komusho Co., Ltd., and 
Tokamachi City)  
This technology enables the use of sewage heat with 
small and-medium-size diameter pipeline not more 
than φ800mm, which had been difficult, by installing 
heat collection pipes at the time of pipe rehabilitation 
work, which is one of the measures for deterioration of 
sewer lines. This technology also aims at more 
efficient road snow melting than before by automatic 
switching between operation using only sewage heat 
(only the circulating pump operates) and operation 
using heat pump jointly, according to weather 
conditions such as snowfall and air temperature (Fig. 1 
(a)).  
(2)A study on the sewage heat snow melting system 
to realize low LCC and high COP (coefficient of 
performance) with heat pumpless (Joint Research 
Organization of Kowa, Ltd., Sekisui Chemical Co., 
Ltd., and Niigata City)  
This technology aims at road snow melting at lower 
cost (low LCC) and more efficiently ( high COP) than 

before using only sewage heat, without using heat 
pump, by adopting heat collection pipes and pavement 
material with high thermal conductivity and devising 
the direction and velocity of the flow of circulation 
fluid (Fig. -1 (b)).  

 
３．Utilization of empirical study findings  
At present, installation of the demonstration facility 
was just completed and operation of the facility and 
collection of various data was started. We are going to 
formulate guidelines for technology introduction after 
checking  technical performance and various costs 
using operation results and collected data,   

 
☞See the following for details.  
http://www.nilim.go.jp/lab/ebg/b-dash.html 

(a) Empirical study on practical use of snow melting 
technology using sewage heat from small diameter 

pipeline  

(b) A study on the sewage heat snow melting 
system to realize low LCC and high COP with heat 

pumpless  

Fig. 1. Outline of Technologies  
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A Study on On-Road Parking / Stopping Measures 
for Safe and Comfortable Bicycle Traffic  
(Research period: FY2017 to FY2019)  

 
KUBOTA Sayuri, Researcher, OZAKI Yuta, Senior Researcher, TAKAHASHI Ayumu, Guest 
Research Engineer, KOBAYASHI Hiroshi (Ph. D.), Head, Road Safety Division, Road Traffic 
Department 

Keywords: bicycle traffic space, a bicycle traffic zone, on-road parking / stopping measures, parking / stopping stall  

 
1. Introduction  
Under the Bicycle Use Promotion Act (promulgated in 
Dec. 2016 and enforced in May 2017), the Cabinet 
decided the bicycle use promotion plan in June 2018.  
This plan includes "promotion for securing bicycle 
traffic space by developing off-street parking areas 
and parking space for cargo handling" as one of the 
measures that should be implemented. 
Development of bicycle traffic space is proceeding 
across the country, but it is also important to take 
on-road parking / stopping measures as well as 
development of bicycle 
traffic space since some 
cars parked / stopped in 
bicycle traffic space 
obstruct bicycle traffic 
(See Photo).   
Hence, NILIM has been 
studying the method of 
setting parking / stopping 
stalls using part of 
sidewalks as one of the 
parking / stopping 
measures. 
2. Structure of planned parking / stopping stalls  
Structure of parking / stopping stalls should meet the 
following requirements since bicycles need to travel 
safely through bicycle traffic spaces ((1)-(3)) and 
parking / stopping stalls need to have a shape that 
meets demands ((4) and (5)).  
(1) Possible to stop the car in the parking / stopping 

stall without protruding into the bicycle traffic 
space.  

(2) There is no problem of complication between 
bicycles and automobiles.  

(3) Automobiles can stop smoothly without 
occupying the bicycle traffic space for a long 
time (do not spend much time on stopping).  

(4) Space-saving so that multiple parking / stopping 
stalls can be set in a limited space.  

(5) Cargo handling space is secured (if necessary).  
3. Experiment for studying the fine structure of 

parking / stopping stall 
This paper introduces part of the traveling experiment 
on the parking / stopping stalls focused on the 
foregoing requirements (1) and (3) (Refer to Fig. 1 for 
the image of experiment).  In the experiment, the 

length of parking / stopping stall was set in stages 
within the range of 7 to 15 m in full length considering 
the requirements (4) and (5), and the results of 15 m, 
13 m and 7 m in full length are herein reported. 
 
 
 
 
 
 
 
 
 
The results of the experiment concerning Requirement 
(1) showed that more than 90% of cars were able to 
stop in the parking / stopping stalls, 15 m or 13 m in 
full length.  On the other hand, about 70% of cars 
were able to stop in the parking / stopping stall, 7 m in 
full length, but about 30% of them protruded from the 
stall by 0-50 cm (Fig. 2).  
The results of the experiment concerning Requirement 
(3) showed that time required for stopping was about 
20 seconds for the full length of 15 m and 13 m, and 
about 50 seconds for the full length of 7 m (Fig. 3).  
Since the time required for stopping means the time 
when the bicycle traffic space is occupied, it would be 
necessary to study the applicable length of parking / 
stopping stalls according to the cycle traffic volume.  
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Conclusion  
In setting parking / stopping stalls, the applicable 
structure of parking / stopping stalls is considered to 
differ according to the volume of bicycle traffic.  In 
the future, we intend to organize applicable conditions 
of parking / stopping stall structures and points of 
attention in setting.  

Photo: Example of 

on-road parking / 

stopping in bicycle traffic 

space  

Bicycle traffic space  

Fig. 1: Image of the driving experiment on parking / 
stopping stalls  
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A Study on Introduction of Two-stage Crossing 
Facility for Helping Safe Crossing of Pedestrians 
(Research period: FY2016 to FY2018) 

OHASHI Sachiko (Ph. D.), Senior Researcher, SUGIYAMA Daisuke, Guest Research Engineer, 

NODA Kazuhide, Guest Research Engineer, KOBAYASHI Hiroshi (Ph. D.), Head 

Road Safety Division, Road Traffic Department 

Keywords: traffic safety, two-stage crossing facility, traffic island, pedestrian crossing  

1. Introduction  
The number of fatalities from traffic accidents in 
Japan is 3,532 for 2018 and about one-third of these 
accidents occurred during walking.  Of the fatal 
accidents involving pedestrians, many of them 
occurred while pedestrians were crossing roads and 
about a half of them occurred on basic road sections.  
This is one of the issues requiring countermeasures.  
As one of the possible countermeasures for accidents 
during crossing the basic road section, there is a 
method of installing a traffic island at the center of the 
road so that pedestrians can cross the road in two 
stages while paying attention to vehicles (Fig. 1).  
For installation of such two-stage crossing facility, in 
order to discern the possibility of introduction as a 
new traffic safety measure in Japan, NILIM has been 
studying its effectiveness and organizing technical 
points of attention in introduction. 
This paper reports the study on the desirable structure 
of two-stage crossing facility and analysis of the 
impact of facility installation on traffic smoothness.  

 
 
 
 
 
 
 
 
 
 

Fig. 1: Characteristics of two-stage crossing 
facility  

 
2. Study on the desirable structure of two-stage 

crossing facility  
Considering installation in a limited road space, we 
researched the possibility of installation with different 
cross-section structures by on-premises experiment, 
with focus on simple facility assuming installation by 
reviewing only the width structure of roadway section 
(Fig. 2).  Consequently, the conditions of 
cross-section structure considered usable in safely, etc. 
could be confirmed.  Based on these findings, we are 
organizing the cross section structure of the desirable 
two-stage crossing facility. 

 

 
Fig. 2: Traffic experiment with a temporarily 

built two-stage crossing facility 
 

3. Analysis of impact of facility installation on 
traffic smoothness  

With focus on the traffic smoothness of automobiles / 
pedestrians by installation of two-stage crossing 
facility, the waiting time of automobiles / pedestrians 
was calculated with traffic flow simulation.  As a 
result, improvement in traffic smoothness was found, 
including decrease in waiting time as compared with a 
case of no two-stage crossing facility (Fig. 3).  Based 
on results of these calculations, we are studying the 
effective traffic volume in which installation is 
effective, etc. 

 
 
 
 
 
 
 
 
 
 
Fig. 3: Effectiveness of two-stage crossing 

facility (smoothness)  
 
4. Conclusion  
In addition, we have been conducting organization of 
domestic and overseas cases, literature survey, 
characteristic analysis of the sites involving crossing 
pedestrians, etc.  Including results of these studies, 
we intend to organize the method of using two-stage 
crossing facility applicable in Japan and technical 
points of attention concerning installation. 

Research the sense of 
uncertainty felt when 
waiting in the traffic 
island, ease of using traffic 
island, etc.



 

 
 

 

Proposal of Landscape Improvement Measures in Small Construction 
Work, Maintenance, etc. of Roads     (Research period: FY2017 to FY2018)  
 

OGURI Hitomi, Senior researcher, MABUCHI Toshiaki, Head,  NAGAHANA Yosuke, 
Researcher, Road Environment Division, Road Traffic Department 

Keywords: road landscape, landscape improvement measures, small construction work, maintenance  

 
1. Introduction  
In October 2017, the Ministry of Land, Infrastructure, 
Transport and Tourism ("MLIT") revised the Road 
Design Guidelines (Draft) and formulated Guidelines for 
Road Accessories Considering Landscape.1) Based on the 
concepts and policies provided in these guidelines etc., 
the NILIM has been studying specific methods for 
creating good landscapes and road environment while 
controlling cost in small construction work, maintenance, 
etc.  
2. Concept of landscape improvement in small 

construction work, maintenance, etc.  
(1) Proposal of the concept of reducing road accessories  
There are various road accessories etc. installed by 
various entities in road space (guard fence, traffic signs, 
lighting post, soft pole, etc.).  Even if the size of each of 
such road accessories etc. is small, the road landscape 
will give a disorderly impression if their number 
increases.  Given the recent trend of reducing 
maintenance personnel and budget, the concept of 
performing required functions with minimum road 
accessories etc. is required. When road accessories etc. 
are newly installed, reduction of maintenance cost / labor 
and landscape improvement can be achieved at the same 
time by considering removal / organization of existing 
road accessories etc. with overlapped functions to reduce 
the total quantity of road accessories etc.  

 
(2) Direction of landscape improvement in maintenance   
In maintenance, specific landscape improvement 
measures are studied from the following five viewpoints 
--- "Substitution" (change to other components or 
facilities), "Removal" (remove duplicate facilities), 
"Downsizing / Scaling down" (devise ways for smaller 

appearance), "Organization" (arrange and organize many 
accumulated facilities), and "Concentration" (integrate 
facilities of the same or different kinds into one) (Fig. 1).  
  
(3) Direction of landscape improvement in provisional 

use  
If the period of provisional use is long, the same kind of 
considerations for landscape are required as for use after 
completion since the landscape during provisional use 
including unused portion becomes common to local 
residents and road users.  Accordingly, specific 
landscape improvement measures have been studied 
based on the concepts of (i) Active and effective use of 
space, (ii) No installation of mostly closed facilities etc., 
and (iii) Considerations for landscape from a viewpoint 
of living environment maintenance if installation of such 
facilities is unavoidable (Fig. 2).   
3. Future schedule  
Results of this study will be organized in "Collection of 
Devices and Hints for Landscape Improvement in Small 
Construction Work, Maintenance, etc. (tentative title)" 
and published as Technical Note of NILIM,.  
☞See the following for details.  

1) MLIT website: http://www.mlit.go.jp/  
report/press/road01_hh_000896.html  

Fig. 1 Example of "Downsizing / Scaling down"   
Change from the whole surface colored pavement to line 
painting will reduce landscape obstruction and reduced area of 
painting on the spots where cars are unlikely to stop will reduce 
frequency of repair.    

Fig. 2 Example of "Active and effective use of space" 
Removal of single pipes and use of road-widening site as 
provisional sidewalk space will greatly improve 
user-friendliness.  
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Various ideas to preserve and utilize historical 
townscapes (Research period: FY 2016-2020) 

TAKEYA Shuichi(Ph.D.), Head  Urban Disaster Mitigation Division, Urban Planning 

Department 

MIZUKAMI Tensei(Ph.D.), Senior Researcher  Fire Standards Division, Building Department 

Keywords: Historical townscape, historical building, alternative measure 

 
1. Introduction 

Activities to leave favorable townscapes for future 
generations by preserving and utilizing historical 
buildings and using them as the center of tourism 
promotion have been expanding. Yet, historical buildings 
were built before the enactment of the Building Standards 
Act and are often not in compliance with current laws and 
regulations. Therefore, it is sometimes difficult to leave 
the historical atmosphere when the Building Standards 
Act becomes applicable upon renovation or switching 
their uses. Specifically, fire safety regulations have great 
effects because they affect the materials and designs of 
the exterior walls of buildings. 

Therefore, the NILIM is examining smooth and 
rational operation of fire safety regulations to preserve 
and use historical buildings and townscapes. This article 
introduces representative ideas from the local 
governments to comply with fire safety regulations and 
preserve and use historical buildings at the same time. 
2. Ideas for buildings located along narrow roads 

According to the Building Standards Act, buildings 
must be connected to a road with a width of four meters 
or more. Yet, buildings in historical town areas are often 
connected only to narrow roads. Therefore, buildings 
need to be set back by two meters or more from the 
centerline of a road upon a major renovation. This 
sometimes degrades landscapes, such as the inability to 
preserve the design of exterior walls and by creating 
irregular alignments of wall surfaces. Thus, the Nioza 
area in Usuki City, Oita Prefecture, permits major 
renovations along roads narrower than four meters by 
designating the area as a category 3 road under the 
Building Standards Act and by taking into account the 
low risk of a spreading fire due to height differences in 
properties, as well as initial fire extinguishing measures 
and fire spread prevention measures realized by installing 
fire hydrants around the area (Photos 1 and 2). 

       
Photo 1 Designation of 

category 3 road 
Photo 2 Fire hydrants 

around the town 
 
 

3. Ideas related to fire safety regulations on urban 
planning 

When fire safety zones and quasi-fire safety zones are 
designated under urban planning, buildings need to have 
fire safety performance depending on floor areas and 
number of floors. Thus, even historical buildings within 
quasi-fire safety zones are required to have fire safety 
structures for the exterior walls and windows. This means 
that buildings cannot use wood surfaces as the exterior 
walls and wooden window sashes. Kyoto City, Kashima 
City, Usuki City, and other areas are therefore cancelling 
the designation of quasi-fire safety zones to avoid the 
application of these fire safety regulations. Instead, they 
are securing minimum levels of safety by establishing 
different ordinances to require alternative measures 
(Photo 3). 

  
(a) Usuki City               (b) Kyoto City 

Photo 3 Historical townscape where quasi-fire safety zone 
designation was canceled 

4. Ideas prevent the onset of fire and fire from spreading 
Other ideas are also being used. For the early detection 

of fire, Kashima City is requiring the installation of fire 
alarms interconnected to three adjacent houses. Many 
areas, such as Usuki City and Kyoto City, are installing 
fire hydrants and standpipes around town for initial fire 
extinguishing. Kashima City is preventing the spread of 
fire by installing water sprinkling systems. 
5. Summary 

To preserve and utilize historical buildings and 
townscapes, the NILIM is going to prepare guidelines to 
evaluate various alternative measures and their 
effectiveness and release them while ensuring minimum 
level of fire safety. 



 

 

 

To improve attractiveness through increasing greens 
in parks (Research period: FY 2017-2019) 
 

KAGEMOTO Nobuaki, Senior Researcher  TAKEYA Shuichi(Ph.D.), Head  

Urban Disaster Mitigation Division, Urban Planning Department   

Keywords: Greening in parks, tourism promotion, improvement of attractiveness  

 

1. Introduction 
In March 2016, the Vision for Tourism to Support the 

Future of Japan was announced, and the entire 
government is working to achieve the goal of becoming a 
country with advanced tourism by perceiving tourism as 
the new main industry of Japan. 

Green areas in parks are one of the main tourism 
resources. Many parks around the world are functioning 
as popular tourism attractions. Yet, green areas in parks in 
Japan are not very well known compared to parks around 
the world. It is therefore extremely important to increase 
the appeal of green areas in parks and actively use them 
for tourism promotion. 

Thus, the NILIM conducted preliminary research 
targeting world-famous parks functioning as tourism 
attractions to identify and organize their characteristics as 
tourism resources and their effects on urban landscapes 
through literature searches. Based on the findings of this 
research, the NILIM is conducting investigations and 
researches on ways to use greens in urban parks in Japan 
for tourism. 
 
2. Characteristics of parks that are popular as tourism 

attractions 
 Thirty-seven examples (26 overseas parks and 11 parks 
in Japan that can be compared to overseas parks to 
promote inbound tourism) are selected based on the 
following three perspectives: perspective of users 
(selected from the ranking of Trip Adviser, the online 
travel site with user reviews); perspective of professionals 
(selected from rankings such as ones in Lonely Planet, a 
popular travel guide book); and academic perspective 
(selected through interviews with intellectuals 
specializing in tourism planning study, gardening study, 
or other relevant studies). Then, parks are categorized 
into seven types based on characteristics, such as park 
size, location, and available facilities, in addition to the 
appeal as tourist attractions (Table 1). 
3. Plans to use outcomes 

The NILIM is going to select representative parks and 
conduct detailed investigations of the appeal of individual 
parks as tourist attractions and ideas found in the parks 
while identifying and organizing how green areas in 
parks in Japan are being used. The NILIM is then going 
to organize findings as a compilation of cases and 
precautions and provide information. 

Table 1 Categorization of types of parks which are popular tourist attractions 
Types of parks Characteristics and examples of applicable parks 

[Type 1] 
Large parks designed to 
experience nature 

Large parks mostly consisting of natural forests or other natural features  
This type of park offers activities to enjoy nature such as trekking and cycling. 
[Stanley Park and Kings Park and Botanic Garden] 

[Type 2] 
Large urban oasis 

Large urban parks with an area of about 50 ha or more  
People can enjoy various activities and recreation, such as walking, cycling, and picnics. 
[Central Park, English gardens, Yoyogi Park, etc.] 

[Type 3] 
Small urban spots for 
relaxing 

Smaller urban parks than Type 2 with an area of about 10 ha  
These parks are located in urban areas and offering businesspersons and citizens places to 
relax. 
[Millennium Park, Bryant Park, Hibiya Park, etc.] 

[Type 4] Promenade-type 
parks 

Linear promenade-type parks [The High Line] 

[Type 5] 
Parks where multiple 
facilities are combined 

Areas where various types of facilities, such as various types of museums and leisure facilities 
are combined to form one park 
[Balboa Park, South Bank Parklands, Ueno Park, etc.] 

[Type 6] 
Historic parks 

Areas where ancient palaces and remains of gardens are developed as parks 
[Luxembourg Gardens, St. James’s Park, Kenrokuen, etc.] 

[Type 7] 
Parks with specific themes 
(art, botanical garden, 
memorial) 

Parks centered around pavilions and viewing facilities with specific themes such as art, botanical 
gardens, and memorials. 
[Park Güell, Singapore Botanic Gardens, Moerenuma Park, etc.] 



 

 

 

Functional Improvement Method of Urban Parks Responding to an Aged Society 
with a Low Birth Rate (Research period: FY2017 to FY2018)   
YAMAGISHI Yutaka, Senior Researcher, FUNAKUBO Satoshi, Head, 
 Landscape and Ecology Division, Research Center for Infrastructure Management 
Keywords: aged society with a low birth rate, urban park, child-rearing support, health welfare responding to aging, 
concentration / reorganization  

1. Introduction  
As declining birthrate and aging have been proceeding 
in society, urban parks are required to introduce 
functions responding to changes in social needs, such 
as child-rearing support functions particularly as 
response to declining birthrate or health and welfare 
functions as response to aging. This study aims to 
examine how to introduce such functions and direction 
of solutions to facing issues and create technical 
material for introduction procedures of such functions.   
2. Research contents and results  
We researched the examples of urban parks (including 
overseas examples) about the following (i) to (iv) and 
organized contents, devices in implementation, issues, 
etc.  

(i) Example with the child-rearing support 
function  

(ii) Example with the health / welfare function 
responding to aging  

(iii) Example of renovation / re-development of an 
urban park  

(iv) Example of concentration / reorganization 
according to functional sharing in an urban 
park  

The following describes the outline of examples 
recognized in the researches (i) and (ii).  
(1) Example with the child-rearing support function 
Research was made on 19 examples in which a day 
nursery Note) is located or planned and 21 examples in 
which any child-rearing support function other than 
establishment of a day nursery has been introduced.  
In some of the examples in which a day nursery was 
established, for the purpose of promoting park use, 
there are also facilities in the premises of day nursery, 
which are available by general park users and local 
residents other than users of day nursery facilities, 
including child-rearing communication salon, 

multiple-purpose toilet, roof square, free cafe, and 
outdoor clock (Photo 1).   
In some of the examples in which child-rearing 
support functions other than day nursery establishment 
were introduced,  child-rearing support facilities 
where various indoor child-rearing support programs, 
such as children playing, childrearing consultation, 
and child-rearing salon, are available have been 
established or an infant corner has been established at 
a corner of the existing park. 
(2) Example with the health / welfare function 
responding to aging  
A total of 33 examples were researched in which 
structural measures such as development of facilities 
with the health / welfare function responding to aging 
or non-structural measures such as holding of a health 
class are conducted.  In the examples of structural 
measures, there was an example in which a jogging 
course, health appliances for the elderly, etc. were 
installed when opening a park or redeveloping an 
existing park (Photo 2) or in which an urban park was 
developed aiming to promote total health integratedly 
with adjacent medical and welfare facilities. Examples 
of non-structural measures include holding of a health 
class as mentioned above, practice of health exercise 
in the park, implementation of the walking program, 
support of activities of the elderly using the 
characteristics of the park, etc.  
 
 
 
 
 
 
 
 
 
 

Photo 2: Example of health play equipment 
installation (Metropolitan Shioiri Park)  

3. Utilization of findings   
Based on these research examples etc., we intend to 
organize points and considerations in introduction of 
functions, including position in the legal system such 
as exclusive use permission, appropriate locational 
conditions of urban parks, and conditions of park 
facilities, and to publish the results as Technical Note 
of NILIM,  

Note) In the partial revision of the Urban Parks Act in 2017, social welfare facilities (commuting service) including day nursery 
were added as a target of exclusive use in urban parks.  

Photo 1: Example of a day nursery installation 
(Yokohama City Sorimachi Park) 



 

 

Foun
Rainf
(Research 

SUZUK

Sedime

Keywords: 

 

１．Establi

No Rain
Slope failure
when there is
by the effect 
rainfall etc.")
since prior w
caused huma
at Yabakei-m
2018 (Photo 
disaster durin
activities is h
Multiple case
country and t
recently been
area of pyroc
Kyushu Regi
Minamiosum
Tarumizu-sh
urgently requ
with no rainf
been taken su
points in the 
Then, in orde
slopes where
is high in the
Regional Dev
on Collapse w
 
 
 
 
 
 
 
 
 
 
 

Photo 

２．Outline
This Worksh
and administ
study for two
survey activi
First, it colle

dation
fall etc
period: FY2

KI Yamato, 

nt Disaster 

large-scale co

shment of "W

nfall etc."
e that occurs a
s no rainfall at
of the latest r

) is a very haz
warning / evacu
an damage in t
machi, Nakatsu

1). In addition
ng rescue / sea
high.  
es of such col
the trend of fr
n confirmed c
clastic flow pl
ion, as seen in

mi-cho, Kagos
hi, Kagoshima
uired to take c
fall etc. but eff
ufficiently bec
mechanism o

er to establish
e the risk of co
e Kyushu Regi
velopment Bu
with No Rainf

1: Collapse w
Nakatsu

e of the Wo
hop consists of
trative organs 
o years. It mai
ities  
cts and organi

n of "W
c."  
2018 to FY20

Research E

Prevention,

ollapse, collap

Workshop on C

"  
fter the stop o
t all without b

rainfall ("colla
zardous collap
uation is diffic
the past, as se
u-shi, Oita-ke
n, the risk of s
arch / recover

lapse occurred
requent occurr
entering on th
lateau, particu
n the events at
hima-ken (20
-ken (2015). 

countermeasur
ffective measu
cause there ar

of collapse.  
h the method o
ollapse with n
ion, NILIM an

ureau establish
fall etc."  

 
with no rainfa
u-shi, Oita  
orkshop's ac
f academic ex
and intends to

inly conducts 

izes data on th

Worksh

019)  

Engineer,  S

, Sabo Depa

pse with rainfa

Collapse wit

of rainfall or 
being affected 
apse with no 
pse phenomena
cult, and 
diment disaste
n on April 11
secondary 
y / inspection 

d in the 
rence has 
he peripheral 
ularly in the 
t 
10) and 
 It is therefor
res for collaps

ures have not 
e many unclea

of detecting 
o rainfall etc. 
nd the Kyushu
hed "Worksho

all etc. at 

ctivity  
xperts, NILIM
o continue 
the following

he past events

 

hop on 

SAKURAI 

artment 

fall. pyroclasti

th 

d 

a 

er 
, 

n 

re 
se 

ar 

u 
op 

M, 

g 

s 

o
c
u
e
m
s
r
c
o
c
m
o
p
o
o
s
m
c

３
T
c
s
b
m
F
w

☞
1
th
h
k

  

Collap

Wataru (Ph

ic flow plateau

of collapse wit
characteristics 
using as well a
electromagneti
microtopograp
tructure of py
elate to collap

considered imp
of permeable /
concentration o
microtopograp
of groundwate
plateau is cond
on the slope w
occurred (Phot
urveys compr

method of dete
collapse with n

Photo 2
(T

３．Final re
This Workshop
collapse with n
lope detection

based on the sm
map, microtop
Further, based 
we intend to de

☞See the follo
)  Workshop
he website of 

http://www.qsr
kouuzihoukai.h

pse wit

h. D.), Rese

u  

th no rainfall e
of topography

aerial measure
ic survey, it an

phy and the int
yroclastic flow
pse with no rai
portant to gras
impermeable

of groundwate
phy. In paralle
r that flows ou

ducted.  Field
here collapse 
to 2). Conside
rehensively, th
ecting hazardo
no rainfall etc.

2: Field surve
Tarumizu-shi
esults of th
p aims to cons
no rainfall etc.
n manual focu
mall-scale haz
ography inter
on the finding

evelop them a

owing for det
p on Collapse 
Kyushu Regio
r.mlit.go.jp/n-
html  

th No 

earch Coord

etc. and grasp
y, geology, et

ement laser an
nalyzes the 
ternal hydroge

w plateau, cons
infall etc. Part
sp the geologi
e layer relevan
er and related

el, hydrologica
ut of the pyro
d survey is als
with no rainf

ering the resul
he Workshop 
ous slopes wit
.   

ey at Shinko
, Kagoshima
he Workshop
sider the mech
. and create a 

used on the Ky
zardous slope 
rpretation, etc.
gs in the Kyu
all over the co

tails.  
with No Rain
onal Developm
-kawa/mukouu

dinator for 

ps the 
tc. Next, 
nd airborne 

eologic 
sidered to 
ticularly, it is 
ical structure 
nt to 

al observation
clastic flow 

so conducted 
fall etc. 
lts of these 
examines the 
th the risk of 

o River 
a)  
p  
hanism of 
hazardous 

yushu Region 
distribution 

.   
shu Region, 

ountry.   

nfall etc. (in 
ment Bureau)
uzihoukai/mu

n 

 

)  
u



 

 
 

 

Field Survey on Disaster at the Tachikawa Bridge of 
Kochi Expressway   
 

KIMURA Takashi, Researcher  NANAZAWA Toshiaki, Head,  Foundation, Tunnel and 
Substructures Division, Road Structures Department  

Keywords: heavy rain disaster, road bridge, superstructure, run-off  

1. Introduction  
The heavy rain in July 2018 caused enormous damage 
mainly in the western part of Japan.  At the Tachikawa 
Bridge of the Kochi Expressway (upbound), landslide 
from the slope above the bridge occurred before dawn on 
July 7 due to the record breaking heavy rain, which had 
been continuing since July 3, and runoff of the bridge 
superstructure due to the landslide was also confirmed.  
On July 20, the NILIM conducted a field survey to grasp 
the situation of disaster with the Public Works Research 
Institute.  
2. Outline of the survey  
The bridge at issue is a PRC 3-span continuous slab 
girder bridge, 63.5 m long, located in the steep valley of 
Otoyo-cho, Kochi. The substructure of the bridge is based 
on wall-type abutment and wall-type pier, and the 
foundation is coupled-pike caisson type pile foundation.  
As a result of the field survey, loss of concrete was found 
in part of the bridge seat at the bridge pier and abutment 
but no serious damage, such as inclination, crack, etc., 
was found in the substructure frame in the visible range. 
Damage to the superstructure of the bridge could not be 
confirmed since it was run off along the valley slope 
together with the landslide.    
It is considered from the aforementioned situation of 
damage that the effect of large-scale collapse acted on the 
superstructure and caused run-off.   
We advised the personnel on the site that they needed to 
check soundness of the substructure by removing the 
sediment deposited on the slope and to consider measures 
for training of the space under the bridge girder for 
recovery.  
3. Technical support for recovery  
After the field survey, we participated as a member in the 
Technical Review Committee on Kochi Expressway 
Disaster Restoration, which consists of road 
administrators, and advised, based on the results of field 
survey, evaluation of the soundness of structures and 
restoration method.   
As of February 2019, based on the results of discussion in 
the Committee, road administrators are conducting 
permanent measures for the landslide sites, including 
grating crib works, and restoration works for the 
superstructure, etc.    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
Field survey 

☞See the following for details.  
1) MLIT Road Bureau's website "Results of the 
Technical Review Committee on Kochi Expressway 
Disaster Restoration and Outlook for the Time of 4 Lane 
Restoration."   
http://www.mlit.go.jp/report/press/road01_hh_001093.html  

Disaster situation (source: West Nippon Expressway 
Company Limited)  

Superstructure run-off   
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1. Introduction  
The Kumamoto Earthquake caused enormous damage 
to the bridge on the prefectural road 
Kumamoto-Takamori Line, connecting the city of 
Kumamoto and Aso Region.  Since restoration from 
the damage would need advanced technology and 
require urgency, the State is advancing the disaster 
recovery project as a proxy project under the Act on 
Reconstruction after Large-scale Disaster in response 
to the request of Kumamoto Prefecture.  
This paper introduces technologies incorporated for 
restoration and activities of technical support by 
Kumamoto Earthquake Recovery Division in 
connection with the Kuwazuru Bridge on the 
prefectural road Kumamoto-Takamori Line, which 
resumed service in July 2018.  
2. Structure of Kuwazuru Bridge and outline of 

the disaster  
Kuwazuru Bridge is a two-span continuous 
cable-stayed steel bridge, 160 m in length, with a 
curved girder hanging, of which span is different by 
40 cm at the starting point and ending point from 
X-type main tower.  As shown in Fig. 1, the girder 
end at the bridge end floated up about 60 cm due to 
damage to the bearing caused by the Kumamoto 
Earthquake and the entire girder moved about 90 cm 
to the valley.1)  In addition, tension of the cable was 
lost in part and the cable got twisted.1)  
3. Support for "Build Back Better" restoration  
For restoration of the Kuwazuru Bridge, proposal for 
"Build Back Better (better restoration)" was made 
based on disaster situation and maintenance after 
restoration and with various technical considerations.  
Specifically, we proposed the countermeasure 
technology for preventing floating-up of the girder 
against the earthquake exceeding the size expected by 
design, monitoring method in construction stage for 
rectifying the uncertainty of restoration design, 
multiple considerations for preventing water 
permeation into the cable fixing part, etc., which were 
all adopted. 2) 
In addition, since maintenance of this bridge is 
succeeded by Kumamoto Prefecture, we provided 
technical support in planning for obtaining, in 
construction stage, data contributing to maintenance of 
the Kuwazuru Bridge after restoration.2)   

Fig.1: Main damage to the Kuwazuru Bridge 

Fig. 2: Local presentation meeting about the 
restored Kuwazuru Bridge 

Further, in order for the aforementioned technologies 
for restoration measures and intention of the data 
obtained in construction stage to be properly 
succeeded, a local presentation meeting was held for 
the personnel of Kumamoto Prefecture before 
resuming service jointly with Kumamoto Earthquake 
Recovery Division and Kumamoto Restoration 
Division of Kyushu Regional Development Bureau, 
MLIT.3) (Fig. 2).  Some personnel of Kumamoto 
Prefecture who joined the meeting gave comments to 
the effect that "We'd like to utilize the restoration 
measure technology for maintenance of the Kuwazuru 
Bridge considering its intention." 
4. Conclusion  
Proxy projects are going on at Tawarayama Bridge 
and Okirihata Bridge on the prefectural road 
Kumamoto-Takamori Line and Aso Bridge on 
National Highway No. 325. Kumamoto Earthquake 
Recovery Division continues to work for support with 
advanced technologies to achieve early realization of 
"Build Back Better" recovery from the Kumamoto 
earthquake. 

☞See the following for details.  
1) Technical Note of NILIM, No. 967, pp. 269-272, 
2018 
2) Civil Engineering Journal, vol. 60, No. 10 pp. 24-27, 
2018  
3) Civil Engineering Journal, vol. 60, No. 9 pp. 42-43, 
2018  
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1. Introduction  
Japan is hit by various disasters, including earthquakes 
and storm / flood damages.  It is therefore very 
important to prepare for them by conducting 
pre-training assuming their occurrence, etc.  
NILIM has developed a toolkit for supporting study on 
disaster control measures (the "Toolkit"), which puts 
together various tools for examining disaster damage 
estimation, risk assessment, and countermeasures as a 
flow of serial operations, and has been studying on its 
improvement and utilization method from time to time 
based on results of use in training, drills, etc. by 
individual organizations.  This paper reports results 
of study on utilization in FY2018. 
2. Outline of Toolkit  
The Toolkit is a disaster exercise to be conducted in 
the following procedures (i) - (iv).  
(i) In "Infrastructure damage data organization," 
assume disasters from an earthquake, storm / flood 
damage, etc. and plot damages to infrastructure on 
jurisdiction and other maps for organization. 
(ii) In "Disaster scenario establishment," organize the 
effect of infrastructure damage on society and 
economic activities. 
(iii) In "Risk assessment," assess the risk of 
infrastructure damage from "possibility of occurrence" 
and "seriousness of effect on human life and 
economy" and organize seriousness. 
(iv) In "Countermeasure examination," study the 
content of countermeasures for individual damages 
and organize the degrees of difficulty and priority. 
3. Utilization of Toolkit  
About one day is required to implement all the 
contents described in the outline of Toolkit.  Using 
various tools, use patterns are being established 
according to the time and purpose of training. 
For this fiscal year, training time was set to 2 hours 
and use patterns were established for the following 
purposes (i) to (iii) with the structure shown in Table. 

Table: Structure of use pattern  

 
(i) Build the concept in addressing disasters.  
(ii) Make participants understand that infrastructure 
they manage may be damaged and society, economy, 
etc. may be greatly affected. 
(iii) Make participants understand that damages to 
multiple units and various fields of infrastructure 
mutually affect each other in the event of a disaster 
and that it is necessary in responding to disaster to 
take actions by making overall decision considering it. 
The use patterns were demonstrated in the technical 
training conducted to subsection manager or 
equivalent personnel with experience of 5 or 6 years at 
the position in Kanto Regional Development Bureau. 
Photo shows the training. 

 
Photo: Disaster exercise technical training  

Since the presentation material of the Toolkit, training 
introduction material, damaged area information, etc. 
were distributed before the training, the participants 
deepened their understanding in advance and 
discussed the topics actively even in a limited time 
and confirmed the practical applicability of the use 
patterns.  
4. Conclusion  
NILIM is going to promote the use and dissemination 
of the Toolkit in various organizations and further 
develop another toolkit that is easier to use by 
conducting necessary improvement and study of use 
patterns based on results of actual use. 

　時間 　項目 　概要

約20分

【各班】ツールキット概要①、②の内容演習

約60分 災害時の被害状況のイメージ

社会、経済活動への影響をイメージ

【全体】発表（１班あたり5分程度） ・班毎に、以下の点について発表

約10分 　　　　※班数により代表班を選出 >発想した被害の様相

>他分野に波及が懸念される被害のうち、特に懸念

する被害

・各班の成果に対して講評。

約30分
・体系化されたリスクマネジメントの考え方について概
説

・ツールキットを活用した検討可能事項を説明

【事務局】訓練概要の説明 ・状況設定および訓練手順を説明

・個別班に分かれ、地震発生時に管内でどのような
被害が発生するのか、また、発生した被害はどのよう
な支障をもたらすのか、地図を見ながら発想し、整理

【事務局】講評、ツールキットの説明
　　　　ツールキット概要③、④の説明
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1. Outline of ETC2.0 System  
ETC2.0 provides information service for avoiding 
traffic congestion and driving safely in addition to the 
automatic toll collection service, and enables road 
administrators to collect "ETC2.0 probe information" 
that includes travelling and behavior histories of 
automobiles.  Road administrators developed a 
device for collecting / processing ETC2.0 probe 
information based on the specifications prepared by 
NILIM and have been operating it since April 2011, 
and the activity to use ETC2.0 probe information for 
the MLIT Productivity Revolution Project, including 
pinpoint congestion countermeasures, has begun. 
 
 
 
 
 
 
 
 
 
 
 
 
 
2. Upgrading of ETC2.0 probe information 

utilization  
NILIM has been studying for advanced utilization of 
ETC2.0 probe information aiming at further efficiency 
increase in road management operation and facilitation 
/ safety improvement of road traffic.  This paper 
introduces part of our activities. 
(1) Provision of operation management support 

service  
NILIM established a mechanism of identifying 
vehicles and collecting probe information based on 
business operator's application, etc.  NILIM has also 
conducted a social experiment of the operation 
management support service since 2016 to provide 
probe information on vehicles held by road 
administrators to logistics operators so that it may be 
utilized for increasing efficiency in operation 
management, securing the safety of drivers, etc. and 
organized results of the experiment.  This service 
was formally introduced in FY2018 and has been 
widely provided to the public. 

(2) Utilization for verification of the effect on 
measures for congestion due to tourist traffic  

Since tourist traffic is an irregular traffic that does not 
occur frequently, it is considered difficult to collect 
data for analysis.  NILIM has therefore been studying 
the method of verifying the effect of measures for 
congestion due to tourist traffic using the 
characteristic of ETC2.0 probe information that the 
traveling history of vehicles can be grasped constantly.   
 
 
 
 
 
 
 
 
 
 
 
(3) Utilization for identifying traffic safety 

measures zones on the community road, etc.  
For community road traffic safety measures, it is 

effective to conduct them integrally in an area where 
the risk of accident is high.  As an indicator for 
accident risk assessment, sudden deceleration data, 
which is one of the behavior history of ETC2.0 probe 
information is useful for preventing inadvertence of 
potential hazardous areas.  NILIM has therefore been 
studying a method of narrowing down areas with high 
risk of accident using ETC2.0 probe information and 
considering areal spread as well as a method of 
analyzing the effect of countermeasures.  

 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1: Collection and utilization of ETC2.0 
probe information  

Fig. 2: Example of speed analysis at the 
intersection in the GW period  

Fig. 3: Narrowing down areas where the 
risk of accident is high  
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1. Introduction  
The Ministry of Land, Infrastructure, Transport and 
Tourism ("MLIT") aims to shorten the number of days 
required to examine applications for vehicles with 
dimension, weight, or other exceeding the standard to 
travel through a road to approximately ten days in 
average by 2020.  As one of the activities to this end, 
the MLIT plans to conduct automatic examination 
using the data collected on the shapes of roads using 
the sensing technology.  

2. Survey of on-vehicle sensing technology by 
offering experiment to the public 

In order to examine low-cost technologies that provide 
data accuracy required for the examination above, etc., 
NILIM conducted verification in January 2017 
through an experiment offered to the public.  
Consequently, equipment was confirmed that meets 
the budget (not more than 15 million yen) and 
accuracy requirements (the position information of 
natural features measured is within the standard 
deviation of 25 cm).  
 
 
 
 
 
 
Fig. 1: Point group data 

image 
Fig. 2: Plotting result 

image 
Table 1: Main assessment results of the publicly 

offered experiment  
Assessment 

item  
Description of assessment  

Number of participants 
that meet requirements  

Accuracy  
Technology available to 
obtain the absolute 
accuracy of 1/500  

8 out of 9 participants  

Equipment 
cost  

Absolute accuracy of 1/500 
can be obtained and 
equipment cost is about 15 
million yen  

4 out of 9 participants  

Detection of 
natural 
features   

Possible to detect 
measurable natural features 
at verification spot   

9 out of 9 participants  

Ease of 
installation / 
removal  

Prepared a manual for 
equipment installation / 
removal  

6 out of 9 participants  

3. Drafting of functional requirements for 
on-vehicle sensing technology  

Based on the results of the experiment in section 2 
above, etc., we prepared "Proposal for functional 

requirements of measuring equipment, etc." and 
"Drawing procedure proposal," which are both 
required for Regional Development Bureaus, etc. to 
collect measurement data and prepare drawings.  
Each Regional Development Bureau introduced the 
on-vehicle sensing technology using this "Proposal for 
functional requirements of measuring equipment, etc."   
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3: Flow to plotting and relationship of items in 
the Proposal for Functional Requirements, etc. 

Table 2: Outline of matters described in the 
Proposal for Functional Requirements, etc.  

Proposal for 
functional 
requirements 
including 
measuring 
equipment  

- Describe the requirements for measurement data 
processing software (post-processing) and plotting 
processing software in addition to the measuring device 
requirements. 

- Accuracy and performance are subject to the "Standards 
for the Geographical Information Authority of Japan 
Operation Rules" (partially revised, March 31, 2016)   

- Describe measurement data format and definition of items 
of information in possession  

- Describe the requirements for installation in vehicles.  

Drawing 
procedure 
proposal  

- Describe the outline of natural features to be plotted.  
- Outline of target natural features is described through 

extraction from "Road Base Map Information 
(maintenance promotion version) Product Specification 
(Draft) (May 2015 version)."  

- Describe the definition of the file format of plotting data 
and the required accuracy of plotting data.  

4. Conclusion  
For fiscal 2019, it is planned to collect data on local 
roads for which 5 or more applications are annually 
submitted (about 13,000 km) using the on-vehicle 
sensing technology introduced by each Regional 
Development Bureau. 1) 

☞See the following for details.  
1) The 18th Logistics Subcommittee --- Improvement of the 
oversize/overweight vehicle passage permission system  
http://www.mlit.go.jp/policy/shingikai/road01_sg_000421.html  
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1. Background and objective of study 
Proper identification of the actual energy conservation 

performance of a building is necessary to examine energy 
conservation measures in the evaluation of energy 
conservation standards. Information concerning the 
evaluation results of energy conservation standards is 
based on the data of 18,000 buildings (non-residential 
buildings) every year and is playing important roles. Still, 
competent authorities are currently aggregating the data 
(by extracting values from paper documents) upon 
request from the Ministry of Land, Infrastructure and 
Transport. Too much of a workload is involved in this 
process. Also, since information collection is restricted to 
reduce the workload, detailed information cannot be 
obtained. Even though a great volume of data is available, 
the data are left without being used effectively. Therefore, 
the NILIM attempts to obtain fundamental information 
for revising energy conservation standards and propose 
research themes by entering information in the Energy 
Conservation Standards Conformity Judgment Program 
(web-based program),1 encrypting calculation results, 
saving them on a server, and analyzing them. 
 
2. Construction of a scheme to extract effective data 
 Data on a server contain data from the design phase, 
which are not the final version. Thus, effective data are 
extracted as follows. 
1) Competent authorities enter “XML-ID” and 

“Re-output code” which are printed on submitted 
calculation results (the output file of the web 
program, printed and submitted as paper 
documents) in Excel files in a report to the Ministry 
of Land, Infrastructure, Transport and Tourism. 

2) The NILIM receives the information from the 
Ministry of Land, Infrastructure, Transport and 
Tourism, searches data on the server (“XML-ID” is 
the identification name of data), and removes the 
encryption (“re-output code” is the cancellation 
password). 

 To reduce the workload 1), QR code for quick 
scanning of ID information is added. A check tool 
(Excel) to check for mistakes in entering information is 

also developed and distributed. 
 
3. Trial gathering and analysis 

As a trial, the ID numbers of about 6,000 buildings are 
obtained from some of the authorities. Figure 1 shows the 
relationship between floor area and the area of the 
exterior shell as an example of the analytical result. This 
information was analyzed and became necessary to 
construct the method to evaluate small-scale buildings 
that are now under examination. The identification of the 
area of the exterior walls and windows of individual 
buildings becomes necessary to perform this analysis. 
Thus, it was not possible to conduct detailed analysis 
using conventional investigation methods. 

Figure 1 Relationship between floor area and the area of 

exterior shell (Kanto area, office buildings) 

4. Summary and future perspectives 
The scheme constructed in this study was found to 

reduce the workload of authorities and surely provide 
beneficial information concerning energy conservation 
designs. All data from FY 2018 can be obtained in the 
next fiscal year. Thus, the NILIM is going to analyze the 
actual conditions of energy conservation designs in 
Japan. 

 

☞For more information: 
1) Technical information concerning energy 

consumption performances of buildings 
https://www.kenken.go.jp/becc/index.html 



 

 

Research Coordination   
1. Introduction  
The research policy of NILIM provides, as a basic attitude, 
"Aim at new technical development by implementing 
technical cooperation and integration widely among industry, 
university and government" and, as preparedness for research, 
"Establish an efficient research system in cooperation with 
external organizations while recognizing own strengths and 
weaknesses." It is also one of the important roles of NILIM to 
coordinate researches with industry-university-government 
cooperation. Many researches have been conducted in 
collaboration / cooperation with administrative organs, private 
sectors, universities, etc. and this paper introduces typical 
systems and examples.   
2. Examples of coordination / cooperation with 

administrative organs concerned  
NILIM conducts many researches with project cost budget 
etc. that directly lead to policy development in cooperation 
with the MLIT, etc.  As examples that constitute a 
particularly large-scale research subject, there are 
comprehensive technical development project 
(comprehensive project) and administration cost itemization 
budget.   Of the important research subjects concerning 
construction technologies, comprehensive projects work on 
particularly urgent subjects covering wide target areas and 
conduct researches comprehensively and systematically in 
cooperation of industry, university and government under 
the leadership of administration departments in promoting 
projects. Administration cost itemization refers to the budget 
that is directly assessed by the Ministry of Finance and used 
to conduct comprehensive researches that lead to creation of 
government policies.  Table 1 provides the subjects of 
comprehensive projects implemented in fiscal 2018 and 
Table 2 provides the researches based on the administration 
cost itemization budget.   

3. Examples of cooperations with private sectors, 
universities, etc.  

Various types of cooperations for obtaining maximum 
performance with limited research resources are practiced 
including joint and contract researches, which are typical 
methods of cooperation, and are classified into the patterns 
provided in Table 3.  

Table 3. Patterns of examples of cooperation with 
private sectors, universities, etc.  

I. Research established as a system in the NILIM  
(1) Joint research, (2) Contract research (research publicly offered by laboratory),  
(3) Contract research (research public offered by council), (4) Budget of other 
ministry / agency (SIP: Strategic Innovation Promotion Program)  

II. Research established as a system in other organizations  
(5) Technical research association  

III. Research not established as system but established to a certain extent    
(6) Technical public offering, (7) Social experiment, (8) Workshop / study group   

IV.  Research conducted by devising ways of operation   
(9) Cooperation with policy development by the Ministry, (10) Cooperation with 
municipal projects, (11) Workshop with university / private sector  

Table 4 shows the number of contract researches ((2), (3)) 
conducted, Table 5 provides the number of joint researches 
((1)) conducted, and Table 6 lists typical cooperation 
examples including contract researches    (publicly offered 
by laboratory)((2)), for fiscal 2018.  
Table 4. Number of contract researches conducted in 

fiscal 2018  
Pattern  Name of the council, etc.  Number 

of cases  
Research publicly offered by laboratory  3 
Research publicly offered by the Ministry's council   
 New Road Technical Conference  29 
 River works technology research and development  10 
 Sewerage B-DASH  18 
 Next-generation Infrastructure Inspection System 

Development Examination Committee  1 

Table 1.  Comprehensive technical development projects implemented in fiscal 2018   
Subject   Research period  Department / center in charge Related article 

Technological development contributing to utilization of existing buildings by streamlining fire prevention / evacuation rules, etc.  2016-2020 Building / Urban    
Research on construction productivity improvement with full utilization of ICT  2017-2020 Social capital management   
Development of design / construction technologies for mixed structure buildings using new wood material  2017-2021 Building    

Research on upgrading of construction production systems using AI  2017-2020 Social capital 
management   

Development of suburban residential area revitalization techniques responding to mature society  2018-2022 Housing / Building / Urban   

Table 2. Researches based on the administration cost itemization budget implemented in fiscal 2018    
Subject  Research period  Department / center in charge Related article 

Development of simple performance evaluation methods for wooden housing  2016-2018 Building   
Development of evaluation method of energy reduction effect by automatic control technology of building equipment  2016-2018 Housing   

Research on securing the safety of port area against storm surge disaster  2016-2018 Coastal, Marine and 
Disaster Prevention    

Research on practical evaluation method for life extension / effective use of existing port facilities  2016-2018 Port    
Research on field productivity improvement in social capital maintenance process  2016-2018 Social capital management   
Research on flood prevention activity supporting technology  2017-2019 River   
Development of equipment improvement technology, etc. for securing the health and safety of disaster victims in shelters  2017-2019 Building   
Research on facade design methods aiming to improve energy consumption performance in buildings  2017-2019 Housing   
Development of urban structure analysis / evaluation techniques considering diversifying life support functions  2017-2019 Urban    
Development of diagnostic techniques of trafficability in case of earthquake / fire  2017-2019 Urban   
Research on prompt inspection / restoration methods for airport pavement in earthquake disaster  2017-2019 Airport   
Research on comprehensive management of sewer pipelines  2018-2020 Sewerage   
Development of pre-analysis method for sediment disaster caused by large-scale earthquake  2018-2020 Sediment disaster   
Development of existing RC member evaluation techniques contributing to life extension / improvement of exterior / 
waterproofing membrane of buildings  2018-2020 Building   

Establishment of visualization method for barrier-free effect according to life stages  2018-2020 Housing   
Research on quantitative evaluation method for urban environment improving effect of green space, etc.  2018-2020 Urban   
Research on immediate damage estimation methods for port facilities in large-scale earthquake  2018-2020 Port    

 



 
 

 

Table 5.  Joint researches conducted in fiscal 2018   
Subject of joint research  Partner organization  Research period Department / center in charge Related article 

Research on early detection of sediment disasters using observation / monitoring 
data of mountainous watershed  

National Institute of Advanced Industrial Science and 
Technology  2016-2018  Sediment disaster   

Joint research on state prediction method utilization measures using inspection data 
of road bridges  

Kyoto Prefecture, Kyoto University, Public Works 
Research Institute  2016-2018 Road Structures   

Research on technical standards etc. in building, housing, and urban fields  Building Research Institute  2016-2021 Building / Housing / Urban   
Joint research on development of  sediment disaster monitoring methods using 
Advanced Land Observing Satellite No. 2 "Daichi No. 2"  Japan Aerospace Exploration Agency  2017-2019 Sediment disaster   

Joint research on technological development for practical use of the next-generation 
Cooperative ITS  

29 entities and 32 organizations including automakers, 
electrical equipment manufacturers, related foundations, 
and expressway companies  

2017-2019 Road Traffic   

Joint research on seismic performance verification experiment of mixed structure 
buildings using new wood material  National Research Institute for Disaster Prevention  2017-2021 Building   

Joint research on an international logistics model on a global scale to be established 
from the positions of shippers and shipping companies  University of Tokyo  2017-2018 Administrative 

Coordination   

Joint research on utilization of AIS data for port maintenance / use  Service Center of Port Engineering (SCOPE)  2017-2019 Port   
Joint research on utilization of construction management record obtained in seismic 
restoration  of bridges for maintenance  

Japan Association of Steel Bridge Construction, Japan 
Prestressed Concrete Contractors Association  2017-2019 Social capital 

management   

Joint research on inundation forecast system in Tokyo   Waseda University  2018-2021 River   
Joint research on ETC 2.0 data distribution service  ITS Technology Enhancement Association   2018-2021 Road Traffic   

Joint research on life extension of weather proof steel bridges  

The Public Works Research Institute, Japan Association of 
Steel Bridge Construction, Japan Iron and Steel Federation, 
Nagaoka University of Technology, Nippon Steel & Sumikin 
Anti-corrosion Co., Ltd.   

2018-2020 Road Structures   

Joint research on upgrading bridge performed evaluation / restoration techniques   
The Public Works Research Institute, Japan Association of 
Steel Bridge Construction, Japan Iron and Steel Federation, 
Nagaoka University of Technology, Waseda University  

2018-2021 Road Structures   

Joint research on maintenance of concrete floor slab bridges  The Public Works Research Institute, Japan Prestressed 
Concrete Contractors Association  2018-2020 Road Structures   

Table 6.  Typical examples of cooperations with private sectors, universities, etc. conducted in fiscal 2018.   
Pattern  Subject  Purpose and form of cooperation  Participants  Research period Department / center in charge Related article  

(3) 
(4)  

Research and development of 
infrastructure and inspection devices for 
upgrading inspection of social 
infrastructure  

- Provide fields by utilizing robot technologies developed 
by private sectors   
- Utilize expert organizations for technical adaptability  

Joint research organization 
(Public Works Research 
Institute, private-sector 
organizations)  

2016-2018 Social capital 
management   

(3)  
Breakthrough by Dynamic Approach in 
Sewage High Technology Project 
(B-DASH Project)  

Utilize local governments, private enterprises, a 
universities, etc. for practical use of innovative techniques 
that are not generalized  

Joint Research Organization 
(universities, private 
enterprises, other national 
research centers, local 
governments, etc.)  

2011- Sewerage   

(4) 

Strengthening resilient disaster 
prevention / mitigation functions 
"Development, introduction, etc. of 
observation / analysis / forecast 
techniques for flood disasters"  

Utilize expert organizations with advanced 
meteorological observation and heavy rain forecast 
techniques for social implementation of heavy rain 
disaster forecast techniques   

National Institute of 
Information and 
Communications Technology, 
Osaka University, National 
Research Institute for Earth 
Science and Disaster 
Prevention (NIED), Japan 
Weather Association, Railway 
Technical Research Institute, 
etc.  

2014-2018 River / Sabo   

(6)  

Project for introduction / utilization of 
innovative technologies for drastic 
improvement of productivity in 
construction site  

Publicly offer a project for improving productivity with 
new technologies such as IoT and AI by obtaining 
real-time digital data from construction sites.  

Consortium consisting of 
private enterprises, 
universities, etc. (33 entities)  

2018- Social capital 
management   

(8)  Local Road Economic Strategy  
Workshop and local workshops   

- Discuss issues specific to regions and utilize needs of 
administration and wisdom of university.  
- Match with administrative needs to promote innovation 
of road policy.  

University, Ministry, 
Regional Development 
Bureau  

2015- Road Traffic   

(9)  

Cooperation with local governments 
that implement area measures in 
research on traffic safety measures for 
community roads  

Technical cooperations in effective implementation of 
traffic safety measures (local government: Implement 
measures, NILIM: analysis, technical consultation, etc.)  

Yokohama, Hamamatsu, 
Kurume  2016- Road Traffic   

(10)  
Cooperation with local governments in 
research on grasping road traffic 
situation   

- NILIM conducts transportation analysis etc., and local 
government (road administrator) conducts the project and 
consultation with organizations concerned to solve issues 
in proper sharing of roles.  

Ibaraki Pref.  2013- Road Traffic   

       

4. Conclusion  
In addition to the above, various types of cooperations and 
coordinations are conducted, including examples of working 
for research activities and revision of technical standards in 
industry-university-government cooperation as committee 
activity of academic societies and associations and 

participation of committee members in various types of 
technical public offering by the MLIT and Regional 
Development Bureaus. We intend to continue researches 
while devising and utilizing various cooperations among 
industry, university, and government, aiming at better 
research results and social implementation.  

 



 
 

International Research Activities  
 

1. International research activities at NILIM  
NILIM has been promoting international research activities based on the following three viewpoints.  
(1) Improvement in the quality of research findings: In order to produce worthy research findings, we closely follow 
the trends in overseas technical policies concerning "Disaster prevention / mitigation and crisis management", 
"Infrastructure maintenance", "Production innovation", "Improvement of livability", etc., which are important research 
subjects for NILIM. To this end, we collect information broadly by actively participating in international conferences. 
In particularly important fields, we go deeper through bilateral meetings and a framework of research cooperation 
among many countries.  
(2) Infrastructure system export: As a governmental organization, we implement activities to export high quality 
infrastructure in accordance with measures that benefit Japanese companies and revitalize domestic industries. For this 
purpose, we participate in projects and provide information thereto from the conceptual phase (upstream), develop soft 
infrastructure, support companies that export infrastructure, and cooperate in bilateral research with developing 
countries.  
(3) International contribution: We dispatch experts for technical cooperation projects conducted by JICA in 
developing countries and factfinding missions to support reconstruction efforts overseas after large-scale natural 
disasters. We also welcome engineers and administrative officers from developing countries for training programs 
conducted by the Ministry of Land, Infrastructure, Transport and Tourism (MLIT).  
 
2. Main international research activities in fiscal 2018  
Of the international research activities implemented in fiscal 2018 based on the three viewpoints above, representative 
cases are introduced as follows.  
(1) Activities related to the "Improvement in the quality of research findings"  
We attended international conferences including the following to collect and share the latest information in the 
respective research fields.  
1) Meeting on Flood Control and Water Resources Management between USACE and MLIT and visit to related 
organizations (USA: May 16 to 26, 2018)  
Through participation in the 13th Meeting on Flood Control and Water Resources Management between USACE and 
MLIT and visits to the World Bank and the U.S. Army Corps of Engineers on Water Resources, we collected 
information about the latest flood disaster risk reduction measures under the pressures of climate change and examined 
Japan's flood disaster risk reduction measures.   
The following are the matters identified as a result of this research.   
- It is important to formulate a practical flood disaster risk reduction / crisis management plan based on regional 

characteristics, evacuation status, etc.  
- Regarding the future rise in sea level due to climate change, study and coordination are necessary to introduce 

methods to be considered in flood control plans.  
2) Meeting on measures against aging sewerage 
infrastructure (France, June 10-17, 2018)  
As measures against aging of sewage facilities, private sector 
utilization and area expansion are claimed also in Japan.  In 
France, which is advanced in taking such measures, we held 
a meeting (Photo 1) with the France Conference of Mayors, 
water treatment companies, sewerage management 
associations, and urban communities in the Bordeaux Region 
to collect information about the current status and future 
direction including their subsidy system. 
3) Japan-US Bridge Workshop (USA: July 15-20, 2018)  
In the Japan-US Joint Bridge Workshop held under the 
Japan-US Science and Technology Cooperation Agreement 
(Transportation Science and technology Field), opinions were exchanged with a focus on standardizing matters for 
which no specific standards were established in either country or were due fire revision. Agenda items included 
"Standards for periodic inspection and durability design", "Needs for monitoring", "Standardization of advanced 
numerical analysis", and "Standardization of repair / reinforcement and new materials".  
(2) Activities related to "infrastructure system export"   
1) Cooperation in formulation of national harbor standards in Vietnam  

Photo 1: Control center in Bordeaux  



 
 

NILIM is providing cooperation to Vietnam under the "Memorandum of Understanding for Cooperation in Formulation 
of National Technical Standards for Port and Harbor Facilities", which was executed in March 2014 between the MLIT 
and the Department of Transportation of Vietnam and revised in 
June 2017. Standardization has been discussed mainly in workshops 
held between the two countries and three parts of the Vietnam 
National Harbor Standards (General Provisions, Load and Effect, 
Construction / Inspection Criteria) have been issued by the Ministry 
of Science and Technology Vietnam and one part of the Ministry 
Standards (Breakwaters) by the Ministry of Transport Vietnam.  
For fiscal 2018, we focused work on the remaining 5 standards 
(materials, foundation, soil improvement, mooring facilities, and 
maintenance) with the institutes of both countries jointly editing the 
content through a total of 6 workshops (Photo 2) held in Japan and 
Vietnam.   
2) Joint research in the road field of Indonesia (Indonesia: 
March 4-7, 2019)  
NILIM and the Institute of Road Engineering (IRE) of the Republic 
of Indonesia have been conducting joint research since the execution of a Memorandum of Understanding in November 
2009. For the current fiscal year, the fields and content of research were updated based on the results of research to date 
and needs of IRE, and a new memorandum was executed.  
(3) Activities related to "International contribution" 
1) Short-term dispatch of experts to the Disaster Risk 
Reduction Training Program for Latin America and the 
Caribbean (Chile: Sep. 30 - Oct. 8, 2018)  
At the request of JICA, we provided technical cooperation to train 
human resources from Latin America and the Caribbean in disaster 
prevention via a program implemented in Chile. In the 
PUC-KIZUNA Seminar (Photo 3) held mainly for young 
researchers in the Pontificia Universidad Catolica de Chile (PUC), 
we gave a lecture on response to the recent issues in the structural 
design of buildings, introducing some examples in Japan including 
the structural design method for tsunami evacuation buildings and 
measures against long-period ground motion.  
2) Sulawesi Earthquake field survey (Indonesia: Nov. 1-5, 2018)  
For the earthquake that hit Sulawesi, Indonesia on September 28, 
2018, we conducted a field survey for the purpose of future safety 
measures and support for the reconstruction of houses, etc. We surveyed the damage situation centering on 
seriously-damaged medium and high-rise buildings and made improvement proposals for construction works including 
reinforcement bar work.  
3) River sediment management workshop (Italy: Nov. 6-16, 2018)  
At a workshop on sediment observation and management in mountainous rivers, we learned international trends and 
know-how about sediment observation technologies, and introduced, in the discussion, findings from a "study on the 
method for forecasting sediment disasters with high accuracy using real-time observation / monitoring data", which was 
a study project that ended last fiscal year.   
☞See the following for details.  
1) International activities on the website of NILIM  
http://www.nilim.go.jp/lab/beg/foreign/kokusai/kokusaitekikatudou.htm 

Photo 2: Workshop  

Photo 3: PUC-KIZUNA Seminar  
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