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IMPLEMENTING ARRANGEMENT

| - BETWEEN o
THE PUBLIC WORKS RESEARCH INSTITUTE
OF THE MINISTRY OF CONSTRUCTION OF JAPAN
AND

THE RESEARCH AND DEVELOPMENT DIRECT’ORATE

OF THE DEPARTMENT OF TRANSPORT OF CANADA
CONCERNING GOOPERATION IN

HIGHWAY SCIENCE AND TECHNOLOGY

The Publlc Works Research Instltute (PWRI) of the Mmlstry of Constructron of Japan
and the Research and Development Dlreetorate (R&DD) of the' Department of Transport

of Canada, hereinafter referred to as ithe Partles",’v

Desiring to promote and enhance the development and transfer of technology wrth
respect to highway transportation between ]apan and Canada; and

Desmng to proceed with' cooperative: act1v1t1es pursuant to and governed by all the
prowsmns of the. Agreement between the Govemment of Japan and the Government of
. Canada on cooperatlon in Science and Technology ‘(the’ Agreement) sngned in Tokyo on‘

May 7, 1986;
Have decided on the following Implementing Arrangement  (the  Arrangement) in
accordance with Article 1l of the Agreement: . ,

Aticle T
Scope and Oblectlves

The purpose of this Arrangement is_to_proy for a i of mutually beneficial
cooperatwe actmtles to;. be undertaken ) oth he Partres n the ﬁeld of highway
transportation research and technology mcludmg, but not llmlted to, the followmg topics:

1. Pavmg in Cold Areas (PICA) G
2. Intelllgent Vehicle. nghWay Systems (IVHS)
3. Wind Resistant and Selsnuc Structures

o 4 Road Envifonment
o 5 Advanced Composrte Matenals (ACM)

‘ Ai‘txcle i o
Coo;)gratlve Actmtxe

Cooperatlon may be pursued through several s mcludmg but not lumted to:

: i Coa, Exchange of techmcal mformatnon, reports, PR /%:’

47—




data bases and publications;
2. Exchange visits by technical experts on short term

assxgnments,
3. Joint workshops and symposxa on tOplCS of mutual

interest; and
4, Joint research.

Artlcle III
Partlcmatmg ‘Agenmes

Both the Parties, as appropnate in the cooperatwe actxvxtles, may allow the participation
of other agencies, outside their own organizations. Such agencies, to be referred to as
the Participating Agencies, may be drawn from all sectors of research establishment,
including other levels of govemments, umver31t1es, natlonal laboralones, and the pnvate

sector.
including those of the Participating Agenc1es

Article VIIV ;
“Program Coordination

The Partles desrgnate thelr followmg ofﬁcers as overall Program Coordmator‘s for'

implementing this Arrangement:
PWRI: - Assistant Director—General
R&DD: Chief, Planning and Coordination SR

The Program Coordinators will be responsible for:

1. Designating a Contact Petson for each individual
topic under this Arrangement; -
.2, Selecting cooperative actmtles,
3, Preparmg perlodlc status and' pr‘ogress reports;
‘  .4 Arrangmg nieetmgs, workshops and exchange visits; -~
5. Meeting periodically to review the cooperation and

resolve any difficulties,

AtideV
Implementatxon o

TR

The cooperative activities will be 1mplemented in accordance w1th the followmg terms

and conditions: o ,

1. Funding arrangements; ?wlferever required, will be
agreed upon on a case—by~—case basis;

other material, each Party will respect any conditions
~or limitations ‘oni ‘further dissemination as may:be:*

%I coninection with thé ‘exchabige of reporté, data"atd Q v
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The Parties will act as coordmatmg bodies for all the cooperatwe activities
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proposed by the other;

3. The Party transmitting mformatlon, while making
every effort to ensure its accuracy, will not be held
liable for the content or use of such information;

4, In case of joint projects, both the Parties will
decide in advance on the tasks to be performed by each
and the dissemination of results,

Articie VI
Intellectual Property

Scientific and technical information of a non—proprietary nature resulting from the
cooperative activities under this Arrangement may be made available to the public
through customary channels and in accordance with the normal procedures of the
Participating Agencies.

The intellectual property created or any proprietary information furnished in the course
of cooperative activities under this Arrangement will be protected and managed by both
the Parties in accordance with prior decision in each individual case and both the Parties
will consult with each other for this purpose as necessary.

‘Article VII
Duration

Thls Arrangement will come into effect upon sxgnature and will remain in force for five
years. Either Party may termmate this Arrangement at any time upon six months’
written notice to the other. The- Arrangement may be extended and amended at any
time by written confirmation by both “the Parties’ as Iong ‘as it"is in force. The
termination of this Arrangement will not affect the’ carrying’ out of any cooperation
activities undertaken under this Arrangement and not fully exécuted at the time of the
termination of this Arrangement,

DONE in Tsukuba, thxs 7th day of December, 1993

* For'the Pubhc Works Research Instxtute For the Research and Development

‘of the Ministry of Constructlon : - Directorate’ of the Department of
of Japan A ' Transport of Canada
- # S
Yukihiko Sumiyoshi A. E. Pokotylo
Director —General Director General |
Public Works Research Institute 0 Resbearéh and Development
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Preface -

The road network in Japan now has a length of 1.1 million kilometers including all classes from municipal
roads to expressways. But the improvement of these roads has not kept pace with the rapidly increasing
traffic. Consequently; serious traffic’. congestion, -increase of traffic *‘accidents, deterioration  of road
environments have becomeé probleriis (in everywhere.’ While: the' expressway  network, whose objective is to
enhasice” balanced development throughout: Japan, has arrived at the length of about 6,100 kilometers, it will
take a long tlme to achJeVe the planned network of 14,000 lolometers o -

" The “pecple’s ° ‘néeds for' ‘toad’ traffic are expected to'continue--growing ‘and :to" dlversnfy To respond
appropriately to the future requirements, it is extremely important to create a safer, more comfortable, higher
quality road traffic system at the same time with steady development of roads. And to do this, we need to
make" full*use’ of advanced technologles such as” télecommumcat:ons, electromcs, mechatronics and ‘new
matenals DR SN

The hlghway network in Canada stands at’ total of 840,000 kxlometens and the governments have mvested
about 5 billion dollars per yeat on road unprovement during last 5 years. Now, the main issues in road
unprovement are - the ‘changes ‘in* the traffic ‘flow ‘as ‘a result - of ‘North: America Free Trade Agreement,

nécessnty of rehabnhtauon and techmcal development in lughway engmeenng

Both ]apan and Canada have cold areas Anid both countnes possess sophxshcated technolognes used to
design, construction and maintenance of roads in cold areas. Since the exchange of technology is essential for
both countries, Japan and Canada have held workshops on paving technology in cold areas five times since
1982 and® have conducted researches on wind resistant and seismic structures for three years since 1987.
-~Throdgh the'se‘ a'ctivitles, we have exchanged technologies against clacking of pavements and In-place
Recycling’ Method wlnch unproved road maintenance and environment protection in both countries.

‘ Arrangement BetWeen: the“fPubhc Works Research Inshtute of the Ministry of Construction of Japan and the
Res afch'and Development Directorate of the Départment of Transport of Canada concerning Cooperation in
ngh\vay Sc:ence and Technology " On December 7, this arrangement was signed and exchanged by myself
representmg the Publxd ‘Woirks “Research lnshtute and by Mr. August E. Pokotylo, Director General of the
‘Research and Development Ditectorate of the Department of Transport of Canada.

The cooperatlon covered by th:s amngement includes the topics which have already been treated in
Japan Canada cooperabon Paving in' Cold Areas, Wind Resxstant and Seismic Structures. And we added new
toplcs advanced l:mnspoxt system or the I.ntellngent Vehicle HnghWay System (IVHS), Road Environments and
Advanoed Composite ‘Materials wluch now attract world-wide interests. The arrangement is intended to
encourage the development of road technology in both countnes by exchangmg technology through systematic
~exchanges “of information and personnel concerning “broader range of topics. We expect that this workshop will
result ‘in the exchange arid the development of new technolognes related to the design, construction, and

- mamtenance of roads in cold areas.

The present Intematxonal Workshop on the Advanced Highway System in Cold Areas was held based tipon
this arrangement. The keynote speech task comnuttee meetmg, and the program coordination meehng all
_ conmbuted to the promohon of woperahve activities by Japan and Canada.



This workshop was officially backed up by the Special Coordination Funds for Promoting Science and
Technology established by the Science and Technology Agency in 1991.

Japan side was composed of officials of the Road Bureau, Regional Construction Bureaus and the Public
Works Research Institute of the Ministry of Construction, Japan Highway Public Corporation, Metropolitan
Expressway -Public Corporation, Hanshin Expressway Public Corporation and Honshu-Shikoku Brdge
Authority.- The Canadian delegation included officials of the Department of Transport - and provincial
governments and researchers from related organizations. The: participants engaged. in a-lively exchange of
information on research activities and as a result agreed upon research items and methods that are to be dealt
with in future cooperative activities, We also. agveed to. hold the next workshop in Canada in fiscal year

19961997,

This report is the official record of the workshop. It contains, the minutes of discussion 'adopte—d_ by the

participants of the task committee meetings, and the summary of the field trip. It also contains the
arrangement signed at the workshop. I hope that this report contributes to the development of hughway

technology in Japan and Canada to improve road traffic systems in both countries,

1 would like to expre‘ss Thy sincere thanks ,to,the Canadian ;Em,bassy,.ﬂle Sc:ience, and vfI‘edmologyiAgency;
the Japan International Science and Technology.. Exchange Center,. t.hemeshy of . '_Construc_ﬁon,',Japan
Highway Public corporation, Metropolitan Expressway Public Corporation,” Hanshin 'VExpressway Public
Corporatlon and: Honshu Shikoku Bndge Authonty for their help for the workshop o

March 1994

.. Yukx}uko Surmyosln
S , Chamnan of Japan Slde,
o Cooperatlon in nghway Scxence and Technology

: ~ :between Japan and Canada

ol Dlrector—General

Pubhc Works Research Instltute
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1. Record of the Discussion
of the Japan-Canada Workshop
on Advanced Highway Systems
in Cold Areas






Record of.the Discussion
ot
the Japan — Canada Workshop on
Advanced Highway Systems’
in Cold Areas

- Thc Japan - ‘Canada Workshop on .Advanced Hrghway Systems in Cold Arcas
was ‘held at the Public Works Rcscarch Institite, Mmlstry of Construction in Tsukuba City
from December 6 to December 8, 1993 The Workshop was held in accordance with the
Implementing Arrangement concluded between the Piblic ‘Works Research Institute ‘of the
Ministry of Construction of Japan, and the Research and Development Directorate of the
Department of Transport of Canada on December 7, 1993 at the Public Works Research
Institute. The objectives of the Workshop are as follows: :

a)Exchangc information between Japan and Canada on the latest research in the
areas of Paving in Cold Afeas (PICA) Intelligent Vehicle Highway Systems
(IVHS), Wind Resistant ‘and Seismic Structures, Road Environment, and
Advanccd Composne Materials (ACM). ,

b)Seck areas whcrc c00pcratlon between Japan and Canada may be beneficial in
the fufure ‘

c)Agrec on future joint programs.

1. Kejnote'Tol;iés

. Mr Wakl, the’ Dxrcctor of thc ‘National Hrghway Second Drvrsron, Road
Consfructlon Bureau, Mmlstry of Cdnstructron of Japan, made a-keynote spccch entitled
"The Road Admmzstratzon in Japan" ‘In" his ‘speech, ‘MF. "Waki first “touched upon the

......

fgeographrc condrtron, automobrle use and history of transportationdevélopment in Japan.
He then “describiéd ‘the ciirént’ status of ‘the roads, types of road administrators and
classification of roads. Next, under the theme of the past history of road improvements, Mr.
Waki explamed the past Five~Year Road Improvement Program by describing its necessity,
"maJor issues and dchlopment targets. He also’ méntioned that the purpose of this program is
to realrze "a socxety wheie” affluence and comfort can be felt"; and that to realize this
~'purposc, threc maJor ochctlves are’ Set out;’ namely, promotlon of road improvement to
‘support afﬂuent consumer lrfe, promotron ‘of road rmprow)cment to' miake vital community
and promotron of road 1mprov6mcnt to ‘éstablish human and’ nature” ‘friendly environment.
:,Lastly, Mr Wai(r drscusscd the devclopx‘nent of ‘the Frve-—Ycar Road' Technolc)gy Program,
Irts arms, ‘contents and plannmg process. He also spokc about Spccrt“ c examplcs of some of
the major techn010gres undcr }hc pr*ograr‘n |

o ,“;Mr,f_“Eb};oEtylo,"'Dif;ctor“ancral 'off the Resedrch and -Dévélohrr)cﬂt“Di‘r’ebibrété’ of

R P SR



Transpoit Canada, gave a keynote specch entitled "Road Administration System in Canada".
In his speech, Mr. Pokotylo first spoke about the geographic conditions, population
distribution and the use of roads in Canada. Next, he described the road administration
system and the jurisdictions of the Federal Government, Provincial Governments and
Municipal Governments and the coordinating role played by the Transportation Association
of Canada. Furthermore, Mr. Pokotylo discussed the status of the roads and bridges and the
outline of the road investment. At the same time, he also discussed the Federal Strategic
Highway Program. He then spoke about the issues in road improvement in Canada; namely,
measures against the changes in the traffic flow caused by free trade agreements,
rehabilitation, new financing options and technology deveIOpment Lastly, Mr. Pokotylo
introduced the Northumberland Straits Bridge construction project, describing such points as
its structure, construction cost and funding arrangement.

2. Presentation on Road Research

Mr. Anzaki, Research coordinator for Road Traffic of the Road D"epart'rnent of the
Public Works Research Institute, made a presentation on road related research activities in
Japan. At the outset, he touched upon research activities conducted by the Crvrl Engineering
Research Institute of the Hokkaido Development Bureau the Research Institute of Japan
Highway Public Corporatlon, the National Research Institute of Polrce Science of the
National Police Agency, the Traffic Safety and Nuisance Research Institute of the Ministry
of Transport, and the Japan Automobile Research Institute. Then, he expl‘ained roadrelated
surveys carried out by the Ministry of Construction, which can be classified in to four
categories; that is, surveys to ascertain traffic conditions, surveys to make road network
plans, surveys to promote road improvement, and surveys for road maintenance. Further, he
spoke about the research activities in the Public. Works Research Institute and pointed out
that PWRI is carrying out research closely related to administrative needs and that PWRI
plays an important role in establishing various technical standards. Fmally, he talked ‘about
new -highway technologies such as. Advanced Road Transportatron Systems New Urban
Freight Transport Systems, Long Brldges, nd Hybrrd Control of Sersmrc Response of

Bridge Structures.

Mr. Khubchandanr, the Chref of the Plannmg and Coordmatron of the Rcsearch
and Development Directorate of Transport Canada gave a presentatron entrtled "Hzghway
Research in Canada." First, the breakdown of the expendrture on research wrthm Canada
was described. Of the total annual expendlture of 5 brlhon dollars on hrghways m Canada,
about 1% -is spent on related research. Next, research orgamzatlons in hlghway area were
introduced. It was stressed that the fundmg and the orgamzatrorl of the research mstrtutrons

Canadian rescarch organizations that conduct the research On the toprcs “also drscussed th
this Workshop were cited. Some major research topics under the National Research ‘Agenda
1992-1994 ‘and mtematronal research exchange.in Canada were also discugsed, Lastly,
based on the O}:,CD report, major research topics in Canada planned for 1995 1997 were

identified as being infrastructure improvement, IVHS and road safety.




3. Reports of Task Committees

Following five task committees were organized in accordance with the provisions
of the Implementing Arrangement.

Paving in Cold Arcas (PICA)

Intelligent Vehicle highway Systems (IVIIS)

Wind Resistant and Seismic Structures

Road Environment

Advanced Composite Materials (ACM)
Summary record of discussion of cach task committee is described in following sections.

3.1 PAVING'IN COLD AREAS

Attendees:
Canada side
O Gerhard J. Kennepohl, Manager, Pavements & Roadway Office,
Research & Development Branch, Ontario Ministry of Transportation

Japan side
O Toshiyuki Nakamura, Head, Pavement Division, Road Department, PWRI

Takeshi Yoshida, Chief Researcher, Pavement Division, Road Department,
PWRI
- Kazuyuki Kawamura, Head,Maintenance and Management Section,
Civil Engineering Research Institute, Hokkaido Development Bureau
Shigeru Shimeno, Head, Pavement Section, Research Institute,
- Japan Highway Public Corporation’
Hiroshi-Yamanokuchi, Director, Investigation Departmeni,
Road Management Technology Center
Taukaharu Kiriyama, Researcher, Pavement Division, Road Department, PWRI
- Kazuyuki Kubo, Researcher, Pavement Division, Road Department, PWRI

Observer
August E. Pokotylo, Director General, Research and Development,

Transport Canada
Takaahi Itjzma, Assistant Director-General, PWRI

MISSION STATEMENT

3.1.1 Objcctwc :
The objective of this subcommittee is a- promotlon of research coopcratlon through

exchange of information and engineers, concerning pavement -in -cold areas which is a
common issue between Japan and Canada, for cxamplc prevention of thermal cracking and

-road managemerit in the winter.

3.:"11.2 Accomplishment



Following issucs were reported.

Pavement in Japan

Toshiyuki Nakamura
Concerning present situation of pavement in Japan, classifi cation of road, increase

of pavement length, causc and method of asphalt pavement rehabilitation, structural design
of asphalt and concrete pavement, drainage asphalt pavement, RCCP arc reported. After

that, cause of pavement damage and design period are discussed.

Pavement in Canada

Gerhard J. Kennepohl
Overview of development, implementation and management of pavement

technology .were reported. Examples of rescarch topics about materials, - maintenance /
rehabilitation, design / construction, pavement management were .shown here. Key issues
about environment, health, socijal, policy, technical and economic were shown concerning -
future direction. After that, pavement managemcnt system and performancc curve were

discussed.
3.1.3 Future Plans
3.1.3.1 PICA-6

1)Implcmcntat10n of PICA 6
Concerning implementation” of PICA-G, the program proposed in Canada in

September this year was confinned. - :
- PICA-6 will be held in Nugata Clty in the fall of 1996
—~ Future workshops should be structured as forward looking, planning-type fora.

— Joint projects and staff exchanges are important and should be encouraged.

2)Expert Working Group ‘ : :
At PICA=6, in addition ‘to- thc ordmary ‘session, 5 ) Expert Workmg Groups

(EWG) which discuss special issue will be established. The proposed procedure for EWG

includes _
— Identification of toplcs :
— Development of guidelines and crxtcna for sclectmg toprcs :
~ Establishment of EWG (topics and members are decided before workshOp)

~ Implementation of EWG (Report from EWG to plenary session)

3)Proposal of topics _

— SHRP product implementation

-— Sustainable development in pavcment technology

~ Snow and ice’ mitigation . .

= High pcrformance pavement r

— Benefits and costs in using waste matcrlals

- New technology in design, construction and materials
- Development of specific long term performancc guarantees- for-pavement. work




~ Procedure for acceptance of innovative materials
~ Education and training program for pavement technology
— Pavement management system

3.1.3.2 Other areas of cooperation
' As other areas of cooperation, followmg items will be done.
~ information exchanges
~ staff exchanges
~ Joint projects

3.1.4 Miscellaneous
' As a theme for a joint project, common tests for the design of rut resistant asphalt

mixture was proposed.

3.2 INTELLIGENT VEHICLE HIGHWAY SYSTEMS

Attendees:
Canada side
O Milton D. Harmelink, Director, Transportation Technology & Energy Branch,
Ontario Ministry of Transportation
Lewis Sabounghi, Senior Development Officer,
Transportation Development Center

Japan side
O Makoto Nakamura, Head, Traffic Engineering Division, Road Department, PWRI

Tetsuo Matsumura, Research Coordinator for Traffic Safety, Road Department,
. PWRI : ,
Yohei Hioki, Chief Researcher, Traffic Engineering Division,
Road Department, PWRI
Setsuo Hirai, Researcher, Traffic Engineering Division, Road Department,
PWRI . |
Nobuhiro Imatyo, Researcher, Traffic Engineering Division, Road Department,
PWRI | —
Shigeo Murata, Researcher, Traffic Engineering Division, Road Department,
PWRI
Tsuguo Oishi, Assistant Manager, Traffic Engineering Division,
.. Engineering Department, Japan Highway Public Corporation
Mitsuo Nakai, Deputy Director, Traffic Control Engineering Division,
, . Traffic Control Department, Metropolitan Expressway Public Corporatzon
 Kiyoshi Sasaki, Assistant Marager, Traffic Control Section, :
Management Division, Hanshin Expressway’ Publzc Corporatzon
Yoshitaro Masuda, Technical Counselor, :
Highway Industry Development Organization -
" ‘Toru Yoshikai, Senior Associate Manager;



Highway Industry Development Organization
Masao Shibata, Executive Managing Director,
Japan Digital Road Map Association
Hiroshi lino, Director, Planning Department,
Japan Digital Road Map Association

Observer
August E. Pokotylo, Director General, Research and Development,

Policy and Coordination, Transport Canada
Takashi Iijima, Assistant Director-General, PWRI

MISSION STATEMENT

3.2.1 Objective
The objectives of the Task Commiltee are to exchange information on expcrlments

and implementation of IVHS and to encourage R&D of IVHS.

3.2.2 Accomplishments
Present states and plans in Japan and Canada were recognized through the

presentations.

— Presentations of Japan
Present State of IVHS in Japan
Makoto Nakamura _
Vehicle Information & Communication System —VICS~
Yoshitaro Masuda -
_ Preparation and Application of Digital Road Map in Japan
Masao Shibata

— Prescntation of Canada

Present State of IVHS in Canada

_ Milton D. Harmelink _

Towards a Universal Low~Cost Multi-Application IVHS Infrastructure .
Lewis Sabounghi

Travelguide Route Navigation Systems

Milton D. Harmelink
In the discussion, questions-about the Japariese VICS ‘such' as the markctablhty of

the system, the effect of ‘utilization and the:method -and type of: data gathermg were askcd
by the Capadian representatives. : Y Y
-Japanese representatives -asked questions about the | trafﬁc mformauon system
"Travelguide" which “is experimented  in: the "state of Ontarlo Concerning: the : spegific
technologies, especially the following three technologics were mtenmvely discussed.
1)Traffic and Incident Detection Systems : AEATEENENI ST

2)Automatic Toll Collection Systems e
3)2Way-Communication System between vehicles  and mfrastructures. and wveliicle




to vehicle

3.2.3 Future Plans
The following two activities were recognized as the present principal activities of

thc Task Committee, -
1)Exchange of information such as sending materials about IVHS
2)Welcoming short term visitors from the other country

About the three technologies intensively discussed, the two countries have agreed
to name contact person(s) for cach technology as follows and to exchange information
directly between the contact persons.

1)Traffic and Incident Detection Systems
Japan side : Kiyoshi Sasaki, Assistant Manager, Traffic Control Section,
Management Division, Hanshin Expressway Public Corporation
Canada side: Milton D. Harmelink, Director, Transportation Technology & Energy
Branch, Ontario Ministry of Transportation
2)Automatic Toll Collection Systems
Japan side : Tsuguo Oishi, ‘Assistant Manager, Traffic Engineering Division,
Engineering Department, Japan Highway Public Corporation
Capada side: Milton®D.  Harmelink, Director, Transportation Technology & Energy
Branch, Ontario Ministry of Transportation
Lewis Sabounghi, Senior devclopment Officer, Transportation
Development Center
3)2Way Communication System between vehicles and infrastructures
Japan side : Makoto Ndkamura, Head, Traffic Engineering Division, Road
Dcpartment PWRI
Canada side: Milton D. Hammelink, Director, Transportatlon Technology & Energy
Branch, Ontario Ministry of Transportation
‘Lewis = Sabounghi, Senior ‘development ‘Officer, Transportation
Development Center - - -

3.2.4 Miscellaneous :
The two countries have agrecd to hold the next Task Committee Meeting when

the next workshop is held.

3.3 WIND RESISTANT AND SEISMIC STRUCTURES

Attendees:
Cantada’side * ‘
O Michael G. Savage, Research Of}‘“ icer, Applied Aerodynamics Laboratory,
Institute for Aerospace Research, National Research Council Canada -
Robert L. Wardlaw, Guest Worker, Applied Aerodynamics Laboratory,
Institute for Aerospace Research, National Research Council Canada .



Donald L. Anderson, Professor, Department of Civil Erzgmeermg,

University of British Columbia ,
Alan G. Davenport, Professor, Department of Civil Engmeermg,

- Boundary Layer Wind Tunnel Laboratory,
The Universily of Western Ontario
Hiroshi Tanaka, Professor, Department of Civil Engineering,
University of Ottawa
J. Peter C. King, Research Associate,
Boundary Layer -Wind Tunnel Laboratory,

The University of Western Ontario

Japan side
O Hiroshi Sato, Head, Structure Division, Structure and Bridge Department,

PWRI :
Kazuhiko Kawashima, Head, Earthquake Engtneermg thszon,
Earthquake Disaster Prevention Department, PWRI
Shuuichi Suzuki, Honshu=Shikoku Bridge Authority
(proxy for Makoto Kitagawa)
Yasuo Inokuma, Assistant Manager, Structure Engineering Dzw.szon,
Engineering Department, Japan Highway Public Corporation
Ippei Nakamura, Assistant Manager, Design Division, Engineering Department,
Hanshin Expressway Public Corporation |
Haruo Takano, -Metropolitan. Expressway Publlc Corporatzon
(proxy for Kazuo Yamazaki) ~
Yutaka lida, Director, Earthquake Disaster Preventzon Department PWRI
Hisanori Otsuka, Head, Ground Vibration Division, .. - o
Earthquake Disaster Prevention Department PWRI -
Osamu Matsuo, Head, Soil Dynamics Division, :
Earthquake Disaster: Prevention Department, PWRI s
Shigeki Unjoh, Chief Researcher; Edarthquake Engineering thston
Earthquake Disaster Prevention Department, PWRI . %
Tomoru Nakajima, Researcher, Earthquake Engineering Dtmzan,
Earthquake Disaster Prevention Department, PWRI
- Hideaki Iwasaki, Researcher, Ground Vibration Division,
Earthquake Disaster Prevention Department, PWRI
Takuo Azuma, Ground Vibration Division,
Earthquake Disaster Prevention Department, PWRI
Junichi Koseki, Researcher, Soil Dynamics Division; - . .
Earthquake Disaster Prevention Depariment, PWRI

Andrew Taylor (NIST, USA, currently staying at PWRI as a
Co Vtsztmg Researcher from the USA)

MISSION STATEMENT -

3.3.1 Objective:

—10—




The objective of this Task Committee is to encourage the exchange of scientific
information and technology related to wind resistant design and scismic design of structures.

3.3.2 Accomplishment
3.3.2.1 Wind Resistant Design of Structures

The following papers were prcsented from both countries in the seminar format at
the Tsukuba Center for Institutes with participants of about 150 people, and useful
information was exchanged.

Canada Side : :
The influence of topography and storm structure on long span bridge belzavzour in wind

Alan G. Davenport
Wind engineering and other non-aeronautical experiments in a large wind tunnel
Robert L. Wardlaw
Wind tunnel tests of cable-stayed brzdges at their erection stage and effects of wind yaw

angles 4
Hiroshi Tanaka

Japan Side ;
Wind resistant design of cable 5upported bridges in Japan
‘Manabu Ito
Feasible design methods of long—span bridge based on its acrodynamic
characteristics-and wind environments
Naruhito Shiraishi
Wind tunnel testing methods of long —span bridges in Japan
Nobuyuk1 Narita : -
Wind resistant design considerations for the Akaslu Kazkyo Brzdge
Toshio Miyata
Experzments for the Akashi Kaikyo Brzdge ina large boundary Iayer wind tunnel
Hiroshi Sato : :
Design considerations for superstructures of the Akashz Kazkyo Brtdge :
Makoto Kitagawa . :

‘ In the above presentations, wind tunnel testing methods and wind resistant design
methods were reviewed. - The wind indueed vibrations' of long span bridges, and the effect
of wind properties on the responses of bridges were' explained. Some suggestions on wind
resistant design were presented. Also in the lcctures, what have been studied:on the Akashi
Kaikyo Bridge were introduced. " S

- 3.3.2.2 Seismic Design of Structurcs cUgiecrs al sgsn
1) Current research activities weré prescnted from thc both countries::
a)Current. Research Activities Conducted atithe - Earthquake Engineering Division,
- Dr. Kazuhiko Kawashima - - ST
These included the followmg issues:

_111 —



History of damage to highway bridges caused by past carthquakes

Seismic design of highway bridges
Repair methods for highway bridges damdgcd by earthquakes

. Seismic inspection and strengthening methods for existing highway bridges

Scismic isolation and hybrid control systems for highway bridges
Damping characteristics of cable-stayed bridges
Ground vibration characteristics during earthquakes

b)Current Research Activities Conducted at the Ground Vibration Division, PWRI

Dr. Hisanori Ohtsuka
These included the following issucs:

.

Strong motion obsecrvatjons

Attenuation characteristics of near-source ground motions

Dense instrument array observations' of strong earthquake motlons
Assessment of soil liquefaction potential :

Visual information system for seismic ground hazard zoning

c)Current Research Activities Conducted at the Soil Dynamics Divi S‘lOn, PWRI

Mr. Osamu Matsuo
These included the following issues:

Establishment of seismic de81gn methods for earth structures susceptlble to’ 3011
liquefaction ' ' : o

Development of remcdlatlon measures  for carth structurcs to- resxst soﬂ:

liquefaction -

d)Seismic Bridge Research in Canada
Professor Donald L. Anderson
These included the following issuest

Behavior of ex1stmg reinforced concrete brxdge structureq and” retroflttmg

methods o .
Reliable methods for cstlmatmg the shear capamty of remerced concrete
membersin regions of high ductility ' ‘ A
Use of prestressing to increase shear capa01ty
Joint response-in concrete bridge supports - :
Ground motion estimates at sites with decp soft soil- ldyers and sonl—structure

interaction at soft sites

Prediction -of liquefaction, ‘the estimation of ground displacement caused by

Tliquefaction, and metliods to improve soils to prevent liquefaction
‘Use "of strong motlon data to chdracterlze varlatx()ns in carthquake grOund‘

- - motions

Response of long brxdges subjccted to dxfferent ground motlons
Vulnerability of substructures and retrofit design detalls

Base isolation and energy dissipation mechanisms. .

Strengthening of existing prestressed segmental brldgGS -
Specialized software for analysis of cable-stayed-and suspensxdn bndges
Dynamic testing of bridges E
Precast modular bridges and dynamic testing of: joints -

Methods of estimating risk and decision’ ‘making for: bndge rctroﬂt

—12 —_
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* Cost benefit studies

2) Major publlcatlons and references on the relevant subjects were delivered from the Japan
side to the Canada side,

3) Discussion was made for the subjects of mutual interest. It was found that there arc many
arcas in which both sides have a strong interest.

3.3.3 Future Plans
3.3.3.1 Wind Resistant Design of Structures
Following items were cxamined and proposed as collaborative rescarch themes in

the future. The exchange of papers and various information shall be made about these items,
and the details of thé research plan shall be proposed and discussed between both countries.

1) Study on wind tunnel testing methods *

The accuracy of wind tunnel testing is esséntial to achicve accurate evaluation of
acrodynamic stability of long-span bridges. Although the basic concept of wind tunnel
testing is almost same all over the world; there are differences between countries in method
of wind generation, method of model production, and method of acrodynamic force
measurement. Therefore, it is mutually beneficial to study on wind tunnel testing methods

between Canada and Japan.

2) Cataloguing of acrodynamic forces on bridge deck

If there 'is -a list-of recommended cross—sections of bridge deck which have
excellent aerodynamic characteristics, and if the aerodynamic data such as aerodynamic
derivative and acrodynamic “admitfance are' ‘agsociated " to the ‘list; the list will be
conveniently used and wind tésistant design ¢an be madé through analysis. Therefore, it is
mutually beneficial to exchange acrodynamlc data of brldge deck between Canada and
Japan and to catalogue them ’ -

Information’ cxchangc “shall be- promoled between two cOuntrxcs Following items
are proposed as some of major themiés' of information exchange

1)Vulnerability of ‘existing bndgcs to-disasters due to wind:

2)Characteristics of snow drifting on highway. o

3)The stablllty of Vehlcles on' brxdge and hlghway in hnbh wmd

3.3.3.2 Scismic Dcsu:,n of Structures: :
It is proposed to initiate ‘the exchange *of relevant techmcal ‘infortnation ‘from the

following arcas in which the both side have strong interests.
a)Dcvalopmcnt of methods to GStlmdtC the shear capacxty of reinforced concrete
members in regions of high ductility - S :

b)Ground motions at deep and‘soft soil ‘sites : :
c)Asscssment of soil liquefaction, estimation of ground ‘movements - caused by

liquefaction, and remedial methods to improve soils to prevent liquefaction

.,--513__



2) To provide a platform for exchange of relevant technical information: in earthquake
engincering, it is proposed to organize the First Japan—Canada Workshop on Earthquake
Engineering. It is tentatively proposed to hold it in late fall, 1994. The date and place will

be discussed between the contact persons.

3.4 ROAD ENVIRONMENT

Attendees:

Canada side
O Michael Kent, Director, Highway Environment, B.C.Transportation and Highway

Japan side
O Minoru Ishida, Head, T raﬁ” ic Enwronment Dzvzszon, Envzronment Department,

PWRI
Jun Ando, Assistant Director, Road Environment Research Section,

Planning Division, Road Bureau, MOC
Toshinori Mizutani, Director, Environment Department, PWRI
Seishi Meiarashi, Chief Researcher, Traffic Environment Division,
Environment Department, PWRI
Katsumi Uesaka, Researcher, Traffic Envzronment Dwzszon,
Environment Department, PWRI
Takashi Nishio, Researcher, Traffic Environment Division,
Environment Department, PWRI
Mariko Handa, Head, Landscape and Ecology Dzmzon, Envzronment Department
PWRI . : A ‘
Fumio Nakashiba, Asszstant Dlrector, Envzronment Mea.sure Dwt.szon,
- Planning Department, Japan Highway Public Corporation
Takashi Kimura, Senior ‘Engineer, Envzronment Measure Division,
Planning Department, Japan Highway Public Corporation -
Takeyasu Tukagi; Advisory Manager, Environment Engineering Division,
. Planning Department, Metropolttan Expressway. Public Corporation
Yoshihiro Iritani, Special Officer, Environment Studies Offic ice,
Planning Division, Han.shtn Expressway Public Corp()ratzon o
Yoshihumi Okabe, Deputy, Research Division,
Planning & Development Department Honshu - Shzkoku Brzdge Aut}tortty
Itsuro Murai, Assistant Manager of Oﬂ“ ce, Environment Studies Oﬂ ce,
Planning Division, Nagoya Expresswiay Corporation . o
Masahiko Ito, Research Director, Road Environment Lab,o,ra_toryvr;

Observer .. | L G
Shyam Khube/zandam, Chtef Planmng ancl Coordmatzon,
Research and Development, Poltcy and Coordmatzon, -

Transport Canada. - ., . G iotel oL R
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Takashi lijima, Assistant Director—General, PWR!
MISSION STATEMENT

3.4.1 Objcctlvc

The objective of the road cnvironment task group was to cnhancc knowledge and
understanding regarding roadside environment including living environment and natural
environment.

3.4.2 Accomplishments
3.4.2.1 Outline of the prescntatlons from Japan 31dc

The first part was the history of the road environment problem in Japan. Upto
now, scveral laws were. established to eliminate such problem. They ‘were environmental
quality standards, environmental:impact assessment, and- roadside law. Then, latest trends of
the road énvironment problem and future policy were stated: The main targets were the
countermeasures for the greenhouse effect, harmony with natural environment, and
coniservation and creation. of a roadside living environment.

Next, the outline, of technology on road environment was explained
comprehensively. Environmental technology was divided into 3 parts: air pollution, noise
pollution, and natural environment. As for air and noise pollution, recent technology was
explained such as various types of noise barriers, low noise pavement, absorptive panel on
the reverse face of viaduct, and air purification by plants. As for the last, list of mitigation
and compensation measures and adequate thinking in consideration of natural environment
were discussed.

3. 4 2.2 Outline of the prcsentatlon frorn Canada side :

The first part of the presentation was the explanation of the federal lcglslatlon of
the  environmental impact assessment and its effects. Besides, the detail of this system in the
province of British Columbia was reported. Next, an example of the ¢énvirorimental process
with regard to the Coquihalla Project was explained concretely: :

There were a number of natural species to be conserved in this prolect area since
this road was very long and it passed through various types of arecas such as coast and
inland. They were several kinds of fishes in narrow valleys, cattle moving back and forth,
and wildlife with large populations of moose, deer, and bear. In consideration with these
natures, the mitigation and compensation research ‘works were explained. As for fishes,
variety of compensation measures to recreate fishery habitat were carried out in building the
highway. In dealing with cattle, culverts were placed with corrals. The migration routes of
wild Unimals were researched by radio tracking equipment. This information helped locate
-pathway and exclusion fencing. The post-construction monitoring were also reported.
3.4.2.3 Outline of the discussion - . .
(1)Research activities in both sides- = - ~ :

There were questions and answers on the followmg pomts

~ the estimate of the number of collisions mvolvmg animals
— incentives to protect the natural environment - :
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— budget or funding for natural environment protection -
~ public study procedures involved in environmental impact assessments
— the party responsible for post-construction monitoring
— sound-proof measures on the buildings
~ emission standards for air pollution and environmental standards for noise
- highway drainage structure

(2)Neccssary information for future
Japan is interested in the technologics to preserve the natural and living

environments. More information jis nceded to widely implement natural environment
protection mecasures in Japan. With regard to the living environment, noise and air pollution
arc scrious problems not mecting environmental standards. There was a request of
information on roadside planting and environmental impact assessment system of Canada.

The natural environment in Canada is different from jurisdiction to- jurisdiction,
but therc are some regions whose climates are similar to that of Japan, therefore, it is
certainly significant to exchange information. As to the auto emission, it is a problem in two
cities. As for the noise, it is a problem in the surrounding areas of the cities but not in other
arcas. In addition, the salt used to melt snow causes contamination. Regarding: planting,
“there is a manual, but a problem of maintenance still remains.

3. 4 3 Future plans
(1)Papers and information on the followmg items shall be exchanged.
~ Environmental impact assessment system
— Studies on natural environment protection and research results and actual .cases . of

the countermeasures «
— Various research results on roadside air pollution mltlgatlon and traffic noise

mitigation
-~ Various study results and guidelines on plantmg
(2)Should additional exchange of information become necessary; topics other than the topics
above shall be identified and the relevant information shall be exchanged. = S
(3)To promote future activities,  various “opportunities such- as international * confererices
might be utilized. For example, an mtematlondl ‘environment conferencc will bc hcld in

Vancouver in 1994,

3.5 ADVANCED COMPOSITE MATERIALS

Attendecs:
Canada side : ' :
O Daniel Vezina, Chef de Ia section: des Betons de ciment,
Division des produits industriels, Transports Quebec
Ken W. Neale, Professor, Department of Civil Engineering, 2
Faculty of Applied Science, University of Sherbrooke -~ 5 .

Japan side g
O Kiyoshi Katawaki, Head Chemzstry Dszzon,




Materials and Construction Method Dep., PWRI, MOC
Yasuhiko Iwasaki, Assistant Director, National Highway Second Division
Road Bureau, MOC '
Masashi Tkemura, Director, Materials and Con.structton Method Dep.,

PWRI, MOC*

Kazuhiro Nishikawa, Head, Bridge Division, Str ucture and Bridge Dep.,
PWRI, MOC

Itaru Nishizaki, Researcher, Chemistry Division,
Materials and Construction Method Dep., PWRI, MOC

Hirofumi Ando, Bridge Section, Research Institute,
Japan Highway Public - Corporation

Yoshifumi Maeda, Bridge Section, Research Institute,
Japan Highway Public Corporation

Masao Maruyama, Manager, Design Division, Tokyo Maintenance Department,
Metropolitan Expressway Public Corporation '

MISSION STATEMENT

3.5.1 Objective
The objective of thls Task Commlttcc is to exchange the information about the

application techniques of ACM and to develop these techniques.

3.5:2 Accomplishments

3.5.2.1 Presentation -
Status reports were:presented on the followmg issues.

1) First Experience with FRP in Quebec
2) ACM in Bridges and Structures in  Canada .
3) A Study on the Strengthening with Carbon Fiber Sheets of Existing Structures
4) RC Slabs Strengthened by Bonded Carbon FRP.
- 5) Récent: Applications of ACM in Civil Engineering Field in Japan
-6) Examples of Exposure Tests on FRP cables

First Experience with FRP in Quebec

- Daniel Vezina ° : :

- The result of the eValuatlon of the FRP mdnuchtured in Quebec dnd ‘the
application of FRP in the field was presented.
The result of laboratory testing of GFRP rods especially listed below was presented.

1) Mechanical properties

2) Fréezing and thawing

- “3) Low temperature test

4) Pull out tests

The result:of fleld use of- GFRP was’ also prcsented

AC‘M in Brtdge.s dnd Structures in Cartada
Ken W. Neale



(1) An overview of current activity in Canada on the use of ACM in bridges and structures
was presented. ' ‘
1) Study mission to Europe and Japan
2).International confercnce ;
3) Network ‘supported by Canadian government and Canadian Socicty for Civil
Engineering
(2) Design codes
1) Bridge design codes work
2) Standards for buildings .
(3) Examples of application
1) ACM Demonstration Bridge PrOJCCt in Nova Scotia
2) Usc of ACM for Center Stréet / Beddington Trail Bridge in City of Calgary
3) FRC deck slabs using inert fibers
4) FRP Pedestrian bridge
5) Carbon fiber sheets for repair

A Study on the Strengthening with Carbon Fiber of Existing Structure -

Hirofumi Ando

Strengthening method with carbon fiber agamst earthquake examined by Japan
Highway Public Corporation'was'presented. Lo

Because of increasing- weight of: cafs -and:- growing traffic volume, loads on
superstructures often exceed the design value, so strengthening of superstructures has
become necessary. Fatigue tests which used beam model bonded with carbon fiber was
presented and its result was that members with carbon fiber improved bending resistance.
From these results, the effect of the: carbon fibcr-Strengthcning method was-confirmed.

RC Slabs Strengthened by Bonded Car bon FRP.

Masao:Maruyama :
RC slabs strengthening’ by bondcd -carbon FRP was prescnted by the Tokyo

Metropolitan Expressway. It is effective to - apply ‘to ‘box - girders ‘or where there are
obstructions. The aim of CFRP strengthening is to reduce. the reinforcing bar stress caused
by excessive wheel loads. Investigations on CFRP applicability to strengthening work
through static loading and work efficiency tests were conducted, ‘and it can be concluded
from the foregoing that reinforcing bar stress mtcnsﬂy can be rcduccd confirming the

possﬂnhty of strengthening.

Examples of Exposure Tests on:FRP cables -

Itaru Nishizaki
An outline of exposure tests of FRP conducted by PWRI was mtroduced FRP is

tested mainly on shore in order to mVCSUgdtC the long term: durablhty of FRP unider severe

environment.
Some results of these exposure: tests were -also- rcported and 1t ‘was: sh0wn that

there are some cases that some FRP become damaged under specific conditions.
The importance of the investigation on the durability of FRP was: confirmed. -




Recent Applications of ACM in Civil anmeermg Field in Japan
Kiyoshi Katawaki
Rccent applications of ACM whlch have been developed in Japan was reported.
Recent application examples and trends to concrete bridges were introduced. Application of
ACM to ground anchor was introduccd. Problems of ACM to be solved were discussed, and
main items needing further study are: '
1) Long term durability of ACM
2) Materials Design Techniques

3.5.2.2 Discussion
On the basis of the presentations, qucstlons and answers and the cxchange of

comments were made actively on the following items

1) The mecthod of bridge deck water proofing and its problems Comments on the coating

materials were exchanged

2) Bridge deck strengthening with FRP

3) Properties and variety of FRP as composite materials

4) Demonstration projects of ACM structures

5) Bridge beam strengthening with FRP _

6) Corrosion of reinforced concrete with sea salt and deicing salt

7) The method of strengthening of bridge decks with adhesion of FRP

8) Trends of design codes for ACM applications

9) Short presentation of bndgcs damaged by sca salt in Japan was made by Mr.
Nishikawa. »
10) Design and application with ACM in civil engineering field

3.5.3 Future Plans
(1) The exchange of papers and various information shall be made on the items listed
below:
1) Applications of ACM in civil engineering
2) Research and testing results on the application of ACM
3) Identification of individuals conducting researches on ACM
4) Design codes and testing standards
(2) Mutual visits to actual structures using ACM shall be encouraged.
(3) Short and long term visit to rescarch centers
(4) Any other opportunities shall be utilized to improve cooperation.



4. Overall Accomplishments
The three day Workshop proved to. be highly productive in the sharing of current

information from both sides. During the concurrent task committee mcctmgs addressing the
five topics previously mentioned, members of the Japan/Canada rescarch staffs shared ideas,
opinions and published information of various topics. They were joined by members of the
greater highway community of Japan. Specific actions for follow-up were identified and

contact points were established.

5. Future Directions

(1) In order to promote rescarch cooperation eff1c1cncy in the five topics identificd by both
the parties, organization should be strengthened and activities should be continued. Both

the partics shall make efforts to obtain a budget.

(2) Both the Partics agreed to examine increased cooperation through several means, such
as:

1. Mutual use of each others' laboratory facilities, computer models, etc.

2. Increased researcher exchange

3. Technology dissemination

4. Joint demonstrations

5. Industry involvement

6. Participation in associated conferences

(3) Both the parties agrccd that the second Joint Panel meeting will be hosted by Canada in
fiscal year 1996-1997.
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Road Administration in Japan

Masashi Maki
Director, National Highway Second Division,
Road Bureau, NOC
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1. General description of Japan

60% of Japanese land is mountainous, The population is concentrated in

the district of Kanto, Chubu and Kinki, , : &

HOKKAIDO

Figure, 1

TOHOKU

o s
-OKINAWA
Table. 1
C Afea Pérﬁeﬁtose of | Population- [ Populatien | Per capita gross product
Districts (10° Xe?) mountainous (niltion) density ~in the districts
terrain ‘ | Ger Klz) : Kiilfibq ven péf person)
Hokkaido 83.4(22.1%) 49% 5.6( 4.6*5 67 | 2:95
Tohoku 66.9(17.7%) 62X 9.8( 7.9%) |. 147 2,88
Kanto 36.9( 9.8%) 46X 39.4(31.9%) 1,068 4.34
Ketvo. and 13.5( 3.6%) == 31.7(26.6%) | 2,348 4.65
3 prefectures
Hokur iku 21.0( 5.6%) 62% 4.8( 3.9%) 229 3.29
Chubu 42.9(11.3%) 73% 16.4(13.3%) 382 3.80
Kinki | 31.5( 8.8%) 85% 21.0(17.0%) 667 3.65
Chugoku 31.8( 8.4%) 74X 7.7( 8.3%) 242 3.36 ‘
Shikoku 18.8( 5.0%) 80% 4.2 8.4%) 223 2,79 7
Kyushu 42.2011.2%) 85% 13.3C10.8%) | 315 ' 2.86
Okinawa 2.3¢ 0.6%) 24% L2¢ 1.0%) [ 622 XY
Total e | e 128.6C 008 | a2r | 364
1) Population : end of March 1992 2) Per capita gross product ¢ 1990 fiscal year




60% of Japanese land is snowy or cold area.

Figure.2 Snowy or Cold Areas \

Covered with

Both Areas
Snowy or ‘
Cold Areas Snowy Areas
’ W23 Cold Areas
“Table, 2
Number of Cftiés, Area Population
Towns, and Villages (ka?) (million)
Showy areas 1,048 200,018 21,8
% 1 (82.2%) (53.7%) (18.0%)
Cold areas 988 193, 280 21.0
X 2 (80.4%) (51.8%) (17.4%)
Snowy or 1,332 227,603 21.5
Cold areas (41.0%) (81.1%) (22.8%)

Definition

M 1 : The mean value (wore than tive years in the past) of
maximum snow depth in February greater than 50ca.

X 2 ¢ The mean value more than five years in the past of
average temperature in January lower than 0°C.
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Car is main transportation mode in Japan

'Table;3 Trend of"Nﬁnber of Yehicle License Holders
(unit : million persons, million vehicles)

Year | 1970 1992 Ratio

 fi£en ~__ W % (8) % | B/A
.lﬂﬁéber df lidense hqlders 26.5 | 26.3)64.2(61.6| 2.4
Number of vehicles 182 57.7 3.2

% : for populati6n";n;ﬂj"
Source : National police agéncy °

Table.d Trehdfof'Sharé“of Transportation Mode

‘Passenger Transportation

Freight Transport

Vehicle |Railway | Air | Vehicle | Marine |Railway
(1955 | 17% | ey | o.1% | 12%. | 8% | 53%
isgo | e0x | 35%. 5% | 50y | 5% . 6%




2, General description of road condition
® Roadiclassification and: present condition

The Road Law classifies roads 1nto 4 categorles according Lo
the share on the road network: National expressways, National
highways, Prefectural roads and Municipal roads,

Table.5 Improvement of Roads

(Yalues as of April 1,1892) (Unft: kny %)
Actual Nalntenance made Paveuént made Improvement Nore than 4 lanes
Classitlcetion extension -
. Extension | Rate | Extenslon| Rate Extension | Rate Extension | Rate
Kational 6,054 - - 5,064 | 100.0 5,604 | 100.0 4,663 | 82.1
......... SO ARLEL LA RN SV A I Y B R PN N
Natlona} 47,033 25,805 | 54.9 41,465 | 88,2 41,528 | 88.3 4,813 | 10.2
highvays o ot :
Deaignated 20,671 10,621 60.9 20,342 88.4 20,603 99.17 3,704 17.9
soctions : v ‘
Other than desi- 28,362 15,284 58.0 2| 124 801 :20,920 79.4 1,110 4,2
o aneted sootfons | LT e e e
Prefeotunll‘ ad 129, 284 60,949 47.1 83 823 43.4 74,334 7.6 3,711 2.8
30 R RRSI SRR NUTTSR SRR RN R TR T
Nunlolpsl rosds | 943,472 | 426,310 | 45.2 | 144,105 | i5.3 | 426,311 | 5.2 1,09 | 0.4
Total 1,124,844 L= - 264,458 | 22.8 547,223 | 48.8 17, 273 1.6

Note:l.Extension and rate for "Maintenance made” refers to the extenslon .of the roads having'a width of 5.6x or
nore, Improvement made and a congestion degree less than 1, and the values slven are those according to
the 1990 Road Traffic Census.

2.Extension and Fate foF "Pavelient made” ‘are’ the values precludlnx the sections of law-cost pavement.

3.Extension and rate for "laprovement” are the values of ‘the ‘roads having:a width of 5.5x or more of
Pretectural roads and hi:her level roads than that, and are the values of all roads of Nunicipal roads.

4d.Extension and rate for "Nore than 4 lanes” are the values ofds having a width of 13.0m or more.

® Road admlnlstrators
* General Categorles ‘ R T P
National exXpressways “'Minister’ of ‘Construction

National highways Minister of Construction
(Designated sections) ' o S

National highways ' Prefectural governor

(Non- de51gnated 'sections) (or mayor of designated city)
Prefectural roads 'Prefectures(or d651gnated c1Ly)

Minicipal foads ; : mun1c1pa11t1es
* Special Cases (example) - : =
New construction -and reconstructlon of -~ National
‘eXpressways are allocated Lo the: jurisdiction of-: the Japan
Highway  Public Corporation. by ‘the Mlnloter -of . .Construc-
tlon. o



® Classification road project

[Road Works ‘are classified according to undertakers as follows:[{

Figure.l

[Road Projects)

Types of Projects according to undertakers

—{Ofdinary road projects]

sProjects under direct control

““executes  these

" The government dlrecLlj )
projects through ' Regional Construction
Bureaus, Hokkai-do DeVelopment Bureau ‘and
Okinawa General Offlce. '
*Subsidized Projects' . #
Local :public - ‘bodies executes  the- projects; .
w1th sub51d1es from the government. R
4Toll road pr01ect$ P R
Public . corporations’ “and authorities: ‘executes:

these projects with loans, road development " fund
loans and government and local publlc bodies"
f1nanc1al 1nveqtment. ,
_{Local 1ndependent pr03ecLs]

Local public bodies ‘executes the progects based
on Lhelr own: auLhorltles. U ) .,

Table.6 Investment scale of road ProlJects

(Unt1li6n Yen)

11th 6-Year Fiscal 1993
Classification Progran s Y
eoro oo | (Fiseal 19981 Project Progress |. Pr
o L~ 1997) . ¢ost(A) | rate VX |7 cost(
ordinary road 268,000 | 48,028 188 | 460
projects ‘ o o o '
Toll road: " S0 1 206,000 | - 438,832 17.8 |
o projeota» - i S ] o
Sub-total 494,900 | ' "'84, 360 184 . .
Local Independ- 1. zsz 000 |, ... 44,600 7.7 | 40,882 | ... 1 100
ent projects N , 1o T
Total 764,000 | 128,960 ] “\119}654” | 1,08
Contingency - R R s i IR T Eemprons
Grand tofal 11780,000 7| " 128,860 [ 1719 - 119f694 1ios"]

values fn ( ): fheluded natlonal fund
NOTE:1.The values in fissal 1992 and 1893 are planned inltlally.

2.0rdinary road projects Inslude works concerning Housing Land(Generul
Account and Road lmprovement Special Account) ard Urgent local Foad works
3.The values of local independent projects since fiscal 1991, are expected,




3. History of road improvement

It ‘was since the establishment of the first Five-Year Road
Improvement ' Program 1954 that Japan began to make great strides
Thereafter, it has been forwarded with the
Special Road Financial Source of Road Funds System and the Toll
Road System, the two main sysLems whlch are closely connected

in road improvement.

with _each other.

@ History of Fiveryear Road Improvement Program

Table.7 . HisLory of the Five-Year Road Improvement Programs

the lst - the.4th
(1954 - 1966)

E3

Maln subjecls of road works wWere pri-
maly reconstruction of the national
highways and the extension of paved
sections

“Improvement of the national expressways

and the urban eXpressways was linear

the 5th - the Tth
(1967 - '1977)

Tt began ©o iMprove the national 6x=
pressways like as "network", taking the
decision of the planned routes of
national development arterial express
ways (7,600km July, 1966)

Traffic Safety Facilities Improvement
Program was established in 1966

the 8th - the 9th
’ (1978 - 1987)

The early days of this period, the
cr1tlcal opinions for improvement for

- roads, - particularly national express-

ways, were major
To get the understanding of a nation
w1dely, and to improve the roads effi-

“ciently  a&cordingd to plahs, "The tar-

gets of road improvement" was con-

firmed

the 10th . -
(1988 ~ 1992)

v

Necessity of roaad: lmprovement,’whlch

was propounded in nation-wide plans of

31and development and economy such as
‘The fourth Comprehensive National

Development; increased

The long-term target of the naLlonal
expressway . network was revised, after
20 years intervals, since establishment
of the extension(7,600km), by.. Law for
Construction of Arterijal- MoLorways for
National Land Development, 1966 _

The fundamental policy 'of nation-wide

- trunk road network at the let century

.was determined

.Varlous kinds of Contrlvances were es-—

'jsential for the promotion of the: urgent

~improvement such as a ring road in

“flMEtropolltan area

N
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The 10th Five-Year Road.Improvement Program ends . in fiscal
1992. From fiscal 1993, Road Improvement will be promoted by the
11th Five-Year Program(19%3 - 1997).,

:C)SbecialfUndfbrrbadiMprovement

Tnble;8 Tax Rates for Speclal Source of R osd Fundas
(Unlt:1,000 nfllion Yen)

S e Tax revenues
Taxes Rates of taxes In Fiscal 1993
Gasoline 1 . en/litre Cuntld) 11/30/'93 22,66
Aeofine Tax 3 Yo/ dhire Gomedt IR (3RS
: LPG Tax " 17.6 Yen/ ks ) 1,180
Netional o i (144)
Notor vehicle tonnsge Tax .prl te vehicle 6,636
: 300 en/0.6ton yesr :
Sub-tota] 28,261
) . (28,690)
Loca) rosd Transfer Tax Yon/lltre until 11/30/'83 3,822 %
e . 2 Yen/litre 2!?0: |2/01/’933 4
LPG Trensfer Tex 1.5 Yen/ ks 160 d
lotor vehlole Tonntse ex.private vehlcle 2,301
Loosl ~Tranefer Tax 6,300 Yen/0.5ton"year ;
0cs B
Diésel fuel Transaction Tax | 24.3 Yen/litre (until 11/30/'93 10,243 el
. i 32.) Yen/litre 2frol 12/01/'93; ¥
Kotor vehicle Purchase Tsx | 5% of retail pFice iprlvate) 8,385 =
‘ : : .| 3% of retail prlce conmercial =
, _ and light)
Sub-total ' ] _ 21,911
Tots) . 51,172,
(51,501)

KOTE 1. The reVenues are iritten by lnltially planned budcet And the Rezlonnl Flnlces Plnn in flscul 1993. and
the valués ‘in' ¢ ) inéluding the’adjusted ‘smount ‘for settlement of accéounts.
2.Revenués: of the Notor vehidle Tonnage Tiansier TaX; correspond to about 80X of national revenues.

- ® Toll road system

Flsure. 4 Undertukors snd Types of Toll road projects

UNDERTAKERS ‘ 'TYPES OF ROAD

Jabq@*Hlthwinyyb]ic:Cofpbrilioﬁ}' — . : { Netional expressways I

Ordlnarv toll’ ronds

(nstional highways, prefectural roads
snd municipal road sg
Betro polotan Expressway - - 5 — e - { Urban expressnays J
P blic Corporation T
Hanshln Expréssway Public -
Corporation
De'signated ‘City Exéressvav — R - : LL
Public Corporation . | o . L :
Honshu Shlkoku Brldce Aulhorlty }Q e ~ yfﬂahshu-Shlkbku expressnays l
:Ordlnary Iocnl “rosd public B Ordtnary toll-roadé v
corporation . ) L (nstions! highrays, grereclural rosds
s ‘ and lunicipal roeds
Prefecture snd qlnlclpll[tlesv} ———— —— Ordlnury toll roads
- : — e o : (brefectural rosds and nunlclpnl rosds) -
zoll brldce and toll fterry !acllllles ; ¥
prefecturs) rosds snd wunicipsl roads) | X
Lintted to the nallona]iﬁith-ays.‘hfefecluril‘rouds. g
and designated ¢lly rosds In the case of Japan Highray

Publie Corporstion, o
Liulted to the prefectural snd municipsl rosds in the
case of prefecture and municlpatities,
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4, The 11th Five-year Road Improvement Program

® Preséent road condition and necessity of road improvement

(1) People’™s Tives and the Japanese economy have been improved
with the development of a automobile society.

(2) Roads, as Lhe basis of social and economical activities,
contribute to improvement of life, such as the supply of houses
and housing land, as well as the automobile traffic,

Road Works have been carried out with utilization of Special
Road Financial Sourxce System and Toll Road System, based on the
Five-Year Road Improvement Programs.

(3) However, road improvement on a full scale only began in
1954, 30 years ago, when the First Five-Year Road Improvement
Program started.

The speed of urbanization and development of automobile
ociety have exceeded that of road.

Tab1e.9 Development of Automobile Soclaty

1956 1990 2010
Running vehicle-kilonelers 121 6, 286 8, 973
(100 sifllon vehlclé-kllonelers)
Passenyer transport by sutoxoblle 275 6, 628 g, 169
(100 sillion person-kiloneters)
Freleht lransport by sutomobile 95 2, 722 3, 861
(100 aillton ton-kilonéters) ’
Nusber of driver’s 1lcenaes retalned 378 6, 100 9, 400
(10,000 persons) ’
Nunber of motor vehlicles rstained 82 65, 800 7, 300
(10,000 vehicles) .
GXP 44 410 760
(100 biillon Yen)

(4) The level of road improvement in Japan is approximately only
alf the level of Europe and U.S,

Table.10 INTERNATIONAL COMPARISON OF THE LEVELS OF EXPRESSWAY

) Service Ext~| Service Ext~| Service Extenston/ | Service Extén- | Year Average
Countrtes | Extension | Notiomad | STBAON){\1on | ¥ CArenPovulstion) | sioniMember | of mexlr Ce
costirbobiet | 10,080, | o/ 0 0guiganes | oo, cibbIS | DS e
JAPAX 6,929 157.0 0.48 8.67 : 0.98 260
UNITED STATES 72,857 7.1 2.88 14.97 3.82 501
'°;;;; SNy 8,959 360, 4 1.40 22,44 2.88 181
UNITED KINGDON 2,903 118,89 0.61 7.16 1.08
FRANGE 7,450 136. 1 1.31 13.28 2.81 200
CITALY 8,787 2246 .19 16.32 2.20

NOTE 1.Expressway Service Extension values as of the end of 1890, according to "Yor)d Read Statistics”(IRF)
2.For France, It s the values as of the end of 1981. For Italy, It is the Yalues a5 of the end of 1889,
For United States. It §s the value a5 of Decenber 31, 1991 In "Highvay Statistics®. The Japanese value is
the road extension of high-graded trunk rosds fn the end of 1992 by Road.Buresu.
3.The year aversge of nexly served sxtension for former West Germany, Is the average of ‘88 -'87,

4.United States plans for nev 166, OOOuiIes(npp 248, 000k-) a8 NHS(Nstfonsl Highway System) ,in its Six-Year
New Rosd Improvement sterting since 1992
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(5) In order to be a nation in which people's Iives are enriched,
realizing "the society in which affluéence and comfort. are felt"”
being backed up by vigorous economic growth, urgent measures are
needed, answering to pecople's dissatisfaction with road improve-|.
ment, laying stress on the public's view point, and creating
vital communities and a good environment. :

(6) Road improvement are indispensable for unified activation of
suburban ' and urban areas, as the basis for the promotion of all
projects which vitalize local communities.

(7) Further improvement of. road.network is, needed to ease traffic
Jams, rejuvenate local communities, aid a good urban . environment
and form a multipolar nation before Japan becomes a, society in
which the ratio of the aged to the population becomes high in the
2lst century. - L L e . —

. It 'is desired that the level of road improvement in Japan be
raised Lo the BEuropean and American levels, however working
expenses of over 400 trillion yen are needed for that achieve-
ment ., .




@ Major Subjects

The Eleventh Five-Year Road Improvement Program

Based on a survey of over 10,000 people from all seclors of Japan, the Eleventh Five-Year
Road Improvement Program (comprehensive investment of 76 trillion yen for the FY 1993-1997)
was enacted (May 1993 Cabinet decision). Rapid systemalic road improvement is being promoted

based on this program.

Figure.b Basic policy on road improvements

Supported by a vital economy
Comfortable society

Affluent society

Smooth mobility

‘Safe mobility

Promotion of modal mix ; Systematic road
improvement ; Introduction of transportation
demand management ; Improvement of
parking lots ; Upgradmo of freight transport
systems

hvm0 environment

Creauon of a comfortable '

Improvement of road network ; Completion of
accident analysis system ; Research and

-development of advanced road transportation

systems

“Human and nature
friendly environment

Prevention of excessive
| warming of the earth-

Roads with pedestrian amenities ;
Improvement of roadside scenery ;
Enhancement of the “Rest” Function of Roads

Improvement of 'energyr efficiency

I—Iarmony with natural
environment -

Harmony with nature from the planning stage
Commencement of eco- -road development

Conservation of
roadside environment

et

Vital community

Promotion of smo'otﬁly ﬂowing road traffic ;
Redoing Vehicular emissions, Compleuon of
a system that mtegrates roadsnde csthetlcs

’ .Completlon of exchanoe
’networ}\s

Barly lmprovement and functional -

Formatlon of reoxonal
hubs

reinforcement of lhe e*(pressway network

Promouon of regnonal exprcssway network ;
lmpfovement of access roads




Table, 11 The Eleventh Five-Year Road Improvement Program (1993-1997) _ Unit: 100 million yen

Tenth Five-Year Plan Eleventh Five-Year Plan
Average
Area Program Total rate off  Progress Increase rate [ increase rate,
amount (1) | progress amount (2) (2)/(1) beginning of
. FY 1992
General road projects 238,000 95.1 288,000 . 1.08
Toll road projects 140,000 101.7 206,000 1.47 1.08
Subtotal 378,000 97.6 494,000 1.31 1.08
Independent regional 139,000 127.1 252,000 1.81 1.08
projects :
Total 517,000 105.5 746,000 1.44 1.08
Adjustment expenses 13,000 — 14,000 1.08 —
Aggregate total 530,000 102.9 760,000 1.43 1.08

@ Target of road improvement
Table.12 Aims of road improvements

[tem

End of FY 1992

Aims of the Eleventh
Five-Year Road

Aims of long-term
concepts (beginning

major metropolitan areas

[mprovement of 21st. century)

» _ Program _
Expansion (.)fhlgh'—standa.rd 5 929km 7,806 km 14, 000k
main roads in service m

- . ) c
Nauonallu?hwaysand 88 880km |97, 100km 138, 540k
prefectural roads m
Travel speed in moming and
evening in cities
Regional cities 22km/h 24km/h 30km/h

| Areas of demographic |
concentration in the three 18km//h 20km/h 25km//h

Parking lot capacity

approx. 5 0 %

apprbx. 6 5%

approx. 1 0 0%

Establishment rate of wide
sidewalks, etc.

12%

15%

approx. 5 0%

Rate of traffic on main roads
with high standards, etc.

11%

13%

21%

Rate of improvement for loop
roads with high standards, etc.
which form city frameworks

1.9%

2 8%

approx. 7 0%

Proportion of areas with
improved inner-city road
network ‘

38%

4 4%

|- apf)rox. 7 0%

along national highways and

Rate of creation of Greenbalts -

8 %.

11%

‘ apfprox. 30%

prefectural roads

LRI
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Table. 13

Related projects within the Eleventh Five-Year Road Improvement Program for access road
projects alone, which are directly related to other main infrastructure improvements, excecd 10

trillion yen.

Area

Related road projects
within period of Five-
Year Plan

Remarks

approx. 1.6 million yen/house
Total number of houses supplied is 3.3
million. Over 40% of these, 1.5 million,

370 billion yen

Housing 5.4 rillion yen were provided through land readjustment
projects. ‘
(Land readjustment and access roads)
approx. 1.3 billion yen/school

Schools (New facilities for junior high schools, high

schools and universities)

Welfare and cultural
facilities

1.023 trillion yen

approx. 700 million yen/facility

Medical facilities 203 billion yen approx. 700 million/facility

. About 2.3 billion/facility
Parks 960 billion yen (Establishment of large-scale parks)
Sewerage 740 billion yen 100% of sewer pipes under roads

Waste disposal facilities

220 billion yen

approx. 700 million yen/facility

Airports, harbors and
shinkansen (bullet train)
stations

790 billion yen







Enactment of Five-Year Road Technology Program
~ Challenging Possibilities in the 21st. century ~

(1) Aims

Based on advancements in the technologies which have supported road improvements thus far, a
program should be enacted for the development and implementation of major technologles in fields
which must be newly challenged. Also, active efforts should be made to promote the development,
implementation and dissemination of new road technology and comprehensive management of
technology. T hrough these changes, this program aims to promote more efficient roads and to
respond appropriately to basic issucs such as traffic congestion and traffic safety, problems related to
the environment.and energy conservation, and new demands for affluence and beauty.

(2) Content of program

(D This program includes 74 topics which cover new long-term road improvement concepts and
main technologies supporting the development of major tasks in the Eleventh Five-Year Road
Improvement Program.

(@ Based on the aini to develop and implement | these lechnologles in the Iong term, pxograms will be
enacted to develop, implement and dlssemmate such technologies within the period of the

Eleventh Five-Year Road Improvement Program
(3) Placement of the program

O This program is designed to promote more efficient road improvement through the development -
and application of new road technology.

® Based on consideration of the research and development of construction technology by the entire
ministry, the Road Bureau wnll enact policies reflecting a wide-range of opinions and proposals.

® This program will be promoted through cooperation between universities and the private sector.
(4) Special characteristics

@ The Road Bureau has enacted this technology policy in light of the inauguration of the Eleventh
Five-Year Road Improvement Program.,

@ Evalua‘ti’oh of the roles and 'results of the major technologies that have supported road
improvemehts thus far.

' @ Deterloratnon of major road technolognes which should be improved, the results of those
technologles and development aims for the five-year period.

Q@ Use of visual aids1 and other technologles to make concrete images of technology as accessible as
p0331ble

@ Pohmes whxch should be addressed in order to promote the development and implementation of



new road technology.
(5) Opinion survey

@ Deliberation on priority road technology at the New Technology for Roads Conference
(Established in September 1991, Chairman: Hideo Nakamura, University of Tokyo professor)
@ Survey on the priority of new road technology conducted on 560 experts nationwide (October
1992)
® Survey of opinions and proposals on pélicy enactment conducted on 750 experts nationwide'(May
1993)

(6) Structure

Chapter 1 Development of Japan's road technology
Chapter 2 Major road technologies which have é'up'pOrte'd the develo‘pmeht of modern road plojects

Chapter 3 Five-Year Program for Road Technology
NStrnvmg toward new possxbllmes in'the 21st. century ~
1. Basic policy on road technology development
2. Program for the development and implementation of maJor technology toplcs
3. Policies for promoting the development and implementation of road technology
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(7) Basic policy on road technology development

New cRallenges for basic 1asks
such as traffic’'conceming,
traffic safety. etc.

Technology contributing to the
resplution of traffic congestion

“New distribution systéms and “road
card” b{\lems (Non-stop automatic
fee collection systems) etc,

New challenees fOr the
B eamm conservauon Of lhe envnonmenl
energy- \avmg, and :
resour(.e savnna

‘ Traffic .safety,medsu:ep teehnology

Road safety system AHSS
Drainage asphalt paveément, etc.

| Roadside environment conservation

Technoldgy contributing to' counter-

—1measures against on- street parking

Intelligent parking lot guide system
for detecting available parking
._spuces

technology

New type noise barrier and bridge
vibration absorpuon téchnology, elc.

Technology for harmony with

“U Technology for eneigy-saving and

‘natural envnronmenl

Road technology which considers the
ecology (dissemination of ecological
roads) étc.

I'GSOUI‘CC SdVlﬂR

Energy cunservauon léchnology for
“melling snow on foads), etc.

Chdllenaes for new, needx such as
comfoet, beauty, and -
consideration of* people

Challenging Possibilities
in the 21st century

Teehnology to construct a spacious,
beautiful and human-friéndly road

Scenery Simulation technology
~ Pavement materials which are easy on
‘pedestrians. elc.

New challenges for constyucting
the safety road network

‘l>11

Challenges lo( talcmg agreat
1éap forward and reahzmz a,
future dream ;

; RN

More etﬁuent , road

] improvement, maintenance and :
control without wasting time and

S money .

in various nelds clﬁclemlv

. Pm‘ ohon of total managément
At (o utilize synthiesized technology
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Technology to constract a disaster-

Technology. to realize a high-

| multizmedii era

. axes P

resistant road network

Pavement which is resistant to freezing

. Disaster prevenllon Lonslrucnon near.
- roadsietc:

Technology to create new trafl“c

- Wind- reslslant earthquake resnslant
Todesign teuhnolozy for extremely long
.. bridgés, étc.

value-added service in the

Practical use, distribition and
. application of vehicle information

" dommunication systémy

.....

‘Technology to improve safety, .
save labor. and cost reduehon in
(.onslrucuon work -

Automaln. pavmg system etc.

Technolo ¥ tO m{‘

r"o\/e safely, save
labor, and cost reduction in

mamtenanee control and renewal

work',

Long- hfe pavement and bridge
managementsyster‘m etc.

Study of the syntheuc technology
Managément and ¥ofiwvare
- {téchnology.. .

CompfehensWe ComMon technology

Bas:c pollcy on.road technology development



(8) Examples of major technologies
@ New challenges for basic tasks such as traffic concerning, traffic safety, etc.

a. "Road card” system (Non-stop automatic fee collection system)
Aims and results: To make roads more convenient by eliminating toll station traffic congestion and
the use of cash
Five-year aim  : Trial implementation of system technology

Fig. 2 Road card system

b. Advanced Highway Safety System (AHSS)

Aims and results: To achieve an automatic driving system through vehicle information
communication systems-and other technology.
Trial calculations based on the results of IVHS technology being developed in
the United States and estimates based on these conditions suggest that the
number of traffic accident deaths will be reduced by 2,000 to 3,000.

: To implement on a trial basis functions which provide information on road
“surface ¢onditions and other factors and make notification of obstructions under

rainy or snowy weather conditions.

Five-year aim

. \\\\\\\_VConnccting communicatipn cable

Step 1: Waming

) 2
Lo Moveissiviriinnl o
* Vehicle information

Step 2: ' 3 Automatic steerin -

Warning and autonwatic braking 2 Center / nfor

Warning and astomatic steering < : / // communication systems
- Conneeting))} ;

" cémmiunication cablé . k7

0

Real-timi¢ driver support information is provided by communication cable on shoulder of rc

Fig.3 Advanced Highway ‘Saféty System. « Fig. 4 £ull Automatic Drivirig system

tep 3: Fully automatic driving
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@ New challenges for the conservation of the environment, energy-saving, and resource-saving
a. Road technology which considers the ecology (spread of ecological roads)

Aims and results: To make road improvements in environmentally Sensitive areas and which
consider the living environment of plants  and animals and interaction with
nature,

Five-year aims : Development and dissemination of ecological road guidelines (implementation
about 200 locations along main roads where improvements will be made to
national park areas and other regions abundant in nature).

.oo Thateteal e,

Ecologlcal road

Fig. 5 Ecological road
b. Energy conservation technology for melting snow on roads

Aims and results: To reduce cost for melting snow on roads through the use of solar heating and
underground heated water (running consumpuon will be reduced to about one-
third of those when using oil).

Five-year aims : To 1mplement on a trial basis and conduct a pracucal application.

!
\\ //
- %,, - Summer
)

Fig. 6 System for melting snow through under ground:heat storage



® Challenges for new needs such as comfort, beauty, and consideration of people

a. Pavement materials which are easy on pedestrians

Aims and results: To use natural materials to develop a highly functional pavement for pedestrians
which is easy on the knees, conducive to walking and pleasant (o look at.

Five-ycar aim  : To-operale on a trial basis, make manual preparations, and apply and
disseminate the pavement technology.

WA 2y’
1. ol ARRIET
i) REN e
sl

Pavement designed
to be friendly

Pavement designed
for ecasy walking

Road pavement
friendly to
Pedestrians
“

Mateq’als and -
constructio methods

suitable for durability

~ Utilization of ™
local products, such
as soil, stones and

wood

Harmonizing with
environment

Pavement designe
to be visually
comfortable

pedestrian pavement materials

et : R Colored water-permeable pavement
L R oms st : VR Elastic water-permeable pavement
Pavement with natural soil
Improved soil pavement

Colored concrete pavement

Elastic tile pavement

Natural stone-plate pavement
Pavement with wooden chips
Wooden tile pavement

Fig.7 Road pavement friendly to pedestrians




@ New challenges for constructing the safety road network

a. Pavement resistant to freezing

Aims and results: To reduce accidents from slipping by making the pavement itself resistant to

freezing.

Five-year aims Todevelop pavement materials which are resistant to freezing and to conduct
tests, create technology standards and disseminate the technology.

Addéd materials vsed for p:

‘ment resistant (o fre

Added materials (granular rubber)

Chip materials .

Fig. 8 Freezing Prevention Pavement

Asphalt mortar

Fig. 9 Conceptual drawing of freezing prevention

pavement ( Example of granular rubber addition )

(® Challenges for taking a great leap forward and realizing a future dream

a. Wind-resistant, earthquake-resistant design technology for extremely long bridges

Aims and results: To develop a new traffic system through the usc of bridges which exceed the

length of conventional bridges.

Five-year aims : To experiment with wind-resistance of bridges by using a wind tunnel. To
develop new types of suspension bridges and cable systems.

N

P Wind <
7 direction F<T
Resistance

LL/

Fig. 10

Cross hanger
(Improvements in rigidity)

Supplemental wings for control

, ~ Vibration direction

~
—~
-
~—

~—

\Vibralion direction

Fig. 11 Active control

The force exerted on girders by the wind is reduced

through the movenent of the supplemental wings.



b. Practical use, dissemination and application of the Vehicle Information Communication System
(VICS) . i

Aims and results : Saving resulting from providing traffic information on all areas of e“x'pﬂressways
and national roads and on 80% of main regional roads are projected to reach
about 5 trillion yen over 10 years. Saving resulting from guidance through best

o Toutes is projected to reach about 8 trillion yen over 10 years. o

Five-yearaim  : To provide 12,000 information transmitting devices (beacon) which use radio

waves on the sides of roads.

vy

Provision of static information (name of region displayed) : Proviéidq of i:lja_ngir"iﬁ’i'ﬁ‘f()?_rfﬁafﬁé'ri‘(lrafﬁé‘ja}'ﬁ 1ation dii‘;‘)‘laf'y)»
Even if the driver misses the road signs, the name Accidents, traffic jams and other information

of the regions can be confitmed within the vehicle. are displayed real timie within the car.

Flg 19 Dlsplay equipped on vehicles

gt pantaan e b e el T o
(CRT disphay §
SRR Y RS
Bquipment ‘ B
. ‘aboard vehicle ( Stereo (TS — : .
Roadside : 3,
facility BT o
v , i';F_iv‘é-year,; o
TR Provision ~~— Provision - /{ P& -
Proylsmn‘_,faf sfatic l of changing | and ‘i:olle;’tj\éb_v R : ]
inromia_tip,n o4 infoifnation + ‘quf !nqumhnqn_-;g e b f N
§ . . ': i
Road controller : System center ;_j!:
. . L I, Y
e

Fig. 13 ,»Sysiem stmgtgrg | ‘
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- 44~




® More efficient , road improvement, maintenance and control without wasting time and money
a. Bridge management system

Aims and results : To provide a type of expert system which evaluates bridge inspection data and
bridge conditions and supports technical decisions on repair needs and
methods, ,

Five-year aims : Development and improvement of pilot system and practical application of
actual system.

Data
History of repairs
Bridge structure &

data, ;

o

-
Database

$

Bridge management system

Selection of repair

work methods
Information on the ne-
cessity of repair work

“| Séundness of bridges

Tasesveasctan
Tessa e seane
tedse s vy
Esssasacute &~
¢ neeau i i

Output of information for supporting
~ bridge mairitenance and management

Fig. 14 Flow of Work from Bridge Inspection to Repair using the Bridge Management System



“b. “Automatic paving system -

Aims and results: To conserve power and require less skill during Gperation (measured tirie:
number of days — number of minutes) 4
Five-year aims : To conduct trial operations and develop the technical standards

; ‘ Automatic control
Prism ("SF thickness and:
position of pavement

Automatic measuring device
for placement during operations

TN
Automatic control o.f
E ' - Kpavement stability
Automatic measunng devnce S ‘ C) \eded) ‘ I~
for pavemcnt dcnsuy Nitnnn B O - O

Fig. 15 Automatic paving system

@ Promotion of total management to utilize synthesized technology in various fields efﬁcxently

a. Common for all technology

Further 1mproVements n’ the development of comprehenswe technology management which
systemaﬂcally lin 's'a varxety of Both software and hardware, and mcorporates thls technology into

projects.
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(9) Structure of Advanced Road Transportation Systems
VICS

ThlS system provrdes real trme mformatton on trafﬁc accrdent condrttons as well as mformatmn
on the best alternative routes, avarlablhty of parkmg and events being held in the area.

Road safety system
AHSS

This systém provrdes driver stioport ir;cltxding véhiclaopérati'on} through the use of information
communication devices installed in vehicles and along | roads concernmg road surface conditions and
road alignment. : :
Vehicle operation control system
ATES

In order to achreve the safe,reconomlcaj and efficient movement of frerght vehlcles and buses this
system analyze the trafﬁc condmons and gurdes vehrcles to the most appropnate routes

- "—7"47—"



(10) Examples of major technologies supporting road improveménts th

O An example of technologies which made previously impossible operations possible
* Technologies which made it possible to construct bridges, such as Akashikaikyo Ohashi, which
join Honshu and Shikoku. - : S : o
Earthquake-resistant and wind-resistant design technology
Material technology (High-strength cable materials: Tensile strength: 160kgf/mm-—
180kgf/mm)
Construction technology (control of vibrationsin main tower, the construction of larger
integrated components, deeper drilling of girders)
Machine technology (Large grab dredgers and unmanned submarines for surveying ocean
floor) ' '
—* Various technological developments have been combined to'make bridges between
Honshu and Shikoku possible. :

O An example of technologies which have greatly improved economic efficiency
* The electrical dust collector greatly improved the economic efficiency of long tunnels
-- Used for air ventilation -- o 4 o _ o o
A comparison of the overall expenditures for the Enasan Tunneél (length: 8.6km) during the
second stage of construction shows that installation of électrical dust collectors decreased
construction costs to approximately 80% of those for conventional methods , Operational
costs for electric power for ventilation were reduced approximately 30%.

O An example of technologies which have contributed to improved construction safety
* Excavating technology greatly improved safety in the construction of tunnels in mountainous
regions. : .

As a result of the implementation of the new Austrian tunneling method of construction in
which the surface of the tunnel is-blasted with concrete immediately after excavation and lock
bolts are set on the surface of the tunnel like quills, the number of accidents resulting from
fallout during construction decreased. The number of tunnel construction deaths decreased
by about 40% beginning in 1980 when this technology was implemented.

(11) Policy for promoting development and implementation of road technology

O Promotion of research and development
* An increase in the research and development budget related to road technology and the
development of organizational structure.
* Consideration to policies for assigning research and development to universities and other
institutions. .
* Improvement of the system for offering the experimental facilities of the Ministry of
Construction's civil engineering research center to the private sector.

O Promoting implementation and dissemination of technology
* By setting up a new technology registration system for roads and implementing projects to
implement new technologies (leading projects in road technology), projects for applying
developed technology are to be implemented and applied technologies disseminated rapidly.




O Improvemeént of structures and information bases

* The New Technology for Roads Conference should be further improved and a follow-up study
of development and implementation conditions based on this program should be promoted
together with the discovery of new technology needs.

* A communications conference should be set up to provide close cooperation between
information, communication, automobile and other sectors.

* A library of new information on road technology using JACIC networks and other services
should be built.
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MAP OF CANADA

Yukon .
® Whitehorse Northwest Terrltorles
@ Yelowhnite

Newloundiand
St Joha'y
o British Albarta Saskatchewsn|
o . Columbla o B ¢ G Y
'  Eanoniors e

A\

o
Vickria Regia

(No.1)

Geography

o Area . 1Omilionsq km.. .. ... ...
L .7+ 90% has no permanent settiement -

" Distance. - 5500 ki Eastto West”
Government
‘o Federal State; 10'pro\}indes;"2 territories

(No.2)

7 Decembet 1993

HIGHWAY ADMINISTRATION IN GANADA
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CANADIAN POPULATION

S
WO
L B

BN

O
o Total 27 million
» Density 2.7 per km?
« Habitation 60% in cities over 100 000
70% along East-West corridor within
g 150 km of U.S. border
(] . :
« Cities 3 over 1 million
30 over 100 000 (No.3)
HIGHWAY ADMINISTRATION IN CANADA 7 Decomber 1993
: HIGHWAY USAGE
Licensed drivers 18 million
Licensed vehicles
T Number in Miliions %
"« ‘Automobiles 13 74
o Trucks 4 23
« -Buses, motorcycles, others 0.5 3
17.5 100
e New sales 1.2 million/yr
" Average Distance Travelied
« Automobiles 21,000 kmn/yr
o Trucks 35,000 km/yr
o Tractor-trailers 80,000 km/yr
(No.4) | |
)  HIGHWAY ADMINISTRATION IN CANADA ) 7 December 1993
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HIGHWAY JURISDICTION

+  Malnly under provincial and municipal jurisdictions
(Constitution Act of 1867)

. Federal Involvement

« Direct responsibility for federal highways within its
jurisdictions (national parks, Nalive reserves,
national capital, Alaska Highway)

«+ Selected funding support for elements of the
Natlonal Highway System

« Standards setting through a national body —
Transportation Association of Canada

(No.5)

HIGHWAY ADMINISTRATION IN CANADA 7 December 1993

‘TRANSPORTATION ASSOCIATION
OF CANADA

TR

. Féderally chartered, non-pvr‘oﬁt ‘Organization;
~ $4.5 million annual budget

« 550 members including all levels of goverament,
S _‘i:_ndustry, and academia

&' - Provides a forum for discussion of all transportation
issues and a technical focus in the highways area

. quk(s‘throdgh seven councils and their sianding
" and project committees:
. lntra\s};uctqre Council
| . R&[) Council (IVHS Canada - a standing committee)
.h . Mﬁltifnodal Council
"« Urban Transportation Council
o Member Services Council
"o Safety Coordinating Gouncil »
« Environmental Advisory'CoLnnciI

«  Provides secretariat to the Council of Ministers

N (v’No.'(’i‘)

“ i HIGHWAY ADMINISTRATION IN CANADA Lo 7December 1993
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- 'EXECUTIVE BODY

Counclil of Transport Ministers

« Policy and executive body dealing with
federal/provincial highway matters

« Responsible for national highway policy
and programs such as C-SHRP

¢ Incorporates:
« Councll of Transport Deputy Ministers

« Canadian Counclil of Motor Transport Administrators

(No.7)

HIGHWAY ADMINISTRATION IN CANADA 1. -7 December 1993

CANADIAN HIGHWAY SYSTEM

Jurisdiction
Federal
15000 km _
%
W Pprovincial
‘ .- | 292000 km
-\~ Municipal %
“\ 533000km
T 4% .
Type Dol
. Fredway
18 000 km
B
Surface treated
o 71 000 km
( No 8) “Total length: 840000 km (0.31 km/capita)
- HIGHWAY ADMINIS TRATION IN CANADA 7 becember 1993
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NATIONAL HIGHWAY SYSTEM

Total length
¢ 25000 km (Federal 1 200 km)

Includes major:

+ Interprovincial links (Trans-Canada Highway)
« International links (Windsor-Detroit, HWY 401)
+ Intercity links (Calgary-Edmonton, HWY 2)

+ Intermodal links (Halifax-Sydney ferry link)

Condition

« Estimated cost of rehabilitation: $14 billion

HIGHWAY ADMINISTRATION IN CANADA . 7 December 1993

(No.9)

N
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BRIDGE INVENTORY

Federal 700
Provincial 25 900
Municipal 21900
TOTAL 48 500
National Highway System 3 600*
International Bridges 23

* 22% require major rehabilitation

(No.11)
HIGHWAY ADMINISTRATION IN CANADA 7 December 1993
- "HIGHWAY: FUNDING
Federal
2%

Provincial
43%

Local/Municipal
55%

Total Investment: $200 billion

_ Averagefundingdurlng last 5 years: $5 billion/year

(No.12)

" FIGHWAY ADMINISTRATION IN CANADA 7 December 1993



HIGHWAY FUNDING

Federal Strategic Highway Program
s Commenced 1993-94
+ $795 million over 5 yeérs
+ Provincial projects cost-shared 50:50
« Improvements to Atlantic Expressway ($200 M)

o Individual agreements with provinces

(No.13)

HIGHWAY ADMINISTRATION IN CANADA 7 Decémber 1993

‘HIGHWAY:ISSUES

Free trade implications
« Increased North-South traffic

« Increased long-distance trucking

« Harmonization of weights and dimensions

‘ Rehabilitation

« Major on some stretches

Financing options

o’ Tolls
» Weight-distance user fees
o Dedicated fuel taxes

. Technology .
« Infrastructure
s IVHS
« Heavy vehicle weights & dimensions

(No.14)
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NORTHUMBERLAND STRAIT BRIDGE

Total length

« 13 km (One of the world's longest)
Spans

¢ 44 main spans; each 250 metres long
Navigation channel

¢ 250 metres long; 55.6 metre clearance
Estimated cost

o $840 million (1992 dollars)
Compiletion date

« May 31, 1997
Funding arrangement

+ Private company (SCDI) to build, own, operate for 35 years;
then transfer to the Federal Government (BOOT)

« Federal Government to make annual payments to SCD! of
$41.9 million (1992 dollars) for 35 years

» SCDI to collect tolls; first year same as cost of ferry crossing;
increase in subsequent years limited to 75% of inflation

HIGHWAY ADMINIS TRATION IN CANADA 7 December 1993
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3. Presentation on Road Research






ROAD RESEARCHES IN. JAPAN

‘Yutaka Anzaki = RN T DU AR
Research Coordinator for Road Traffic, .
Public Works Research Institute, ‘
Ministry of Construction, Japan

1. Introduction

The Public Works Research Institute (PWRI) of the Ministry of
Construction and the Civil Engineering Research Institute (CERI)
Of;uthe,‘HORKaidQ Development Bureau are the main .governmental
civil engineering institutes in Japan.,

In Japan, the PWRI is the largest civil engineering institute,
which conducts comprehensive researches on highway science and
‘technology, . As a research institute of the Hokkaido Development
Bureau, which oversees overall development of Hokkaido, the CERI
prosecutes studies to overcome various problems due to severe
weather conditions in snow.and cold areas. It is located in the
most northern region of Japan.

Additionally, Regional Construction Bureaus of Ministry of Con-
sStruction, JQCalggovernmentSjand-road—related public corporations
alsoiconduCtgVaniphsfsurveys%researchésaonvroads; In particular,
the -Nihon Doro Kodan Research Institute of the Japan Highway
- Public . Corporation conducts various research related to the
construction and management of expressways, . :

Ap?ﬁtg fx@mg;Orgéhfzationsjwhigh;érefrélated’tO‘the, Ministry of
’CQﬁS$xuctiHn¢;~véri6ﬁ33*iﬁstitutes?a150;purSUe :studies - on road
traffic with their own-distinctive features. For example. the
Natioénal ~Research Institute ‘of Police Science in the National
Polic ;ﬁgéﬁQyACbnducts;rgsearghes_ermdthe;ViQWepoint.of- traffic
rggd”étﬁbnﬁéﬁdgsaféty5&;The}TraffiCéSéfetyaéndfNuisance i Research
Institute .in . the Mihistryﬁongrahsport:conductsf researches on
trafficwsafetyfandwpollutionvon;the:vehicle~sides o -

ot . S .h(': I . L '. o R - [ ! [ ' H st : RIS S . N ‘,‘
‘A private organization, the Japan Automobile Research': Institute;
also pursues various experiments and studies mainly focusing on

automobile mechanisms,
PR s ,’.v:',.‘_y F ; W v ? 1 . g‘ "',i,"'?; R j;f‘x‘.‘." : Tt "'_’E&'. L '. ‘
Table lithrough Table:5 show the outlines of research subject - of
these.researchinstitutes.. i .. - . . . S o
The ‘fOllQWiﬁg’Seétion 2‘déséribéé“sﬁbjécté on' road administra-
ftiQn;ﬁWhich'apggprémisésffon5the&conQUQtioneOfﬁresearch‘on roads,
and the rélatipnfwith;bhé(réédsrelatédasu:vey»structureg.of - the
Mjhisﬁry_“of‘Cphstructién,;and’the research’ themes in the PWRI.
"Sec;§9n¢3qd¢sqribgsathe¢¢rgénizatiqnfahdfthe research subjects of
- the PWRI. Section 4 introduces some examples of new technologi-

qalz§rgseanghe$;9:f;.';*: RS ERRAIVE SRR R

ey
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2. Subjects on Road Administration and Research. Themes

It 1is important to improve and maintain highways for promoting
the Fourth Comprehensive National Development Plan, which aims to
activate each region and to form a multi-polar nation through
promoting communication-network concept. Today, when road trans-
portation has become the main transportation method in the sur-
face transportation, peoples' expectations toward road improve-
ment and maintenance are great and diverse.

Therefore, following subjects have become important in road
administration. ' ' ST

Promotion’ of the national principal road retwork improvement

Urban and rural road improvement for activating regional devel-
opment; ' : : ,

Intensification of measures against traffic. congestion and
traffic safety; ' ‘ S . -

Improvement of humane road environment:
Improvement of maintenance and management.

Figure 1 -demonstrates thé road-related survey scheme which is
exécuted by the Ministry:of Construction. Various 'invéstigations
directly connected toa particular project's operation are mainly
conducted " at the work offices of the Régional Construction Bu-
reaus, the project operation'organizations. ' - SR

The PWRI principally condhcts»reseaICh on subjécts ‘common nation
wide, subjects of which are deeply engaged in: road ' projects’
As an:organization researching chmOh‘SubjeétS'”withih* Regiohal
ConStruCtioniBureéus;»a‘techﬁGIOQYVwbrkfbfficéﬁéXistS“infeééhﬂBu*
reau. —Bach technélogy word office, ! in coéncert with the PWRI,®& i&
in charge of researches'with-regionally distinctive features ' and
also a regional part of national research, which is promoted by
the Institute. S R R T ST T

The PWRI, answering to the aforementioned extensive radministra-
tive demands, conducts wide ranging research activities from
fundamental subjects’to subjects - closely related tofield' préb-
lems, covering all fields of road improvement, ‘such'as: -planning;
design, execution and maintenance.

e XN

Présent.researchrthémesvédhdéfﬁédyWithwéféremehtiOhed'subjécts>on»

road administratiOnﬁarewarraﬂgédwas&follOWS:"

barig SR

(1) Promdtioﬁ?of*the nétibnal*pfinCipalfroad?nétﬁéfkﬂiﬁpfé?éméﬁtf

'Researches on Highway planning, such as estimation’ iethéds
of holiday and sightseeing traffic demands and prediction of




future traffic volume, etc.

Researches on planning and designing for Jarge-scale
projects, such as wind resistant design for supér-long-span
highway bridges, access plan for express ways, ventilation meth-
ods for long tunnels, structural design and construction methods
for large scale tunnels, methods for foundations .in deep water,
seismic design for super multi-span continuous girder bridges,
etc,

: Researches on disaster prevention, such as evaluation meth-
ods for the degree of danger of debris flows on mountainous
roads, evaluation methods for stability of slopes, evaluation of
aseismicity of road facilities with consideration of ground
flowage, and evaluatlon methods for aseismicity of slopes, etc.

Researches on traffic security during winter time, such as
evaluation methods for arnti~avalahche facilities and prediction
methods for frozen and compacted snow on road surfaces, etc.

(2) Urban and rural road improvement for = activating regional
development ‘ ‘ R /

Researches on‘néw transportation systems, such as planning
and adaptability of new urban freight transport systems, which
replace and supplement trucking transportatlon, etc.

Researches on design methods for urban road structures, such
as ventilation methods for long urban tunnels, seismic design for
urban tunnels on soft ground, wind resistant design for urban
bridges; ‘and noise characteristics in: compllcated deSlgn sec-

tlons, etc.

Researches on regional'plan,“sUCh'“as ‘promoting regional
development through 1mprov1ng road networks, etc.w '

Researches ‘on’ mountalnous roads, ‘Such as deSlgn for earth-
retaifiing :structire’ "on mountalnous roads and’ de31gn for- rein-
forced retaining walls on ‘slépe, etc. S I

(3) Intensification of measures against trafflc congestion and
for traffic safety : .

Researchest on' trafflc plannlng, such as relation’ between
parking vehicles  and traffic capac1ty, estlmation,“of'“traffic
congest1on and cOunter measures, etc, . o o D :

, Researches on’'measures’ for trafflc safety,'such as-analysis
of  traffic 4accidents, 1nvestlgatlon on- dévélopment -of safety
facilities which '¢orrespond? to high-dpéed traffic,” utilization of
accident data bases, guiding methods at a complex -‘interséction,
and measures agalnst rlght turn accidents, etc.

Researches on dr1v1ng characterlstlcs, such as s1mulatlon

analysis -of vehicle manéuver, relation between’ dr1V1ng and  sur-
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face characteristics, characteristics of aged drivers,  and
decipherability and operatability of in-car dlsplay units, etc,.

(4) Improvement of humane road envxronment

.~ Researches on road planting technologv,rsuch as new tech-
nologles of road planting and planting methods of street trees,

etc,

Researches on road traffic environment, such as measures
against traffic noise, and estimation of traffic air pollution,

etc,

(5) Improvement of maintenance and management

Researches on pavement, such as rehabilitation methods for
asphalt and concrete pavement, technology. for recycling pavenent
waste, and application methods for a pavement management system,

etc.

Researches on maintenance and management of road tunnels,
such as measures against tunnel deterioration and water leakage,
lighting methods in high-standard road tunnels, operatlon methods
of emergency facilities in case of fire, etc. ,

Researches on malntenance and management of brldges, oUCh as
upgrading of existing bridges to jOlntless ones, evaluation of
design live load,. and estimation of the critical fatigque. .condi-

tions for steel brldges,-etc.

, Researches on malntenance and management of road structures,
such as seismic retrofication measures for relnforced ~concrete
piers, technology for protection of concrete structures, technol-

ogy of repairing substructures, etc.

Other common and fundamental research subjects such as ratlonal
designing methods of pavement and bridges, seismic design of road
facilities, etc., which are. not. dlrectly connected with adminis-
trative needs, are also 1mportant issues. v : : oy

Besides exper1mental 1nvestlgatlons us1ng the expenses for. the
road -projects, researches using the general budget are also
conducted by the PWRI. For example, several road-related technol-
ogies have been developed through - the: Comprehen51ve Research
Project for Construct1on Technology (301nt researches by-: govern-
mental and private sectors). There are the Development of the
Dual-Mode ' Bus . System, the- Development of the. Dual-Mode; Truck

System, the Development of . the. New, Ground Improvement Technology,
and, the Development of the Durabllity Improvement Technology

Concrete, etc. .. . Coaeia - 4;
3. Research organlzatlons and subjects of the PWRI

Flgure’ 2 1llustrates the organlzatlon of the PWRI. Among these”

i
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résearches on roads " are mainily conducted by the Environment
Department, the Erosion Contrél Department, the Road Department
, the Material and Construction Method Department, the  Struc-
ture and Bridge Department and the Earthquake Disaster Preven-
tion Department.

Table 6 shows an outline of research subjects of each divis@on.
The: PWRI. also plays an important role in establishing various
technical "standards. Table 7 indicates standards on road tech-
nologies and the laboratories in charge. The PWRI utilizes di-
rectly or indirectly the results of its studies for the estab-
lishment of these technical standards. ‘

4. Some examplesrof new technology
(1) Advanced Road Traffic Systems

The increasing sophistication and expansion of social and econom-
ic activities has resulted in a need for improved road services,
making it necéssary to implement a policy aimed at creating a
more advanced highway system to handle these needs.

To address this issue, the Ministry of Construction has embarked
on ~a search for a plan:to:improve the geometric layout, paving,
and.-lighting of:roads while studying methods to improve traffic
safety and reduce traffic congestion. s ' '

To achieve this objéctive, the PWRI is working on ways to measure
and - automaté:the handling of traffic, as well as enhancing infor-
mation :systems for measuring distances’ between  vehicles and
developing a new traffic management systems using thése systems.

In developing these traffic management systems, we must respond
to social changes such as the increase of aged drivers, the
increased performance offered by automotive technology, and
advances 1in the tucking industry, and to do so we must develop
technologies which improve both safety and shipping efficiency.

(2) New Urban Freight Transportation System

Freight transport in Jdpan is shared by roads, railways, ship-
pings, and airplanes, and the share by roads has increased year
by year. In particular, most goods in urban area are transported
by trucks. However, there are serious problems regarding the
urban freight transport,

The problems are as follows;
'traffic congestion; : : ‘ )
environmental problems like noise and air pollution;
shortage of truck drivers and increase of their average age.

S e o

(1
(2
(3
The new urban freight transport system is studied for reducing a
large number of truck traffic in urban roads and substantially



so;ying._thefwtrafﬁic?p;oblems,,This:System is supposed to have
densely located dépOtﬁy‘agtomatedfyehicles.which . carry - freight
and loading/unloading machines. Thus, this system can provide a
higher 1evel,of‘serviCes'to,trucking companies;- S o

(3) Study on Long Span Bridges

The PWRI .is carrying out studies concerning.the survey, ' design
and -construction. . of long span. bridges which are ;.being; planned
such as: in the bay areas. (Tokyo Bay; Ise Bay and @ Osaka Bay).
Since. these bridges;are-very large: and natural and; social condi-
tions at the construction sitesnare-severe, the-PWRI is engaged
in leading - studies and developments in the up-to-date bridge
engineering, such as the design and construction of undersea
foundations, estimation of safety; in-high. windsj): design:. -and
construction superstructures, . etc., based on the limit state
design method. As for the design;of wind: " resistant ~structurés,

the PWRI has been conducting wind tunnel tests, field observa—
tions .and. théoretical analysis: - . - 5 ... . : T

(4) Hybrid,C6hEréiqbf“ééiéﬁic:Réspbnéé,bf é%iageaéﬁrbéﬁufésﬂL-,

Along with the improvement of an usual seismic désign method for
makingastructUreS;sgcurswégainstjearthquakesgupassiv¢¢andmfaCtive
control technolégiesiaresnow: being developed: for reducéing:seismic
response .of .¢ivil:engineeringistructurés. Hybrid' econttol, ‘which
is a new approach combining the'advantages of passive:and . active
control, can control seismic response of structures with a small
amount  of external.ehergy supply: Hybrid control isiexpected- to
achieve..:the high.safety of the stru¢tures even ~during.: serious
earthquakes. -Development:of new’dévices. and controlvalgorithm: for
hybrid;cont“dlszStems;iswn0w'cohdﬁCtedmasiéh-UaS;TJapéhccQoperaF

tive research.
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Table | *CIVIL ENGINEERING RESEARCH INSTITUTE

SECTION NAME

RESEARCH SUBJECTS

Traffic Engineering Section

Measures ‘for winter. traffic safety
Neastires against traffic accndents

Measures against traffic congestion

Evaluation of road improvement

Disaster Prevention and Siow
Engineering Section '

| poor visibility by biow'in'g shiow

Hazardous conditiohs on highwaJs
Highway disaster prevention installatioéns
Highway disaster prevention systems

Maintenance and Minagemént
Section

| Maihtenance systefi‘'of pavement and bridges
Inspéction rdbofsﬁfor'dddd facilities

| Transverse cracks . in cold regions

. RCCP(Roller Compaoted Concrete Pavement)

Structures Section

Base isolated bridges in cold reglons

;Shock absorbing system of the rock= shed |
- The buried Joint ln cold regions

Aerodynamic stabi]ity of. bridges

;Geotechnical Section

Soft ground ihdroVements
Grouhd Survey methods h.”

EarthApressure reduction _
-_EXpert systems for construction method

Materials Section

Evaluaf?thOT“ekisiihéfédﬁorbte structures
Frost‘damage resistance of concrete

Repair and rehabilitation~of concrete structures
High performance concrete

'Geoiogy and Rock Mechanics
Section

Slope failures
Tunnel enginéering geology
Rock engineeiring geology




Table 2 RESEARCH ‘INSTITUTE OF JAPAN HIGHRAY PUBLIC CORPORAT 0¥

SECTION NANE | RESEARCH SUBJECTS

Geo-Technique Section Earth work materiales
Compaction control of earth work

Stability of soft ground

Pavenent Section Pavement structural design -
| Maintenante and reépair of pavement
Pavement Managemant Systems

Evaluatlon of brldges and concrete structures
Ase)smlc ‘design for brrdges and concrete structures

Bridee deta base systéns

Bridge Section

Tunnel Section | Design of NATM-based tunnels
Maintenance and rehabilitation methods for tunnnels

Tunnel entrance reinforcement

Maintenance Section ’SkidVréSisiféﬁéeubf‘r656‘3urface
- | Mainténance and ‘réhabilitation for road facilities
Recycling of construction waste :

Disaster Prevention . Preventlon of slope fallure

and Snow Protection = Dlsaster ‘préevent ion systems
Section - | Utilization ‘of ‘wether data and counterneasures agalnst

- snow and ‘ice on‘the road’

Traffic and Environment |Traffic technology B
‘Section Envnronmental assessment
‘ Measures for saVlng envnronment

Landscape Section 'S1obe‘protebtiénﬁwith’pldﬁlfng
- | Soil inprovement for plants
Artificial plantation
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Table 3 NATIONAL

TUTE OF POLICE SCIENCE

) l
THENT)

NI (1T
(TRAFF]C DEPAR

SECTION NAME

RESEARCH SUBJECTS

Traffic Regulation Section

Conditions and methods of regulation

Traffic characteristics and simulations

Hardware and software for traffic control systems
Pollution by road traffic

Traffic Safety Section

Psychologncal and physxcal conditions requnred for

‘drivers .
Traffic safety educatlon

| Test for drivér’s Ifvense

o Traffic\accident»analysis

Autonotive Engineering
Sectlon '

Human-Yehicle movement analisys

|vehicle structures for safety
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Table 4 TRFFIG SHFETY AND NUISHACE RESEARCH IHSTITUTE
TRAFF 10 SAFETY iy SION(EXCEPT RAILRAS)
ND TRAFFIC NUISANCE UIYISION

SECT]ON‘NAME

RESEARGH SUBJECTS

Traffic Safety Division

Transportation Systems Section

Transportation systems’

Motor Vehicle Dynamics Section

Drivability for .safety drivins

Motor VYehicle Structure Section

:Vehlcle structure for safety

~ Automotive Equipment Section

fMethods and apparatus for autonoblle inspection

and maintenance

~ Accident Analysis Section . - -

Appld@ﬂtSfduﬁ,ﬁQgYehiQJé defects

Traffic Nuisance Division

-Engine Section

Pollution control through engine improvement

Measurement Section

Measurenent methods and apparatus for automobile
exhaust gas

Fuel Economy Section

Energy saving of automobile engines

Traffic Noise Pollution Section

Noise control for automobiles

dyg—'
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Table § ‘JAPAN’AUTUMUB'ILE; RESEARCH NSTITUTE

DIVISION NAME A RESEARCH SUBJECTS |

Research Division | Automotive power plants .
Automotive fuels and alternative fuels
Atmospheric and health effects of autonotlve exhaust

em ISSlOnS
Chemlstry lncludlng analysns of fuels, exhaust emissions

Research Division 2 _ Perfornance of autonobxles and relating control 'systems -
AutomotIVe ergononics and preventative safety _
Influence of autonoblles on roads and trafflc systems

Structure of autonoblles and colllsion safety

Research Division 3 ‘
: Traffic accident” |nvestlgat|on and analysns V.,.'- .

—73—



Surveys lo ascerlain r0ad and
trallic conditions

4

Surveys for analyzing road traffic

and formulating future plans.

0 Analysis of the present condilion
of road traflic ,

o Demand forecast for r0ad tralfic

O Formulation of road network
improvement plans

i

Surveys for formulaling and smoo-
thly lmplemenung viork plans

O Survéys concermng the posmons’

of individual roules. \
work volumes and coordination
with land use plans.

o Surveys for.formulaling improve:
ment plans harmonized with70ad-

side environment and work plans | -

for. those trunk  roads where
trallic-related pollution such as
noise has already occurred or is
expecled.

oSurveys for formulaling const-
ruction plans for national develop-
menl arlerial éxpressways and
large scale special trunk roads.

!

Surveys lor road and trallic
management.

O Regular colleclion of traffic
information.

O Formulation of work-plans for
lrzlfic salety [aéilities.

O Formulalion of work plans for
disaster preventive facilities.

FIGURE 1
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R'oéd“lfémﬁc\:céns;u's :
O Traflic volume surveys.
00D surveys

Regular traffic volume surveys N ]

P e el o Y

—— e e b e - -

—-j---.—-.—-——v-—-—-—

“Trunk road |mprovement plannmg

surveys,

O Economi¢ surveys, -

O Road network planning surveys.

O Comprehensive trach planning
surveys,

ORoute planh{ng surveys etc.

— ety o -

| Nzational ’hi'gh\vé'y p”l'a'r‘inring surveys.

National highvray mplemenlaluon
surveys. : ; o

Roadsidé environment plannmg
surveys. . _

High-graded Trunk road surveys.

Large-scale speclal work planmng

surveys. J

Urban mbtorway planning ‘'surveys

National highway management
surveys.-

ORoad management surveys.
o Traffic control surveys, elc.
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Road researches for
planning, construction
and management

Researches conducted
by PURI

{
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Director

Personnel Investigator

H-———=Construclion Conductor

[~ Personnél and Wellare' Division
General Affairs Division

r" “Géneral Affairs bébéﬁméﬁt",‘

Planning and Research

l-~~Accounting Bivision

(——— Research Coordinator for Advanced Technology
-——--Research Coordinator for Underground Development
-———-Coordinator for International Research Cooperation
Dam Instructor

- Bridge Instructor

Tunnel Instructor

— Planning Division

- Administration Department '

. Research Information and Library Division
Research Facilities Division

r— Environmental Planning Division
+~-Geology Division

—_Environment Department

v

i

River Environment Division
—— Traffic Environment Division
-~—1andscape and Ecology Division

+ ~————Research Coordinator for Hydravlic Structires

~— River Hydraulics Division
- —Urban River Division

17 & e U Lo T1E.
— River Department |

General’
Deputy
Director-
General

Assistant
Director-
General

Geotechnlcal
Counsellor :

FIGURE 2

Hydrology Division
e Coaslal Engineering Division

Research Coordinator for Wastewater Treatment
. —— Wastewater System Division

—_ Water Quality Contro! Department i‘fft*—--——-Advanced Wastewater Treatment Division

-— Sludge Management Division
Water Quality DlVlsmn

- Research Coordmator for Dam and Water Resources
~— Dam Structure Division :
— Fill-type Dam Division

: ?{;Dam' Depar.tment I :

......

“—Water Resources and Hydraulic Engineering Division

;7 Erosion Contro} Division

| —t_Erosmn Control Depanment —

Landslide Division
“— Slope Failure Division

Research Coordinator for Road Traffic
———— Research Coordinator for Traffic Safety
~—— Traffic Enginsering Division

Advanced Transportation Division

—‘lzgRoaq Department i .

Matenal and
COhSti’UC’(IOﬂ Method Depanment

| Tratfi¢ Safety Division
" = Paventent Division
““=—Tunnel Division

" — Gonstruction Equipmet Division
Construction Method Division

[
R

— Soil Mechanics Division
—— Chemistry Division
‘L= Concrete Division

—— Foundation Engineering Division

Str‘ucture and“Bridgéfdépérfmém*

Depanm_ent .

Constructton Management

Structure Division
— Bridge Division

Y ——Ground Vibration Division
———-“:Eanhquake Engineering Division
Soil Dynamics Division

Research Coordinator for Construction
Management Engineering

Engmeenng Center

~Niigata Experim‘ental Laboratory

e

System Division

ORGANIZATION OF THE RWRI
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[orvision vaws-

RESEARCH SUBJECTS

Road Department

Traffic Engineering'biy:

Traffic Safety‘Diyr ;

Pavement Div. -~ - -

Advanced Transportation Div.

Geometric design, and road traffcl capacity
Skid resistance and’ drlvabllity

Road traffic informatxon system

Advanced road traffic system’

Snov disaster prevéntion

Method of evaluatlng the economic effects of road
improvements

Prediction of and remedlal measures for traffiec
congestlon

Estrmatlon of holiday and recreation traffic

New freight transport systems

The Guide-way Bus system i

Computer alded systems for traffie accident data
analysrs

'Safety measures-for speclfic accrdents(srngle

accrdents. accidents related to right turning, ete.)

S Safety evaluation by analysrng dreivers maneuvers

and reactlon
Warrants for safety facrlltres

| The gurdance of traffic flovw

Desxgn and constructron of asphalt pavement

vDesngn and constructron of cement concrete pavement
»‘Malntenance of pavement :
: DeVelopment of new: ‘pavement - materlals and constructnon

‘xe;memmm ,ﬁjﬂj_e-
Tunnel Div. | zfimlﬂTechnology for use of underground space
'_jMountaln tunhe}rng "
CONTINUED -
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. Continued

DIVISION NAME

RESEARCH SUBJECTS

Environment Deépartment

Bnvironmental Planning Div.

Geology Div.

River Environment Div.

o bl Ll ey i
Traffic Environment Div.

IR

A S ST S BUNAEY &

Researeh~

ot een S E : RN R
Landscape -and EC°195¥,D1V~,4!},

Study on énvironment assessment technique

| Study -on environmental information database

Study on landscape simulation

Study on, impact of global climate change on

infrastructure
lnterdlscipleYlnary studies on environmental quality
enhancement techntfque

Study on ratnonallzation of slope stability cvaluation
methods

| Study .on- methods ¢ of evaluating Quaternary fault

activity ST
Developnent of: field measurement techniques of rock
properties for tunneling
Research and development of efficient. methods of
submarine exploration in straits
Development of new technlques for sub surface
exploratlon

‘,Research on water front values
’Research on preservat1on of riverscapes

Research. on Naturally Diverse River Construction
Methods -
Resear¢h methods of water purification

. Valuatlon'of preseratlve measures of

}2wResearch on:the, enV1ronmanta1 impacty of car exhaust
| Research. on countermeasures to road noise, etc.

Research on predlclton and improvement of landscapes

T o

B e I R S I I
Structure and Bridge Department saihoal

[ R TR

YN TR
i S E R

Poundat ion :Engineering Div..

-The lim1t'state degxgn method of bridge substructures
- eBearlng capacity. of shallov foundation 1
,{Foundatlon in;deep-vater.

26

o Design : methodszfor earthi retaining structures for
- ). deep, excavation,-, C
- | The . labor saving. constructlon bridge substructures

g




DIVISION NAME

RESEARCH -SUBJECTS

Structure Div.

Bridge Div

The aerodynamic stability of long span biidges

The dynamic response of hxghway bridges due to
moving vehicles

Development of the Bxpert System concernnng brndgo
type selection _

The reliabllity of the design strength of
superstructures

Rationalization'of bridge design

Durability design of highway bridges

Rationalized constru¢tion methods to cope with -
labor-saving

Mafntenance and improvement technology of existing
bridges ,

Application of advaneed materials to highway bridges

Earthquake Disaster Prevéntio

n Department -

Ground Vibration Div.

Earthquake Engineering Div.

Soil Dynamices Div.

| Barthquaké résponse” ¢haracteristics of soft ground

Earthquake resistance of -civil engineering structures
against soil quuefactlon

Earthquake: response characterrstlcs of "slopes

Design seismic loads- for civil engineering structures
Visual information systems on ground damage of durlng
earthquake '

Seismlc design methods for hlghvay brldges 1nclud1ng

" long- span brzdges

Seismic design méthods for underground structures
(shiéld” tunnels. underground parklng structures,
submerged tinnél §; common utility ducts)

‘Bage” isolatlon "détive” structural control

“and ‘hybFid ¢bntrol systems 5

Predictlon methods for assessrng dxrect and 1nd1rect “if
Inforaation prOCessing systems for earthquakes §
disaster mltigatiOn ’ _ v ?

Mechanlcal property of sorls subJected to dyanamrc i
loading o

Design methods based on sexsmic hehaV1ors and”

g earthQuake ‘fedi§tanés’ of embankments: ‘§émi< bUrred

cand undéféfbund struCtures

?ReinfOréénént of ! ‘darth” structures and 1nprovement of

--ground 6 ' wi'thstand “earthquakes :
Be;avior ‘of “f4111ng técks and design method for
Cfalling 'roek protection vorks

In-situ “ground investigation méthods
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DIVISION NAME

'RESEARCH SUBJECTS

Materfal and Construction Met

hod Department

Construction Equipment Div.

Construction Method Div.

Soil Mechanics Div.
Chemistry Div.

' Concrete Div.

Improvement method for construction with mechanics
Pipe transportation technique for snoy by air pressure

Sophistication of construction controls of earthworks
Designing and construction methods for earth retaining
structures for the roads on mouintainous terrain
Stability of reinforced retaining walls constructed

on inclined surfaces

Design method of reinforced carth with geotextiles
Embankment constructed on soft ground o
Sethod for rational evaluation of slope stability

Applicatxon of new materials to construction
Permeable pavement materials and reeyeling of asphalt
pavement

Advanced concereting technologies
Comprehensive malntenance technologles of concrete
structures .

Erosion Control Depatrtment

SRR

Erosion Control Div.

Slope Failure Div. .

TN N SO .

Preventiné'métnods against debris flows in upper
vatersheds

L ’ SN S ;‘ ‘: B N
é Antifsljﬂelretajnjng valls t

‘.f Evaluation of slope stablllty under ralnfall and

earthquaRe conditions '
lnvestlgation rockfall

| Niigata Experimental Lab.

‘ Landslide stability in Spring

Design ‘and constru¢t10n of ‘direet~ protectnon
structures for avalanche B

| Strategical: use’ of - veather forecasting information

Prediction of frozen and compacted snow on:the road
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Table 7 TECHNICAL STANDARDS ol YISIUNS OF PRRI ON DuTY

TECHNICAL STANDARDS ,etc.

DIVISIONS OF PWRI ON DUTY

(1) IN GENERAL
‘| Road Structure Ordinance
Yehicle Restriction Ordinance
Traffic Capacity of Highway

Standard for Design of Bicycle Paths, etc.
Hanual for Road Snow Disaster Prevention -

Manual for Road'Maintenance and‘RehabilitaLion

f (2) TRAFFIC SAFETY ,
Technical Standard for Road Lighting

| People
Technical Standard for Traffic Signs

(3) TRAFFIC ENVIRONMENT , Y
| Technical Standard for Plantlng around Roads

| Manual for Assess;n° the Environment alongsnde
the Roads

; Manual for lmprovnn° Landscape around Roads(Draft)

1 (4) PAVEMENT

Pavement
Pavement(Draft)

(Draft)

Recycling Method(Draft) > PR
Technical Guidelines for- the ln Place Surface
ReoyelingMethod(Draft) 3

Manual for Pavément Testlng Method )
Technical Guidelines for Design and Construction

of Slag Base

Technical Guidelines for Design and Construction of
Asphalt Pavement Using Steel Slag’

Technical Guidelines for Design and Construotnon

of Steel Slag Base

Technical Guidelines for Design and Constnuctlon
of Full Depth Pavement

Guidel ines for Guide Blocks for Vlsually Handlcapped;

| Manual for Design and Construction of Asphalt Pavement
Manual for Design and Construction ‘of Cenent” Concrete

Technical Guidellnes for Rollen Compacted Concrete ,,_: Pavement Dfo&NCSheFéte"ﬁféﬁ
Technical Guidelines for Recycllns Pavement Waste I*N.T

Technical Gu1dellnes for the ln Place Base Course ST PaveﬁeefvbiN}ﬁ o

| Pavenent Div.-

‘| Pavement Div.

Traffic Engineering Div.
Traffic Engineering Div.
Traffic Engineering Div.
Traffic Engineering Div.
Traffic Engineering Div.
Pavement Div. & Tunnel Div.
Traffic Safety Div, -

& Tunnel Div.

Traffic Safety Div.
Traffic Safety Div.

| Planting Div.

Traffic Environment Div.
Planting“Divf

Pavement Div.
Pavement Div.

Pavement Div.& Concreté Div.!

Pavement Div. §

Pavement Div.

Pavement Div.

Pavement Div.

& Niigata Experimental Lob.

Continued'
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TECHNICAL STANDARDS ,etc.

DIVISIONS OF P¥RI ON DUTY

(6) SOIL STRUCTURES
Manual for Highway Earthwork
Technical Guidelines for Highway Earthwork
- Soil Investigation
Technical Guidelines for Highway Earthwork
= Construction Hethod in General
Technical Guidelines for Highway Earthwork-Retaining
Walls, Culverts and Temporary Structures
Technical Guidelines for Highway Earthwork
- Soft Ground Improvement
Technical Guide)ines for Highway Earthwork
- Slope Protection
Technical Guidelines for Highway Earthwork
- Drainage Works
Guidelines for Design of Common Ducts

(6) TUNNELS
Technical Standard for Road Tunnel Structure

Technical Standard for Road Tunnel Ventilation
Technical Standard for Road Tunnel Emergency
| Facilities,

Technical Standard for Road Lighting (Tunnel)

(7) HIGHWAY BRIDGES
Specifications for Highway Bridges
Part 1 Conmmon Specifications
Part I Steel Bridges
Part I Concrete Bridges
Part VI Substructures
Part V Earthquake Resistant Design
Guidelines for Preventing Deterioration due to
Chloride lons for Highway Bridges (Draft)
Guidelines for Design of Steel Pipe Sheet Pile
Foundations ‘
Guidelines for Design and Construction of Continuous
Diaphram ¥all Foundations
Manual for Design of Steel Bridges
Manual for Construction of Steel Bridges
Manual for Painting of Steel Biidges
Manual for Design of Concrete Bridges
Manual for Construction of Concrete Bridges
Manual for Design of Pile Foundations
Manual for Wind Resistant Design of Highway Bridges
Manual for Bearings of Highway Bridges
Manual and Standards for High Strength Bolts -
Manual for Retrofit and Post Earthquake Methods of
Road Facilities (Pre-Earthquake Counterueasures)
(Post-Earthquake Countermeasures)

Soil Mechanics Div.
Soil Mechanics Div.

Construction Method Div.
Construction Method Div.
Soil Mechanics Div.
Soil Dynamnics Div.
Soil Dynamics Divy.

Foundation Engineering Div.

Tunnel Div.
Tunnel Div.
Tunnel Div.

Tunnel Div.

Bridge Div.

Bridge Div.

Bridge Div.

Foundation engineering Div.

Earthquake Engineering Div.

Bridge Div.

Chemistry Div.&Concrete Div.
Foundation Engineering Div.

Foundation Engineering Div.

Bridge Div.

Bridge Div.

Bridge Div.

Bridse Div. & Concrete Div.
Bridge Div. & Concrete Div.
Foundation Engineering Div.
Structure Div,

Bridge Div.

Bridge Div.

Earthquake Engineecing Div.
Ground Yibration Div.
Earthquake Engineering Div.
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HIGHWAY RESEARCH IN CANADA
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FUNDING BY SOURCE

Transport
Canfd%
$4M
Natural Sciences
and Englreering . :
National Research Council
Research $11M
Council
$4M

Federal Funding Sources

$19 miilion
Others Ontario
$14M $12M
Cf;",ﬁ“ni'&a / Quebec
$1M Alberta $4M
$2M
Provincial Funding Sources
$33 million
Total funding (1991): $52 million (No.1)

HIGHWAY RESEARCH IN CANADA 8 December 1993

~ EXPENDITURE BY PERFORMER

Féderal
Laboratories

Provincial
Laboratories
$16M

(30%)

-+, "Universities
. $15M
SN (30%)

HIGHWAY RESEARGH IN CANADA

8 December 1993
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RESEARCH LABORATORY FACILITIES (150)

Provinclal

Ontario
o Pavements and Roadway Research

+ Materials Research

¢ Structures Research

+ Energy/Emissions Laboratory

« Vehicle Safety/Oynamics Test Centre

Quebsc
¢ Central Laboratory

Alberta
« Transportation Laboratory

British Columbia
¢ Geotechnical/Materials Laboratory

-~ (No3)

HIGHWAY RESEARCH IN CANADA

S

8 Decomber 1993

PR

‘RESEARCH LABORATORY FACILITIES (150)

Federal
_ National Research Council
e _ Ce_'ntre for Surface Transportation Research
» Institute for Research in Construction

¢ Applied Aerodynamics Laboratory

B N T
University-Based

s aeni 13, at all major Uniiversities

Private Industry

~ g+ Over 80 Facilities

> HIGHWAY RESEARCH IN CANADA

8 December 1993



HIGHWAY RESEARCH BY TOPICS

International Road Federation
Research Topics

Econormics & Administration

Design of Roads/Related Structure

Materials

Solis & Rocke

Construction & Supervision B

Maintenance IS

Tratfic & Transport REIRRRENER

Accident Studies SEENEI

vehicies FEIREEE

) 173

Total of number of Canadian projects: 653

(No.5)

HIGHWAY RESEARCH IN CANADA

(.6

8 December 1993

TOPICS

PICA

. Pronces umversmes, NRC mdustry
e Relahvely mature field ‘

“IVHS

¢ New and grow:ng field
« Ontario, Quebec, possible federal mitiatwe
. o Need for industry involvement

. WIND/SEISMIC |

+.. «-“NRG, Universities

Road environment

o Provinces; scope for expansion

Advé‘nced composite materials

) Provmces, unNersnties )
o Network of centres of excellence for
high-performance concrete

S

' HIGHWAY RESEARCH BY WORKSHOP

- HIGHWAY RESEARCH IN CANADA

8 Decomber 1083 -
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SELECTED MAJOR RESEARCH PROGRAMS

Canadian Heavy Vehicles Weights and Dimensions

 Agreement on welghts and dimensions
Implementation of regulations

«+ Information dissemination

Ongoing research

-«

Canadlan Strategic Highway Research Program
(C-SHRP)

¢ Cooperation with U.S. SHRP
o Information dissemination from SHRP
« Specific Canadian research

Intelligent Vehicle-Highway Systems (IVHS)

+ Development, demonstration and standardization
¢ Information dissemination
« International liaison

(No.7)

 HIGHWAY RESEARCH IN CANADA : 8 December 1993

: NATICNAL RESEARCH AGENDA:1992-94

Safety i 4,_:',—\.

« New methods, technologies, regulations;
‘behavioral changes

Mobility

* " 'Rédueed congestion through new technologles,
innovative traffic management; control of trucking
in urban areas

‘Infrastructure

"« Rehabilitation, maintenance strategles; efficient
construction

~ Economic efficlency and performance

&' Opportunitiés in emerging technologles: IVHS, GIS,
. expert systems ‘

Government regulatory role
13 Continued standardization and harmonization

- Environmental issues
e Minimize detrimental environmental impacts
Energy efficiency

o Maximize energy éfﬁqien;:y

(No.8)

" HIGHWAY RESEARCH IN CANADA , 8 December 1993
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INTERNATIONAL COOPERATION

Multilateral

o OECD Road Transport Research Program
« International Road Federation

U.S. Transportation Research Board

o IVHS America

Bilateral
o U.S. Department of Transportation
{MOU; Addendum on Highway Research)

o Japan Ministry of Construction
(Public Works Research Institute)

Upcoming conferences In Canada

« [RF Reglonal Conferences: Calgary, Sept. 94
» PIARC World Meeting: Montreal, Sept. 95
+ IRF World Congress: Toronto, Sept. 97

(NQ.Q)

HIGHWAY RESEARCH IN CANADA ‘ 8 December 1993

" HIGHWAY-RESEARCH PRIORITIES: 199597

Infrastrugture:

R . _,I_r{r‘\bvﬁative' finaricing methods
« Performance of prestressed concrete highway bridges

.+ . Econoihics of infrastructuré mainténance

i 8. .Extendmg service life of pavements and structures

K Selsmlc bndge evaluation analysis

Ve SART IS
Roadway slope and embankment selsmic response
"analysls

_' ' K Alkah slhca reachve aggregate analysis

‘ . T e Feasnbnhty of overcoating V/s re- coating for bridge
VEUL st e e T ma(ntenance

'.L Ground penetrating radar to provlde subsurface
~«Information

i Agaﬁayement fatigue analysis

(NO 10) ? | - {‘ |

HIGHWAYRESEARCH)NGANADA o ’ & December 1993




. 'HIGHWAY RESEARCH PRIORITIES: 1995.07

Roads and the Environment

« Erodible soil stabilization
« Blodegradable waste disposal systems for highways
rest areas .

Traffic and<Transport Systems

« Muliti-modal beénefit/cost analysis
« IVHS applications: AVI, CVO, ATMS, ATIS, APTS

« Dynamic traffic pattern recognition for corridor and
network signal optimization

+ Expert systemns for avalanche forecasting

» Congestion cost-benefit impact analysis

(Nou11)

HIGHWAY RESEARCH IN GANADA : 8 December 1993

HIGHWAY RESEARCH PRIORITIES: 1995-97

Road Safety Strategies
° A'ssess.'rﬁéht'()f economic models of traffic demand and
exposure to risk

« Ergonomic issues associated with IVHS technology
proposals

o Cost effectiveness of human factors measures v/s road
engineering for safety

o Incident management strategy for two-lane roadways
and major arterials

Research Pblicy

» Techvnology transfer and information dissemination

(Nq 12)

HIGHWAY RESEARCH IN CANADA 8 December 1993
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HIGHWAY RESEARCH PRIORITIES IN
JAPAN: 1995-97

Infrastructure

Recycling system in road improvment;

L]
L]
L]
*

Construction methods to control by-products
Advanced methods for testing by-products
Economic evaluation systen

Institution of recycling system

Traffic and Transportation Systems

Advanced road transport technologies:

. & & 0 @ o

Traffic Control Systems

Information Providing Systems

Vehicle Control Systems

Frelght Transportation Management Systems
Public Transportation Priority Systems
Advanced Road Systems

Advanced Vehicle Systems

Traffic demand management

Advanced logistics and road transport policy

Road Safety Strategles

Safety of vulnerable road users

HIGHWAY RESEARCH IN CANADA

8 December 1993

(No.13)
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4. Paving in Cold Area (PICA)
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General Situation of Pavement in Japan

Speaker: Toshiyuki Nakamura,
Heédfbf”Pavement Division,
Public Works Research Institute,

“the Ministry of Construcétion, Jaspan

.Contents

1. Introduction .

1<1 A Brief Description of Japan

1-2 History of Road Development
2. Presenht Status®of Road and Road Transport
'  '2:i'Va}i6us'T§pes of Roads in Japan
'2-2 Present Conditions of Road Transport
1'3rmﬁhgiheering étahdards‘and;Specifications
3?1'Standa}s’fbf'GeometrfcﬁbéSign'bf Highways

" 3-2'Standards for Highway Pavemént
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1. Introduction

1-1. A Brief Description of Japan

(1) Land

Japan is an island country stretching along the north-

castern coast of Asia. It is made upiof four main islands — -

Hokkaido, Honshu, Shikoku and Kyushu from north to seuth
-~ and more than 3,900 smaller islands. The largest island
is Monshu. which has Japan's major cities including ;I‘okyo.‘
the nation’s capital, Nagoya, and Osaka, With the total land
area of 377,815 square kilometers, Japan accounts for less
than 0.3% of world’s total land_arca.; Of the total area,

forest lands occupy 65. 4% ; cultivated lands 14.3% ; grass-

tands 1.6% ; and densely inhabited districts 2.-7%.
Japan is characterized by complex geographical

features, with basins and mountains of various heights and
shapes. About 71% of the land arca is mountainous, mostly

forested.
Japan has numerous hot springs and volcanoes as well

as rivers and lakes, which enhance the scenic beauty of the

country.

(2) Climale

Japan is located at the:northeastern end of thc monsoon .-

China, Soulhcasl Asna. and

arca which also includes Korca
mnly

India. Japan's climate varies from nor(h to- soulh,
due to the continental air currcnl from the norlhwcst and
oceanic air current from the sou(hnst Thc ‘sensons “are
clearly divided into spring, summér; ’nu(umn.' and Wwinter:,
Tokyo. the scasons have the follomng (,Inru‘lcrnshc lc.n-

tures . temperature and fmnnduy e lug,h §

crate in spring and autunmin, and low in wm(gn,, Accondmn lo
vecords of the thirty years {rom 1961 to 1990. lhe abnual -

average temperature in Tokyo was 15.6°C., with a low of
5.2°C in January and a high of 27.1°C in Auvzust. The

annual average precipitation in Tokyo was 1. 405 mm,

(3) Populalion

The current ‘population of Japan is approximalély 124
million, and this means that Japan rinks seventh in the
world in terms of population, after China, India, the
USSR. the United States, Indonesia, and Brazil.

The future population of Japan is projected to increase

moderately, to total 129 million by the year 2010, after -

which it will gradually decerease.

The population dcnsnly of Japan in 1989 was 33) per-
sons per square kilometer, making it among the most dense-
Iy populated nations in the world, along with Belgium, the

N P
m ’have ‘been' rapidly: co

st ucuon of lughways was ncglt.clc(l in lhc carly stages.
mei! ‘mod=

Netherlands, and the Republic of Korea.

As o result of the vast increases in urban population
especially in the 1960's, about 43% of the total population

. in 1988 was concentrated in three major metropolitan areas
of Tokyo. Osaka and Nagoya. which correspoad to only
10% of the total tand ‘arch; In these metropolitan arcas, the

rate of increase in population of the suburbs is (ar higher
than that of the central parts. In some rural areas. there

‘arosc ‘a probled of sparse population caused by young peo-

plc> ou(wmd migration, correlating with the population

' com:cnu ation lnto cities.

-2.7; History of Road Development
As we can [ind the word "road” in records of about
2,000 years ago. it may be said that the history of roads in
Japan is pretty old.
> Durig the Tokugawa Era (1603—1868 A.D.), the so-

called 'fFi\fc-Roaids".f naniely, Tokaido, Nakasendo, Nikko-
kaido, ' KoshizKaido ~dhd Oshu kaido radiated from Edo

-f(old name of Tokyo) thc-ccntcr of Japan, and. gradually,

towns grew up alung these old roads. But the Tokugawa

.""Covernmt.nl pcrnnucd Flow bridges to be built across the -
rivers surrOund_mg [_:do. ,I'lOm the standpoint of defense.

In (hc Tokugawn Exn horses were used for transport,
but ‘catriages haé not yc( been ‘devéeloped. It was in the

o Mem Erac (1868——1912 A.D. ) that ‘the carnagc became a
_ normal traffic mode. Smcc the Meiji Era. railway nctworks

‘wéted all over Japan, but the con-

u Slncc ”hc fusl( load‘nelwonk plan was madc in this
conatry in 1920 sevcrnl long-term road impr ovement prog-
rams were made until the outbreak of World WarD. These
plans, howerver. were not completely excouicd because of
the occurrence of the Kanto Earthquake in" 1923 and thé

rushing into.the wartime cconomic system.

In November of 1948, lmmndlalely alter’ World War I,

the five<year plan for mamtalmng and. répairing roads and

streets, with a sum of 217,200 millién yen, was made by the
Supreme Commondér ' of the “Allied  Powers, Gebcﬁnl
MacAthur, and cxccutcd by 1051 Tlus plap was nol com-
pletely executed in con..ldcrallon of the whole natiénal finan-
ce. bit it had a very important meaning because it funé-

tionéd as a signi{icanl step loward the subsequent léap in

road cons(ruchon prO)ccts

Substantlal devclopmcnl of posl “World War Il - réad
policies actually began after 1952 in this ¢ountry. Tlns was

94~
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Table 1-1  Progress of the Five-Year Road Improvement Progrims
“{Unit: 100 mityen, %}

ven T g .
o L1310
Lo 400 | torcnbsmant | ot pades | tnvatinient | Comnnston
TE oy e
A 100, - - - - 1.600
reesss -
A ton 590 e 22 199 363 2000
ATA (28 0 L e - = - = -
Tt 6,100 6.0 .1 2.000 100 1.900 19.0 10,000
:_':i';,‘";’:‘:w :\;i:‘) o 516 8.2 Lsr XS %351
wh 1A “ (X C - 254 - #0.% - $2.%
J-'Tc‘:';wum . 13,000 1% 2,500 21.4 3.200 1c.2 21.000
- ? i
,"_“';"ff,’m . v 212 2256 00 2.04% LIRS EX2T
€Ay ¢ sl 856 - 50.1 - 8.0 = 5%.6
e 12,000 $2.0 o.oua 360 0,000 .3 41,000
s 12,441 ) 202 300 1.0 71,006
C . a0.3 © - [2X) - 334
i 10,000 My 11.000 106 " 66000
,_».t-""“'., 1,056 542 2,835 21.0 w122 16.# ELXAT
€t - 20,6 - 419 ol 8.0 - 82.8
Gt ueogrin 32.000 s0.1 22,000 24.4 25.500 249 2110,300
230Zinsi - * U N X
:-"),tglv‘?.’,,m 3'.006 so0 1.0 n.2 12,06 100 42.23%
E Ly 13X - %2,% - 10.% - 80.1
7‘:’5;’”""‘ 93,400 432 49.600 700 42,000" 142 31195.000
A .58 a0 32.c0n 200 " as35 0.6 160,025
w0 1A 03.1 - S Yem ‘o . 092 - IR
M 133.000 ave | | ev000 28 25,000 10 | 41205000
RN 175,090 30 o143 1o | | s o 202930
i 540 -, LAY 23 iz Y) - 103.0
Sih NrUgtain 180,000 any 22.000 2 112,000 0.0 $1202,000
“igpdea] i asai] s brasy Ty $12,542 J0.8 362,104
9.5 - 102.5 - 26.2 - 20.6
Oy 230.000 any 140,000 1t 129,000 20.2 61330,000
Bk 126358 aa | e 201 | 113003 320 ser.438
% [1%) - 1012 - RELY) - 192.4
' “‘:’"'“""“ 20A,000 FIXY 209,600 12 252,000 9.7 1 240,000
S .01 2.0 36392 204 43,400 310 11060
15,3 - 17.4 - 17,3 - 1CA
Nole 1} IActuding 150 billion yen of cohtingency
2)  Including 100 bilion yen of comingency
3} Including 500 Libion yen of contingency
4l Including 700 biflion yen of contingeney
5) Including adjusiment éxpenses of 1,300 bivon yen
6) Inciuding adjusimen expenses of 1,300 bilkon yen
7) tncluging ddjusiment expenses of 1,400 bitkon yen .
8) A pohion impiemeniedin 61h Program includess provisional tosts of 11.2 bitlion yen (Okinawa),
- 9} Invéstment of general and toll roads is on an initial and supplementary basis for liscal 1992, and
: On an actudl basis for lisés! 1993, .
10} Invasiment of locally lunded works is 35 estimaied ot fiseal 1991 ~1993,




the year when revolutionary changes in road laws were
made, which were very s:gmhcant in the history of roids in
Japan since these changcs ‘included 2 complelc revision of
the road laws, new founding ‘of toll road system, (ive- -year
road nmprovcmcnt programs, ‘and" Wtilization of gasoline tax
as a source of road funds.

‘In 1954, the st Five-Year Road Improvement Program
was proved (o bé effective because it brovght a considerable
increase of road funds. Thus, the res) development of ioads
in this country was started.

Trends of the five-ycar road improvement programs are
shown in Table 1-1.

2. Present Ste&us of r'oad.-ahd road

transport

2-1. Various Types of Roads in Japan

Roads in Japan arc classilied into four categories in
accordance with the Road Law.

a.  National expressway
Nationa] highway

Prefectural road

&0 &

Municipal road

‘Roads’in' Jagan’

1

‘Expressway -
(only vehicle use)

Tlns classnf:cauon is .donc Ly administrative body of
roads. To be more prncucnl roads arc classilied by their
functions. The classification is as shown in Fig.2-1.

- Mumc-pal road

l‘lg 2.1 'f'hc Chss

Ur‘ba(\ éip}ESSWaY

. —-{ High grodcd lrunk road (Tolol 14 000 km)

Nahonal cxprcssway (ll 520 xm)

Nalionol highway molorway (2.300 km)

- Honshu-Shikbku Expiessway (180 km)

Mclropolman Expre sway
Hanshm Exprcsswoy '

- Dcs-gnolcd city’ cxprciswav

Nb(ional l-n‘i’éi‘{woy‘ o

- Preleclural road o
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2-2. Present Condition of Road Transport

(1) Sharcs of traﬂ'c modes Ior domestic frcnght trans-
port

“Thé traflic for domestic carge and passenger Lranspor-
tion in Japan have greatly changed with the rapid progress
of motorization. With the economic growth and road im-
provement in the background, the role of the automotive
transport has strikingly increascd. For determining the
shares of the traffic modes, it is important Lo realize o sys-
tem in which the charactcrnsucs 6f the réspective haflnc
modes are c{lcctwcly ‘utilized through adcquate competition
and (rée choice of the visei's, and thic foncg,omg chinage in the
shares of traflic modes indicates that the avtemoltive trans-
port adapts itsell flexibly to the needs of the people and
offers thic transport sérvices suitable in qualily.and cost for
the characteristics of the commodities to be transported.

For freight transport, —the: share. of - the automotive
transport has increased - from 68% to 91% in tonnage or
12% 1o 51% in ton-kilometerage for 34 years during the
period from 1955 to 1989 (Tablc -1 )

“Table 2.1 ’I‘rend of I‘rcnght ’I‘r'\nspmt

(Uml Onc million fon- hlomcicrs)

Gras: Towl Aulomob-le
Year :
R R share 00
1955 TR TN 5.2 S 9,510 | s 106
19601 138,900 | . 16.0 .- . 20800« .. 15,0
11965 186,346 (8] 48,392 | . 26,0
1970 350,656 1.3 135.916 388
1975 360,778 -4.0 129,701 36.0
1980 439,065 -0.7 178,901 40.7
1985 | 434,375 -0.1 205,941 a7.4
1986 | 435,230 0.2 216,115 49.7
1987 | 448,918 - - 226,425 50.4
1988 | 482,877 7.6 246,088 51.0
1989 | 513,439 6.3 ; 262,857 - 51.2

Note : 1. Source: “Land Transport Slausucs Manval®,
2. Light motor vehicles not included untit liscol 1986,

In the qualitative aspect, transportation of highly"\ialu—
able ‘products and materials such as machines, “metal pro-
ducts and fresh foods are mcrcasmg. also small- lot,” high
frequency and "just-in-lim¢" transportation demands are in-
creasmg. furthermg the specnahzahon and mutual dependen-

“cy of the mdusmcs (r'g 2+ 2 and 2-3). Also, dispersal of
thé industries to local regions lhrough. for cxnmplc, con=
struction of (echnopolis has intensified the mlcrdependcnt
“relationship of the regional arcas and induééd longer dis-

Transport qvanlaly
Aulomobile {Thousand ton)
Pelroleum v
producls ¢

Railway Shipping
416 32113)

Cemenl
. //;’/; »;/4 2 1///[;//};//» 7 ,,4///’m
Metals / %/% / ]
Machines
Foods &
indusltrial
oroducls |
Melal N {vf/'wy/// % /,,,,/,,/,.
products’ %/ . / ,%, 127.495

vc 't!‘lfsblcs %/% 90 988

0 IO 20 30 40 50 60 70 80 90 100(%)

Nole : Source : "Land Transport Statislics Manual™
~ (Ministry of Transpofl) .

Fig. 2.2 Sharc of Transportalion of Products
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Fig. 2.3 Trend of Sharc of The Automolive
Transportalion

‘tance movement of the commodities (Fig. 2-3).

(2) “Shares of (traffic modcs for domestic passenger
“transport

For pnsscnger (ransport. the share of the automotive
transport increased (rom 30% to 72% in the number of pas-

..*-'97_'.7
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sengers or 17% (o 679 in the man-kilometers dluring the
same 34-year period (Table 2-2).

Elevation of the income level colled for higher level of
education, medical services, shopping, ¢le.., re-

sulting in an increase of mobility. Thus, inlcr_cily and other
Moreover, sb‘é"’l‘(s and

culture,

wide #rca novements are increasing.
leisure activities which .u:comn.\mcs sl:\ys at lcsmts are

increasing, and this situation |cl|cs on .\utomobnlcs ‘\‘\ICI!

are highly fléxible and convenicnt.
Now, Iookmg at differcnt uses ; auvtomobiles are hibhly
used lon busincss in largé citics and scrve as a_mcans Sup-

porting the foundation of urban activities, whnlc in nunl
they are lng,hly used [or commutation,

nnd recreation and serve as a means sup-

districts, uucndmg

school shoppmg
porting the (_lally lnvnng as a whole (l‘tg.z._s).

Tokyo City ° 7
aer 11980) ifﬁl
Kagawa Chuo TATTAT T N\
Urban Aces %32?2' »jﬁggg;&?ﬁ\\“

(1989) .

=98~

Auendnng Homccommg
School <
Shoppmg

Commuldtion

Recrealion  Business

L ]
0 20 : 40 ’ 60 - a0 100 (%)

Swrce 1. Homecommc refées to lhps commg “back 1o fome from
the placcs of work, $¢chdols and places of shoppmg ang

business:
Source 2, *‘Tokyo Urban Arca Pcrson Tnp Sutvcy (1988) and
“Kagowd Chuo Urban Ares Person-Tnp Survcy (!989) .

Fig. 2.5  Sharc of Aulomobulc Uscrs I’urposcs

The automobile (ralfic Was” functions which con not be
substituted ‘by “any othér-traffi¢ means, “such as mobility,
availability“4t dny time and door~to-déor tiranspoit; “Also, it
assumés’ the terminal transport of sl 'ther traffié means Lo

- maintain the éoii‘li:xui'ii/ of" ll‘afl"ic‘;"a'n(l‘t'l\us serves 35 basic
“lratfic mcans |nd|spcnsablc for lhc pebplc '

Table 2-3 shows &hc numbcr of motor vehicles in' ‘use at
the end of March cach year.

The number-of motor vehicles in use, with not less’ than
thrcc thclsA at lhc cnd of March 1991, was S7. 668 683. It
“means (hc ratllo of persons lo VChIClCS is:approximately 2.)
to 1. 0 e, L

Thc number of molor vehlclcs in use was lncrcaSMg ata

Ccrate of approximately 209 -each year “unti, 1970 “bot the in.
-:crcasmg lalc has: xccenlly dccrcased(and in 1991 u wag -

A%,




Tuble 2.2 Trend of Passenger Transport

(Unit ; One miltion men-kilomeiers)

Autornobde
Model P - Passenger
assenger car 8us Prvately Totral Raiway . boat Aiine Total
ed : : 7

Share Shaie z:’:k Stare Share Thaie Shate Shate Shaie [Inciease
vear (%) %) (%) %) %) %) (%) (%) |overthe
previovs
) ) year (%)

1950 730] 06| 8300} 20} - - 9.030] 7.7 | 105,468 | 900 | 2.628 | 2.2 ~| ~ 1 vir.126] 1000 12.2
’-‘55 4180 25| 233200140} - ~ | 22.500| 166 |136.112] 620 | 1996 | 1.2 28| 0.1 | 165.826] 1000 6.4
60 1.532) 47| 432999 - - | s55.531) 228 (184,320 758 2670 | 1) 734| 0.3 | 243.275] "100.0 9.9
‘65 40.622) 10.6 | 80133 0.0 - - ] 120.750] 31.6 | 255.38¢ [ 668 | 2.902 | 09 | .2.929] 0.6 [ 262.461] 1000 7.6
70 | 181,335] 30.3 | 102.09¢| 17.5| - - | 284,220) 8.4 [ 208,816 [ 49.2 | 4814 | 08| 9.319] 1.6 | s92.178] 100.0 | 110’
75 | 250.804) 353 | 110,063} 15.5 | - - | 960,868] 50.8 | 322,000 | 45.6 | 6.695 | 1.0 | 19.148] 2.7 | 710.71}| 100.0 25

16 | 260000923 ] samel | - | - | 36023l 512 |aieses [dsa | 6osr | 00| zonis| 26 | re8.560] w00 | ¢
. ¢ -3.1:98.2141 13, - . . X . . 20.119] 2.8 | 709.549] 100.0 0.2
;; ;ga,sm 320 | h0a83ef 1| - < 1 368,600} 51.9 | 312,297 | 439 | 6500 | 0.9 | 23.636] 3.3 | 711,033] 1000 : 0.2
28 6,043 33.6 | 107,009} 14.3| - - | 403.063] 539 311129 41,6 | 6384 | 0.9 | 26,923] 3.6 | 742.488] 100.0 5.1
ot 319.869) 411 [ 1003171 139 | - - | a23.182] 55.1 | 12,460 { 40.2 | 6,443 | 0.8 | 30.246] 3.9 | 722.336| 100.0 40.
Azl e | nosgsf e ) - - | 43n669] 5.2 | 314502 ) 202 | 6.132 | 0.8 | 29.683} 3.8 | 782.031] 100.0 0.6

:g; 328251  a1.5 | 108,828/ 138 - - | ear.079] s5.3 | 316200 | 40.0 | 6132 | 00| 31032 3.9 | 790.338] 1000 1
b 347,219) 43,2 | '10¢,836{ 13.0°| - - | 452,055 56.2 [316375 | 99.3 | 5859 | 0.7 | 30,106] 3.8 | 804,395 100.0 1.8
b 3607471 3.9 | w3418 126 - - | 460,162| 56.5 | 321,452 {390 | 5,222 | 07 | 30.627] 3.7 | 821.963] 100.0 2.2
hol 365,631 43.9 [ .103.064{-12.4 | -~ ~ | 468.695] 56.3 | 324.334 | 39.0 | '5.780 | 0.7 { < 33,498): 4.0:| 832.110] 100.0 1.2
384,362 44.8 | 104.698) 122} - ~ | 489,260) 52.0 [ 330.083 ) 385 5733 | 0.7 | 33.118] 3.9 | 858.194| 100.0 3

:gg 398.216( 45,5 { 100.629{ 10.6 | - .| .| 499.843] 57.1 (234265 [ 3.2 | *5.684: | 0.7. |- 35324) 4.0 | 875.595. 100.0 2.0
, 456.030] 41.1 | 102.895] 9.3 1159.553 [ Va4’ '718.478] 64.9 | 344,728 | 1.1 | :5.850 | 0.5 | 238.535] 3.5 ].102.591] 100.0 -
_ga 500.945( 42,1 | 107.221|. 9.0 [ 173,680 .14.6 | 782,03)] 65.7 { 361,796 {'30.4 | 'S.672 [ 0.5 |' 43,102[' 3.5 [1,190.603(* 100.0- 2.5
,gg .556.0211.43,9'{ 109,1301 8,6 117,962 | 14.2 | 845.123] 66.7 | 360.817 { 201 {- 5855 |.0.5.]: 42.141]:3.7. ]1.267.036( . 100.0, 6,4
: 575.507]44.3°1 110.372| '8.5| 162.182 | 12.9| 853.060] 65.7 | 367.478 | 29.8 | 6.275 | 0.5 | "51.624] 4.0 [i.298.437 100.0° 25
$ 595481 44,7 | 108.212] 8.1 | 165644 | 12.4 | 869.337] 65.3 | 400.083 | 30.1 ] 6.195 | 0.5°] 55348} 4.2 |1.330.964]. 100.0! 2.5

Note Source: “Siatistical Abstract of Land Transport” by Ministry of Transport (1991}, Transport Economy Monthly Report (Nov.

1892}

* Light automobites included in 1987-and on
Airline shows 1otal of regular and irfegular flight. Passenger boat includes irregular rens from 1973 on

Table 2-3 Number of Motor Véhicles in Use -
(al the end of March every ycur)

(Unit ; 1,000 vehicles)

Rate of Relerences
- average .

Year Passenger. Buses { Trucks SDM;““ total annugl s;‘:,;:;l.w . Motor .

cors cors increase motor - Tealiers cycles Mopeds

(%) vehicles

1950 Y 7 EDN N BT 19:7- - - 3 =
1955 139 32 613. 9. 813 15,0 - 2 523 505
5 1960 TEY 406 |t esoaem | 283 S C6 ] .00 1999
1965 “os7[ a0 adsef 6026 |- . 22 11183 S 950 .| .. 6922
LI ‘176 | 8.0sa’| - 306" | 15816 182 1641 29 693 | -8.159
1975 Vg 10,242 551 | 2h063 | S 1,675 3 269 7,984
1076 320 | 10,023 596 [ -28,366 [ - &8 1,788 20 27 8.195
1977 A oz | owoer [ en | 08 6 . 1,980 2 1Y) 8,579
19281 042 f 22a | 10,3261 6n | 3063 ] 763 2,088 a4 758 9,288
1979 [ anaen | 2an | 002t 720 | 34,328 6.7 2,165 a8 803 10,098
1980 1| 22,760 | 228 | 26457 966 | 3300 [ 60 2.3 |- 53| 8% 11,075
1081 | 206467 220" | 3267|194 | 3915 4.2 2,299 sr.| aove | 1202
1982 1] 2e57u| 2307 | 13,066 | 823 | 39,508 | 44 . 2,39 59 1,477 | 13
19831 25,435 1357 7 esy | dia2 4.2 12,35 59 | 1386 | 1482
1964 | 26,320 |. 230 | 15.460%|" 880 °) 42,890 | . 4.0 L 2.3n 1] 1,608 15,745
ve8s '} w038 |1 230 012 | ad -l A2 ;2,410 64 | 1,82 15,357
ege | 21090 . | Cooa | asasl 38 L2424 6 | 2,204 16,644
987 | 289387 2a2n|88e ] oss | 429820 - - 30 2,425 68 | 2213 16,423
1088 1 20,600°| 2357 Cvoy fiseadd I tae | o f2e38 | v |24 | 16,020
1e89 Y S239] NG Ay | s | 2l 760 | 0 2.599 15,600
1990 | - 32,03 | 24271 208 1,085 | 65,196 5.2 2406 8l 2 15,056
1991 3s,isz | 2e | 2, 1208 | SheB9C | L 4s” Do 88 1 2,741 -

—99—

Note : Refers to the Briel Siatistics lor Land Traasporiation, Minisicy of Transport.




3. Engineering standards and

specifications

3-1. Standards for Geometric Design of High-
ways

‘Stuctural Standards for public roads are provided in
the Road Structure Ordinance (cnac’led in 1970 according to
the Road Law, and revised in 1982) . The outline of this
ordinance is as follows : '

(1) Classification and application of structural stan-
dards

Roads are classified into four types according to
whether they are expressways or not, and te the arca wheré
they are located.

Type 1.and 2 reads are rcsbc"clivctl‘y located in rural and
urban areas, "and classified into four and two ‘classés re-
speétively. Bélh’typés are cxprcssw5ys On the other hand,
Type 3 and 4 roads are also rcspccllvely located in rural “and
urban aréas; and classilied into five" -and’ four respective
classes. These roads are not-expressways.

Each type and class of structural standards is applied
to the road according 'to the designed daily traffic volume
and the terrain where it is located (Table 3-1).

Structural standards of cross-section, design speed,
etc. are provided according to the type and class of the

road.

(2) Design vehicles

The size ol vehicles is so important for the design of
width of lanes, widening of a lane at curve. sight distance,
clearance on road, etc.’ that it is determined according to

the standards as shown in Table 3-2

Type 1. 2. 3-1, 4-) roads are designed for semitrailers
and ordinary motor vehicles, whereas othér roads are de-
signed for ordinary niotor vehicles and smoll-sized motor

vehicles.
(2) Cross section elements
Cross section elements arc as (ollows.

1) Cnrrlagcway (uamc lane, stopping lanc, bus bay,
emergency parking bay, etc.)
2) Center strip

3) - Shoulder
4) Blcycle track or blcyclc pcdcs(rlan track

5) ' Sidewalk
6) Green belt

These are as shown in Fig. 3-). and their standard
widths are shown in Table 3-3.

Table 3-1 Slruclurdl Sl’mdard (1)

. Oes:gned da:ly volume (veb‘ici:é/day):,;

Express. Désiga Acce;s L

“Remarks’

mounlamous

) Type ‘ A T - .(
way . Class] speed — - -
or not (Area) (km/ny|conteol Ovcr 30,000 gg.% . I ; fg.% = ‘Le%soléloan
f |'N, E. in level
! ‘?0, F . | terrain
N.E. T i
“N.E, in level terrain

2 100 F. P |lerrain

E.in Ievie'l_lér:rain

N.E_. -,n:,moun‘lemou_s tesrain 1éirain

N.E in Ievel

Express:[ (Rural)y| 3 |- s0 | Fp {2 -
| ‘ [TE 3w mouns

way C YE. in level lerrein
- . N.E. in méumamous mram
4 60. F.P - E n
P ! mounlom(ws
o e L 2] lerrain:
S N 80 L xdept id the'center of'Meiropohs ;
G | (Urban)f 2 | 60 F o .E in \he center of Metropolis - L ]

T
1 §

" Note : N.E : National € xpréssway

£ Expressway other than Nationat Exprcssway :

‘F Fullconlrol ol eccess Lo
C P Pamul “contiol bl atcess
N Non tohlfol of deéess

—100—

T T N AT T N N S et My . A

T pun




Table 3-1  Structural Standard (2) -

Express. Tyoe Design Designed daily Volume : (vehicle/day)
o Class | speed, | CC8858 |G 76 606 | 70.00< | 10.00= | 1,00~ | 1 300~ s then | Remarks
or not | (Area) (km/h) vehicles 10,000 . .| .~ 4,000 . 1.500
N/H in level |
! 8 P.N terrgin
N.H, in . ;
mountainous| N.H. in levelterrain
2 60 N terrain
P.M. in level terrain 3%
N.H, in mountainous N.H. in level ferrain
3 "58 N iR lecrdin , ~ P_inlevel terrain
3 40 P.M, in mountsinous térrain ‘M in level l
(RU'O') 2 o N . Qr_fdln
4 NJH, & P, in mountsinous terrain
50 M.in Jevel 65
Roads 4 ;8 N terrdin
or('her M, in mountsinous
than
Eaxpress. 40 M, in level
terroin or
way 5 :2‘8 N -mountain. | 1-1one rosd
ous térrain
1 60 P.N
60
2 50 N
4 a0
(Urbon) 50
3 40 3]
30
40
4 38 N J.lone road
2

Prelectural Rosd

Note : N.H. . Nalional Highway .
M. : Municipal Road

Table 3-2 Design Vehicles
(Unit : meter)

o - . W.' Heiaht' Front Wh Ib Rear Mini'mum
Type of vcfszc!ef ; Lenglh» ".jlh '_eng ,I over- hang eel bese over-hang l(\;:jr‘l:‘r;g
Small—sized ‘motor vemcle 4.7 | v ) 0 0.8 2 |2 1.2 )
Ordinary molor vehicle 12 25 3.8 ) 6.5 4 12
Semi-trailer - - : P,S.S v 2‘5" 38 _ 1.3 i:%rr“; 2.2 ’|2
‘Table 3:3 Cross-Section Elements .
S o ) : (Unit : meter) -
Cenler §trip | ) Shoulder . . Bicycle- L o L
. 2 i - R Bicycle Green Sieppin
Type] Class Lanc Total :?z;ginal “Tolal-, :/llra';)gmal Sigewalk lp,eadcekslnan "'agk oelt ,an‘;"' 9
5 005, e 075 | 259075 | 0.75(0.50]
3 3.50((3.75)) | 4.50 . . . 0. .
1 2 3,50{{3 75;) 4, 50§ 0.75 _2.50(1.75;’ 0.75(0.50;
3 3.50 3.00 0.50 l.75(l.25; 0.50$0.25)
] 3.25 3 00( 0.50 | 1.75(1.25) | 0,5G(0.25)
2 t : 2. 0.50 0.50 )
2 & 0,50 0.50 s 3
" 0 R ) .. Qver... |. .0 cabout’
1 0.25 1.50(1.00% 4| 2.00 FL50
2 -;0.25 1.50(1,00 2.00 1.80°):
3 ] 10,25 1.50{1.00) {1 2.00. 1.50 |
4 0.25 1.50(1.00 2.00 .50
5 . 1.50(1.00 2.00 1.50
Over o ol 7 ’0_ ‘ i aﬁ_oul‘.‘ : :
] . 3.00(2.25)7]r 3.99 1,507 |+2.50(1.50
NN ‘ 3:0001.503 | |[ 3:20 504 ([ 2:5001 7501 ]
3 e T K : 1.50(1.00)1]]-2.00( .[1‘50] 2.50(1.50
¢ | 4000r3.00.f o] e ], 0.50 S |R0.50(1.00) 2L 2.00 1.50
(cbrriageway)|. - ) : ) - :

Note : ({ )): When high percentage of lasge-sized vehicles is éxpected.
{  ):O0nly when aecessary
¢ ):Exceplion as in the casc-of bridge, etc.
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(4) Elements of alignment

Alignment of the road is an important factor to ensure
salety, smoothness and comfort of traffic, and it directly
influences the driving speed of vehicles. Therefore, values
“of design elements are all provided according to the design
speed. They are shown in Table 3-5.

Table 3.4 Standard design Volume

l

Eoch lane of 4.0r - 2lones ol
over 4.1ane highway 2.4an¢ highway
Type Class Movun., Mova.
h‘,‘fa’ih tainous :'cer‘;‘:;n tainous
terroin d Werroin
i 12,000
) 2 12,000 9,000 14,000 oy
3 1,000 8,000 14,000 10,000
4 11,000 8.000 13,000 9,000
3 ] 18,000
2 . 17,000
] 11,000 .
3 2 9,000 . 7.000 9,000
3 8,000 6.000 8,000 000
4 5,000 8.000 6,000
1 12,000 12,000
4 2 10,000 10.000
3 19,000 B 9.000
Note : : ' o

). Withregard 1o a Type ¢ road wheré lhcrc ore’ meny m(crsccl
ions the above velues should be muliiplied by 0.6 #l itis'ador
over 4-lone road or by 0.8 il it is 3 2-Janc road,

Table 3-5 Elements of Alignment

Radius of curve (M) g oy TR RN
Design : Lcnglh ot Maximum Minimum | ?:,?,‘cus of vcrucaly Compodund
speed . Moaximum trensition grade - stopping ! (m) Grade
superelavation rate | section sight - - e )
{km7/h) — i ] distdnce - .
658 104 () (%4) (m)y Cfes"_- L)
120 10 510 100 7 . 20 S1N000 [ 4.000
100 460 380 85 3 160 6.500 +.3,000°
80 280 230 0 4 110 3.000 2,000
60 150 120 50 ©5 SEASE L 1,400 ] 1,000
50 . 160 - 80 40 6 55 800 700
0 0 I 7 a0 | o | e | on 4
30 o 2 ‘8 T30 280 280
20 o1 | 0 ‘9 1 SR IR RS BETRD (A )
Notes :

1. the maximun values ot the superelcvanon arc shown in the lollowang lable

Snowy of Ireeding ares

frn T Otheé oreas:
Severely $nowy or Iree2ing ares |- FE

Type 1, Type 2 and xI’ype 3 road
bncyclc track, efc. -

Other road :
2. With telercncc 10, grade i

8, Wih fégard 16 cohpoun ‘gtade.!
#s, the valuc hay be raised bpio 1225 tof roods whose'dds:bh speed is 30 ked/hor 20 k/h. The maximum Y

" compound grade ol a toad in séveiely Snowy of Ireezing aréas musl be 8x
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. Secvice rgaqu’q‘, . Carriogeway Center strip
Bycycle- ! I

pedestrian (rack |
SSINARES

. i S(opping' fane .
Marginal steip Marginal strip

Fig. 3.1 Example of Cross-Scction (Type 4 Roads)

1. 4.Lanc major arlerial road
{Urban area with good residentiat environment)

A0m
70 30, 70 15 5.0

2. 4Lanc'major arterial road
(Urban area olher then described above)

50 1§

)

] ——tr

30m
$0°.25 65 20 65 25 .50

3. aLane artedial’ 2030

(Urban area with good residential eavironment)

25m
4570565 20 65 05 45

4. 4.Lane ariefial 028" ]
(Urban area other than described above)
. ISmA .
3515 60 1.5 35

15, 20ahe collelor (08d (Urban ares)

Fig. 3-2 Configuration of Road Seclions
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3-2. Standards for Highway Pavement

(1) Structural Design Method of Asphalt Concrete
Pavement (Japan Road Association, 1992)

Structural design method which has been used for bitu-
minous pavementls is based on the CBR method, The prin-
cipal points of this design method are summarized as follows

1) Bearing capacity of subgrade is obtained by the CBR
method.

2) Layer cquivalency obtained by the AASHO road tests is

uscd.
3) The volume of traffic is ¢lassificd according to the

actually measured distribution of vehicle weights,

Table 3-13 Road Classification by Traffic

Trallic volume of heavy vehicles
aller S yeors

Traltic classilication
(/day-onc direclion)

More than 3,000

L Less than 100
A 100 10 250
8 250 to 1,000
c 1,000 10 3,000
(o]

4) In [rost-prone districts. the depth of (reeting is taken
as the design thickness.
5) For soft subgrade soils, some particular methods, such

as replacement, are used,

In many cases, it is impossible to compact soil to the

optimum water content because the natural moisture content

of subgrade is high in this country, Therefore, the CBR .

method is based upon the natural moisture content. The tot-
al thickness and structure are determined Ly the désign
CBR and the volume of tralfic, using Table 3-13 and Table

3-14.

Table 3-14 Toargel Yolues for T,, em

Road classification
Design

CBR L A B c D
(2) (17) (21) (29) (39) (51)

3 15 19 26 35 45

4 14 18 24 32 4}

6 12 16 2] 28 37

8 11 14 19 26 34

12 11 13 17 23 30
20 11 13 17 20 26

Ta shown in Table 3-14 designates the converted
thickness of hot bituminous mixture for surfoce course from
the strength and thickness of pavements, which is bLased
upon the concept of the layer equivalency by the AASHO
road test, Ta is determined by the following equation !

Ta=Xa, T,
where 3, ; coclficient of relative strength of the n th
layer (Table "3-19)
T, : thickness of the n th layer (cm)
Ta: thickness of hot bituminous mixture for sur-
face course converted from the total pavement.

The road classification by traffic (shown in Table 3
13) was determined using the results of both the AASHO
road lest 2ad the actual measurement in Japan.

When the structural design is conducted by using Table
3-14, with reference to design example shown in Fig..3-
14, the.structure of pavements is determined and T, and H
are calculated. The Ta value should be greater than that

shown in Table 3-14.
Besides the above:mentioned reguiar pavements; low

cost pavements are adequately constructed,

The typical cross sections of bituminous pavements
which are presently used in Japan are as shown in Fig. 3-1.

Table 3-15 Cocfficients of Relative Strength for

Calculating T,

Pavenment Method and material ol
course construction used Conditions Coellicient
Binder and Hot ssphalt mix lor binder and
surlace courses surlace courses 1.00
Biluminous s1abitization ~Hol-mixed, Marshall stabilily : 350 kg or more 0.80
~Cold-Mixed, Masshall slabilijy : 250:!:9 or more 0.55
Cement slabilizstion —Unconlined compressive s‘irehglh (7 days) : 30 kg/cm? 0.55
Base Lime stabilization ~Unconlined compressive Slrenglh(\o deys) : 10 kg/em? 0.45
7 ; —~Modilied CBR : 80 or more ‘ 0.35
Mechanicolly siabilized gravetandslag | - .
Hydraulic mechanically siabilized sisg | —Unconlined c‘pr"viﬁr‘e'séive"s'l'reh‘glh(M days) : 12 kg/ecm? 0.55
Ceusher-run, slag, sand, elc. ~Modilied CBR : 30 or more 0.25
Subbase —Mq{j’ilied CBR : less than 30 ) 0.20
Cement stabilization ~Uaconlined compressive steength (7 days) : 10 kg/em!? 0.2%
Lime siabilization ~Unconlingd compressive sirength (10 days) : 7 kg/em? 0.25

Note : Layér cotllicient lor 8ny construclion method or malerial olher than those lisied in table 3 ~15 should be adopted only when

based on established engineering experience.




Asphalti¢ concrete

— 12.8min max,size, 6,2% 3sphall
| _ Asphallic concrele 25,.4mm max.size, 5.6% asphalt
4 h
Asphalt:siabilized base 88l,‘rr2’ush060%slaosnpe (35'0 ~0mm)
20% fine sand (local material)

N )
2 3% cement
Mechamcally slab-hzed 0% crushed rock (40~0mm)

‘(5’:'“9" sslsnc"o 60;6 fine sand {local malerial) &

SUbE’adc CBR=15%

4s

a) National Expressways
Chugoku Expressways
{Hokubo-Miyoshi)

Asphailic concrele

Asphaltic concrete

A “ Ocnse graded AC. 5.7% asphal
‘2 Asphallic concrele Coarse graded A.C. 5% asphall
8 Asphall: stabilizéd base Hol-mix, 4% asohall

Mechanically stabilized crushed
storie (40~0mm)

20

30

Crusher-run {40~Qmm)

CBR«3.0%

Subgrade

b) National Highways
Nalional Highwoy Roule 357
(Tokyo-Bay Ring Roads)

N I !
Asphallic concrele

[~ Dense graded AC.
Asphall: stabilized base Hol-mix.

25
14,74

Dense graded AC,
¥ Mechanically stabilized crushed
C _) S élone

Subb s¢2 O xistling gravel of crushed
SOUSRYERR stone Igy%r ¢

Ol

2 Mcchamcally stabitized

v
b I 53¢ crushed stone
("j )O%()-s\%a\s,e OC crusherrun (40~0 mm)
J N

CBR-~4.0%

Subgrade

c) Preleclural iodd
(1) Yamanashi prefeclure

Fig. 3-14

Subgrade CB8R=5.1-2.0%

{2) Yamaguchi prefecture
{Low-cost pavemenl)

Typical Bituminous Pavement

Structures (unit : cm)
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(2) Structural Design Method of Cement Concrete
Pavemént (Japan Road Association, 1983) :

Base course thickness is designed based on desiga
coelficient of bearing capacity of subgrade, or design CBR,

To obtain ‘base course thickaess from coéfficient of
bearing capacity, it shall be so designed that ; coefficient of
bearing capacity of base course thickness in B, C, and D
waffic shall be K; =20 kg/em® and over ; and in L, A
Ky =15 kg/cm' and over, mspccuvcly Dcsn;,n
design curve as illustrated in Fig..3- 15 ;
For measurement of cocfficient of

tralfic,
method includes :
and test Lase course.

bearing capacity, a loading plate 30 cm in diameter shall be
used.

For design of base course thickness from CBR of sub-
grade, the value in Table "3-16 shall be“the base course
thickness in accordance \vnh traffic classnf:catwn and dcsngn
CBR. :

The value in Table 3-17 shall be the standard thick-
ness of concrete pavement in accordance with traffic classi-
fication, Design bchding strength of concrete for design of
concrete pavement shall be 45 kg/cm® (age ; 28 days).

For concrete pavement, in principle, wire mnesh and
edge lcmforcmg bar shnll be used, The stondard quantity of

~reinforcing bar in wire mesh shall be nppnox:ma(cly 3 kg,

normally a delorméd sleel bnr 6 mm in diameter shall be
used, (for example, sce Fig. 3- 16)

To reducé stress by a ce:tam amount of expansion

shrinkage and camber, o joint is provided,

Longitudinal joints shall normally be installed where
traffic lanes are divided, (Fig. 3-17)

While transverse expansion joints shall be installed
based vpon the location of brndge and “crossing structure.
distance between contracuon jonnts. and daily length of

pavement, with reference to the value in Table 3-18.

(Fig. 3-18)

Theé stanc nrd dnstnnce be(ween transvctsc contraclion
joints shall be 8 mctexs when the pavcmcnt thickness is less

than 25 cm, “and’ lO metcrs when 25 cm “and over, (Fig. 3-

19)

o
O .

Table 3-16 Relationship between Design CBR and Biisé Course Thicknéss' :E: LY] (TR (O
(Unit ; cm)’ v
N el
f & 40
Trallic Design CBR ol subgrade [ 5, | 5 | 4 | ¢ | g | 12200 2
clossificotion over £
L and A tealtic so |35 [ 2520 15 L
8. C. and D trollic 60 | 45 [ 35 | 25 | 20 15 320
N 4
“
Ll
[s2]

Table 3-17 Thickness of Concrete Pavement

Trallic classilication Thickness ol concrete pavemeni(cm)

L traflic 15(20)
A traffic 20(25)
B traffic 25
C teaffic 28
D traffic 30

Nole ¢
kg/em? in L and A traflic.

Table 3:18 Standard Value of Distance between
Transveese Expansion Joints

Figures in pareatheses are undor bending slrcnglh ol 40

Timeof execution R . Sl

; ' | Feom Oecember From April

Pavement of work ‘mbe
thickness (cm) j to March (9 November
15,26 60~120 m 120~ 240"

25 and over 120240 m 240~480 m

0

0 ‘6
Coelficient of’ bcarmLcapacuy of base couise
Design coellicient ol bearing capacity ol subgrade

LY

Example:
Trallic classiticalion : C : and coellicient. of bcarmg
capacity of subgradc 7.4,

A ;

Fole =27

(1n lhe Flg marked (A))
Therelore, in the ¢ase of crusher-tun, 52cm whrle n the
case of ctushed stone for mechanical stabilization, 29¢m,

Fig. 3. lo Design Curvc of BaSc Coursc (Usmg
'30¢m Diameler | Loadmg Platc)
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10.000

2120

e =
~

[100
i1/ - It Y P
Hy g N
8 » ’-_c??csh" S
n 1 I i £dge reinforcing -
” 1 s I $stee! bars :
[ ooy 1] ’ 0
[l »

Fig. 3-16  Example of Wiremesh and Edge
Reinforcing Steel Bar (Unit : mm)

6~10 Joinl-sealing compoung

Edgc ‘e"l'O‘C‘“g - Tie bar D22x) 000
' e 02 ’

steel bar 0‘3TT'\0

(=) &
2 ;&.8 \ \ T
|
o
8 n ,L._SL_/ Wire mesh
t Zs '\
b / Rusl prevealing paint
Y7000 or L shape plastic
5 6~10 Joinl.sealing compound
150 200 150 :
o (— N
n l ' ‘ £dge reinforcing
o 7 - r ——n O steel bar 013
O l <
mf
| -
ol o
el 4 Vire mesh
b / gy .
N Chpir 013 Threaded lic bar D22 % 1,000
Cross bar D13
Fig. 3-17 Example of Configuration of Longitudinal

Joint
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700 .
25 ,Joint:sealing compound

| ,1r Joint fitter ]
(o]

2/ INIENT
inti lomi Cross bar O13 Stip bar
Painting bitluminous ;
maleria‘l; Chair 013 #28%700

Fig. 3-18 Example of Configuration of
Transverse Expansion Joint

700
r 6~10 ""'
: T
=5 -
3lil] RIT" Stip var 425x7oo]
R P R ~ o \
'] of— T I ) | e |
(=N [=]
b S B 0 J f
e S 4 IIAIIE
Painting bituminous I 200| \{-Choir.cross bar 013
material Rust prevenling paint
. 700
I ) ]
glils ( 5o~|ool_g—l Slip bar 6254700
] 13
! ~—— 8 14 ) oy }
oo {7 7
[ Y
pd 4 b ‘ '
PrroritiA

Painting biluminous Chait.cross bas D13
matesial Rust prevenling paint

Fig. 3-19 Exuample of Configuration of
Transverse Contraction Joint






PAYEMENTS IN CANADA

OvERVIEW OF DEVELOPMENT, IMPLEMENTATION,

AND MANAGEMENT OF PAVEMENT TECHNOLOGY

BY
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1. BACKGROUND
0  ROAD TRANSPORTATION A VITAL ELEMENT
T0 CANADXAN ECONOMY
0  PAVEMENTS A SIZEABLE INVESTMENT IN
ROADWAY INFRASTRUCTURE (3200 BILLION)
"? 1% J"Ia, = yngiwieananae ’(G‘qﬂ; 147 )

] INCREASED REQUIREMENTS AND ENHANCED
TECHNOLOGY NEEDS

0 "MORE VULNERABLE TO ENVIRONMENT
0 SHRP AND C~SHRP To ADDRESS ISSUES

0 INTERNATIONAL COOPERATION

i
“V'5; DEFINITYON AND SCOPE OF TECHNOLOGY
'H S R 04 PiY?MENf SURFACE AND INFRASTRUGTURE
A L i A ﬂ,% ’
(B?iRdAéNAY:APPURTENANCES
i b B R ;GUIDE RAILS
& - !steNs
o ‘ - §MARKINGS
S v - LIGHTS
N ke ;g¥é?)bﬁkb
B IS INTERACTING TECHNOLOGIES
- §ROAbwAY SAFETY (k.G FRECTION)
ML =" orse B
o ,'.L%ﬂygéfiéilLLUMI“AfION
(No.4) RIEN




3. MANDATE, ORGANIZATIONS AND RESPONSIBILITIES

MANDATE

“,.. TO DEVELOP AND IMPLEMENT
BEST TECHNOLOGIES AND
MANAGEMENT PROCESSES TO ACHIEVE
COST EFFECTIVE PAVEMENTS"

ORGANIZATIONS RESPONSIBILITIES

0 GOVERNMENT —lo PoLzcy

0 UNIVERSITY 0 IMPLEMENTATION

0 INDUSTRY 0 RESEARCH
0 TECHNOLOGY TRANSFER

”

|ASSOCIATI

PROGRAM DELIVERY
(No.5)

| 4. MAJOR PAVEMENT TECHNOLOGY

. AREAS

- MAT;RIALS
- MAIFTENANCE/REHABILITATION
e DzsisN/CostRucTzon
N VenrcLe IMpacTs
- VEH;CLE ENVIRONMENT INTERACTION

= PAVEMENT MANAGEMENT

(No.6)
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ISSUES

=~ PAVEMENT AGEING

- INCREASING LOADS/VOLUMES

- HxeHER VEHICLE OPERATING COsTS
-~ ACCELERATED DETERIORATION

~  INCREASED REHABILITATION

- DEPLETING RESOURCES

- LiMITeEp FUNDING

(No.7)

P =
"5 New ALTERNATIVE MATERIALS

. = BETTER UNDERSTANDING OF TRAFFIC/

ENVIRONMENT IMPACT

" - " EcoNomIc oF HEAVY VEHICLES
" = ENHANCE TECHNOLOGY TRANSFER/EXCHANGE

" - IMPROVE MANAGEMENT PROCESSES
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NEEDS

RESEARCH AREAS

1A mareniaLs

Oevelop .-
NEW / ALTERNATIVE

TECHNOLOGY

8. MAINTAINANGE /

MATERIALS and
PAOCENURES

Understsnd
IMPACT. of

E

TRAFFIC /
NVIRONMENT

Irmprove
ECONOMICS of —
HEAVY VEHICLE
OPERATION

* REHABILITATION

C. DESIGN /
CONSTRUCTION

Enhance .
TECHNOLOGY
TRANSFER

D. VEHICLE IMPACTS

'Dovolop
EXPERTISE

INTERACTION

£. VEHIGLE-ENYIRONMENT

Ifprove
MANAGEMENT
1 PROCESSES

i

F. MANAGEMENT /

IMPLEMENTATION

Research Needs and Major Research Araas

(No.9} |

EXAMPLES OF RESEARCH TOPICS

RoLLER CoMPACTED PCC

RUTTING RESISTANT MIXES

'MODIFIED ASPHALTS

Mix DESIGN FOR EMULSIFIED ASPHALTS

INTENANCE /REHABILITATI

“DESTGN FOR REHABILITATION

+

PAVEMENT RECYCLING

MICRO SURFACING




EXAMPLES OF RESEARCH TOPICS (cont'p)
DESIGN/CONSTRUCTION
~  PAVEMENT PERFORMANCE MODELLING :
= GEOSYNTHETIC APPLICATIONS ?
- LoNG-TERM PAVEMENT PERFORMANCE
- AMI CompAcTION
VEHICLE IMPACTS
- WEXGH-XN-MOTION STUDIES
- DynaMxc Loap EFFEcTs
- TIRE PAVEMENT INTERFACE
(No.11)
EXAMPLES Q §§Ag§ﬂ TQPIC§ cONT D)
' ngIcu-: ENVIRQNNENI I[{IERACTiQﬂ
EFFECTS oF THAW 'AND FROST AcTION
» - Ponz PRESSURE STUDIES
R Rl T LONG-TERM SEASONAL EFFECTS
3 - Low’ TEMPERATURE Morsture Inpucep DAMAGE
RN [ § :
PAVEMENT MANAGEMENT
it W
- VCANADIAN HxGHWAY TRAFFIC MONITORING Gu:oe
- NONJDEsTRucrxve PAVEMENT Tssrst »
EORGAPAS LIRSS PR - PAVEMENT INSTRUMENTATION TECHNOLOGY
o L - UPDATE OF PAVEMENT D:sch AND MANAGEMENT
ERASEUETEER A BN ) ’GUIDE
- UPDATE oF PAVEMENT Cost ANALYSIS

-




5. NEW CHALLENGES, TRENDS, AND FUTURE DIRECTION

0
0
0
0

Key Issues
Future NATURE OF PAVING INDUSTRY
SHRP PropbucTs

FUTURE PROSPECTS

| (No.13)

KEY ISSUES

" ENVIRONMENTAL

o Use oF WasTe ProbucTs

0  RecycLING

HEALTH
0 FuMES/LEACHATES

0  RECYCLING
- SOCIAL
0  COMMUNXCATION WITH PUBLIC

0 OPPORTUNITIES

| (No.14)
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KEY_ISSUES (conv'p)
PoLxcy

0  INSTITUTIONAL CHANGES

0 AccounrAszLi%Y

0 COO;ERATION BETWEEN PUBLIC AND PRIVATE
Tecunxcal,

0  RxcIp REGULATIONS

0  INCreasep Loaos

0  INNOVATION

Economrc

0  INCReasep CosT

0  PRIVATIZATION

0’ PERFORMANCE SPECIFICATION

(No.15)
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KEY ISSUES
Environment  Public Poticy/Political
Health Economic

Social " Technical

Threat? or Opportunity?

Actions

NATURE OF THE PAVING
INDUSTRY (2000 AND ...)

.. increased automation and -
lnnovahons in eqmpment and
materials .. . tight air quality .
and occupanonal health and safety
regulations ...’ major impacts on
materials used, equnpment and
relatlve economics . shortages
of skilled’ people .. w:de spread
use of SHRP- products but continued
verification ... much more use of
modified asphalts ... extensive use
of performance based specifications -

. more privatization . . pressure -
to uséfrecycle waste products
long term performance guaranteed
pavement concept initiation ..
increased globalization...

DRIVING FORCES/
UNDERLYING CONDITIONS

= Labour (cdst, availability, skills, ete.)

* Productivity requirements

« Environmental concerns

= Health and safety concerns

+ Competition

» Costs’(materials, equment. constr,
maintenance, environ, and health

~compliance, etc.)

» Privatization of roads

» New materials

* New technologies

« Traffic growth

» SHRP products

* Strengths and weaknesses of the
industry

(No.16)
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© 00 0 o o-

u|' PRODUCT

‘

- PERFORMANCE SPECS

New Test MeTHops

“ NATIONAL DATA BASE

LoNG TERM DETERIORATION MODELS

" Fxewo Test MeTHops

 REHABILITATION GUIDELXINES
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SOME FUTURE EXPECTATIONS FROM SHRP PROﬁUdTS'- Asphalt Pavements

Area

Summarizcd from [Hawks 92]

Expectations

Pavement
S tructural
Design

Matcﬁals

Construction

Rchhbi]itati@n_ e

stabilized or drainable bases will be common (Standard for
Interstate type highways) and cost effective

Distress predlcuon rather than serviceability loss prediction
will be the primary design parameter

Dc31gns will have to be very sensitive to climate influences,
in terms of distress types, subgrade strength assessment,
base type and design, surface type and design and matcnals
selection

Trend toward coarser aygregates.

‘More stringent durability specifications

Specifications for fractured faces on aggregates
More manufactured and less natural sands -
Mix design related to structural requiréments

More stringent quality control on:

+ thickness

. segregation,

. paving temperatures

. sthodthness specifications
: j;Thxckér dvcxlays

“Milling will be adxhsed as a part of rehabilitatdon
‘ fRecyded asphalt used for all’ laycrs (limited by

NS TPV

.. environmental regulations and aggregate quality)
"+ ‘Rehabilitation will be managed (i.e., within long term
planning) rather than reactive to problems

" (No.18)
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10.

FUTURE PROSPECTS
INCREASED AUTOMATION
ENVIRONMENTAL CONTROLS
SHORTAGE OF SKILLED PEOPLE
Use or SHRP Probucts

MODIFIED ASPHALTS

-PERFORMANCE SPECIFICATION

"PRIVATIZATION

LTPP Specs

Use oF WAsTE PropbucTs

INCREASED GLOBALXZATION

(No.19)

(No.20)

6. CONCLUSIONS

PAVEMENTS IN CANADA ARE CONSIDERED VITAL
TO THE ECONOMY

INCREASED REQUIREMENTS AND ECONOMIC
CONSTRAINTS PRESENT NEW CHALLENGES BUT
ALSO NEW OPPORTUNITIES

BY REALIZING THE BENEFITS OF TECHNOLOGY
AND COST-EFFECTIVE IMPROYEMENTS CANADA
IS PREPARING TO ACHIEVE A STRONG,
COMPETITIVE PAVING INDUSTRY

INTERNATIONAL COOPERATION PLAYS A VITAL
ROLE IN TECHNOLOGY DEVELOPMENT AND
ACQUISITION
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5. Intelligent Vehicle Highway Systems
| (IVHS)






Present State of IVHS in Japan
Makoto NAKAHURA

Head of Traffic Engineering Division, PWRI
Ministry of ConstructiOn
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 Trend of the Number of Vehicles & Licenses

(10 thousand persons)
(10 thousand vehicles)
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‘Modal Share in Domestic Freighit Transport per Person

Fiscal year

(

(' ';-f :.:,.',. \\\X\\l‘\ PR

1969

P \\\\\\\VQOA

Railway
m4s

Air
6.

., , ,-"i" \\\\‘\\\\\Q\\\\ Val
1989 " Vehicle ) ‘11 \ Marine -zt

2,115 R RN 1,785 \\\\ 4 111
'\"'.:\\\\\\\\\\ TR

0 05 1.0 15 20 25 30 35 40
[thuusand ton+km/person« year)
(No.3)

St 1n the Tokyo Metropolltan Area
Average'Tr‘éfvel Speed At Peak Hour *

(National Highway & Prlnclpal Local Road)

poron e
b}

Fiscall ¥&ak 1680 © -

; =

| AR : : : Tokyo Saitama

123 Waxrd in Tokyo Oh:.:i.ba Kanagawa
| R : & Ibaraki Pref.

; : PRGN, ::.‘~j . i ! H . i
Average Travel _..f: ANS L 8 k i~ ol 2 8. 5;. ;k» . "
Speed < ; S R
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Number of fatalitias caused

Trend of the Number of Fatalities

(Persons)
a0 NCTI6,765(70)
., 80007 poralitins ! ‘
£ 15,000 :
g 14.000- 11,1050 91—,
o 13,000 oy
= 12.000- 11,227090)— |
rad 11,086('89) |
I]ruoﬂ" :
10,000 -
' 97000"‘
o e e 8466(79)~————-" -
8,000 I'lllll'lllllllllllllllllllll!llll
60 65 70 "7 80 85 "90 Year
o (NO 5) S g
| 70 75 80; 85 90 9 92; 93)

( No.6)
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Classification of IVHS in Japan by

system objectives and structure

Bfficiency

~ FM Multiplex

Structure| o |
' Vehicle | Veh.-Veh. - ‘Road-Veh. ‘ Road
. (Veh.—Road-Veh.)
Objectives
Safety || ASV I
RPN S I
tﬁ _________________________ Ji N S _mi-RTS
. SSVS | | viics| |
I R T I
Efficiency UTMS
: EnvirOnment" R
(No.7)
} System ObjectiVés‘éhd strﬁbtufe of»VICS
Stiucture : : ' ’ '
' | Vehicle | Veh.-Veh. - Road~Veh. Road
o (Veh.-Road~Veh.)
Objectives SR
Safety B S
" Road Traffic Information
_'~kBeéan | |
= Teleterminal

1Environment |

(No.83 .
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~ System Objectives

and structure of UTMS

Structure

IFTeet Management

Vehicle | Veh.~Veh. ~--Road~Veh,, - . | Rbéd?
‘ . | (Veh.~Road~Veh.) |
Objectives
Safety e e e et
| Advanced Traffic Managemént
Dynamic Route'GuidanCe
Traffic Information
Efficiency

Public Transport Priority

Environment

Traffic Polution Reductibn

T T Y —

Struoture

Objééfives

System Objectives

Vehicle

RS

PR

Veh.~Veh.

and st;ucturg of ASY

Road-Veh. ..
i1 .(Veh.—Road-Veh.)

| Roat

Safety |

Rear & Lateral Warning
Lane Out Warning
Headway Watning
Automatic Accident A
Automatic Intersect i

Optﬁmum”Headwéy‘Coht§6l :

Pedestrian:Protection

fKEfEﬁE?TEfﬁiiEf"“iiﬁﬁ"Lighting ,

oidance
n Stoppage

e e 0 e e oo e o e s ke T e i e St S e St St e it oo,
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-~ Traffi¢ Information |
- |Emergency Call -~ 1}
| A S ceemcdoo______10UIVINE SPeed Comtroll
| Bfficiency | * N
Environment |
(No.10)
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System Objectives and structure of SSVS

Structure

Vehicle Veh.—-Veh. Road-Veh. Road

. (Veh.—-Road-Veh.)
Objeptives

Smart Surrounding
Safety Recognition

o Sma;t Intersection
Active Diiving|Support

Super Mini-size{Car = L
- lCooperative Driving

Efficiency |

Intelligent Logistics

et G e B et e e e et B 00 0 O b e P g s gy e

B e e e o s ettt e e G e (o e e e £ 1t ek o A o Pt Yt g e B e

Environment

(No.11)

Approaches of ARTS
| (Advanced Road Transportation Systems)
(1)Utilization of advanced telecommunications & Information
Technologies

(2)Unification & Systematization of Roads:& Vehicles - ~

(3) Infrasturucture Oriented Approach

;:.‘.?":_";-

(No.12)
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Major Subsystems of ARTS

(D Guidelight systems

(@ Headway & lateral control system

(No.13)

Examples of Guidelight Systems

(D Opposite lane traffic warning & road alignment indication
(@ Intersection warning

@@ Guidelight for foggy conditions

(No.14)
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(No.15)

(No.16)
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(No.17)

System Configuration of ARTS

O Supporting the Driving

Driving Support System ~+ | Partial Drive Control }------
Systea
Inter-Yehicle [::] Systems constituting the ARTS
Comwnunication Technology

[::] Technologies ensuring the
Systenms

Road Surface
Inforzation Technology

Bighway Structure
Information Technology

--+—+ | Automatic Driving

O Information & Navigation Services Systen

O e Ll T U USSP 3

YICS(Vehicle Inforgation Advanced Traffic
& Communication Systena) Nanagement Systes

Automatic Vehicle
Identification Technology

2%ay-Communication
Technology

Automatic Toll
Collection Systea

(No.18)
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Examples of the Systems constituting the ARTS (1)

Driving Support System

¢ Surrounding Vehicles Monitoring
¢ Highway Incident Detection
¢ Emergency Call

¢ Merging Vehicle Detection

(No.19)

Examples of the Systems constituting the ARTS (2)

Partial Drive Control System

¢ Headway Control
O Speed Limitation

¢ Rear-—end Collision Prevention

(No.20)
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Example of the Systeme constituting the ARTS (3)

VICS(Vehicle Information & Communication System)

¢ Traffic information
¢ Route Guidance

¢ Parking Information

(?No . 2})

Example of the Systems. constituting the ARTS (4)

Advanced Traffic Management - System

¢ Optimal Usage of Highway Network = = .-

. (NOZZ) e |
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Example of the Technbloqy constituting the ARTS

AV| (Automatic Vehicle ldentification)

Ildentification of
© Speed

9 Vehicle Location

(No.23)

Vehicle -Headway Lateral Con_tr'ol System







Vehicleyinfbrmation_& Communicétion System

— V. 1.c s —

IVHS Mesting
" Decenber ‘6~8, 1993, Tsukuba, Japan.
— nghwaY Industry Devel opment Organ ization,

Yoshitaro Masuda.
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Changes in the Number of Road Accident Fatalities Etc.

0 1960 1965 1970 1975 1980 1985

Nole:Complied Irom s Nallonal Police Agency Survey

1989 8,000
1991 Year

L4
S 7000 : 17,000
3 ! " 16,765(1970) !
416,000 ®
¥ 6000 Falalitles Ucenced Drlvers// §
2 15,000 §
5 5000} 8
) Vehlcles A 14,000 w
8 on the Road &
g Aoo0p 413000 £
& 11,105(1991) 8
§=2- 3,000 - 11,227(1990)~— |1 12,000 %
>3 11,086 (1989)— 4
% § 2,000 - ) 1,000 =
53! 10,000 &
=5 10001, 5o B -
53 ' 8,466(1979 -} 8.000 ¢
g& lillllllJJl(lll)rﬁllljll'ALl'll &
Ve
§5
36

Changes In the Traffic Congestion Situation in Tokyo and its Surroundings
Average Driving Speed During Peak Hours (Km/hours on nations! and princlpal reglonal roadways)

1983 1988 1990

Twenly-three wards of Tokyo 17.3 16.0 16.8
1 melropolﬂan prefoclure

4 rural prefectures 307 28.3 28.5

Note:1.Based on & Minlstry of Constructlon road lrafilc census )
2:1 metropolitan prefecture 4 rural prefeclures:Meliopolitan Tokyo and the prafsclures

of Saltama, Chiba, Kanagswa, and Ibarakl

HIDO —

The table and graph above describe road traffic conditions in Japan,

The graph on the uppcr right indicates how the annual number of road accident
fatalities has changed.

There are 60 million vehicles on the road, which is about 3 times as many as there
were 20 years ago. About the same number of people hold drivers licenses.

The annual number of road accident fatalities pcakcd in 1970 at 16,765, fell to half
that ﬁgurc by 1979, but has begun rising recently, surpassing 11, 000.

- The table on the lower left indicates changes in traffic congcstmn conditions in
Tokyo and its surroundings.

The average dnvmg speed.during peak hours in the 23 wards of Tokyo has been
declining, and now stands between 16 and 17 kilometers per hour.

Traffic congestion at this level causes substanna] Josses for both indi wduajs and for
society as a wholc.

In an effoft to contribute to the rcsolutxon of these problcms, neéw road traffic
Systems such as the chclc InformanOn and Comimunication System (VICS),
‘ dcs(:nbcd below: are being introdtéed, and research and development work is
contmumg on thc next generation of road traffic systems. -

PR vofow ’ ,'
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Next Generation Road Traffic System Related Projects Underway in Japan

1970 1975 1980 1985 1990 1991 1992 1993
L el et ]l i1 [ | lI‘1> 1 11 .| { 1
CACS v :
: P . RACS
[4Y — T - T
AMTICS
i"-" """""""""""""""" : ------- Vics
P SERR ey ety mm e b T
{ _ ~ ARTS
DIGITAL ROAD |MAP
T ssVs.
| B l
ASYV
1

'HIDU 1

« These are the next generation road traffic system related projects now underway in
Japan. A R
» Research and devélopment of ¥6ad vehicle communication technblogy commenced
with the Comprehensive, Automobile traffic Control System (CACS) project

conducted by the Ministry of International Trade 4nd Industry 20 years'ago. =~
»- This was; followed by: the Road/Automobile; Communication System (RACS), a
Ministry of Construction project, and the Advanced Mobile Traffic Information
and Communication System(AMTICS) conducted in the same period by the

' i ez Nationel Police Agency. ST TR IR

» The furiction$ charagteristic’ of these two sysiéms were similar iri many. respects,
and 1t became necessary to integrate and improve “théir information: and

. communication functions. o
R S A S ST St PR NPT MR S UREIRE

A VIR S IR ALY SN r_‘/.,‘.fv:‘"-;" RERE RIS ‘J«,' 3' -‘.:’;'_.g:._k: R iy B
* VYehicle Information and Communication System(VICS), which was born as.a
producl of this series of -projects, introduced the first. practical use of roadway
information communication between the road and cars travelling on it

» The Ministry of Construction's Advanced Road Transportation System(ARTS)
project, the Ministry of International Trade and Industry's Super Smart Vehicle
System(SSVS) project, and the Ministry of Transportation's Advanced Safety
Vehicle(ASY) project, which are now in progress, are intended to develop next
generation systems. _ '

» All three projects are managed by organizations composed of industrial, academic,
and administrative bodies, and each has been planned and implemented to achieve
specific development goals.

F

i
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Goals and Gharactenstlcs of VIGS
% The goals of VICS

® Provnsnon of road trafﬂc lnformatlon to movmg vehlcles ,

® Safe and smooth traffic movement and preservatlon of -
the enwronment ’

Olntegratlon of information provasnon systems

® Harmonious development of all medla

| *Characterlstlos of VlCS

‘ OThe pursuxt of: lndlwdual advantage beneflts socnety
as a whole - o ‘ '

The purpose of VICS is to obtaln 1nformauon about congcstlon parkmg
=-aVa11ab1hty, elc; from mformdnon sources, andprov:dclt to drivers: ;. o

Dnvcrs wxll be ablc to usc thxs mformanon to choosc whlch routc to ,:avcl

"‘Thc rcsult will be safe, smooth cfﬁcwnt trafﬁc and a rcductlon m damagc to thc .
"‘cnvu'onmcnt '

With its 1mplcmcntat10n it w1ll be poSbeIe to mtcgratc 1‘ndepeﬂdcntly
systems, effectively exploit radio. frcqucncy resources, and. dcvclop various classcs .
-of media in mutual hannony : L ST TS PR SR

The advantagcs obtained through thc use of VICS wxll not only benoﬁt cinvcrs bnt

' cvcryonc who traVcls

—140—
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Effects of VICS

= h""/ Imptovement of

K= safaty driving

= Cloar grasp of the Siluation . . Smodﬂﬁﬁaroad

< :ioeudtt;c::ci :l lost cats and wrono + Drivers' mental stability fransportation

‘ﬁ Choosing 0(0 the oplimal route Shortening of lraveling time Environmental

= p shortening " protection

S Dnveroenca ollha braffic ﬂovv L asedr seliiariat Lo N BT

§ Parklnn localiors and fheir > Easoror solufion'of congestion LTE:;‘:;?;";#LI&"C
g avaﬂabmtles» : o y
& (Creation of a market)

HIDO —

Effects of VlCS

S

ThlS shows seVeral effects of VICS.

Tharks “to" infornation theough VIS drivers Ean easily chdose their next step by

. themselves by learning the ‘s'e‘c;”tvio;n‘rand level of congestion, the temporary

regulation by construction or accidedt. the optimal roite to ihe destination,

FandCthe (PaveTTig time

As a result tralfic [low d_i‘yevrges._ leading to reduction of traveling time, ease

or solution ™6t éongsstion
Ultimately VICS can realize 'an 'unbeligv’ab'le story ' that the pursuit of

indiVidu‘al advantage benefits society as a whole.
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VICS Project Promotion System s of Airil 1.1993)

Ministhy of Posfs’ and Telecommunications | | National Police Agency

Ministry of Construction

VICS Liaison Council |

- [ vics Adminiteative Offce |—{ VICS Promotion Coucil]

Experimental Committee ] |
HIDO —

» A liaison council established by the public sector and a promotion council formed
by private sector companies ate undertaking positive and broad-reaching activities
while aiming at a mutual interrelationship in order to promote VICS.

Research Committee | | Commerce Committee

: ; T L S T L ) Ll T
» Actual VICS promotion wotk is’the respoasibility of three committées and eight
subordinate subcommittees. co T i

+ The cpmmcr_c,&.,Cer‘iii,t'tc‘;'q is _S;OQyﬁpg _t_hc;b_as“ic“foqnqu VICSand the commercial

operation of the system. "~ ‘
"« The'Fesearch Comittee is studying' the Systems 'to be uséd to handle thé various
~kinds of media that will be part of VICS. = : S e

* The experimental committee is' making all studies and preparations in. order to
achieve the success of YICS demonstration experiments. ‘

“'.'a'fuJP?ﬁ‘%P-f{i Sl 4 in%d%f ;J“AKHVJS'Euii'ﬁéiES‘E TR
* Thekey‘members Of each’commilice and sibeominitice ate téchniciant from the
information, communication, and auiomobile manufacturing industries.
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General Concept of VICS

Information’ Edit and L , o
ibuti Information use

collection processing Distributing media

/4 VICS - A ~

ND = =0T ~CD

- VICS subsystern—

5o

VICS Center Beacon Klm rovement of
1| lentative) i ;
A FM multiplex | | safety driving
R ' ‘ | ~ broadcast Smoothing road
H |+ :Teleterminal —»| | transportation
C Environmental
protection

lmprovement of

Others —n

Qe , L

economical efficiency
/

o p prcparc this mfofrﬁauan fos
proccss it, then dlsmbutc itto VICS subsyslcms.

XThc VICS subs/s;cms--mfo :

'At thc ﬁna] stagc, bcncﬁts wﬂl appcaria

information as ifs principal element.

;RoadWay managcmcnt bodies and.traffic police, whlch have gathered road. trafﬁc .

information they need to carry out their admlmstranvc funcnons, will prowdc ‘this
mformauon to VICS

thc VICS ccntcr (tcntanvc hamc) wﬂl edxt and

ation, provision mcdla—-now bcmg consndercd
include bcacons, ™M mulhplcx a:id tclctcnmnals.

Lyt ' : 2 :",:‘.-"

! dnycrs suse thc 1nformatlon, . ‘
These effects will only be realized when large. numbers -of idrivers. “uge. thc
information, and YICS begms to make an ever grcater conmbuuon to somety as a
whole. L e SRS A

—1-’14341

HIDO —

-The above flow-chart presents the total VICS:concept, w1th the flow of VICS



Information Service Items (Tentative)

(1) Traffic congestion : Se_etion and le.v.el of congestiOn

(2) Temporary régulation Sectlon tlme and causes
|  under’ controll T

(3) Traveling time Travelmg tlme between two .
pomts ; i
(4) Parking Parkmg Iocatlons and thelr

avallablhtles A
" ..étC. : -

HIDo —

+ "The‘above ate cxa:nplcs of théiiiformation whxch VICS is now cxpccted to prowdc
to drivers. ;

» The fifsi'¢lasy'of road tattis 1nfonnat16n WAl be: mdléanohs of ‘6'r‘i'_§f>c5'f_ft'§§""r‘ ad :
“where traffic is congcstcd and'the 16vElof this congesdon. - '

»Secondly, it. wﬂl provxdc mformanon about tcmporary rcgulatlons whcrc and
‘during what time’ periods’ Lhey aré m forcc and thcw; c}'iuscs Fe R

,,.,‘

» The, third class of mfonnatlon w111 bc travchng time mformauon Whlc‘h W111
‘indicate the timé'hecded for: travcling:th:ough' a-pa’rndu]a: scbuo

(

+ Another typc of road traffic rclatcd nformation VIC will p 'ovldc will|
lot information lbéatxohs ‘of parking’ facllmcs and 1nfc9m’)at10n mdlca [

"""""

.or nOt cach 1s full br cén accommodatc morc cars

RSV N ~:;',.,,“~ R I R

’ Accxdent mformanon is also cxpcctcd to' be avmlablc
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(] 7 | A

Service Images (1) Map Display

3
- Y
2 Dis e

-7 3

HIDO —

» The next issue is the form in which drivers lx’a"/‘i:l‘l"gbé*'zib].é' to Yeceive and ‘utilize the
information provided by VICS. Three representative forms of information
presentation n6W at the coricept Stige are iiitroduced below thtough demonstrations

‘of how'each'will be Used to'present traffic congestion ‘information.”

- The first is the r{riéip‘di‘spl'ay_fdhh‘él. : o -
This method, oné: which-will:probably:be used.in high:function in:car equipment, -
will display information from YICS by superimposing it on digitalized map data

storéd in‘the vehiclestiny: =i g v vl 0 LG e s i s e

[ T

i T i Gowaden floy ol Bt aniieuol sy T diaiad s,
* As shown in the above c'xei?nplc, oads,“raﬂ»ﬁray lines, and railway stations are
displayed on the map, and various types of roads are indicated by different color
lines. _
» The VICS information is displé’)"’éd’élon‘g‘ the sides of roadways indicating the
Jocation and level of congestion on each roadway.

. *'Tihi'is in-cir ‘equipment provides a~s',el‘filocating'functiOn, and the point of the A
_indicates where the car is at any moment.
» One of the advanced functions of the in“Gar eqaipment uses VICS data to determine

~and indicate the optimal route. A line of black dots is used to indicate the optimal

route around-the congested area'to the driver's destination, which in this case, is
above the top of the map segment disp¥ayed on the screen.

» An.advanced-furiction in-car equipment will also be able to provide left and right

turn indications-at intersections. In this example, the driver is being wistructed to
turn right at the next intersection by the arrow in the lower right corner of the
screen. , o
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The second cxmnplc isa Dcformanon Format. -

f,"Wxth ths typc, dcformanon: maps dxagrams, and lettcrs are crcatcd ‘at the VICS

system’ media center, tr. nsmitted . to cars as congestion. ‘information,. and are .

displayed exactly as received. L

Thei 1n -car cqmpmcnt 1s 51mphﬁcd but its apphcatxons arc lumtcd S 5 = J‘.

.kThlS cxample of Con gcsnon on an cxpressway'lncar thc ccnter of \Tokyo‘ mcludcs
lmdmanons of lhc locanon (and lcw:l) of thc con gcsuon. , o
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(3) Character Display Format

t % T2:B0BE
| REEE kD JIEERE
3km . E# 20km/hATF

» This third cxaniiﬁlé"”sh'o'wgs‘fé""ai?pla’)‘f ‘consistifig 6nly of letters and numbers,

.

#

rep
[ 2

b

» This I¢iter and niimbet information is provided for display on a relatively small
screen on the in-car equipmenti’ 0i G T i e e T

e ! “
T ang

+ Tn this Gase; the displaydndicates the namie of the road andithe-section of that road
where the congestion has occurréd, its:length; cause;and level. oo mini s

+ Thelabove o typical examiplés of ways fii whithdrivers can make dse-of VICS
inférmation; bat it'i§ likely that various new- approaches will-be developed as a

result of the popularization of the syster and futiire studies'of its application. =~

i e ; P
vpger DRI L T I o .-
o kR L PR
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Conceptual Diagram of the VIGS Demonstratmn and Testmg Svstem

[ Information Source System] | National Pohce Agency Syslem Ministry of Construction System

| ]
[Center System] ‘Experimental VICS Center System-

. I I |
[Supsystem] e L (Beacon System)
(FM Multiplex Delivery Eguipmeént Beacon Center

System) — I . ]
Multiplexing Equipment |~ [Information Distribution Equipment

l - [ 1

Broadcasting Station| | Beacon.| = | Beacon

! ' L] ., ' N ]
‘\ ‘\ i pCP I/ l’ ! .
\ \ .. s 4 ’
0 P LA L4 ’l

S

[users(in-car)system] ‘-- A‘- I
e Car and in-car equipment HIDO J

* This is a conceptual diagram of the demonstration and: testing sy’stem

' Dcmonstratmg and-testing-the . System. is, an extremely 1mportant stcp 1f workmg ,
systems are 10 be introduced and their use is to spread, - .. G e

+ This:system will-be used- to 1ncrca,sc pubhc awarcness of the soplal unllty of VICS' .
and to confirm and assess the technology-used in thc systcm B

» Testing-will bégin in: June . 1993 thh ‘ 'tnal Opcranon of thc FM
subsystem; -and: when;all testing is complctcd,‘ an opcn dcmonstranon and oot
be performed on the ninth-and tcnth of Novcmbcr SR P

» The testing will be condﬁctcd w1th1n 4n area 20 kllomctcrs by 20 kllomctcrs in'the.
center of Tokyo, and along an 84 kilometer stretch of the Tomei Exprcssway from
Tokyo to Gotemba. o

+ The media used for the trials will bs FM mulnplcx and beacons, and it will opcratc
almost exactly like future working systems, : '

* The Testing ended successfully with the: partnclpatlon of about 2, 000 ‘people
including three ministers, top officials of lelated agencies, acadeitics, lhe
media and so on. :

- —148—
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Changes in the Number of Navigation Equipments

models (1000units)
40 400
lotal number of navigation equipments
30 2307 300
first shipment of digital road map dala base
@ ('89/3)
20 number of models with fiavigalion equipmenis 200
17 :
10 number of later installed equipmenls 100
(included in the tolal number parily guessed)
44
0 — D —Jﬁ:"q/l) L 1 !

‘85 ‘90

‘85
HIDO —

Foundations to realize VICS

+ There is much social need for VICS due to road traffic condilions in Japan.

* Information which is necessary for implementalion of VICS has béen already
collected through administrative need. So the next step is how to use it more
elfectively.

-+ ‘In-car equipments have been upgraded. Bspecially the digital road map database
fdr,navigatiOn completed the foundations Lo realize VICS.

» Navigation equipments have been already installed on more than 300,000 units

| and recently sales have improved very much.
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- for Digital Map Database in Japan~ -

- Japan.Digital Road Map: Association

Current Status and Future Plans.

Masao Shibata , Yasuomi Fujita

(No.1)

Current Status and Future Plans

for Drgrtal Map Database |n Japan

1

Japan Drgrtal Road Map Assocratron (JDRMA) e
Drgltal Road Map Standards |

Current Status of JDRMA Database Productlon
JDRMA Database Appllcatlons

a;Future Plans

| BT




DRM Database and JDRMA

@® Digital Road Map (DRM) Ditabase is indispensable
to the development of car navigation systems ~ and

other systems in the field of IVHS /ATT.

® RACS Resea‘rch Group proposed in 1987 DRM Database

using standardlzed spec:flcatlons must be

constructed as early as possnble

@® Japan Digital Road Map Association (JDRMA) was

establ ished = in August:.of 1988 supported by * MOC. |

(No.3)

| MembBePhrms | rotai 52

|Other companies|

Automotlve makers

11

24

15 ' V|Elect &commu makers -

Mapping & surveying |
companies

(No.4)
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Objectives of JDRMA

@ Establishment of the standards for DRM Database

C Product ion, Maintenance, and update of DRM Database

@ Making DRM Database available to the interested users

® Survey and study ‘of DRM

(No.5) |

Standardization of Digital Road Map

@® Classification of road network  : |==llo

B Basic road network :

National & prefectural roads

and other roads wider thans m

B All road network

Basic road network

~and other roads wider than 3m |7

(No6)




e SR e

Expression of location

SISy

Primary mesh code Secondary mesh code Normal ized
coordinates

TSI Y,

S | (10K, 10K)

AR,
C e AT

about 10km

Standard Regional Grid and
Mesh Code System in 1973
by Administrative Management Agency

(No.7)

Expression: of Road Line
. .L()id_e__;

-[ntersections\_ o

| 6ead ends

) --Road attrlbutes changlng p0|nts

| Uleue number in secondary mesh
E -Combinatioh ofande*humBéﬁs*f’f*
. Road ‘

Comblnatlon of nodes and |inks

Intrpolatin ot

(No.8)




Structure of JORMA' s DRM Database

Control data

~ data necessary to control the data
for secondary mesh

Basic road data

»node and |ink. data
= link attribute data

- reference between basic and all road data

All road data

~node and |ink data

Background data

-water system data

Iocatlon data of admlnlstratlve boundary,
rallroad and facility

facility shape data
Iocation data for place name dlsplay

(No. 9‘)
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Data sources for DRM database

B Topographical maps (updated every 3 ~T years)

® 1/ 25 000 scale
® 1/ 50,000 scale

B Road Data Provided by (updated every year )
Road Administrators

@® MOC s Regional Construction Bureaus
@® Offices of prefectures & large cities '
@® Public road & highway agencies and corporations

M Other Reference Materials and data
(updated every year )
@® Railroad data

@® Public facility data

(No.17)
) AREA COVERAGE OF JAPAN |
FY - JDRMA DATABASE
0% 50% 100%
' ' ' ' ! ' ‘ ' ' W 1/25,000
1988 . 1/50,000
89%
1989 |
89%
1990
82%
1991
| 71%
1992
| TE0% .
0% 50% 100%

%
(No.18)
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Road  Administration Use

® Beacon Location Data |

® Regulatlon Data for SpeCIal Vehlcles |

@® Road Trafflc Census Data

@® Distance Markers Data

® VehiEte“DeteCtofs'andlethata

@ Road Info. Boards and‘Roadside Comm Data |
® Closed in-Winter Data

(No.19)

Data Maintenance .

@ Update date : October 1

0 Updated database made aval Iable March 31 |

Apr. 1 Oct. 1 Mar.31

| o |
Ubdate date - Update date »
Collection Input and check

® Update data:

Deiivery

~ new topographlcal maps

-road admlnlstrators data on
new and renovated Toads

(No.'ZO) o
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JDRMA Database Supporting Member

@ NISSAN MOTOR ® HITACH!

@ HONDA MOTOR @ MATSUSHITA ELECTRIC
@ TOYOTA MOTOR @ NEC HOMEELECTRONICS
@ VAZDA MOTO(R '@ OMRON

@ NIPPONDENSO @® FUJITSU TEN

® SUMITONO ELECTRIC @ NTT
© PIONEER ELECTRONICS @ ZENRIN
@ MITSUBISHI ELECTRIC

(No.21)
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B Vehicle Control field

@® Car navigation system

@ Car location system

@ Freight control system
~Optimal transportation routing

® Communication satellite based: operat:on%
management system (OMNITRACS)

o Veh:cle lnformatnon and Communlcatlon -
system (VICS) -
Dynamlc road trafflc lnformatlon

N Road Planlng and Control fleld

® Road sign checkmg system
@ Traffic accident analy‘sils system
@ Road census reference system

@ lLogistics system

(No.22)
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JDRMA Database Based Navigation Systems

DATABASE USER

SYSTEM NAME

CAR MODELS

O®MAZDA MOTOR ,
osumnromo ELECTRIC

" ®CCS

(MITSUBISHI MOTORS)

(SUZUKI MOTOR)D

OP | ONEER _ELECTRONICS

OMMCS
esNs

OSATELLITE

OHONDA MOTOR

CRUISING SYSTEM

- ®HONDA

S NAVIGATION SYSTEM

| ®TOYATA MOTOR

ONISSAN MOTOR

OUNOS E0SMO

&1 AMANTE, DEBONA IR
GALANT, SiGMA, ETERNA

OALTO WORKS

OAFTER-MARKET

OLEGEND
ACCORD

\_QELECTRO MULTI
%W?VISION

OMULTI AV SYTEM

@SOARER, CROWN

CELS1OR

MARK I!, CRESTA, CHASER
®GLORI A, CEDRIC

CIMA

et A AN A

TOTAL 153, 000 VEHICLES (the end of June, 19935

(No.23)

‘Futiire Plans

@ Dlgltallzatlon by 1/25 000 scale maps |

of aIl Japan

® AdOD’Eion of larger scale-maps. =«

1

| @ Freshness and Reliability

- |: @ Enhancement of - traffic information

Sy B

(Vo 2a)

N S
[N

—163—




Adoption of Larger Scale Maps

~1/25, 000 Scale Maps Partially

2, 325 meshes =~ 1/10, 000 Scale Maps

~1/50, 000 Scale Maps i
2, 416 meshes - |

8 .| Partially
1/25;000*Scale_Maps . 51/2;500 scale Maps

Freshness and_ReIiabiIity"j:

® Detailed plans I 51n

o me e - —————

® Directfdata input from
aerial ‘photographs

L

@® Direct conversion from'~ .| |
travel ling paths of Y .
vehicles B T B

. Vehicle is equiped wiih : |
high-precision location | . Dy e
‘detecting capability "+ Rainbow Brice (Opéhing "AUG. T99§ ) e

~.Traveling paths of vehicle
,(No;26) |

—164—




Enhancement of Guidance Information

@ Traffic regulation information Group Intersection

@ Names of intersections

@® Information on facilities

around intersections

M Concept of Group Intersection |} [}
B Cooperation of other organization
. 7
~ (No.27)

Car nawgatnon development process

Safety Control

Automatic drive

High Level |

Digital Map

covdecsensees

Present:  Future

(No.28)
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PRESENT STATUS OF IVHS IN CANADA
Presented to

Japan/Canéda Workshop on’.
Advanced Highway Systems

Decembét 5 - 12,1993
P, by [
M.D. Harmelink

. Ministry
iVHS Canada of
Transportation

Ontario

\

J;

~ (No.1)

IVHS Ca"aﬁ'ﬂa P by R R e

« Joint body for coordinating IVHS activmes |n Canada 3

 Disseminates. information and promotes the ;
development ‘and-implemientation of IVHS produéts and’
services m Canada I

« 'Compiles databases

- Actwe IVHS pro;ects et e .
. AVLN Automatuc Vehlole Locatnon and Navngatlon
Systems ,.Q;; e
. Responsnble to TAC (Transportation Associatlon of
Canada) through the R&D Council

. Membershnp from industry, governments, agencies and
- universities

)

/,

| (NoZ) |
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/ OVERVIEW OF IVHS IN CANADA

. Most activities decentralized (Jurlsdictional- |
Federal/Provincial responsibilities)

» National coordination through IVHS Canada - not yet a
national program in Canada of the type of VICS, NeGHTS,
PROMETHEUS, DRIVE k L

* Strategic plans at provincial level

*  Activities also being conducted by municipaiitles, private
sector, universities , :

»  Leadership at provincial level

* Many industrial players supplying Canadian and U.S.

, projects

(No.3)

[SOME IVHS APPLICATIONS IN CANADA

. Apphcatlons in many areas of S
- ATMS - Advanced Trafflc Management Systems
- ATIS - Advanced Traveller Informatlon Systems ,fr\'
- CVO - Commerecial Vehicle Operanons PR

- APTS Advanced Publlc Transportatlon Systems A

Vg -‘,..',:. S S T TS ES ¥ 2N

18—




ATMS - ADVANCED TRAFFIC MANAGEMENT
SYSTEMS

. Currently, Canada is Implementing and operating advanced
traffic management systems:

- Advanced TOC's (Traffic Operations Centres)
. Commi‘mi\catio‘ns systems

- Improved Traffic Detectors

- Changeable Message signs -

- Real-time traffic information systems

\

/

:(No.5)

/ ATMS (cont d)

TYPICAL SYSTEMS

Freeway Trafﬁc Management Systems

- . communications, ramp metermg, TOC's (Trafﬁc Operations
-Centres) -

= Way-

o ",v_.‘f'f"Corridor Management Systems

: '_Application Toronto s Gardmer Expressway/Lakeshore Road
_--Managing a controlled ¢ access freeway and a ma]or a*tenal as an
o integrated corridor .- . ,
- = Uses both cameras and. loop’;detector o :
““_Incorporates a "situation room" for’ coordmatmg emergency

B lncorporate trafﬁc detectors, changeable message srgns, flbre optic

Y Applications include Montreal Freeway Trafhc Management System,
: (FTMS), TorOnto s COMPASS and FTMS Ontario 's Queen Elizabeth

\

/

K responses
| | (No.6)

169~

s



“REATER TORONTO AREA

L S AT AL AT . AR G M M WA ™ AL I WAL T + - 2% 7T
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—170—




(ATMS (cont'd)

TYPICAL SYSTEMS
*  Computerized traffic control systems

- Installed in many of Canada's larger cities

- Pioneers in first installations - Toronto in 1963

~ Third generation types currently being implemented in several
smaller cities (Populations <100 000)

*  Adaptive traffic control systems
- SCOOT - Split Cycling Offset and Optimization Technique

- System automatically measures traffic, and activates and
sequences traffic lights depending on traffic conditions

- uses loop detectors to measure traffic, sends data to
computer for processing and subsequent activation of

traffic signals
\ - pilot systems in Red Deer, Halifax, Toronto

(No.9)

e

ATMS (cont'd)

TYPICAL SYSTEMS
«  Adaptive Timing Systems
- Adaptive Timing Plan Calculation Program
- A Signal Timing program for Progressed Corridors

- Used on TransCanada and King George Highways in British
Columbia

- Uses traffic count data as well as expert systems and other
specialized software to calculate optimum timing for traffic

signals

\

(No.10)
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ATMS (cont'd)

TYPICAL SYSTEMS o R

*  Adaptive Systems for Reverse Flow Traffic Lanes
- lntelligent Real-Tlme Contraﬂow System |

- Optimization of contraf!ow initiation and of time of
operation based on real-time traffic flow

- Currently being developed for use in British Columbia

- Simulation results and field tests are promising

(NO.].].)

ATMS (cont'd)

ADVANCED ELEMENTS IN SOME SYSTEMS
¢ Traffic Detectors
- Overhead Cameras - MontreéI‘S'FFMS,f Toronto's COMPASS

- Microwave Détectors - ARES
- Road Traffic Mlcrowave Sensor (RTMS)
- Product:of Ontario.R&D :: I
- Test installations throughout Europe and North
America

(No,12)
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ADVANCED ELEMENTS IN SOME SYSTEMSINTEGRATION

TMS (cont'd)

Simulation

VAPS - Virtual Applicatlons Prototyping System system in
Montreal which uses computers to simulate and
- predict traftic conditions and for linking road
sensors, video cameras, traffic operations centre and
_changeable message signs

INTEGRATION - computerized software for simulating and
optimizing traffic flow in large networks:
permits testing of IVHS elements

- test installations in several North American
cities including Orlando (for TravTek) and in
Atlanta

(No.13)

ATIS - ADVANCED TRAVELLER INFORMATION
SYSTEMS

Systems avallaoie to glye dri\rers information about weather,
trafflc, road constructlon

'Changeable message sugns in many of the freeways around

- large cities - Montreal, Toronto; Vancouver

Real-time weather information service along Brmsh |
Columbia's Coquihalla:Freeway and Okanagan Connector
Freeway - which often encounter icy conditions in winter .

TRIS, Ontario's Traffic and:Road Information Service - |n whrch
users may get information by fax and pagers:

_/

et
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ATIS (cont'd) -
Systems available to give transit users information about real-time
bus arrival times

¢ In-station electronic displays of Bus Arrival Information -
Ottawa, Kitchener :

. Phone-ln Bus Stop Information - Misslssauga s Telerider

+  Montreal's Visual Communication Network for the visual and
hearing impaired

(No.15)

(ATIS(C.Ont'd) S - \

e  Several jurisdictions are expanding existing systems and
planning or implementing new ones which wili give the most
up to-date information to drivers and transrt users ‘

¢  Among the most advanced of these is Ontarlo S TravelGulde
- project which will bring:real-time information - about traffic,
transit, and othertravel conditions directly to the user through
a hand- held computer

m————————
T I S RN P A e troens s e

e Itwill assust dnvers and transrt users wnth navugataon and ‘
route guidance - SR , : ;

» - TravelGuideis the subject of a separate presentatlon to be
given later in the visrt e -

e More details will be given then.

(N6.16)
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REAL-TIME TRAFFIC INFORMATION SYSTEMS

The vital element in many IVHS systems including ATIS and ATMS
(Advanced Traveller Information Systems and Advanced Traffic
Monitoring Systems)

e MTIPS - Metropolitan‘TrahspOrtation Ihformatio'n PrOduction System

- Pilot system in Toronto for collecting, processing, and
disseminating reali-time traffic information in Toronto

- Information for artenai roads (currently) extracted from transit
data

- Information for freeways based on FTMS (Freeway Traffic
Management System) t

- Will incorporate data from the municipal traffic agency as well as
from other sources, including emergency services

— J,,

(No.17)

)

(cvo - COMMERCIAL VEHICLE OPERATIONS

ACTIVITIES ’
. ,»"'almplementlng systems to

- mmimlze mspectlons
- ‘reduce paperwork
- nmprove border crossmg actwntnes

. Integratmg relevant technologies mto appropnate systems

- AVI (Automatlc Vehicle ldentlflcatnon)

- AVC (Automatlc Vehicle Classifncatlon)
- WIM (Weigh in’ Motion) ;

- RF communications (Radio Frequency)
- Electromc Tags and Smart Cards

L

o1
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/CVO (cont'd‘)‘

TYPICAL SYSTEMS

provinces, states, trucking industry, manufacturers; and
suppliers, bridge and tunnel authorities, customs and
immigration departments - as appropriate

* Crescent/HELP (Heavy.Vehicle,~Eléctr‘onic Lic_enc*e.Plate’s) |
- From Texa’s toBrmsh Columb:athrough ;Céiifbrnié:éhd!ot'her |
- ﬁtsaégs;\w, WIM,’ va"n:d‘ .E‘\iecffOnici tags to reduce tru;:k fnspectiéns,
to collect road taxes and to reduce paperwork 7
*  I-75/AVION (Interstate Highway 1-75 and AVi Ontario) . -

- Similar to Crescent/Help project butiin the East going from - . =
Florida to Ontario R 13 S POV SRS TS PR CPTS AIIN

*  Cooperative projects among Canadian-and U:S; governments,

(No.19)

AVl SYSTEM CORRIDORS

' HELP-Crescent Project " * " " gpictiomsbapinn’

B.C ssif ’
- Advantage /-75éroject I e
) ‘E_ bl

TR

g

(N6:20)
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DETROIT and ST. CLAIR RIVERS BORDER CROSSINGS \

Blue Water
Bridge

n
- Truck *
Inspection Stations

 CANADA

Windsor- B
Detroit Tuniel
Customs & .. \... .-
Immlgratlon ’

Ambassador .\ R
Bridge

Welph
Statlons

/&

(No.21)

[CVO (cont'd) o e \

TYPICAL SYSTEMS e

e Br|t|sh Colur‘nbia 'via the HELP pro;ect and also an Electromc

Several Provinces have initiated projects mvolvmg AVl, WIM, and
associated technologles, (AVI and WIM - Automatic Vehicle
Identiflcatlon and Welgh |n Motion)

Vehicle Measurement Systém for their ferries™

- Alberta - via a pilot project using AVI, WIM, and electronic tags to
process data and information about construction’ hauling'tricks

~Manitoba '« via & joint project with’ SHRP/ (the Strategit’ Highway

Research Program) and the Lorig Term: Pavement Pérformance
Program to provnde welght and classmcatnon data o

- Ontano - via the I-75/AV|0N project

- Prince Edward Island - via a provincial traffic monitormg program
of weigh in motion and automatic vehicle classification data /

(No.22) )
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(CVO (cont'd) | | \

TYPICAL SYSTEMS

Cooperative projects

* Border Crossing (Canada/U.S. borders at Detroit/Windsor and
Sarnia/Port Huron)

~Toi improve administrative and trucking operations at border
crossings

- Pre-identification of vehicles, drivers, and cargo will allow
customs and immigration authorities to facilitate vehicle
processing at the border for frequent shlppers/travellers

*  Pearson Airport Project - Toronto

- Intégrated information system on flight arrivals and
departures and ground transportation systems in order to

\ improve airport operatlons | | )
. 0 21

(No.23)

/CVO (cont'd). | - \

FLEET MANAGEMENT SYSTEMS

»  Metro Ambulance - Toronto

- System uses GPS (Global Positlonlng System) and two-way
radio.communications in an advanced vehicle location system
to dispatch the closest vehicles to emergencies

»  AVLN - Automatic Vehicle Location and Navigation
- Joint Project of Vision 2000, private and government agencies
in Alberta and, Saskatohewan RN D

-To integrate real-time vehicle positioning, digital maps, and
communications using cellular networks = ... ... . .-

B ‘ Coas . b I ToLo e AT T 4 . PR . . 4,

(No.24)
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APTS - ADVANCED PUBLIC TRANSPORTATION
SYSTEMS

Canada has several advanced systems in the area of AVLC (Automatic
Vehicie Location and Control) for public transportation systems
Toronto's CIS (Communicatidn Information System)

- Uses signposts and dead reckoning to give location of 2000 bus and
streetcar fleet

- Has added feature of voicé communication

- Also being used in-pilot program for real-time traffic information for

TravelGuide and MTIPS

23

(No.25)

APTS (cont d)

N

Most of the Iarger transnt systems in Canada have some kmd of AVLC
- Montreal Vancouver, Ottawa, Hahfax Hull, Hamilton

Ontarlo has developed specnﬂcatnons which would allow small- and

medium-size transit properties to semi-customize a system to their

own requirements based on a standard "baseline" one

AVLC is also an integral element in paratransit systems

- Several Ontario cities use an automated computenzed system for
booking and scheduling trips and for allocating and routing vehicles
to riders on a real-time basis. It features an advanced algorithm.

- The system is also being used in other North American cities

- Several Canadian cities use’ paratransnt for transportatlon for
persons with disabilities y_ ,

!

24

(No.26)
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KAPTS (cont'd) R ' | | \

* Advanced Fare Collection Systems are being used or being developed
for publlc transit throughout Canada

* Fare Integration in the GTA (Greater Toronto Area) wrll »

- Allow riders to move easily through a "Seamless” system without
regard to mode, technology, or jurisdiction

- Smart cards being considered as one alternative

* Systems already employ features such as
- credit cards, debit cards, deérementing'value'cards
- fare by distance, zone, time of day

- fare and system integration among a limited number of systems

\_ !

(No.27)

(

TOLL SYSTEMS A DIFFERENT APPROACH FOR
. There are relatlvely few toll roads or toll brldges in Canada |
o Tolls bemg consrdered for new roads EER

- Consistent wrth user pay
- Preferred fmancmg for new roads

.....

- Flnanolng

- Design
-'Construction
- Operatron

* Revertto publlc agency after some perlod el




/
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TOLL SYSTEMS - A DIFFERENT APPROACH FOR
CANADA (cont'd)

An All Electronic Toll System is belng consrdered for Highway
407 in the Toronto area

Will embody the foliowing All- Electromc subsystems

- An AVl system - with electronic "Tags" (transponders) and readers

~ A Communications system

- A Classification system - to allocate appropnate charges

- An Enforcement system

- A Transaction Processing system - for toII collection blllmg,
deposits, revenue distribut|on

British Columbia will test an all- electronlc collection system on its
one existing toll road; the Coquihalla Highway - ‘

(No.29)

e

DIGITAL MAPPING/GIS (GEOGRAPHICAL

NFORMATION SYSTEMS)

Canada is in the process of drgmzmg many of rts maps
Being done both by governments and the prlvate sector

Many of the Iarger cltles have dlgmzed maps based on street
networks - : . :

There are digital boundary files and topographic mformatlon
for rural areas

A Videolog Van which incorporates GPS (Global Posrtlomng
System) is being developed

(No-30)
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COMMUNICATIONS
FOR WIDE RANGE COMMUNICATIONS

e« Most of the advanced technologies are used

- GPS - Global Positioning Systems - for Navigation and AVLC
(Automatic Vehicle Location and Control)

- Loran-C - for Navigation and AVLC
- Cellular - for Fleet Managemént

- Digital Audio Broadcast (DAB) - being considered for testing for
data communications in real time information systems

- Fibre Optic Network - Linking vehicle sensors to FTMS Centre

(No.31j

| COMMUNICATIONS (cont'd) o

- Satellite - Used for Vehicle Location and Voice Communications
by over 100 companies in the trucking industry in Canada
(RoadKit is the product for surface transportation and is
distributed by Telesat). Products for marine and emergency
applications are also available

- Paging - Traffic and road condition information is paged to
subscribers
e Research work bemg done in Alberta

- Evaluatlon of Loran C and GPS technolognes for use in AVL
applications in Urban and Mountainous areas

- Evaluation of GPS technologies for navigation and surveying

(No.32)
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COMMUNICATIONS (cont'd)

FOR CLOSE RANGE COMMUNICATIONS

Many jurisdictions use RF and fibre optics for
- Loop detectors

- Advanced fare collection cards

(No.33)

/INTERNATIONAL COOPERATION | . \

‘.’ Several Western U S States . Crescent/HELP

_Conferences in which IVHS is prominent - VNIS (Vehicle Navigation
“and Information Systems)! IRF (International Road Federation)

Canada works closely with various jurisdictions and technical
organizations on a variety of initiatives of mutual benefit.

- Several Eastern'U.S. States - 1-75/AVION
- Mlchlgan, U.S. customs and Immlgratlon, Bridge and Tunnel
Authorities - Bordér Crossing
- IVHS America, SAE - ITIIS
~1SO - TC204 - Canada is Convenor for Workmg Group 7,
Commercial/Fleet
- Several Western and Mid-western States in the U.S. - Enterpnse
- IVHS Amenca Coordmatmg Councul Technical Commlttees

Canada is very active, and often the host country in International

All activities involve the private sector as well

A

(No.34)
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(CANADIAN CAPABILITIES TO SUPPORT IVHS

Canada has a well established néetwork of Private Sector firms who are
capable of supporting both its domestic and foreign markets for IVHS

~

products and services in the areas of:

Research and Development
Engineering and Design
Hardware Manufacturing
Software Development
System Integration

System Delivery

System Operation

System Maintenance /

(No.35)

CONCLUSIONS

Furthermore, we will increase our activity - for competitive reasons

~

CanadahasanactwelVHSprogram o

We will maintain vigorous programs in order to take advantage of
the benefits usually associated with IVHS including: ..

- Maintaining and improving the efficiency of our surface
transportation systems E T

- Increasing safety . .

- Improving productivity

- Reducing energy usage .. .

- Increasing mobility - especially for the transportation
disadvantaged = U

(N6, 36)
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CONCLUSIONS (cont'd)

We will continue to work cooperatively with others as past
involvements have proved to be mutually beneficial

Seeking opportunities to work with Japénese on

- Projects which are in the pre-competitive stages

- Initiatives where there are similar challenges and/or shared interests

Interested in opportunities for
- Technology transfer

~ Trade

/

as

(No.37)
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Intelligent Vehicle' Highway System - ‘
The universal; low cost, multi-application, vehicle to Road-side
icommumcatlon architecture

Presentation by R.Lewis Sabounghl, Transport Canada
In Japan week of december 6, 1993.

HONOURABLE COLLEAGUES

The subject of my talk today deals W|th IVHS strateglc planmng at the natlonal
level, :\We live:in-a:period of financial restraint where we have to:maximize the
benefit of monies:: invested in:our -highway system. Each. organization at a
municipal/city level-is.concerned with solving-its own transportation related
problem by selecting some technological solution. Unfortunately solutions
multiply and result in a multrphcnty of incompatible systems, each requiring its
own infrastructure serving just one application, while offering similar
functions or ¢apabilities through.alternative technical approaches. Such cost
is prohlbmve on a national basis and denies the advantages of the economy
of scale and compatibility. The implementation of several systems to support
different applications or geographlcal locations could require motorists to
instali a number of redundant IVHS devices on their vehicles. This would be
unnecessarlly expenswe :possibly.-unsafe, aesthetically unpleasing and
inconvenient, acting as a disincentive: to: potentlal IVHS:users: .In addltlon,
‘competmg systéms: could- potentlally mterfere with. one another, resultmg in.
reduced performance and Ioss of beneflts S e :

The technlcal approach proposed for thls vrsnon is. a Vehlcle to Road-srde
Communication ‘(VRC) ongmally developed for truck fleet monitoring
appllcatlon . Thls is also known in the. IVHS. coinmunity .as automatic vehlcle
identification(AVI) ‘or Electronic  Toll and-Traffic Management (ETTM)
technology However, these labels have the effect of specifying the
appllcatlons ofithe technology wrthm strlctly defined areas. The VRC title
overcomes’ this iby. describing the: technology s. fundamental data transfer .
characterlstlcs% w:thout llmltmg its range of appllcatlon .

. "We are‘;propomng»:}for "th'e next ten 'to};’fifteen years to |mplement a UNIVERSAL,
LOW .COST;: MULTI-APPLICATION IVHS VRC ARCHITECTURE. -Such vision has
to be coordmated and supported on a national level, be it through the national
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government or a national transportation organization.

The idea evolved from AV! development that used originally a transponder to :
react to some Radio Frequency (RF) signal and send the identification
number. Further development turned this transponder into a low cost vehicle
to road-side two way communication with connection via a serial port to the
vehicle on board LAN' while the road side "reader" connects to the national
WAN? through wired or non-wired transmission. Communication protocols
were develloped and tested, different applications using the same technology
have or are being develloped, tested and impleménted. We ‘do not-have yet
one North American standard however it is shaping up pretty fast.

Although this technology will-not fully autémate ‘a’ vehicle it has the ability to-
support ‘many applications in-all the IVHS :areas. | will take few minutes to
intérduce the technology and then: few mére minutes ito enumerate some of -
these applications. - St A R PRI R L T TP R : S

VRC BACKGROUND

The technology proposed: for adoption-as'the’ communications: backbone of
this system has béen' developed and tested as part of the North- American -
Heavy Vehicle Electronic License Plate (HELP):program. HELP is'a $20 million
program funded by a group of 14 U.S.!statés, ‘the Port Authority of New York. -
and New Jersey, the Federal Highway Administration, Transport Canada, the
province ‘of BritishColumbia: and various motor-carrier organizations. “The -
aim of the program:is to'résearch-and develop 'an integrated" heavy:vehicle:

managément system combiiiing ro4id-vehicle' communications, weigh-in- -

motion (WIM) and automatic vehiéle ‘classification (AVC) technologies.
The HELP program was completed in‘september:1993 and.is currently -
enteringa -commersial‘implementation: phase: kiiown: as' HELP ‘Inc.” Thig >~
involved the installation 6f'th¢ road-vehicle communications: system;: WIM. -
and AVC components at 40 sites on Interstates 5 and 10 between the States of
Texas and Washirngton; and' beyond'inté'thé Province-of British' Columbia.
Most of the sites havé beerintegrated usiny a‘nstworked communiéation “and

Lid LRy ST I B S aE

' Local Area Network

2 Wide Area Network
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processing system, which consist of roadside stations linked to regional and
central computers.

The road-vehicle communications system adopted by HELP has been
developed for AVI applications, to satisfy the program’s vehicle: identification
needs. The system specification was finalized in 1989 following an extensive
three-phase research .:and development effort. The first of these started in
1986 and involved testing initially eight and subsequently four state-of-the-art
commercial systems in laboratory, test-track and field environments. A draft
generic specification for highway:AVI equipment was devéloped in Phase 2,
taking the Phase 1 test results into account. The third phase then involved
field trials in hot and cold areas of prototype equipment manufactured to the
draft spécifications. Analysis of data from the third phase was used as an
input in preparing a final definitive generic specuflcatlon of the AVl component
of the HELP system. o R

Desplte its development:as-anAVil system specmcatlon, the HELP system is
in fact applicable to a much wider range of IVHS scenarios . than simply
vehicle identification. The system effectively provides a two-way high data
rate channel between the vehicle-borne transponder and a roadside unit. This
can be used to transmit any coded data message that can be accommodated
within the system’s data transfer capacity. The system is therefore more
suited to the VRC title than to its original: AVI termlnology

- So far as possnble the communlcatlons specmoatlon developed by HELP is
performance based. Only those aspects of the system required to be 100
percent compatible with other manufacturers’ units are rigidly specified in
complete technical detail:The prmcnpal features of . the fmal specnf‘catlon can

be summarized as follows:

1. Trigger/response
- low power output
- unique triggering signal . 1 .
- operating frequency 915" MHz in North Amerlca
- .battery-powered response o

2. = - Data-transmission rate ... i e
- 500,000 bits per second data rate .
- short read time for multi-tag situations
- multiple reads for error correction
potentlally Iarge amounts of data
3. Data encodmg
- code block length 128 bits
data ‘modulated: and transmitted - usmg a Manchester coded pulsed
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10.

carrier

Transponder ‘types
- Type 1, fixed-code one-way (vehlcle to- road) transponder

- Type 2, part variable-code two-way transponder

- Type 3, location beacon transponder (two-way data transmission
with link to onboard computer)

- provision for up-to 16 different transponder types, including hlgh-
speed two-way data:communication with large amounts of data

Transponder programmmg _ :
- Type 1 transponders reprogrammable usmg manufacturers

programming device only
- Type 2/3 transponders (variable code) reprogrammable dunng

passage across reader antenna
- Type 3 transponders (variable code) ‘also’ reprogrammable usmg

‘onboard computer L

Roadsrde umt

< decodes:data from up to elght Ianes srmultaneously

“transmits coded location data to onboard computer via Type 3

transponder: (VRC spécés.)
Capable of two-way, high- speed data communlcatlon wrth Iarge

: amounts of data (VRC specs) '

' Antennas ‘ : ' &
S-ins pavement antennas for free flow operatlons

- overhead or roadside antennas also possible .
- single antenna used to transmit/receive

Read accuracy ' :
- maximum proportion of incorrect, partlal or: falled ;

decodingsl/encodings’1 in"10;000 : o
error detection of at least 99.9 percent of decodmgslencodmgs

read differently from intended
maximum acceptance rate of mcorrect readlnglencodmg of 1 in

10,000,000

Operating speed ST : ;
- transponder/beacon decodlng atfspeeds up to 160 Kmph

- transponder encoding at speeds up to 105 kmph

Ly

Transponder location R A Y FAEE L T I I
- .successful: decodmg/encodmg at any- lateral posrtlon wrthm a

~190—




Background material td Oral Presentation. by R.L.Sabounghi - Japan, Dec.
1993 Universal, Low cost, Multi-application, VRC. Architecture

traffic lane
- successful decoding of messages from transponders at spacings
of 15 feet or greater, at speeds up to 160 Kmph.

VRC CONCEPT APPLICATIONS

The universal VRC architecture will involve the use of a standardized generic
specifications of road/vehicle communications system in a number of IVHS
applications. It is not anticipated that all of these system applications would
be implemented simultaneously. Rather, it is intended that the system would
be introduced in a modular approach; bulldmg on the communications
capabilities ‘of the VRC. Initial elements currently under implementation or
demonstration in HELP and toll installations focus primarily on the one-way
vehicle-to-road communications function, providing for components such as
AVI, automated toll collection and link journey time monitoring. Planned
demonstrations address two-way communications and the addition of ,
interfaces with in-vehicle units, providing increased system functionality. In
this way,-the system could grow:gradually and logically, avoiding the risks -
associated ‘with an:intensive implementation process. The system can
incrementally: build on the installed base where every: new application
increases theéfficiency of existing applications by adding to the number of
installed mobilé -and fixed communication units. The unit cost per application,
per information; ‘per-piece of .equipment continues to decrease with the growth
of this system producing-a truly low cost universal communication system. It
is obvious that:some applications will still require real-time person to person
voice/data .communication. Therefore, real-time' wide range systems such as.
cellular and satellite will coexist with VRC time window systems ‘in the same.
way the telephone voice system and the fax system coexist today.

By virtue of its fixed/mobile components the VRC is also a location and
positioning device, however nothing stops it from receiving and relaying
‘location, position, and navigation information coming from any other source.

such as GPS

.Now Iet us: look at some: of the potentual applncatlons, we wull group them by
IVHS category I T T ‘

Advanced Traveller Information Systems (ATIS) -
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ATIS technologies provide travellers with current information on road
conditions and route availability. They can assist travellers in ' making
decisions before the trip begins, in selecting an appropriaté route or travel
mode; in route following; and.through reduced uncertainty as the travel
situation changes. ATIS most visible benefits accrue to individual system
users. Providing drivers with accurate, real-time information may aiso help to
remove a proportion of excess travel caused by less than optimal route
choice. To the extent that this limits the overall demand for travel, wider social
benefits are anticipated. By providing better interface béetween the driver and
the infrastructure, large improveiment highway characteristics can also be
obtained. The'greatest impact of ATIS, however, is likely to be increased
driver confidence and reduced uncertairity for system users, who find these
systems reassuring, and atleast know what is happening when things go
wrong. Potential applications of the VRC in the ATIS area are outlined below.

In-vehicle traveller information

This application would use the roadside-to-vehicle communications element of
the VRC to transfer data of interest to the driver. This would be achieved by
programming ‘the roadside unit with a code corresponding to a specific
message, obtained from: a predefinéd "Travel Message Code" (TMC). The
transmission would be'received by theé transponder and relayed to a
processor unit for decoding. - The processor would contain a list of messages
corresponding to the transmitted ‘codes. Messages would then be presented
to the driver for consideration in his own language. Appropriate message
types for this application: include weather details, traffic incidents and
diversion advice. o o : ' :

In-vehicle road signing

The in-vehicle road signing application of the VRC would be similar to the
traveller information: approach outlined above: The roadside unit would bg '
installed adjacent to highway signs such as speed limits, stop signs, warnings
or advisory messages. Programming of the roadside equipment would relate
the system’s coded message to the particular sign at the site. Decoding of
this message within the vehicle would then allow the sign to be presented to
the driver using a liquid trystal display (LCD);:voice sinthésys of similar
approach. The application would be particularly useful for presenting road
sign information to drivers in conditions of poor visibility.
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In-vehicle hazard warning

This application of the VRC would utilize the system to transmit warning
information to motorists approaching dangerous areas. These could include
accident black spots, low bridges, narrow road sections or other hazardous
zones. Roadside units would be installed in advance of these areas, and
would be programmed according to the particular hazard at the site. Drivers
approaching the section would then receive early warning messages through
in-vehicle displays or voice synthesizers, enabling them to take timely
precautionary action. The system could also be used to transmit warnings
concerning non-continuous hazards. For example, roadside units near
schools could be activated only during open hours, while ice sensors or
similar devices could be used to activate highway surface condition warning
messages.

Journey time monitoring

in this application, VRC technology would be used to determine average
journey times for highway network links. This would be achieved by
calculating journey times between monitoring sites for individual vehicles
equipped with transponders. Unique vehicle identification. numbers contained
within the transponder code will be used to facilitate this. Average journey
speeds for road sections would then be calculated. This information would be
presented to drivers through traffic information databases, variable message

. signs or radio broadcasts, as a basis for informed route choice decisions.
Using VRC, data could also be passed back to the driver via an in-vehicle
display or speech synthesizer.

Vehicle location confirmation

In this application, the road-to-vehicle communications element of the VRC
would be used to send coded location data fromthe roadsnde to the vehicle.
This information would be. supplied to in- vehlcle navngatlon systems that
continuously calculate vehicular posmon usmg dead reckonmg and map
matching techniques. The coded Iocatnon data recelved penodlcally from
roadside units would be used.to correct posmomng errors that accumulate
using these in- -vehicle approaches The location data could also be relayed to
onboard computers installed in motor carrier vehicles. The information could
then be used in conjunction with recorded odometer and time measurements
to assist in motor carrier reporting and taxation activities.
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In-vehicle navigation updating

As an extension to confirming. location for in-vehicle navigation error
correction, the VRC could supply additional data for presentation using the
navigation display unit. This could include details on congestion, incidents or
other information that would potentially affect driver route choice. The
information would be ¢conveyed from the roadside unit to the VRC transponder
in the form of coded data messages. These would be decoded and relayed to
the in-vehicle navigation system.  Superimposition of the received data at
suitable locations on the map display would then allow the driver-to cons;der
current condmons in formulating a preferred route. ,

Externally-linked route gquidance

The externally-linked route guidance concept would use the two-way
communications capabilities of the VRC to transfer data in both directions
between the vehicle and the roadside. Vehicle identification codes received:
from VRC transponders would be used to calculate road section journey
times, as described previously.: This would ‘be analyzed in a:central- computer,
updating map information” glvmg the relative: impedances: of altérnative ‘routes.
Link lmpedances ‘would ‘thenbe transmitted ‘back from the roadside. unit to an
in-vehicle processor via the: transponder ‘"The processor would review the
received ‘data and’ provnde real-time“dynamic routlng advnce uslng anin- . .=

vehlcle display or speech synthesuzer

Advanced Traffic Management Systems (ATMS)

ATMS bunld on estabhshed techhlques for computer-Optumzed itraffic control -
in urban tréfﬂc sngnal networks, Related technologlés for tidal flow' systeis;’
ramp metenng of cOmmuters onto congestéd urban’ haghways, bus and light
rail syStém prnor‘mes at mgnahzed intersections, ‘service ‘pricing ‘and:eleéctronic
enforcement of trafﬁc regUlatrons can‘all’ be placed under the'ATMS umbrella
Appllcatlons of the VRC in the ATMS area are’ outllned below IR e
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Traffic congeéstion monitoring

The VRC can be used to collect highway network journey time data for driver
information purposes. However, the same data can also be used for traffic
management applications. Relayed to a traffic management centre, the VRC
data will reveal areas of congestion and free-flowing traffic. It will also
support the implementation ‘of incident detection algorithms. Collected data
will then enabie highway authorities to initiate informed control actions such
as alteration of signal timing plans, opening of reserved lanes and requests
for police action.

Traffic signal preemption -

Using the.vehicle identification capabilities of the VRC, the system can be
used to implement: preferential activation of traffic signals for preferred
vehicle types. This application could be used in support of transit services to
assist in achieving improved schedule adherence. Traffic signals can also be
activated in favour of emergen .y service vehicles. The application involves
the installation of the VRC roadside unit in advance of the traffic signal.
Selected vehicles are supplied with transponders containing unique
identification codes. The detection of these vehicles by the roadside unit then
activated a green signal, providing priority passage through the intersection.
For transit vehicles, current schedule adherence can initially be verified to
establish:the néed for the signal preemption. .

Prlorltv vehlcle detectlon : |

In an: appllcatlon sumlar to the traffic S|gnal preemptlon approach outlined
above, the VRC.can be used to.provide vehicle priority in a number of other
highway situations.. ‘These would generally support capacity or demand
management ObjeCtlveS and would again use the system’s vehicle
identification capabilities to detect preferred vehicles. Potential areas: of
application include access to restricted parking lots, bypass lanes for ramp
metering schemes or barrier activation for entry to reserved highway facilities.

Interactive signal coordination

The concept of interactive: sugnal coordmatlon would mtegrate VRC-supported
A externally -linked route guidance with adaptive traffic signal control. The VRC
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would provide real-time data on highway conditions, represented by average
link journey times. In addition, the in-vehicle route guidance unit would
provide data on vehicle ‘destinations; which: could be transmitted from the
transponder to the roadside ‘unit:: The combination of link journey time data
and-information 6n vehicle destinations would .enable traffic signals to operate
in response to the actuil pattern’ of shéort:term: future travel demand. It would

thus be possible to simultaneously ‘aptimize s:gnal coordmatlon and vehicle
route chouce wu’chm the hlghway network

Automatic toll collection

VRC can be used to automate toll collection procedures, removing the need
for drivers to stop at toll plazas and make manual paymeénts. . Participating
vehicles are fitted with transponders containing unique identification codes,
correspondlng to computerized: ‘toll accounts. Funds are:deposited-into the
account by the driver periédically, ensuring:a:minimum balance:is: maintained.
The account is then  decremented: automatically :as' theivehicle is detected -
passmg through the toll* plaza ~Ac¢colunt ‘mainténance can also be performed '

on the vehlcle whero tWo way transponders are used

Electromc rOad pr‘lCH’lg

Electromc road prlomg ‘using VRC s techmcally s:mllar to automatlc toll -
collection, describeci above. Road’ prlcmg is a'traffic:réstraint:/ congestion :
management policy in which drivers pay for their road use accordmg to how
much they are contributing to congestion. It therefore depends upon
charging vehicles for being in a particular place at a particular time.  VRC .
technology linked to a computer network can be used to establlsh chargmg
sites ‘'on‘the: hlghWay ‘netwoérk’ usn’tg ‘toadside units. Road user charges ‘are:
variéd' 'by time of day ‘and‘l6¢tation; accordmgfto congestion: levels. Vehicles'
equipped’ with transponders ‘debit an’‘a¢ceount: each time:they cross a chargmg
site. Accountmg ¢can'be performed "centrally" or "on-vehicle", depending on
the admlmstratWe desngn of the system R S S EIIPLERRTEP ST PR

‘Advanced Road Freight Systems (ARFS)
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ARFS approaches represent an "area of rapid IVHS developments.
Technologies contained within this category include many systems that can
also be applied within the ATIS or ATMS areas. However, the objective of
ARFS is to improve fleet operations on:a broad level, rather than seeking to
optimize individual vehicle performance or network performance. - :
Applications of VRC technology in the area of ARFS are outlined below.

Commercial vehicle location

In response to the reader's request for identification the vehicle transponder
sends its Vehicle Identification Number (VIN) and a lot more information
including Action Requests (AR). One of these is a code requesting to update
the Central Location Computer (CLC) as to the current location of the vehicle.
In turn the dispatcher! office computer ‘connects on a regular basis to the CLC
to download the:latest location for the firms vehicles: subscribing ‘to that
service. This type of service 'using:-expensive satellite technology is already in
use and is turning profit for its users. f L :

Hazardous material tracking

This application would require ‘the transponder to download the hazardous
material UN identification number together with its VIN. Similar to the vehicle
location system the information will be routedto the local HAZMAT -
emergency response computer for tracking.

Cargo co‘nditiqr’j'tréckinth'z“ﬂ v . S
Iinformation collected by se‘hSOrs in the :btar“gov coﬁipa’r,tm’ent-s are séhf-to- the dh
board computer andrelayed through the VRC.to the central messaging
computer and distributed: to the coded électronic mail box.. - :

Paging

In its simplest forms and using regular phone lines a request to "call back
your dispatcher" is routed from the dispatcher to the central messaging
computer and relayed through the VRC to the vehicle, The message can
appear on the:driver’s dashboard-as an:amber light that would flicker. in case
of an urgent message, .- oo i L D o .
Messagmg S S E SR LA ST AL B EUES NS u: R N RS
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In a more advanced form This application would relay through regular phone
lines a small message or a coded message addressed to a vehiclé humber
use the roadside-to-vehicle communications element of the VRC to transfer
the message to the driver. This would be achieved by programming the
equipped vehicle to check for messages and the roadside unit to link with the
central message computer. The transmission would be received by the
transponder and relayed to a processor unit for decoding if needed. Messages
would then be displayed or voice synthesized.

Similarly the driver can initiate a coded message such as "l am going on
break at next stop" and send it through system.

Vehicle and driver monitoring

This application would require the vehicle to be equipped with an On Board
Computer (OB)C and a VRC transponder. This application would also require
the carrier to equip his garage or parking gate with a reader. The OBC would
maintain records of weight, mileage, fuel usage, driver performance and
vehicle location and any other information required by the company. These
records could be automatically downloaded from the OBC by the carrier at its
own location. The reports could be used for internal management purposes.
In addition the gate computer can keep track of vehicles in and out of the
parking/garage area and time stamp their records.

Business data upload and download

This application is somewhat similar to the vehicle and driver monitoring but
is used to upload the driver routing slip, the customers list, billing information
etc. When the OBC is coupled with a printer the billing can be done at
customer site, and all relevant accounting data entered on the OBC. This
information is automatically downloaded when the vehicle returns to base-
using the VRC installed at the carrier site. This is particularly useful for
multiple deliveries and pick up and deliver 'operations: where paper work is

extensive.

Border's line beacon

The national or international ‘border line beacon uses the VRC to send.a -
marker message from the roadside into the vehicle that would be recorded on
the OBC. The beacon equipment would be installed at an interjurisdictional
line and would send the site number and location information to the véhicle. :»
This would be matched with a time and date stamp and odometer reading and
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would be stored on the OBC, The information stored on the OBC could be
downloaded by the carrier at its own location. If ultimately accepted as an
authentic record by the appropriate government agency this could potentially
replace the need for a carrier to make mileage reports and could be used by
the agency for auditing and administering  mileage-based taxes such as fuel
tax, licence tax, etc. : :

Automated driver logs

This potential application would build on the line beacon concept used to
provide an authentic location stamp on an OBC record. Additionally,
information such as the driver's identification number and the driver's hours
of work, stops, rest etc. required for log book purposes would be recorded.
A uniform electronic log format has been developed. The computerized log
could be automatically downloaded at a government facility using a VRC for

verification and automatic clearance.

Truck management

Appllcatlons of the VRC relating to truck management are typified by the
HELP program, for Whlch the commumcatnons system was developed. The
system can be used to ldentlfy trucks at mainline data collection sites and
weigh statlons A computer database of equnpped vehicles can be
establlshed .containing information on authorized operating weights, permits
and other motor carrier details. By mtegratlng the roadside unit with WIiM or
AVC technologies, it is then possible to establish a vehlcle s compliance with
applicable regulations, without requiring it to stop for manual review. Data
collected by the system are useful for highway planning operations and for
assisting motor carrier management and reporting activities.

Automated Customs clearing

By combining Electronic Data Interchange (EDI), AVl , Automatic Cargo
Identification (ACl) and VRC the automated customs clearmg becomes a
- reality while customs delays and resulting congestion is eliminated.

Other Trueki.ng:i 5in$iféieffdn‘éf '_

The above is only a flavour of what can be done the HELP program has
jldentnfled an extenswe llSt of appllcatlons ‘which include:

EA S S
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government data collection

carrier data collection

weight enforcement

automatic clearance (weights and dimensions, registration and
operating authority, safety inspection, permits)

vehicle and driver management

mainline vehicle screening

automatic regulation administration.

* * * ¥

* »

Advanced Public Transportation Systems (APTS)

Transit operation management and control

The use of the VRC in improving transit operations involves the installation of
transponders on vehicles in the fleet and roadside units at strategic road
locations. As vehicles pass these monitoring sites, coded identification
details are transmitted to the roadside and then relayed to a fleet control
centre. Here, a fleet supervisor can review the schedule adherence of transit
vehicles in the system. Usmg interfaces with other devices on the vehicle, the
VRC can also provide several other typés of data that are of interest to the
supervisor. These include vehicle loadmg derived from passenger countmg
units, vehicle component condition measured by appropriate sensors, and"
messages enteréd by 'the driver. Review of these data by the fleet supervnsor
enables mterventlon actions to be mltlated when necessary and thus -
improves overall system effICIency o

Advanced Service and Emergency Systems (ASES)

Taxicab monltormq and manat;ement

Poateg : / v, “

Another aréa in which the VRCG ¢an be applled conicérns the monitoring and
management of taxicab operations. This is particularly true at airport
locations, where landside traffic congestion introdiicés 'a'néed to maintain
tight controls in this area. Here, VRC transponders can be distributed to all
taxicabs that use the alrport faé:nhty The installation  of roadside units then
allows vehicles to be idéntified ‘and charged for’ ‘their use bf the facility. USIng

two-way transponders, taxicab drivers can be advised on the status of various
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passenger loading locations. Dispatching procedures can also be automated
using the VRC,

Implementation in Pearson (Toronto) airport is scheduled for 1994

Advanced Vehicle Control Systems (AVCS)

The area of AVCS offers the greatest potential benefits and the most
significant obstacles to the IVHS development effort. AVCS includes a group
of technologies which can assist and support drivers in performing vehicle
control functions. These systems may, in the longer term, relieve the driver of
some or all of the driving tasks. Potential benefits of AVCS include
substantial safety enhancements and major increases in highway capacity.
Applications of VRC in this area are outlined below.

Automatic speed control

This first AVCS application of the VRC would represent an extension to the in-
vehicle road signing concept. Roadside units would be installed adjacent to
highway signs indicating the maximum speed, where this changes from one
limit to another. The unit would be programmed to transmit the speed limit in
coded form. This would be received by vehicles equipped with transponders,
and would be decoded and displayed to the driver. In addition, an interface
between the processor and the engine and brake controls wouid allow the
vehicle spéed ‘to be automatically adjusted in accordance with a received
message. This would assist the driver in travelling at an appropriate speed
for the highway section. ‘ : .

Automated highway systems communication

The ultimate goal of curreiit AVCS developments is the combination of a
range of technologies to’'producé the automated highway system (AHS). This
would completely remove vehicle control from the driver, involving automated
control of steering, speed, headway, merging and diverging. Substantial
elements of communication will inevitably be required to facilitate this, many
of which could potentially be supported by the VRC. For example, the system
could transmit a message to a driver that the vehicle is approaching the start
or end of an automated section. This would enable the driver to prepare for
the transfer of vehicle control responsibility. The VRC could also be used to
transfer data concerning the readiness of the vehicle to enter the automated
facility. This would be performed following verification of the vehicle’s
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condition using component sensors.

Variable speed control

This application would be similar to the automatic speed control approach
outlined above. The variable speed control concept, however, would be used
to select an-appropriate vehicle speed for travel between signalized S
intersections.. To implement the system, roadside VRC units would be
installed at.intersections and interfaced with the local traffic signal controller.
As equipped vehicles passed through the intersection, the roadside unit .
-would calculate the correct approach speed to arrive at the next signal on.
green. This would be based on a knowledge of .the signal timing plan and the
distance to the traffic signal. The calculated speed would be transmitted to
the vehicle, enabling automatic adjustment of the brakes or acceleration to be

performed.

IN SUMMARY, we highlighted some of the applications of the Vehicle to
Road-side Communication (VRC). The system can support a number of IVHS
applications in all'lVHS areas. It therefore has the potential to resolve ,
problems concerning:the implementation of IVHS approaches that currently
propose the use of conflicting ‘or incompatible communications technologles
In addition; the systém can be.implemented -in a modular fashion, lncreaSIng
system functionality as early: elements -become widely accepted and:utilized.
By implementing a system that'can support.a multitude of applications . . ;
serving many groups of customers sharing the: infrastructure, the cost per .
application-and per user will be greatly reduced:. :For example, using a VRC
ahead of a traffic light, an emergency vehicle on call can change the = ..."; .. :
intersection light thus avoiding a tragic accident and delays, while a truck
driver can send and receive a message tolfrom his dlspatcher usmg the same

system.
Overall, ‘this strategic vision represents a:multi-application system: usmg an

existing and proven: commumcatlons approach.: It-is therefore: seen as. a-
promising and ‘efficient: way forward for the: research deVelopment and

deployment of IVHS technolog:es
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ADVANCED TRAVELLER INFORMATION SYSTEMS
(ATIS)

e Advanced systems that provide information to travellers
about their transportation network and help them to reach
their destination quickly and safely. - : :

(Non)v
208
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EXAMPLES OF ATIS

L crse e A i AN Son

*  Inivehicle route guidance "s;y‘s't'éms

* Pager type devlces that transmlt ihéident Information

*  Automated transit ‘é;‘rj‘\_/a[ l:nfo,:rm'atj’on systems

* Freeway traffic ma,nagt;.erhent,sys_tem overhead signs

*  Active computer map displays showing traffic conditions
(No.3)

KEY ISSUES - SR

* System capabnlmes desired by users

. .Affordablhty

. ::“Transportablllty and mternatlonal standards

* Information sources

*  Private/public cbopération

Safety

: ("‘N_o."4.)'
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TRAVELGUIDE CONCEPT.

* Portable o "

*  Off-the-shelf PC coﬁ:ipafible"ﬁardware

* Public sectof supplied "r‘}earl,-’i'im;af ihfdrmation

*  Service and product from pri‘\)aie éeCtOr o

e Traffic, .trarié"it;'é’ﬁd‘inéidéi‘it'dataj? 3

. One-wéy comh:iﬁniéa:tions | "

¢  Standard data protocol and Io"ca‘iidh coding (ITIIS)
* Voice input and output .

* No vehicle location initially

(No.5)
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\ FIGURE 1/ TRAVELGUIDE CONCEPT
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DEMONSTRATION PROJECT
. f_‘iRFPP issued in- December '

) -Partners selected this summer

1

. Development of subsystems next six months

\.

. :'.;"'Demonstratlon with six units in’ summer 1994

| - ”'-::Demonstratlon area — 30 sq. km "’ m Central Toronto
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TRAVELGUIDE SUBSYSTEMS ~ -+ .~
PORTABLE UNIT T RTI

ive 'Hand-held PC compatible computer - ¢

e Rodting“ and interface software

““f?z.‘*‘-f"vf?"-fCO'rhr'h”tiﬁié‘atiO'ns ~EMBARC receiver - ' 5o e
Cicell iMap data base

<o+ Voice inpll'/°”'.t.pmt

'''''
[
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TRAVELGUIDE SUBSYSTEMS (cont d)
REAL-T!ME DATA (MTIPS)

* Freeway Trafﬁc Management System for freeway data

. Toronto Transit. Commisslon (TTC) for bus arrival -

. TTC data to generate arterial’ Iink travel times

*  Metropolitan Toronto Transportatlon future SCOOT Data
*  Historical data stored in unif

* Incident information from various sources

* Data fusion and data generation in MTIPS computer

|

(No.11)

~

DEMONSTRATION PARTNERS:, - . = .
PORTABLE UNIT | . REPSNG TPERE ¥~ S
System integration and interface Software~- .. .. .. 1Bl Group
Map data base - woooves oo Navigation Technologies

Routing/transit software — . .= -, Personal Travel Technologies

Communications hardware/channel - et oo Bell Mobility
Voice synthesis — : ; Tt s PulserData
Voice recognition - Canadian Marconi

(N6.12)
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DEMONSTRATION PARTNERS (cont'd)
REAL-TIME DATA (MTIPS)
Data fusion software — | o Teleride Sage
Transit to auto travel time algorithm~ . ... University of Toronto
- 1
(No.13)

/

DEMONSTRATION PARTNERS (Cont'd)
OVERALL PROJECT DIRECTION AND MANAGEMENT
e Ministry of Transportation of Ontario

»  Toronto Transit Commission

. Metropolifan Toronto Transportation Department

(No*.'ri4)' |
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NEXT STEPS

Complete development and demonstration

Project evaluation

Private sector to investigate commercial opportunities
Ministry to prepare for Metro-wide data collection

IVHS Community to continue ITHS standards development

Other jurisdictions invited to participate

(No.15)
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6. Wind Resistant and Seismic Structures






Current Research Activities

on Seismic Design of Structures

K. Kawashima

Head, Earthguake Engineering Division,
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Strong lotion Observations Conducted by Public Works Research inutltuto .
Seltaro Yoshimi® and Hisanori Otsuka®

‘Rescarch Engineer, Ground Vibration Dlvlslonh Barthquake Disaster
Prevention Depsrtment, Public Yorks Research Institute, Tsukuba, Ibaraki

305, Japan
2jiead, ditto

SUBMARY T

The Public Yorks Research Institute conducts two types of strong motion
observations, genoral observations and array observations. General
obscervations are conducted throughout Japan at about 350 sites to obtain
strong motion records for englnecering purposes. At each site two or three
strong motion accelerographs are installed on civil englheering structures
or on the ground, Observed strong motion records are processed and
snalyzed to clarify the general characteristics of earthquake ground
which are In turn uscd as the basis of earthquake resistant

rotions,
design. ) ‘
- This report. describes the observation sites, data processing
procedures, data base system, and data utilization of the general (Pq()' 1 )
observation. )

 ATTENUATION; CHARACTERISTICS  OF NEAR-SOURCE GROUND WUTIORS- °
Hisanori OTSUKA', Hideaki IWASAKI?, and Ryofi ISOYAMA®

’Head. cround Vlbrgtlon Dlvlslon, Barthquako Disaster Prevention 3
Deparf-ent. Public ¥orKs Resesrch Instltute. Tsukuba, Ibarakl 305 “Japan
2Research’ Enxlneer. ditto

3Deputy Dlrector. Earthquake Dlsastor nltixatlon. Japan Engineéring
Consultants Co., Nakano-ku, Tokyo 164, Japan

SUMMARY

Attenuatlon characterlstlcs of peak horizontal aaceleratlon in the..
near-source region were studied for 103 earthquakes observed In and outaide'
of Japan, Attempts were made to derive attenuatién relatlons not based on
‘the functional forms of existing attenuatlon equatlons. Results ere
summarized as follows. (1) -there 1s a’certaln distance. tange for .an
earthquake for which’ ‘peak acceleratlon ‘can be considered constant, and this
distance range is ln proportlon to earthquake's lnxnitude. (2) the constant-
value for peak acceleration in this dlstance range 1s dependent upon

: -agnltude. (3)this magnitude’ dependence has been expressed In a functional
(NO. 2) form of log Acc=a- Mtb, “where Acc (s pesk horizontal accéleration and M is
magnitude. .
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SEISMIC BRIDGE RESEARCH
IN
CANADA

DR. DONALD L. ANDERSON

PROFESSOR

UNIVERSITY OF BRITISH COLUMBIA
DEPARTMENT OF CIVIL ENGINEERING

VANCOUVER, B.C., CANADA

Behaviour of reinforced concrete bridge
structures of older deS|gn to large

seismic motions. This concerns the lack.

of ductility caused by poor confinement
or of poor shear reinforcement,
insufficient lap lengths and dowel
lengths. Methods of retrofitting to
overcome such deficiencies is vitally

needed. .

(No.2)

(No.1)

Development of reliable methods for
estimating the shear capacity of
reinforced concrete members in regions
of high*’ductility (plastic hinge regions).

Use of prestressing to increase shear

- capacity.

Jomt response in concrete bridge
- supports.

‘Ground motion estimates at sites with

deep:soft soil layers. Soil structure

‘. mteractlon at soft sites.

Pred:ctlon of liquefaction and the

- estimation of ground displacements
‘caused by liquefaction. Thisis a

- particularly relevant topic to bridges as

they are quite often located on sloping
alluvial sites that consist of layers of
loose sands and silts.
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Development of methods to iriprove
soils to prevent liquefaction; how much
improvement is required. -

Use of strong motion data to
characterize variations in earthquake

ground motions over distances typlcal of '

bridges

Response of long bndges in the
longitudinal direction. This'is’ -
complicated by the possnblhty of havnng

differing ground motion at each pler and - ,V SR

by havmg friction and impact at
expansion joints.

Vulnerability of substructure SR CEAE RS

components. Development of rétrofit’
design details.

(No.3) »

- = ‘Basesolation and energy dissipation

S methods

SRR ’-:-f?:Steel brldges energy dlSSlpatlng
mechamsms friction braces.

. Strengthemng of existing prestressed

segmental bndges

. . Specnahzed software for analysns of
cable- stayed and suspension bridges.

g :Dynamlc testmg of bridges to determme
- mode shapes and frequenmes Use of

amblent vnbratlons

‘.. ;;-Precast modular bndges in reglons of
Cooob s et/ Righe selsmlcny Dynamlc testing of
L (,_No,.s:>4;).:§ Cirnectjoints!s xsteel plpe piles to precast

Sh beams
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Methods of estimating risk, and
methods of decision making, that would
aid in arriving at decisions about the
level of bridge retrofit that might be

needed.

Cost benefit studies.

(No.6)

(No.5)

CANADIAN UNIVERSITIES
INVOLVED IN BRIDGE SEISMIC
RESEARCH

University of B.C.
R.G. Sexsmith
D.L. Anderson
Carlos Ventura
W.D. Liam Finn
P.M. Byrne

McMaster University - Hamilton Ontario
John Wilson

University of Ottawa
Michel Brunea
M. Saatcioglu

McGill University - Montreal Quebec
Denis Mitchell
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Ecole Polytechnique de Montreal
Rene Tinawi
Andre Filiatrault
Bruno Massicotte

Universite de Sherbrooke - Quebec
Patrick Paulitre
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JSEEP NEWS No.132, Sept. 1993

' EARTHQUAKE ENGINEERING AND SEISMIC DESIGN IN CANADA

John C. Wilson'

In 1991 and agam in l992 1 vrsued Japan asa guest researcher ‘with the Earthquake Englneertng
Dwnsron of the Publnc Works Research Institute (PWRI) Mlnlstry of Constructton in Tsukuba Ibaraki
Prefecture. These visits provided an exceptlonal opportumty to learn about earthquake engtneermg in
Japan. As well, they provided me with many interesting and mermorable experiences of Japan, its people,
and some of the many intriguing cultural and social customs that are uniquely Japanese.

My ficst four-month visit to Japan in 1991 was part of a sabbatical leave from McMaster
University where [ am ap Associate Professor .of Civil Engmeenn In 1992 1 returned for two months
durlng the umversnty summer term, McMaster Umversnty Is 2 medrum srzed Canadian unrvers:ty located
in Hamilton, Ontarlo (about lOO km from Nlagara Falls and Toronto) Ijomed the faculty of McMaster
Unrversnty after completmg a PhD m structural dyna nics and earthquake engmeernng at the California
Institute, of Technology in 1984 At McMaster my prtnctpal research mterest is earthquake engineering,
wrth specral emphas:s on sersmlc and dynamtc hehavnour of cable stayed bndges

ln the ﬁrst part of thls two part artlcle I present some overall aspects about eanhquake
englneerlno in Canada give an overvrew ofsersmlc zonmo in Canada and discuss. provisions “for lateral
seismic forces for burldlngs contalned m the Natlonal Bulldmg Code of. (,anada (NBCC) ln the second
part of this article (to appear in the next issue) [ will give some impressions of my visits to Japanese
engineering.and; construction. compames and, pl‘Oject sites. 1 will. also descrtbe some.of my travel and
social experlences as they too are an. mtegral part of my whole eXperrence in Japan

Japan is one ot the most densely populated couatries of the world, and also one of the most
seismically active. By contrast Canada'’s. populatlon density is.very low, and its record of historical
seismic activity is limited. Thus, the ‘number of people and the total economic investment exposed to
setsmlc rtsk in-the two countnes are very « dnrferent ’

ri ey o ln l99l the populatton of Canada was 26 835 500 people st

area By,._physu.al srze als the Sei ) yith an ared o

30% larger than the contmental Umted State 'and aoproxlmately 25 times larger than'lapan However
‘ ; l ithi t)ut lOO km ot the us border where

larvto the populatton of the Tokyo

'.:',_‘ln".'Cana_dfi:a nwersmes' thqiiak
R L A SRR o f PSRV R A
in.a few senior year courses in ntl,_e,rgradu,a
oraduate Ievel For etample J;;\rle,_tvlaste

5



JSEEP NEWS No.132, Sept. 1993

engmeermg and structural dynamtcs Each year McMaster has approximately fifteen graduate students
involved in earthquake engineering research at the Master’s and PhD levels.

The number of earthquake engineers and researchers An Canada is relatively small, although
interests and activities span a wide range and include unwersrty, government, and consulting englneermg
firms. The principal Canadian forum for presentation and discussion of earthquake engineering issues
is the Canadian Conference on Earthquake Engmeermo This conference is held every four years (the
seventh conference will be held in Montreal in 1995) and attracts several huddred pe0ple many from
outside of Canada. Papers of particular ¢elevance to Canadlan aspects of earthquake engineering are

published in the Canadian Journal of Civil Enginéering.

SEISMIC CODES

By comparlson to Japan, Canada’s problems in earthquake engmeerlng are’ smaller and are
concentrated in only a few geographlcal areas. The pnme motlvatlons for addressmg earthquake issues
in Canada however, are the same as in Other ‘countries; to protect life, economy ‘and’ mfrastructure in
reglons exposed to earthquake risk. The’ National Bulldmg Code of Canada contains séismic ‘design
provisions for buildings that are applrcable to all’ regions of ‘Canada. These: provrsxons have been
developed by the Canadian National Committee on Edrthquake Engineering through ¢onsulfations with
representatives from industry, government and university sectors. In addition to the NBCC, seismic
design provisions are also contained in“other codes $uch as the’ Canadlan Standards specifications for
design of concrete structures for bulldmgs Seismic des:gn provisions also exist for specialized faCilitie’s
such as nuclear power plants offshore structures, and llqu1fed natural gas factlmes

Séismic desrgn procedures’ for: bndges are not: spécnﬁed by a national code in’ the same ‘way'as
for buildings. Rather, regional (provincial) Jurlsdtcnons oftén specify the provisions that ate” ‘nécessary,
either in the form of local codes, or adaptations of other codes such as the Applied Technology Council
ATC-06. Since the 1989 Loma Prieta earthquake there has been consnderable review and development

of strategies for seismic bridge assessment; rétrofit and new desngn

SEISMICITY AND ZONING -

Canada uses two ground motion parameters  for *seismic zoning: ‘peak horizontal ‘ground -
acceleration, and peak horizontal ground velocnty For each parameter Canada is zoned into seven
seismié zones (zones 0-6) as shown on the accompanymg maps. ‘The zomng contours on'the’ two maps
are srmllar and. clearly show that the severtty of expected oré)dnd shaklng vartés conSlderably across the
country. The tegions. ofhwhest selsmtcrty are along xthe West éoast of Brmsh olumbla”through the St
Lawrence River Valley in the Montreal and Quebec ‘Ctty reglons ‘offshore’i in Atladti¢ Canada, ‘and i the
north-west part of the country. The séismic zoning has been’ de\/eloped using’ sk analysis methodol0g|es
incorporating historical and seismo-tectonic information. Western, Canadian earthquakes of significant
size dre lukely to reSuIt from subducuon ZOne‘processes ln eastern Canada lntraplate Wéchanisms are
thought to be" the mam source of earthquakes. The setsn‘ncny of central Canada is Very low and this
reglon is placed in zone 0 More wnll be'sard abdut the clual parameter zonmg m the sectlon on selsmlc

Although there are several regions‘ of kndwn or suspected seismiclty, few reco'r'ds exlst of seismic
events within Canada. The three most notable recent events are: (1) l982 eramtchr New Brunswick
m,=5.7, (2) 1985 Nahanni, Northwest Territories m,=6.9, (3) 1988 Saguenay, Quebec ‘r”nt~5 9.
Recently, the 1989 Loma’ Pneta earthquake served 4§ a Iessdn ‘and “stimulds ‘to* Canadian™ engmeers
especially on the west coast, of the possible consequences of a similar event striking a Canadian city,
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~ Contours of peak horizohtal ground accelerations in Canada in units of g; (reproduced with permission,
National Research Council of Canada)

-

L R R P )

 Contours of peak horizontal ground velocities in Canada in*units of m/s; (reproduced with permission,
National Research Council of Canada) *- ST ' S
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SEISMIC DESIGN ‘

The minimum base shear for seismic design of buildings, as stipulated by the NBCC, is
formulated explicitly in terms of peak horizontal ground velocity (PHGYV). Furthermore, the base shear
is related implicitly to the peak horizontal ground acceleration (PHGA) through a seismic response factor
(in spectrum form) that is a function of structural period. The use of the dual parameters of acceleration
and velocity attempts to account for the expected frequency content of earthquakes resulting from
different seismic environments across the.country. Using this approach, earthquake ground motions in
the vicinity of small or moderate earthquakes are considered (o be velocity-related events. These are
distinguished from the acceleration-related ground motions of large earthquakes occurring at a greater
distance. The two ground motion parameters, acceleration and velocity, affect the behaviour of structures
in the short period (0.2 sec) and long period (1 sec) range, respectively.

The seismic zoning of PHGA and PHGV contours on the maps are based on a 10% probability
of exceedance in 50 years (an equivalent return period of 475 years). For the three largest cities the
PHGA and PHGYV values are: 0.21 g and 21 cm/sec for Vancouver; 0.18 g and 9.7 ¢m/sec for Montreal;
0.056 g and 3.8 cm/sec for Toronto. The code-specified peak ground acceleration and velocity in zone
6 are 0.4 g and 40 cm/sec, respectively, but it is recognized that site specific values within zone 6 may
exceed these values by substantial margins.

The minimum design base shear is determined from an equivalent static lateral seismic force
representing elastic structural response. This elastic level force is then reduced by a force modification
factor “R" to determine the base shear corresponding to an ultimate limit state when the structure is
assumed to be at the point of collapse. The R-factor accounts for energy absorption capacity of the
structure due to damping and inelastic response. For short-period buildings (with periods less than 0.25
sec) that are detailed for full ductile behaviour, and are located in an acceleration-related zone 6, the
design base shear is 0.25W (W =total weight of the structure). The same structures located in a velocity-
related zone 6 will have a design base shear of 0.125W. This assumes structures of normal importance
and foundation conditions. In certain circumstances the use of importance and foundation factors of up
to 1.5 and 2.0, respectively, can result in substantial increases to the design base shear. The design base
shear for short-period buildings designed as ductile moment-resisting steel or reinforced concrete space
frames located in Vancouver is 0.09W, in Montreal is 0.06W, and in Toronto is 0.03W. For steel braced
frame or reinforced concrete wall structures with only nominal ductility these design base shears would
be doubled,

The NBCC also allows a dynamic analysis to be used as a means of distributing the statically
determined lateral forces over the height of the building. However, for reasons of code calibration and
overall intended levels of safety, NBCC does not permit the use of a base shear lower than the statically
calculated value, even if it has been computed by dynamic analysis.

SUMMARY

In this article | have outlined some aspects of earthquake engineering in Canada. The discussion
has focused on seismic design provisions for buildings, as contained in the 1990 National Building Code
of Canada, In addition to the aspects described in this article, significant work in many other areas gf
earthquake engineering is undertaken by consulting engineers, government and universities. Much oth.ls
work is regularly reported in forums such as Canadian and international engineering journals, and in
conferences (Canadian and others) on earthquake engineering.
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7. Road Environment






Road Environment
J‘i’[?ﬁﬂﬂiﬁ

1. History
Since the fatter half of the 1964)°s. virious envirommental prob-
“lems resulting from the remarkable increase in automobile trans.
portation deniands beégan 10 dras atteition in Japan, At the same
Ctime, Japan was sulfering from a fag in “the improvement an
"eapacity of social overhead (J[)l(.ll i relation 0 the rapid con-
centration of population and industries in ueban areas,

-In order to cope with environmental problems caused hy anto-
mobile traffic such as nnm, and air pullulum a wide range of
cfforls have been m.ulc in the Dast (o preserve h.unmnv between
roads and their environment. for ¢xample: (1) improvement of
the motor vehicle itsell (mechanisim and design improvenents to
control automobile exhaust gas and noised: (2) walfic réstrictions
and contryls; () dcvclnpmcnl ol a \y\iun.llk road network
which incorporatés dekigin improvements sach i hyp.uw s and
ring rouds: (4) measures to improve the roidd structire stich us the
installation of noise bacricrs tnd bilfer zones, and ie promotion
of tree pl.umn;_,. (S) mdd\ldc improvements which .um at modi-

‘ r)'my, land ul|I|7.llmn 10 hnnb itin harmony with roadside living
cavironment; und (6) cxcwllull of cnwmnmcnl.ll impact assess-
meits prior (o the. unplcmcnl.lum\ of Targe-scale moad construe-
tion. However, lhc cnwronmcnlal pmhlem\ Stieh s noise ad air
pollution pnm.unly around lrunL roads i in urh.m ardus still remain
once of the most lmptm.ml tasks (\I‘lf\c. road’ administration,

Toduy gl()bal scale micaluiek lo dcal wulh environmental prob-
lems such as llu, control of CO2 Lmlwun\ are uq_cnlly needed.
~ Achievement, of h.!rmony with lhv 'n.l!ur.ll cn\'lmnmcnl “hils
beconie an ovcrwhclmmbly nnpnrmnl iS50¢ in lhc Iuhl of roails
and (ralfié m.m.q_‘clm,nl ;

Diin vmmmenlal Quahly blandards
The B.\su Taw for Environm¢
" enacted in 1967, s nim was s the o
of comprehensive ficasures” (o < ll'_cn\lrunnwm.ul Jotlution.
Under this law, cnv:mmmnl.\l Qu.mly standards were Set. These
represent the standards which muit be muintained in order 10
proteet the puhhc s health and wclf.lrc and to prcwn‘c i healthy
living uwnrmﬁncm.-,’l‘hc CRVirohimen s(.nul.mls \\Im.'h are
- closely related 1o the |mp|¢.mcnlalmn ol road works are those
concérning uir pollution and noise (fcltl‘l() Tuble 1 nml 20
In addition 1o the above basic lawi olhcr\ concerming air |m|lu
" tion, noise pnllmmn .md VIBRIR werd Wparately enacted.
Examplés are the Air Pollition Control Act, Noise Rq.ul.umn
Actand Vibrativn Control Act. »

2)En vironmental dmpact Assessment

If the prcvunmn of ¢avironmental |)ollulmn and the préservi-
tion ol‘lhc naturil environment are truly desifed. then considera-
tion:for the’ ehvironment inust become un amhkmnmhlc etor in
the detémination of roud plans. Environmental Inipact Assess-
ment i§ one of lhc most effective ways to nnplclmnl this consid-
¢ration in road lmprovcmcnl

The government ook appropriate steps and the ¢ .|Imwl passed
a'resolution “For the implementation of the ¢nvironméntal

~231—

lll-(ll Pnllulmn (unlml vm\.
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Tabis ¢ Environmental Quality Slandards for Noise

uﬁ‘:h‘hlbl‘l"i” {Unit dB (A) }
Noise Level Ceiing by Time Petiod
Categoty of aina N NN
oo Daytioy Mo';m Night timo
ovening
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twolanuoad ‘ 55 | 50 . ) 45
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1ot more than two-lane road 65 60 55
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impact assessment system® in August 28, 1984, According to the
resolution, it was decided that uniform cnvironmentil impact
assessments would be implemented for vertuin projééis which ure
ardied out, lieensed or approved by the government. In uccor-
dance with the above cabinet resolution, the Vice-Minister of the
Mmmry of Construciion mucd nolllwuliun et )rvlhc |mplc.|mnu-
tion of’ th«,nwr(mamnml IMpact assel “system ToF Projects
under the administration of the Muuslry ul‘ Construction” on
April 1. 1985. This was followed by the issvance of the “Tech-
citl Guidelines for the Environmental Impact Assessment Sys-
’ lcm" by the Vice-Minister of the Ministry of Construction on
.Scplcmbcr 26, 1985, Bused on \uch ollicial uulllu.uum und ofti-
u.ll diréetives, énvitoniental i unp.w {ussessiient’ for road’ pnuuh
Wil \nmolhly dnd folly’ nnplcummcd‘ The Bow of work, starting
wilh the prajects sabjeet (0 this assessment and (he ehvironmental
fuctors which are studied to the preliminary surveys and Tinal
.mcs\mcnh is slmwn lxlow (uuludc Fig.1).
Projects Sibjéét to Asscssmcn(
(1Constivetion or reconstriction of mitional’ u.prc\swuy.s
+(exeluding small:scale: feconstruction such as additions of
interchanges, ee) o
struction of nalunml hu,hw.n)'.s with 4 lanes or mnn,, um»
) struétion”of ‘national hu,hw.ly byp.mcs wiihi 4 Fanes or ‘mire,
or widening of ndtional’ highiwiys involving addition of Tour
fanes”or more (provided the seétion sibject fo new constric-
tion, addition of & bypuss, or widening is longer than 10 km).
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shail nol exceed 20 ppm. )
Suspended st Dally average of hourly values shali nol exceed 0.10
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(M)Construction or reconstruction of. the Melropolitaii Express-
way, Hanshin f‘xprcs\w.ny. and desighated city expresswatys of
4 lanes or more («.xclmlmg svall-seale reconstruction sm.h as
“nddition of streci lamps, ‘¢1¢.) e

Environniéntal fuétors suhjcc! to sludv. preliminury suriey,
and assessment

1.Wiih respegt ln cnwromncnl.tl pollulmn prcvcnlmn _
DAir |)0Iluuun (CONO2), 2)Witer puliulmn Hlmllu nofse,
4)Traffic vibration, $)Ground subsidenée

2. With respedt 1o the prekervation of the natirral énvironinei
6)Geographical change, 7)Lflc<.t on plants, $HETect on.ani-
mals, Y)Landscape

() Roadside Law , : :

Luch .ldmlmslr.umn h.\s .ut()plcd wn)prchcnswc amld (II\’L‘r\c
\up\ u4s measures .Q‘.un\l m.ul lr.llln. naixe in ihe |).I\l‘ lhcw
include lm])r hieil o the nioter véhicly itsdll” wid 1rric con
trols. “The Ministéy of Constaiction liax iR infipleinentéd agres-
sive improvement of road structures, eteis suchas improvenient
of bypisses and, ring roads, installation of noise bagriers, bulfer
zoncs, and pl.\nlmL zones,

lluwcvcr. inthe e s¢ ul ‘n' ‘ ny ml).m lrunl m.ulx it is (lllluull |u
unplcmuu ilicse micakires die 't the statd of roadside kaidt Gtz
tion. Therefore, in ordér o establish effective and adeduate micis
sures agiinst:poise that will continge to:perform llwn role in the
lulurc C\l.lhllslnncnl ofmcd\uru. based on the cnlmmcnwnl of h.\r-
nmny bulwccn lrunk m.ulx .lml r(md. (IL‘ I.md unlu.mnn are
Féqliréd; Accordmg ) c.\rdully consideed pl.ms ivis ndee ‘.lrv v
guide the tilization-of Ll .\Ionl, WK foids in’u diréclion ajipro-
pridte Tor roads. Ln.luul in I‘)\!() the “Law for the Impm\'c nent of
Arcas Alonp Trunk Rouds"= unmmmly refere-cd 10 as the

“Ru wside Law™= aims at ercaling i mord witractive urban environ-
2

mcnl for the Tuiure and supporting trank rowd Tunctions. Full”’

cnfoncmun ul lhvs l.|w Lommuuul in Ounlcr nl lI

ame L‘cll.
il b

()n lhc\c MCASUrcs, 4 new pnluy lo pr(mm(c an nnpm\'
\ulc environnicnt u)nu\mu, of’ .| scnc
! ul.lhh\lud
A\ of the Llld of

ol the roadsi
[\ lmpmvuncnl §
.uwrd.mu. wi

geted for i
roids, the pl
havé been décided’in

||ld| ol 63,3 kllmnc lers
bin pl.nnnm

ul I(hl(l
$of new _\ykl_\cn‘lk h.l_.\ heen

cnvnmnncnl or these
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2. Present Status and Roles:for the Road
Environment, and the Future Direction
of Road Environment Measures

1)Countermeasures for the Greenhouseé Effect. .

Around the world, countries are urgently adopting measures to
stop the rise in the carth’s temperuture, Japun must also cmpmu
its resources (o the stabilization of CO2 emission levels, Jup.m
produces aboul 5% ol the global voluine ‘ol CO2 ‘émissions, 'of
which the transporation sector is responsible for about 20%. It is
estimated thal about 90% ol this amount ¢an be aitributed lo
motor vehicle lr.llhc (refer to Fi i, 2) o

In the fireun o motoF vehicle trafmic,’p pmmnlmn o anry con-
servation cai be accomplishéd Trom a viriely of sl.uulpomls by
improving road networks, by seeking mare eflicient use of motor
vehicles, and by lc.clmulug,wnl cnhincement of the vuhulc
themselves, Impmvunuus in the m.ul uclwnrks of Jupan have
nat beei able to kéep'iip with thie xh. “‘) yuwlh m niotor vehicle
usage, und this has resulted in‘teaitic dongestion which wor only
witstes fuel but is a mujor factor in the incidase of CO2 dins-
sions. However, because there is still mm.h rm)m for improve-
ment, the elimination of Lom_.cxmm lhruubh cnh.uucmum or
coids will significs mlly contribute 1o the c.urru‘lmn of the' Iug,h
energy inelficiencies, “The resolytivitol traffic ¢ongestion’ will
require improvement of road nétworks by the addition o hyp.m-
es. ring roads and improved interseetions, ‘The ruullmg. |n reuse
in average dnvml. speed will not only pravide users with g ch.m.r
efficienty bt help 1o ucmc & beUer Evironimi.

A modal mix - policy niisealso BE .Q.uc.\swclyv|)i'()|'1i_()'l‘c'¢!,i(i
obtiin maximr benelit froni the uiﬁq’uc athvantagés of each of

the various mudc\ nl lr.mqmnl.clmn Rcmlurum_ lhc lmkugc‘

fespinsive and cnu‘b)’ cllli'unl The unprmfcménI o Iuml‘lmcn-
tal facilities 10 enhanee the l'lhudmy ulf physu.nl “distribution is
.mulhc .u‘c.l (Iml uquuc\ .lllcnlmn N R .

o B T UL PR PR b it o
cx;mml W this contern, Bréatdeefims ist e makle 1 nbi'oily
preserve. uu\un], trees -bul 1o Substantially |mré’i\c~lhé Lrucnuy'
i arcas nl(mg. roids by lucvpl.mlmk when road nnpmvunum

are L,\u.ulul
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2)Harmony with Natural Environment

In the past, road improvement projects in regions with o rich
natural environment have proceeded with special aifention paid
to the conservation of endangered fauna and fora and to the
achievement of harmony with kndscape. Today, however, it is
- necessary 1o extend this care to the entire eeological system. The
tasK of conservation of the natural environment does not focos
on only a few fare and precious species: it encompasses all ani-
malsand plants which comprise the rich ccosphere,

In the execution of road improvement projects in the futare, it
will be very nnpor!.ml to conlinue wnduuuu. #ecurale environ-
mient impact ass mcnls' however, il is cquallv necessary (o

promote further lmrm(my with the natural environment. Some of

those actions are;

(1)Promote foad projects in armony with n.uuml cnvnnnmun
Detailed study concerning the natural enviconment and data

collection should be conducted, Based on the tindings, routes

should be selected which provide maxinium conservition of
mtore's .lbund.ml résources:. structural patterns which avoid
substantial ‘chaviige 1o topography and vepetation should be
adopled,

(2)Promote special medsires il key nitural arcas Sach px fational

. parks: By setting up parking lots in the peripheral areas of key
natural arcas and reducing intrusion by swulglnng, fram privae
vehicles to buses, road utilization which h.unmnm:\ \\'llh
nature can be achieved.

{IPrevent division of animal habithis aid preserse o growilr dvi-

ronment fog plani life: This can be.realized by establishment of

roil crossing structures for animals animal trails) and wildlife

caution signs, and by u)nduumg work qu the |mpu|.uu.||mn of

roads (“eco-roads™) equipped” with infrastradtiiie which fives

" Tull ¢onsideration (o il ééolagical bakinde of the arca. -
()Compensate for cufting of slopes and creation of embankments
which aecompany. roid works: Efforts must e e to retum
the i to its origit watiral condition as mmh as pn\\thlc Tol-

lowing road works, Méasures include n.pl«lllllll[. il inilizing

vegetatioi ‘which beéstharmonizes \nlh the metural condlition of

: ,lhc, local weather and soil., (n.lluml vq.u ation). -
(5)Take aciive steps to encourage the growth of lnun. ]
.lu.ord.lnu, wnlh llu, Lh.lr.lucmllu ol' lhc rcxpul
" wctive ¢ -
< faling .md flora .\hmlld be ln.ldn. i’ the! u)um‘-pf fomb iniprove-

amd Noraz In

meat exccution. For. examples when conducting:planting of

_ Mlora, carelul \Lll.(lll)ll or the species ur pl.ml\ o bhe pl.mlul with
,um\ldcr ion fm thie pru(‘nl mmlllmn of the pcnphu.nl lhll\ll-ll
"cn\'lr(mmcnl \hnuld bé m.ldc
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f194 For the *Tokyo Ouler Ring Road", Buffes Zones (20 melers in widih) for the Installation of Green Bells, Service Roads, elc.;
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Traffic Assessment

207 A A S

Recemt years have seen the realization of numy lrge-scabe
development projects such as the construction ol new large-seile
commercial facilities, redevelopmemt of weban arcas, and the
devetopment of new urban arcas. The activities of such projects
have genvrated anew and substantial amount of vehicle traltic,
resulting in increasing instances of heavy traflic congestion on
periphenal roads. In order 1o ensure the smooth How wnd salety
ol road trafTie, it is necessary not onty 1o stedily promote roid
works, but also to implement comprehiensive measures 1o miti-
gate or resolve hindrances 1o voad 1raltic ciaused by these devel-
opment projects. (refer to photo 1)

When there is a possibility of considerable impact on the Iow
ol roud tralTic by the implementation of Luge-scale development
projects located aear or along vouds, it is necessary o conduct
preliminary surveys and perform an assessinent of the impact in
the planning stage prior to implementation, Subsequenily, neces-
saey preventive measures need 1o be planned and performed by
the couperative cifonts of e (Ic\'clul;nlcnl undertaber and rele-
vant road administrator, The “Traffic Assessment System® is
corrently under examination with objective ol mitigiing or
resolving hindrances to road iralTic through such measures. (refer

1w Fig. 1)

Prote 1 The elfect on peripheral road lrailic by the developmenl of
large-scale commercial facililies is piimarily manifested in
increased congestion and parking lol shorlages.
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content of the development
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Draw up measures

sImplementation of development
*Implementation of necessary
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HIGHWAY-ENVIRONMENTAL TECHNOLOGY
TRENDS IN JAPAN

Minoru Ishida
Head; Traffic Environment Division
-Public Works Rescarch Institute

Ministry of Construction
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1. Introduction

To cope with the environmental problems that became cevident in Japan from around 1960,
- concerncd persons have becn striving to uphold a high-quality, comfortable environment in the
arcas along highways. As part of thesc endeavors, cnvironmental-protection measurcs have
been taken with regard to mdnvndual vehicles by each auto manufacturcr And research and
development has been conducted for technologies nceded o estiniate “and ' évaluate roadside
environmental impacts prior to UtlllZlng a‘nd/or ‘lmprovmg h’xghways. Environment-protection
technologics by means of highway structure, facilitics, etc. have also been developed and
applicd by many interested organizations.

As results of the above, when a highway has been newly improved, a certain degree of
success in environmental conservation has been achieved. Despite these cendeavors, however,
the concentrations of some air pollutants still have not been improved in principal large cities
and in their surrounding areas. The traffic-noise problem also remains for some cxisting
highways. Conversely, higher—level methods than ever before are required for the prediction of

roadside—environmental conditions, as are more stringent environmental-protection measures.

And these arc needed to accompany the increcased complexity of the road structures for

large—scale highways and the higher vehicle speeds. And, there are promlems of
countermeasure for the Greenhouse Effect and promotion of the consideration to Nutural

Environment, etc. These problems according to change of times appcars.

This paper will introduce trends in the technologies used to cope with

highway-environmental problems in Japan.

2. Elements of Roadside—Environmental Technology

Environmental factors relating to highway trfansportation’ include noise, air pollution, and
the natural environinent. A" wide rfange of technoldgical ‘elements correlate with these factors.
Table 1 lists highway technologies, roug,hly classified ‘into -mcasures for prediction, assessment,

and protection. .
Trends for major technologics related noise and air pollition among those shown in Table

1 will be presented below. The natural environment is not dealt with in this paper because it is

discussed in another report,

3. Environmental Impact Assessment Technology
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(1) Highway~Traffic Noise

The Noisc— Control Law and "Envnronmcntal Quahty Standards for Noisc" (Dctcrmmcd by
Cabinet Mcctmz,) etlpulatc that evaluation of the noise of velicle traffic | in Japan basically uscs
the central value (Leq) of that noise. Accordingly, the prcdxcuon‘ itéms in the "Technical
Guidelines for Environmental Impact Assessment for Highway Projects Administered by the
Ministry of Construction" also employ Leq. The prediction method presently used is based on a
method that uses what is known as the linear~isometric power—-model system of the Acoustical
Society of Japah. This method, with the inclusion of additional data such as vehicle-power
levels in consideration of noise restrictions and the differences in height between the individual
factors used for. prediction, is included in the abovc—mcﬁtioncd guidclines and in the
accompanying explanatory document, the "Highway Environment Improvement Manual."

This method is applicd when highway surfaces such as plane areas, embankments, cuts,
and elevated highways are continuous and vehicles transit these highway structures constantly.
The use of the simulation method and other techniques has been studied to predict highway
noise in the areas around interchanges, depressed highways, and tunnel openings. At present,
the final operations for determining the best method are being conducted.

Leq has génerally been adopted worldwide for evaluating highway-traffic noise. This
value is cons.idered easier to use for noise estimation, and more rational than the use of Leq

Accordingly, research on Leq is now in progress.
(2) ‘Air Pollution

The "Technical Guidelines for Environmental Impact Assessment for Highway Projects
Administered by the Ministry of Construction" stipulate that prediction of the air pollution
caused by vehicle-exhaust gas in Japan is to be done using the concentrations of carbon
monoxide and nitrogen dioxides. These "Technical Guidelines" and the "Highway
Eny'vironmentalt Improvement Manual" also stipulate the usc of the "plume-puff model" formula
as the diffusion formula for prediction. Exhaust coefficicnts and diffusion parameters have been
| prepared for each of these air—pollutants.

This method is applicd when the highway structure is the continuation of individual
highway sthct'ures; planes, embankments, cuts, elevated highways, and depressed highways;
~and when vehicle highWay,trafﬁ‘é is constant. Methods for predicting air pollution at
'inierchiingcs, in partirally covered depréssed highways, and at the openings of tunnels arc

presently being determined.
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Sometimes highway structures and topography are morc complicated."We'therefore confirm:

air. pollution using a model cxpcnmcntal method that can rcproducc the ch dngcg of topography

and ground details (Photo 1). Tnal predlctlon of air dxffu‘;xon havc also been conductcd by
numcncdl s1mul'1t10n, using largc computcre
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Table 1 Elements of Highway~Environmental Technologies

Prediction and evaluation clements

Protective-measure elements

Method of the Acoustical Socicty of Japan
Prediction of traffic noise in complicated
topography and highway structurcs

Vehicle-power levels

Factors that affect noisc propagation
Simulation method

Prediction using Leq

.

Vehicle noisc-prcvcnlion measures

| Low-noise tires .

Improvement of lughway nclworl\s and traffic
:conlrol, cle, : :

Highway structure

Buffcr Zones
Noise barriers. ;-
Low-level urban noise-barriers

Traffic New: soundproofing systenis
noise Active noise contro) .
Aficnuatioh and '\bsox‘ptﬁon of noise usmg
rees and other vegefation
Low-noise and no:sc-absorbmg pdvcmcm
Noisc-absorbing : malerials and systems::
Noisc~absorbing bmrds on clcvaled~hnghway
© undérsides’
' Nonsc—absorbmg structures.
Psychologlcal noise—confrol measures
Analysis methods” ‘Exhaus(-gas-conlrél ‘measires for diesél- and
Prediclion, in. complicated . topography. and -, gasoline-powered .vehicles
highway structures Energy-saving vehicles
| Wind- tuniiel ‘experiment- method - Vehicles using alternate forms of cneigy.:.
Numerical snmulahon mc!hod _ (clcclnc— hydrogcn— mclhanol-powercd, and
| Broad-area ‘simdtion  méthod " ollier types “of - ‘vehiéles) S
| Grasping vchlclc cxhausl—g'\s :quantity . Improvement .of highway network and traffic. conlrol
Various’ faclors affcclmg the diffusion of pollulanls Highway slruclurcs ' :
Air :iv. Influence ‘of single and compound :pollutants: - | Buffer-zones . ST S S R
pollution on air pollution chcla!we absorpllon and dnffusnon of NOx elc ‘
N R LR | Vegelative’ ‘immobilization“of 'COz - RARE
L Usmg blolechnology for dcvclopmenl of vegetatlon
that absorbs Jarge volumes’ of NOX
i . Encrgy-cconomy anduse of clean énergy- in: highway
‘ _construction and control o 1
. R ‘ Ud&vléoﬁ’écitl?ﬁlidfl'"d'e‘ni'l'n‘fﬁé’éiibri"s’}-’s’tefiis"'" s
Tradlio . =\t tdiical Bredidfion “meihod Homined
vibration L
Methods of Predicting and determining present Ecosystem-conscrvation methods
conditions for each topic Buffer zoncs . _
Highway slructures thal minimize changes in the
natural environment © -
Natural Slope-surface (reatments
environment Highway-Crossing facilities for animals -

Protective measures, using ditches for smail
animals
Transference of vegwxhon and small amma]s

Other items

Overall pred:cuon, study of influences, and prevenuvc measures rclalmg fo scenic vxcws, low- frequency

air vibration, °

water polluuon, s0il comaminalmn, land subsidence, eic.

Note) Scenic views and planlmg technology are handled separately, and therefore have been omitied or handled herein as
other items." :
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4. Roadside Environmental-conservation Technology

(1) Improvement of vehicle structures

The most baeic control measures for air pollmioh’“ froin' vehiclc—‘-cxhaugt"gae, and for
hlg,hway traffic norsc, arc the measures for controlling the sources of these problem'%
Concerning noise control, cn;,mc—-accclerahon noise control began in 1971 in addition to

the exhaust noise control and regular engine-noise control already in’practice. Since then, these

control measures have: become stricter by three successive amendments. Vehicle noise can be

divided into ecnginc noise, COolir'rg-fan noise, intakc/cxhaust noises, tirc noise, ctc. The
norsc~rcducuon measure‘; taken for these must be conducted thoroughly and comprehensively,
concentratm;, first on the factor‘; that have the greatest influence on noisc generation.
Restrictions on vehicle exhaust gas have been gradually intensified.

Exhaust-gas control'iﬁeus'urcs‘forgasol"iﬁe—powcrcd passenger vehicles have advanced greatly
since before restrictions were first bimposed mainly because of systems using tcrnary catalysts.
only a limited rutber’ of “exhatist= control mélsures, howevcr have bcen adopted for
diesel- powercd VCthl(‘S such as larg,e trucks and no decisive measures for the‘;e have yet bcen
ddoptcd Further technologlcal devclopment'; are anticipated - that can rcduce thc amount of

éxhaust ghs from' drescl—-apowercd vehrcles to the level produced by é,aeolmc powercd vehicles.

It is deslred that low— pollutron vchrclee usmg ‘other- fuels than petroleum ‘and light orlr“

‘}i T

should bc dcvclopcd nut to prdctrcal uec and widcly spread. The’ popularrzatxon of thcec
vehicles ' is eagerly awaltcd Among the publrc low-pollution vehicles that have already been
developed, - electric, methdnol and natural -gas—powered vehicles have already reached the

level where they can be used on publlC highways. The performance however, of each of these

typcs of vehicles is unsatlsfactory for regular practical use, and ‘we are dwaltmg therr furtherz-n*‘f

technical development.
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‘Photo 1 Air-Diffusion-Model

Experiment Using a Wird Tunnel

. Photo 3 Curved,

Gt s st oo owees o« Translucent Noise Barrier.

(2) NOISC Baf‘ficfsg;a;:s;- PRI S ST

The efﬁcacy of a n01se bdrrtcr is eertamly great dnd rf is casy to mstal] Many "n'd‘i'i;c

these bamers rcached 2 082 km in fiscal 1990 & The conventlondl norse ‘barrier is a wall that
has noise— blockmg ‘or Tiotée- blockmg + nmse—absorptron performdnce When, however, the
height of a noise barrier is increased to ensure grc'zitef n’(iiSe’redu'Cti(>n, prob"lends ‘arise such as
insufﬁcient sunlight and the 'blocking of scenic views, as well as problems with the foundation
stmcture. R&D is therefore underway to produce noise barriers with transmittance capability, to

foduce the problems of blockage of sunlrght arid'scenic views; and ‘to’ ‘dgvelop a soundproofing

facthty of the same herght as ' conventlonai noise bamer, but w1th &,rcater soundprOotm;,

ef 1cacy‘

2)

The norse—reducer developcd by the Japan Hl;,hway Pubhc Corporatron and

,,,,,

"norse—reducer uses ‘a sound——absorbmg unit thdt is mstalled on the top the barrter to” dimmrsh

SRSt 7_~.’ NS TS e
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sound diffraction, and can achieve a noise-blocking effect equivalent to that of higher noisc
barriers. Following the testing of various shapes of prototypes, this type of noise-reducer has
been installed for ficld tests on an expressway. The results of measurements of cfficacy show a
noisc—reduction effectiveness of 2 ~ 2.5 dB better than with a noise barricr aiOnc, at sections
having large diffraction angles close to the noise barrier.

Another cxample of a new soundproofing system is the interference type (cam zonc)
system. This utilizes the phenomenon of the generation of interference when a discrepancy
exists between the phase of the delay wave that has passed through the system and the phase of
the wave that is diffracted by the top of the system. This cam-zonc system has also been
installed on a urban expressway for trials. |

The sound-blocking function of the translucent noise barrier is the same as that of a
conventional noise barrier, but the use of the translucent barrier is expected to incrcase because

of the importance of sunlight and scenic views, etc. Curved translucent board *° in particular

(Photo 3) has a deformation performance better than that of flat translucent board, and allows
both w1de—area vmblhty and economlcal mstallatlon Curved translucent noise barriers are also
extremely styllsh - | 4

Tall foise barrlcrs can be mstalled on' cxpree%way% but it is very difficult to install thesc
high barriers on highways in- arcas within citics where there are no access control. In such
cases, when the’ green ‘bélt bétween the sidewalk and the highway is changed to a structure 80 —
100 cm in height, a degree of noise-blocking effectiveness can be expected. Aceording 'to the
result‘; of experiments usm;, models, a n(me blockm;, effect of approxnnately 3 dB can be
cxpectcd in the height range of 1 - 2 m above g,round cqmvalcnt to the head helght of a
standmg, person, when a nov;e barrler 1 min helght is uqed as ehown in Flg, 1 Wc are now

conductmg a study of thls, mcludmg the feambxhty of uemg for nor;e barrlers matenale that

have even mlmmal sound- abeorbcnt capacmes
(3) Low=noise arid su’ﬁﬁ&tiab‘sdthﬁt‘pa‘v‘emént“

'I‘he use of drama;,e pavcment is _how attractm;:, attentmn 4s_a low—nmse and

sound absorbent pavement Testq Jof thls pavmg have becn conductcd m cach area conccrned

w1th hl},thy construction. Meaeurement of the noise— rcductmn cffcct is conducted

slmult‘mcously thh research on, thc dramag,e funchon The many voids (purous ;,ape) m thxq
dramag,c pavement are comxdered to reduce alr—pumpmg, noxsc onc factor m reducmg nmse
Increased sound absmbency is also consxdered to be a noxse reductlon factor Experlmentc; to

determine thc nonc—reducmg mechamqm of drdmage pavcmcnt are conducted on ‘the test course
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at the Public Works Research Institute. Fig. 2 shows the power levels for passenger vehicles
and large trucks in powered-by-running condition for cach varicty of pavement. The power
level used when vehicles run on drainage pavement with a large void ratio is smaller than on
pavement using dense graded asphalt. The difference increases as the running speed rises.

Fig. 3 shows the results of the sound absorption cocfficient mcasdrements of drainage
pavement.

With the selection of appropriate materials, lower noise than with conventional pavement
can be expected when dralnage pavement is used. According to data obtained thus far, however,
the noisc-reducing effectiveness of most pavement decreases as time passes; therefore, the next

task is to obtain a continuous noise-reducing effect for pavement.

lHelight (m)

.....

115 118
o ue{
3 19 14
5 . o IS
= Jos 2 112
] o~ Ly
= 100 5 os]
' »
§ 2. 108
5 o8 & 108)
104
i 02
100 ;
5 - v v - . v v .
% 6., 80 100 3. 10 10 . o406 g0 10 T T
Running speed (kph) , Running speed (kph) 7
Yold raté Q20%(Sca) + 208(10¢e} :O25%{Sca) A 1B%{5ca) . X Sn{sen)’ Yold rate  [20n(8en): "1 20N(10ce)” D2SuIsen) s A 158(5ek) X S\{Senl

Fig.2'Power Levels of Vehiclés Running on Each Type of Pavément

—247—



1.0p
o VYald rato 6% .
I 0 + Vold rate oy /'\', A,
S 081 5 yoid rate 153 /N Lo/ s
25 . | avold rate 20% ,7/\‘ - /'-\ o ,,.-/‘,/
9o to 25% b BN -4
3 .‘6 0.6} x Yoid rato 29\\0// %\\_. ‘ / \4’_p- ¥
vl Io\ / \ X [de 4 )
t:U ,{' .
t g 0.4 ,// QQ‘ 4 N b
o 70+t f
g.:: A /{ \Q/'O’-\‘
~—t O B
" 16 0.2h . .:‘
° .
008 260 500 1k 2K 4k

Frequeney (Hz)
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(4) Measures for preventlon of noise reflection from clevated highways

Many double--decked und dual-level highway structures have been constructed in Japan
producing an elevated highway that is constructed above 2 street. This has been done to make
cffective use of highway sites in and around urban areas. on such a route, the noise from
vehicles running along the lower-level highway is assumed to be rcflectc'd by beams, etc. in the
understructure of the elevated ‘highway. This noise is alvsotconsidcré‘d to exert an adverse
influence upon the foadeldc arca from \thc viewpoint of cnvironh‘]éntal nOisc

The efficacy of sound- abqorbm;, trcatment to cope with the noise reflected onto the
roadside from the understructure of an clevated hlghway of the above—inentioned configuration,
has been confirmed by model experiments (Photo 4).. Fig. 4 shows the nmsc—rg:ducmg effect
when sound-absorbing boards were. installed on the entire underside -of an elevated highway.
The efficacy of the sound-absorbing treatment is parficularl'y high in sections close to the
highway, near the ground surface, and in thc upper section. Field-test work on
sound-absorbing. treatment _has already been conducted on the Hanshin Expressway and
elsewhere. Continuation of the technologxcdl dcvclopmcnt of this sound- dbsorbmg treatment is
cxpected to bc necdcd In future, dealmb w1th aspects such as mamtenance c0ntrol h.
provision of fine wewe, and cconomy of structum ‘ : |

~ Sound-absorbing material” is used not only on the underside of clcvated hlghways Alll
surfaces of the buildings along the road, thc paved highway surfaces, and the walls of dc;ﬂreesed
roads, from" whlch noisc is considered to be reﬂectcd will ¢ be the_,ﬂqubjects ‘of research  on
sound~absorbing treatment.. Concerning ‘noise reflection, we thc :f()ufn(l among these-surfaces

that drainage pavement. Increases the rate of sound absorption. We hope to- conduct research on
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sound absorption regarding wall-finishing materials for buildings, etc.; on the roadside.

Photo'4 -Model Experlmentto : © Photo'S Ex‘periment‘n
- Determine the Bffectsof - o NOx-Absorption by Plants

- Sound-Absorbing Treatient
- Beneathan Elevated Highway

]
ig 6 -] Explanatory notes
(Unit :dB) 5 s o % E:pe:l-tn:el value
Sound abs rptlonﬁm’"l -2.8 2.3 ‘1.8 ?:g A f..".szf:'mffd devlulon
ound abso — AW . o
by e.ntlre’.s‘u.rffce = (l) \\’\yls ST 3% al:
amam | X ‘18 :
-1.1 2.5 [ peeenet voeret
. . 4 1 ZE 1
Q... .. %0 .2 40 (m) 5"%.07"' 0., 0.0 0.4 0.8
e o T - E ‘Average riposed’ '0‘ cuncentrulon (ppw)
Flg 4 Noxse~Reducln;, Effectivéeness R "‘Flg;S‘ Expo’Séd ‘NOx Concentration, -
“of* SOUnd—Absorbance e -~ and Amount of N Stored 'within Leaves

(5) Absorption of NOx by trees, etc. .

" Végetation™is generilly ‘éonsidlered (6 have the furiction of” absorbing and’ absorbing -air

pollutants Green belts, as highway facxlmee are expected to provide an effective absorption

¥
: B

function.
T Expodiitettestitiy’ (PHofo S) 'was ‘conducted - sing 4° gas’ chimber ‘to detetmine the NOx

9 The test results show- thit When the NOx Coficentration: to

gas—absorbance capacity of plants.
which the plant is exposed Is higher, the amount of N stored in the plant increases. The amount
of stored N also varies dc‘pjchdyinig on the season and the plant species. The seasons, in declining
‘order of ;,the amount of N ’St‘o‘red, a're. spring, sumimer, autumn, and winter. Observation of the

amount of N stored ini‘lenves by each plant species showed that the amount of N stored in
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summer was, -in descending order, tall deciduous trees, herbs, and tall' conifers, The leaves of
herbs and broadleaf trees, however, are dormant in winter. The above results therefore cannot
be applied to observation of the amount of N stored in leaves ycar—round.

Accordmg to trial calculatlons, green belts 7 m wide on both sides of a highway absorb
approximately 5% of the NOx emlttcd by vehicles when the traffic volume is 30,000 vehicles
per day These calculations are based on - the results of the NOx—abeorptlon testing donc by

setting up a grcen belt modcl as a hlghway facility.

5. Postscript

DCS‘pltC the fact. that Iargc numbers of people in many organizations have been continuing
R&D related . to highway—-environmental technology, many major. problems remain that arc
associated with highway environments. In the future, therefore, we must make even greater
cfforts to develop preventive measures. A large number of feasible .and effective. measures can
be effected using existing technology, and have already been done. It will be necessary in the
future to develop many new technologies. We must attempt even methods that were previously

considered excessively difficult.
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Construction of Roads Harmonized with Natural Environment
= Eco-road =

By: Minoru Ishida, Takashi Nishio

1. Introduction

Careful attention has been paid to the ptotection of the natural environment in constriscting
roads. With an increasing concern of the public about the natural environment, it comes to a
social requirément for road constiuction not only to protect rare species but to harmonize with
the overall ecosystem including ordinary species of fauna and flora that can be seen here and
there. With this background, the 11th Road Construction Program for 5—Year Term <1>
states in its "(3) Promoting road construction to create favorable environment" that
harmonization with the natural environment is the primary issue. Thus, construction of roads
will require more appropriate methods, careful attention and suitable measures for minimizing
effect of roads to the natural environment.

The term "eco—road" in the title of this paper is an abbreviation of "ecological road”, which can
be defined as a road kind to the nature with full of opportunities for meeting with the nature
<2>, or a road with full of considerations given to the ecosystem or the lives of familiar wild
plants and animals <3>. In order to achieve this objective in road construction, it is intended
in the Road Construction Technology 5—Year Plan <4> to prepare an eco—road guideline as a
part of promotional activity for developing the road construction technology in consideration of
the ecosystem (popularization of the eco—road). Up to this date they have already collected
some data on the cases in which various protective measures are taken for the natural
environment. However, effect or quantitative evaluation of those measures are yet to be
studied. It is only a list of measures that have been collected and thinkings apphcable to

eco—road. The following outlines these measures and thinkings.
2. Flow of Measures for Natural Environmental Protection in Constructing Roads

Road construction consists of a number of procedures, starting from basic design stage to rough
design, detail design, execution, and to final management stage. In order to provide
appropriate measures for the natural environmental protection of a specific site, it is necessary
to investigate the present condition and determine the design in accordance with the accuracy
of each construction stage. Flow of the eco—road construction is summarized in Figure 1.

As known from the figure, it is necessary to research the natural environment and examine the
protective measures at every stage of the constructxon mcludmg mvestlgatton and planning
stage, design and execution stag‘e, and: management and mamtenhnce stage s0 as to construct a
road in harmonization with the natural environment. It is important at every stage to
understand the nature in the planned construction site and manage to take an appropriate
measure for each objective that needs to be protected.

In Chapter 3 and on, measures to be taken at each stage are explained with representative

examples,
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Stage of road Investigation and

. Item
construction measure

Investigation and planning stage

‘ Tnvestinati ==To know the habitat of rare species )
Setting p]énning ‘bmlc's iRatton —To avoid the nature conservativn area specified in laws
y literatures —To avoid the area full of rich nalural environment

conditions

Site —~To know brief condition of the nntura) environment
investigation ) in the sjte
—-To plan ‘the routeway and slruclure
Rough design Planning of a) Adoption of elevated bridge
b) Adoption of tunnel
€) A routeway requiring less hanking and culting

rovleway

Design and execution stage

~ _ —~Examination of detailed road structure (to minimize
l ' the defiree of alteration)

' ‘ L a) Examination of shapes of piers.of bridge
b) Examination of shapes of tunnel
- € ) Partial change of roulewny
~To secure a transit path for animnls
“—Planting lo léad to an animal trall or to shelter from
enemy
—Lighting in consideration of the nature
—To place shading pancls in conslderation of the nature
—~Consideration 10 a fl'~‘|l\\ﬂ) when wplncmg draing
~To relocate the habitat of animals of transplant ex-
isting plants
~Tao plant appropriate floras on the slope of banking

Conservation

Design or “¢utting (Palential natvral végelation. afforestation
according (o the existing vegelation, transplanting of
, grown trees on a less inclined slope)
! —Aflorestation io protect tall trees
i —Reuse of surface sail
] ~Dilches allowing small animale 10 creep out
S X i .} .=Protection fence against eptry of animals
’ i ‘ —Slqn board of “Watch animnls jumping out”
. . i
—Tu crenle a new hmlnmc.ll Inlnl.u
o “To tncrease green coverape :
. i C"’a“‘,’" —Place with full of apportunities for meeling with. the
' nature
=To appropriately allocate a work place during the
construction - .
Execution Measures during —To install anti-pollution equipment for water

~To restore the vegetation over femporary roads of

execulion
.the, comtruclmn
~’Io manage various un(-\p(-uml Innmwnmgq (lunng lhc
‘ o | construction

Maintenance and managemérit Stdgé

'

. ves
- Maintenance, and .. : ln €S ll;:nlmn 1+ =Follow-up investigution
“manageme t : - maintetiance. ‘and lo m'umam and/or lmpm\o measures
managemen - g C Hsure
vg_. ; management

”Figuré 1 .Flmv of thc'Ec’o-R()é.(l‘ Co‘ns‘l'rucli(m
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3. Measures at Investigation and Planning Stage

Investigation and planning stage is the beginning stage in constructmg a road, ‘where the
construction conditions are set up in 1/50,000 to 1/10,000 scale and the rough desngn is prepared
in 1/5,000 to 1/2,000 scale. It it an 1mportant stage not only for proceeding with the road
construction but with the natural environment protection.

3.1 Investigation of actual condition and planning of routeway

The first to do is to thoroughiy invésfigéte the natural énvironment in the site covered by the
construction plan and understand the actual condition correctly. It is possible to know briefly
from literatures as to whether the site includes a legally designated area or whether rare or
important species are living in some area of the site. It is recommended to avoid those areas
by changing the routeway at an earller stage. Since investigation by literatures may not
always.be sufficient, it is advisable to mvestlgate the site as well for the purpose of confirming
and supplementing the’ information of the 1;teratures. When the site investigation reveals an
area with full of rich natural environment, it is again necessary to change the routeway.

3.2 Planning of road structure

When further consideration is required in addition to the above measures, it is necessary to
examine how t6 minimize the alteration area by employing a suitable road structure. To give
an easy example, employing a bndge structure (Figure 2) for a long distance to be filled up by
banking will help minimize the alteration of the slope, and employing a tunnel structure (Flgure
3) for a long dlstance to be cut open by dlggmg will help maintain the existing environment to
some extent. It is necessary to conduct an overall and comprehensrve examination in’'actual
planning, including a minor change 'of the routeway. This examination is very important to
provide approptiate measures not only for conserving existing plarits but for giving no threat te

the life patterns of animals.
4. Measures at Design and Execution Stagér

Work in the design and execution stage includes preliminary design' and execution design
(1/1,000 to 1/500 scale) as well as various investigations and actions acc¢ording to the progress
in the construction. If taking all satisfactory measures was impo’ssible in the previous stage, it
is recommended to take additional and more careful measures in this stage for conservation of
the natural envn‘onment toa hxghest posqxble extent mcludmg conservatnon of érdmary sﬁecxes.

In particular, since relatwely fall’ mvestxgatlon is conducted at this stage thh regards to the
design of the road, it is necessary lo carry out a parallel mvestxgatlon of the natural
environment around the site and determine. more effective measures for the conservation, It is
also necessary to examine the adap_tab;hty of each measure because there are a number of
measures available to be considered at this stage. The following discusses some of the typical

m_eas'ures.
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4.1 To secure a transit path for animals

When the planned routeway runs through an animal habitat, it is possible that the routeway
crosses the daily transit paths of animals, thereby separating their living area. In this case, it
frequently occurs after the road is put into service that animals collide with autornobiles on the
road. '

Proving a transit path for animals to move across the road will eliminate this trouble, Typical
examples are bridges across the road (- over bridge) on Oita Expressway <5> and Chugoku

Expressway <6>.
Possible structures of the transit path are shown in Figures 4 and 5. Before determining to

install these transit paths, it is necessary to investigate behavior patterns of animals and make
clear what kinds of animals to be taken care of and where to install. For smaller animals it is
possible to employ drainage pipe for the path.

When installing a transit path for animals, it is also necessary to take a suitable measure for
assuring the animals of the safety such as planting around the installation so as to lead the

animals to the path or shelter them from enemy.
4.2 Lighting in consideration of the nature

INlumination lights on the road or headlights of automobiles may give adverse effect to plants
and animals. These lights may disturb natural growth of plants because difference in the
quantity of light between the day and the night is made smaller, and may harm the living
environment of animals. Moreover, as the insects may be attracted by those lights, small
animals that eat those insects may gather around the lights, addiﬁg to the chances of collision

with automobiles.

Possible measures to avoid the above mclude 1llummatmn W1th no leak of light out of the road

(Figure 6), shading panels to shut out leak of beadllght or illutnination by lights of specific
wave length which gives little effect to the insects.

4.3 To relocate the habitat

If it is impossible to conserve the living environment within the planned site, it is planned as an
alternative measure to move the habitat to other place. In doing this, be it for plants or for
animals, it is essential to investigate the natural environment of the destination thoroughly so
that the relocated habitat should not give another effect to the new environment. In the case
of Nikko~— Utsunomtya Freeway, spawnmg area for’ polypedatlds has been moved to another
location <7>.

4.4 To plant appropriate floras on the slope

It seems less frequent that native"’iﬂ'b't‘.'ié";’c';f ‘the site were planted on the slopes alongside the
road. Using plants from different district, however, may cause a change to the ecosystem of
the site. Thus, it is desired té’ plant native plants.so as to restore the vegetation as close to the
original state or the adjacent as possible,

Meanwhile, the stability of soils to grow plants depends on the inclination of the slopes. To
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restore tall trees it is necessary to less incline the slopes, and Table 1 shows a guideline of
inclinations <8>. If the slopes are stéeper than those, it is normally necessary to provide
special foundation work for planting.

Photo 1 shows an example on Nikko—Utsunomiya Freeway, where the inclination of the slope
is designed 1:2 (about 27 “) in consideration of the native vegetation. There can be seen little
difference between the planted sldpes and the native vegetation.

4.5 Reuse of surface soil

The existing surface soil in the site is very useful for conservation of the natural environment.
It physically maintains gas permeability and water retentivity necessary for the life as its living
base, chemically contains organic matter and other effective components suitable to grow the
life of the region, and biologically contains a lot of soil organisms, seeds of plants and eggs of
animals peculiar to the region. For this reason it is recommended, even when the ground is
altered for the construction, to conserve the siurface of soil and place it over the slope after
construction.

4.6 Ditches allowing small animals to creep out

It sometimes happens that reptile anithals like turtle or lizard drop in the ditches provided on
both sides of the road and cannot escape from there but die. Because of this, ditches designed
to allow the animals to creep out have been invented. In addition to using these ditches, it is
recommended to take a preventive measure such' as putting covers on them.

4.7 Protection fence against entry of animals

When the routeway runs through an area with full of rich natural environment, it possibly
crosses the bebaviors of the animals living in that area, causing collision with automobiles and
giving injury to them. Installing protection fence against entry of animals will be effective in
order to eliminate the chances of crossing between the animals and the road or to lead the
animals to a safe transit path. It is important to design appropriate fences according to the
animals to protect., For example, smce deers are the object to protect on Nikko— —Utsunomiya
Freeway, fences installed there are higher than the_standard. On Ise Freeway, on the other
hand, protection fences are installed over the ditches so as to prevent small animals from
crossing the road <6>. ' '

4.8 Necessary considerations ‘dﬁr‘ing'fhé constrisction

Negative effect to the natural :envu‘onment dunng the execuhon of the construction must also
be avoided. It is necessary ‘tobe- edmpped with saitable: antr—pollutxon equipment for the
waste water during the construction and to restore the vegetation over the temporary roads of
the construction later. ' Photo 2-shows an example of Gassan Freeway where 'planting was
given over the temporary roads after the construction. The site has recovered its original
condition to almost full extent since there is no difference from the vegetation around it.
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Figure 6 Illumination with no Leak out of the Road

Téble 1 iln‘clination of Slope and Taréeted Affofgstation

Inclination | . . Ta‘xf"g'e"ted' Aﬁo@wtfdn

30 ¢ Restore a stock of plants where
tall trees are dominant.

45 ’ . :|.. Restore a stock of‘plizzmts whgrg o
medium and low trees arg»douvxina.nvt.

60° | Restoreastock of plants where
low trees and grasses are dominant.

LR

- Photo :1 . Planting on the banlcing.of‘-highway" (ﬁgh£ side) and natural vegétation(left side) -
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5. Measures at Management and Maintenance Stage

In order to allow the road and its adjacent to restore the stable ecosystem closer to the original
condition, it seems better to leave the planting basically under the management by the nature.

On the other hand, it is necessary to conduct follow—up investigation and provide appropriate
maintenance so as to achieve the objective of the natural environment protection in a strict

sense,

5.1 Follow—up invéstigation

Because many of the preventive measures contained in this paper have not yet been proved of
their actual effect and because the effect may possibly differ from place to place, it is very
important to conduct follow—up investigation and see if the intended effect or function is really
achieved.

Since the follow—up investigation will help understand effectiveness or problem of each
preventive measure, which in turn will help develep more effective measures, it is highly

recommended to conduct the follo_w—up investigation.

5.2 Maintenance and improvement of measures

It will be necessary to improve the given measures according to the result of the follow—up
investigation. For example, if there are some animals that still can jump into the road over the
protection fences or if the vegetation is affec‘:ted‘b‘_v coarse grasses that are left as they are,
these problems must be completely eliminated at this stage.

6. Closing

Examples of the natural env1ronment protechon for road constructlon have been reported from
time to time but it is rare that the effect of the protectwe measures has been clearly
demonstrated. With a combmatlon of takmg the measures and conductmg the follow—up
investigation, we need to accumulate the knowledge on the natural enwronment protection and
develop more appropriate measures or methods '

This paper studied how to take measures to’ conserve exlstmg natural environment. Recently,
however, there is an mcreasmg demand for more’ oppOrtumtxes for meetmg with the nature,
and a mere preservation of the natural emnronment 1is' not regarded suff cient ih some cases.
In an urban area, for example, where they are normally short of natural environment from the
beginning, it will probably be’ necessary to create a natural environment at the same time when
constructing a road. Even m an area thh full of nch natural envxronment, it will be

AT TL T ST a

acceptable to create a space for meetmg mth the nature 1f 1t gnves no negatwe effect to the

existing enwronment
At the last of this paper, we would like to express our gratitude to all people in the Ministry of

Construction, Regional Construction Bureaus, and Japan Highway Public Corporation for their
kind comments and advice, all of which helped us complete this paper.
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What is
environmental
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* A planniag tool
* Preventative and proactive
* Often first point of contact
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' proponiént
* Often environmental -
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environmental‘assessment

[AREAFNEET N

* Early identfication of
potential impacts - -

* Incorporation of mitigation

~ into design

* Monitoring and evaluation
of mitigative measures

* Monitoring project
implementation for
unanticipated impacts

* Documentation, follow-up
and corrective action, where
necessary- '
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Environmental
assessment
in Canada

¢ Sclf assessment process

, established in 1974
. Updatcd in 1977

. Envxronmcntal asscssmcnt
and review process (EARP)
guideline order lssucd in 1984

. Raﬂ'crty—Ala.meda and Old
Man River court decisions in

1989,1990, and 1992

The Canadian

environmental .
assessment act (CEAA)

. Wﬂl rcplacc EARD

e Introduced in legislaturein

June 1990 ‘
» Royal assesit on June 23,1992
* Procedural manual and guldes
“+ in late 1992 o )
. Regulatans beu‘ig drafted

* Awaiting proclamation

Triggers are:
e Federal finding . ;.. - -
. chcrz.l lands
. chcral dccxsnons

Self A'ssvess_mc_én;t,‘;_

. Ruponsxblc for ensuring
‘that activity is assessed

e A féderal department which:
¢ Undertakes the projéct’ -
_ ¢, Provides the funding, or:
* lIssues the approval or permit.

Motivation...

* Project Vcan be stopped
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Initial
assessment.
phase
. Scrccn‘mg

¢ IEE ~ Focnses on specific areas
‘where information is lacking

EARP - Public Review
* Pancl aopoini'cd
* EIS prepared and submitted
* Public hearings

* Pancl draws conclusion
and makes recommendations
to Minister of Environment
and Minister of Initiating
Department

* Decision rests with initiating
‘department

'CEAA - Key advances

it

. Regulatlons.
* Exclusion Llst
£
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| nclusmn List .
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. Compn:hcnsm: study list
BRI S A

. l_awlzst

. Mcdlatlon asan
alternative to panel

. Federaj Role m

L transboundary issues

« Minister of environment
controls process

CEAA process overview

DOES THE ACT APPLV?

EEXTLUSION INCLUSION L ST

SCREENING B Of/PRE~ENSIVE STLOV

DETERMINATION

PROCEED. . [ DO NOT.PROCEED

NEED FOR PUBLIC REVIEW

)
\

DEC!SlON '

FOLLOW UP ‘MONITORING PROGRAMS
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Briefly ¢xamine major environmentat
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Contact key public rcpfcscnt.hvc.;
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STUDY COMPONENT

——

ENGINEERING ASPECTS -

[P N LV U RN

Corridor Study

Route Study

Preliminary Deslgn

Livaluale prelerred corridor
or identifly requirements for
lurther study of selected
corridors

Prepare Cluss D" cost
estimates

ENVIRONMENTAL ASPECTS
Initiate data inventory and
collection

Conduct ereafn unatysis using
ir pholo interpretation

Oblain public input

Prepire overvicw swudy ol
environmental jssucs and constraints

Consider cavironmental feasibility
and aceeplability of corridor

Assist cvaluation ol prefereed
corcidor through comparison of
cnvironmeéntal faclors

Develop plans Tor feasible
locations of roads and/or

interchanges and intersections

Prepare and review single
line sketches

Seléct appropriale concepls
(two or more) lor turther
study

Determine acceptability of impacts
Obtain public inpul

Consult with agency

representatives

Consider environmental feasibility
ang iiceeplability of roule alicrnatives

Al inselection of ‘appropriate
concepls

Prepare geomelric design

Develop preliminary design
drawings

Prepare Class "C" cost
estimales

Perform "finc-tuning” of alignment

Determine suitibility of selected

locations und conligurations

Recommend preferred slignment

Consider property requircments and
impiicts on individual parccls

Conduct public involvement
programs

Assi%l development of preliminary
destpn alternatives

Colleet detiiled environmental
inventory information

Conduct site-specific studies

Identily site-specific impacts
and possible mitigation measures

Prepare mitigative measures
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STI.DY COMPONENT

ENGINEERING ASPECTS

ENVIRONMENTAL ASPECTS

O "y b S e

Construction

Post-construction

Implement various constriction
uctivitics to prepare road-
surfuce for paving

Supervise construction operations
(Ministry Representative)

Complete bridge construction
Conduct paving operations

Prepure project completion

report

Conduct cavironfmental
moniloring

Condudt environmental
survcillance (environmental
agencics such as DIFO, BCE)

Undertake adjustments (o design
us required

fmplement rehabilitation
muoasures

Operate and maintain highway

Conduct post-project evaluation

[valuate rehabililation measures

Conduct post-construclion
moniloring program

Assist with post-projcct cvaluation
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STUDY COMPONENT 7 ENGINEERING ASPECTS ENVIRONMENTAL ASPECTS
Functional Deslgn ) Prepare honzontal and vertical Develop necessary mitigative and
geomelric design crosion conlrol
Develop Tunctional design Review drainage detafls
drawings
Prepare Class "3 cost
estimates
Detalled Deslpn ldentity and cvaluate delailed Resolve outslanding Issues

design allernatives :
{dentily specific cnvironmental

Scleet ufternative for detaifed design elfects

[nitiate properly acquisition Finalize mitigation and
compensation stealegics with

Prepare contract documents design engincers

Develop construction contract, Apply lor permits and approvals

drawings, und technical

specilications Assist with preparation ol

documents and special provision
Prepare linal quantity estimates
and Class "A" cost estimales, Deal with environmental agencics
general specifications and on sile-specific issucs
special provisions
C(ather and update detailed
cnvironmental data (if ne cssary)

Determine if environmental
monitoring is required

Colleet baseline data il posi-
“constriction monitoring is-

required
©C U PRe-construction” {1 AdvERISE 18adér documcnls “I3ecome familiar with cnvirconmentally
‘ o sensitive arcas

Review submitléd’bids ~ - 7 0 T T T s e o

St S Address questions and concems:
Select contractor from biddcrs
Conducet pre-constraction - Condugt site-orientation meeting -
medting Lar bidders

Participate in pre-construction -
meeting
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Agriculture
e Cattle fanches: movement of -
cattle from their winter lands
to the summer grazing arcas.
* Loss of grazing land.
. Transport of cattle under the
hlghway ,

Wildlife

* Large populéfibhs’ '6?\dc“‘ér' .
(10 000>) a,nd Moose ,

: crmcal winter/and summer
Jand i rangcs

. Largc numbers of collisions
with' lughway vcluclcs mvolvmg

......

¢ Loss of land critical to their
survival,

* Access under/over the highway.

Fisheries
. lmportant lakes containing
large populations of sport, fish

and the h;ghway causing access

and overfishing.

* Water licences on rivers critical
for acricultural use.

e Protection of fish hatchery
source from hlghway

construc¢tion runoff and post
construction,

Recreational ... . .,
, USC NS

» Too many pcople ﬁshmg,
huntmg and snowmobxlmg,
i "dxsrurbmg the' pl‘otected
CPesOUrcEs: i i e
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Communi?'
water supply

* Protect the water quality from
construction and use of mined
waste rock as an open-graded
pavement source.

* Protect the water supply o
local farmers.

Environmental Process

to Address the Issues

Corridor Study Stage

* 2 day meeting with all the
stakcholders: Government
Ministeries, Cattle Ranch
Owners, Fish Camp Operators,
Forestry Companies, Trappers,

Local Residents, Municipalities.

* Collect their concerns and positions
on highway location and effects.

* Develop Study Terms of
Reference on the issues

outlined by stakeholders.

Environmental Process

to Address the Issues...
Corridor Study Stage

* Avoid sensitive environmental
features in the corridor study.

* Develop mitigation plans in
the Functional/Detailed Design
phase.

» Carry out environmental
monitoring during construction
phase.

* Follow-up on post-construction
monitoring of mitigation and
compensation structures,
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8. Advanced Composite Materials (ACM)






Tests and Research on Carbon Fibér Strengthering

of EXIStlng Brldges

Norio Ogata !  Yoshifumi Maeda, 2 Huofuml Ando 3

Summary

At present, highway bridge‘substructures'muSt be strenjthened against major earthquake. The
. Conventional strengthening:methods include lining with reinforced concrete and steel plate bonding.
We have reviewed a new method of bonding newly developed carbon hber sheets, \vhlch may replace
the existing methods.” Bridge pier model testing lndlcated ‘that ductxhty of i specnmens réinforced
with the carbon fiber was improved; and that this method of reinforcement is suitable for practical

use.

The need to strengthen superstructures has also become necessary as a resull. of increased
motor vehicle weight and traffic volume. We reviewed the carbon fiber strengthening method to
the superstructure and verified its potential through beam model testing.

s

1. Introduction

" ‘Although:ordinary réinforced: concrete bridge piers:have a cut-off (transitional position) for lon-
gitudinal reinforéing 'bar to'Achieve an ‘economic design of steel bars;some piers do not have sufficient
anchorage lerigth for the longitudinal reinforcing bar or:enough stirrups, so-that damage may occur at
the cut-off part during. major earthquake. Traditional:countermeasures'include the reinforced corcrete
lining niethod andithe steel plate bonding method. Reinforced ‘concrete lining is inexpensive but has
problems’such” as increased sections and weight; chipping:work, and noise problem. :Steel plate bond-
ing:does fot’ creaté any :more section’and wéight but is expensive to"carry-out and:requires: anchor
‘dfi’ili‘ﬂ‘gﬂfdfk‘- and rustproof:treatment: ‘Moreover; on:presént highway bridges; load often’ exceeds. the
*d'esigil 'value because of the increasing weight- of motor: vehicles and growing traffic volume, $6 that the
strengtheni‘ng of the superstructure has become necéssary. (Another strengthening method, the steel
‘plate bondingmethod; is:considered "coﬂiplic’a.tedrd’ué to:the anchor driving and: resin filling.) There-
‘fore, wé: reviewed: strengthening: with carbon fiber; which:has high’strength and:élasticity. Tensile
strength is 25,000kgf/cm?, Young’s modulus is 2.5 x 10%kg f/cm?, weight only 176g/m? and thickness
0.1mm. Increases in section and \veight can thus be kept very low. Carbon Fiber is produced in

~sheets and strands for easy processing and working. Only bonding work is needcd anchormg is not
necessary. Thus reinforcement work will not damage the exxstmg structure, ;¢ SR

2 Use of. Carbon Fiber: Stréngthemng on- the Substructure
: In ordu to. mVestngate the performance of carbon ﬁbex stxengthcnmg of bndge pxers and to
o estthsh design ‘and work:methods, we conducted loading .tests:on bridge pier models. . -

Head Bridge Secuon Research Insulule, Japan lhghway Pubhc Corporatmn e ' L
7Deputy Head Bndge Secuon Research Institute, Japan nghwaﬁ Public Col‘péralmn .
°Engmeer, Bndge Section, Research Insutute, Japan Hnghway Pubhc Corporauon
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2.1 Shape and Sizes of Specimens

Dimensions of specimené are shown in ‘Tig. 1 and Table 1. For the No.5 specimen only, we

damaged the cut-off and base of column; the damaged portions were then repaired with mortar and
the cracked portions filled with epoxy resin and bonded carbon fiber, to assess performance after an

carthquake.

2.2 Test Method

In the loading method, horizontal cyclic loading was given at the top of column while applying
an vertical lmdlng (Gk_;j/cm"’) corresponding to the reaction to the dead load of superstructure. The
loading paltern is shown in Fig. 2. 6y in the Pngure 1(,p|esents the houzontal dlsplacement of the top
of the pier column due to the y:eldmg of the reinforcing bars at the base of. column.

2.3 Test Results

Test results are shown in Fig. 3 and Table 2. '.Hereb,"“"e ‘(‘lelﬁﬁed‘c}ac'kirig as when v'isﬁéﬁlily‘ noticeable
appear cracks, yielding as when the reinforcing bars in the longitudinal direction on the tensile side
have yielded, and the ultimate state.as when concrete fails or carbon fiber is ruptured. ... ...

The failure position of the No.1 specimen was at the cut-off portion of the reinforcing bars, while
the failure position of the No.2 specimen shifted to the base of column. Thus it ' would appear that
bending yield strength-can be enhanéed by bonding carbon fiber in the longitudinal direction.

- The No:2 specimen suffered bending shear failure; but this changed to bending failure for the
No 3 specimen; ‘where the carbon fiber was wound in the direction of stirrups. - :

For the N o.3 specimen, which had a amount of strand equivalent to one ‘sheet wound around
the base of coluimny failure was due to bending; and ultimate displacementwas longer than the.non-
reinforced  NVo.l specimen: The Nod 'specimen;: which -had- two strengthmng‘ sheets. in' the lateral
direction of the base of footing, did not fail under loading up:to' the: maximum 'c'apaéi'tybf"‘t}i'e loading
device. Thus it was proven that. deformation’is improved- by carbon fiber strengthening in-the lateral
direction. ; ‘ o . T
The No.5 specmlen was repaired after dellberately damag‘mg it as: stat(,d above
position shifted from the cut-off sectlon to the:base of colimn, failure: ltself was: due to bendmg, and

The‘failu‘re

ductility was improved.

2.4 Discussion
2.4.1 BEffect of Remforcement

The experiment showed that the failure poéi'ti"onish'_‘i'ft"ed'fx,"dmf.thé';‘c'u t'-.off»f)‘d‘r“t to:the ib‘aféeoftblu nih
after bonding carbon fiber in the longitudinal direction, and'tllat‘failpi're ‘was due to bending when
carbon fiber was bondéd:in - thesrateral direction, é’stabl'isltingi“it'szshéarffétxﬁéﬂgthéxliifg"%p’erforli\ance.
Also, winding carbon:fiber confiries; the ihner concrete and enliances the:ductility of the-bridge pier:

2.4.2 Energy Absorption
Generally, energy absorption 1mproves as the area surrounded by the displacement of bndge

pier and acting force increases,” andj_qhg pier” bgcomeSn}ope resi Vt_ant} to' .era;"thqt}xg_ke an 4 éhows

4 N v ey b
14 R RO R e |
CoLrieilaw Sang B PAtEasE T,
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energy absorption before and after repair. With respect to the same cumulative deformation, energy
absorption is slightly greater before repair compared to after repair. However the tilts are almost
parallel, and tilts do not change until 68, after repair, from which it can be said that energy absorption
did not fall until the ultimate state. From this, the present method was confirmed to be an effective
for strengthening against carthquake. Also, if parts damaged by earthquake are properly repaired,
encrgy absorption recovers to the same level as before and yicld strength also recovers. This method
is therefore considered to be excellent for strengthening following earthquakes.

3. Use of Carbon Fiber Strengthening on the Superstfucture

The superstructure of highway bridges are subject to repeated and conlinuously loading over long
periods, lowering their durability against fatigue. We subjected a beam strengthened bonding with
carbon fiber to 2 million cyclic loadings, and then performed static loading tests and reviewed the
applicability of carbon fiber to beam members.

3.1 Shape and Dimensions of Specimens

Specimens were set up as shown in Table 3 for actual reinforced concrete and prestressed concrete
bridges. Shapes and dimensjons are shown in Fig. 5. Cracks were created in advance by applying a
bending load; and strengthening carried out by bonding two layers of 20cm-wide, 0.1mm-thick carbon
fiber. The design load was set such that the reinforcing bars would reach the allowable tensile stress
(= 1,800kg f/cm?). Strengthening was originally to be applied to the whole area of the bottom surface
10cm inwards from both supports. However carbon fiber began to pecl off at the interface with the
concrete of No.2 specimen during static loading; therefore for Nos.3 to 5 an overlapped carbon fiber
portion was made at each end of bonding portion and the reinforcement area extended up to the end
of the beam member.

3.2',Test‘ Method .
Fatlgue loadmg Nos 3 to 5 specnnens in: I'lg 6 wem such(‘te(l to 2 mllhon cycllc loadings
at 3 to 4 Hz. Particular attention was given to the stress of runforcmg bars at the tensile side of the

section of specimen. Upper and lower limit loads for load management were controlled as shown in
Table 4.

~:Static test: Upon completion of fatigue loading test, we carried out static loading lests. Load,
displacement and strain. were measured :
3.3 Test Results
The test resulls are listed in Table 5. Values were calculated from the results of material tests.

3.3.1 Situation of Faillix:‘:e"

pér 111" xt loacl was set to desngn load (load creatmg tenslle stress in 1eml‘orcmg bars = 1 SOOLgf/cm )
or 1\'0 5 for whnch 90% of yl&.ld l‘or remforcmg bars \vas used In No 4, \vhere the upper limit load was
»s(.t Lo ywld loml (loa(l cneatmg tumle stress of runl‘orung bars = 3 900LJf/C1112) the carbon fiber
‘pcclcd off and the load dropped after about 28 ,000 c¢ycles. At t}ns point repeated loading of No.d was
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terminated. :For non-stréngthened specimens. the open cracks were widest on the bottom surface,

while cracks on the bottom surface of spécimens were mostly closed. It appears that the occurrence of
cracks on the bottom surface was restricted by the carbon fiber bonded to the entire bottom surface
area.

Static tests: In the No.2 specimen, the bonded carbon fiber peeled off from the central part
to the left side of the s‘peci'ﬁxen during loading up to 18.7t, and the load decreased considerably. An
examination of the peéled carbon fiber revealed chips of bottom concrete stuck on. We considered
that deterioration, tensile strength and shear strength of concrete at the sticking interface are closely
linked with the peeling off process. In Nos.3 to 5, the carbon fiber peeled off in the middle but
remained fixed by supports at both the ends of member, so that the specimens resisted against load
in an unbonded state until finally, the carbon fiber at the center ruptured-and failure o¢curred. Fig. 7
shows the cracks after static loading in Nos.1 and 3. It can be seen that the cracks in No.3 are more

scattered than in No.l(non-strengthening).

3.3.2 Displacement

Fatigue tests: Iig. 8 shows the displacement at the central part of the beam, periodically mea-
sured at cach repeating cycle for the No.3 specimen, The displacenient become larger as the repeating
cycles increased in“all state’of upper limit loading, lower'limit loading and non-loading(residual value).
However, displacement tended to stabilize after about 10,000 cycles. This suggests a sufficient fatigue

durabilityfor 2 million repeats
Static tests: Fig. 9 shows the relationship between the load of each specimen and the dis-

placement at the center in static tests. In No.3 both strength and displacement are much larger than
No.1(non-strengthening) even after fatigue loading. Compatred to No.2 (without fatigue loading), dis-
placement increased slightly from crack occurrenceload (7¢f) to near the design load (11¢f) indicating
the influence of fatigue. However, peeling-off of carbon fiber occurred at almost the same displace-
ment and maximum load values are almost the same, so there will be no problems even against cyclic
loading. In the case of No.5(reinforced concrete), the peeling-off of carbon fibér began-just before
reaching maximum load; however a sudden drop in load was not seen, the maximum load was almost
the same as the analysns values zmd the ultlmate dlsplacement was elongated "

3.3.3 Strain’

Fig. 10 shows'the strain distribution (during upper limit load) in the centra! section of the beam
during repeated loading of the No.3 specimen. Even though the repeated’ lsaditig cycles increased,
the strain distribution on the section almost perfectly held .a plane, thereby mdlcatmg that carbon

fiber bears the load without being deteriorated by fatigue.

4. Conclusions
4.1 Use of Carbon Fiber Strengthening on the Substructures

We foun(l that il carbon fiber is bonded in the long,ltudmal (llrectlon of a reinforced concrete |
bndg,c 1>1er then the bendmg strength can be nmpro\'etl the Tailire posmon can “be shifted from the
cut- ofl posmon to b'xse of column and i bonded in fhe ‘diréétion of th(, stlrrups, llle ductllliy can .

also be lmprovad In tlns repOrt we calculated the number ‘of sheets used for’ remforcement ‘such that

all of the actmg shearmg forces \Voulcl bé borne by tlne caubon ﬁber We are currently consxdermg
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the resistance to shearing forces by a conbination of concrete, stirrups and carbon fiber for greater
economy. We are planning to carry out verification tests for this economic approach.

4.2 Use of Carbon Fiber Strengthening on the Superstructures

Carbon fiber is not damaged at the design load level, is a strong strengthening material, and
provides strengthening even after repeated loading. The strength of members can be calculated using
conventional methods (converted to reinforced concrete). In the future, additional studies will be
required into the peeling observed during tests, as well as on effective fixing methods for end portions.
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Fig. 1: Specimens of Pier Model Test
T@l\)’le.;~-1: Specimens of Pier'Model Test
Height 'Lic(ngvtii‘o.f CF Slrenﬁﬂiehihg . Sheéts of CF
No. of RS S )
Cut-off Lengthof Upper  Length of Lower Total  Base of Cut-off Base of Column
CF from Cut- CF from Cut- Column »
off (mm) off (inm) (mm) (mm) - Longitudinal  Lateral Lateral
1 900 i i : - i - i
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3 - . .. - 600 : - 1
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Table. 4: Conditbné;"of Cyclic Load
Spec.  Upper level i - Lower level
No. Load Stress bf'“ :Loafd ~Stress of .
S bl tensile-steel Bar (" tensile-steel bar
(1)) (kgffem?) -~ (u) (kegf fem?)

- 3 110 , ab,oul}lS'OO 3.0 about 0’.?‘
ST 135 abowt 3900 3.0 abouiQ

5 7.3 about 3400 3.0 ‘abeut 600"

* : Stress by”prcstrcssing was also laken into account.

B S
e

—285—



T 15000 Before Repalire
E (Pre-Loading) 6y 8y
N ]
s |- After Repaire g o
= (Loadin ool
& 10000 | ! 9 sby 4 g
R [ .
BN =
o
g 5000 1
2
©
=
E
=2
o o 1 . S "
o 1000 2000 3000 4000
Cumulale displacement (mm) |
Fig. 4: Energy absorption - Cross Section
e L g 20emM,
’ Bl {10ci '43
nl‘:{, DIO(‘IIOcn
, ";\ ap
i ) Sem
wul
: 20¢m30 cm
o , o Prestressing Bar _—.‘iLmJ
Steel Plate P/2 § P/2 " Carbon Fiber
vz \ \ W : % X : .
2(};: ' 0 IO1
L. . _ L o Py | — [ = . ! . 20 cmi0 em
$17 = = - = = —5*:7-\ l
A s Lo | M?O"Lbﬂ/ I-—ao«-—-| 7S Load Cell
10 cat-ar 180:- + 10 ¢m
Carbon Fiber | — 80 cm lr- 49:- L 80(5 fl—ZOt-'-'

20(!71*

o

240 cm

B e R et

e Lo o

13 ot QORI

Fig. 5: Speciinens of Beam Model Test

'LOAD P
- Roller LA S
D I PR .\* : *__——— Steel Plate ‘
.—n—u—'-s—pﬁgcui-!ag[l ------ :—- ————— —.—.;.—‘—.;—.“.—.—-;" o
Bearing Plate = (3., - G Q‘“‘“ Roller Bearing
*20‘;"’ X 80 em —PH 40 cm H*—v- 80 cm 0 core-

240 em —

[V

Fig. 6: Loading Apparatus

—286—




Table. 5: Results
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'RC Slabs Strengthened by Bonded Carbon FRP Plates
T rPart 1 ~ Laboratqr‘y Study ‘
By H. lchimasu, M. Mariyara, H. Watanabe ‘and T. Hirose

Synopsis: RC sl'abs on' steel ‘girder bridgés 'in the Tokyo Metro—
politan Expressway arc generally strengthened "by installing

- additional - Stringers = or ' attaching -steel ‘plates.  But' it s

difficilt ~to apply  such- methods: to strengthening” work in

-confined box girders or - where ‘there’ afe obstructions. Catbon
‘FRP plates (CFRP) have been sélected: as strengthening “materials
- for ‘their - applicability ‘to strerigthening work in. “confined

spaces, and because'theycan be bonded in lattice - forms, allow-
ing for bonding condition inspection on the lower faces of the
slabs. The aim of CFRP strengthcning is to reduce the rein-
forcing bar stress caused by excessive wheel loads. In part-1,
investigations are conducted on CFRP applicability to strength-
ening work through static loading and work efficiency tests.

Reinforcing bar tensile stress intensity was reduced by 38 to

.56 % of the unstrengthenéd §pecimen. The loads at which the

tensile stress intensity is 140 MPa (allowable reinforcing bar
load) are around 1.3 times that of unstrengthened specimen. It

‘can..be concluded’ from the foregoing that reinforcing bar Stress

intensity : can ' be reduced; * -confitming the possibility of

- strengthening,.



Hisanobu ICHIMASU. is a advisory manager. at the Engineering
Department, Métropolitan Expressway Public Corporation, Japan.
He has been involved in many Planning and Design and Research
projects on concrete structures. He is an assistant chairman of
Committee of Specifications for Highway Bridges in Japan.

Masao MARUYAMA is a manager at the Tokyo maintenance Depart-
ment, Metropolitan Expressway Public corporation, Japan. He has
been involved in many Planning and Design and Research projects
on concrete structures, o ' ‘

Hideo WATANABE is a manager at the Oriental Consultants Co.,
Japan. He has been involved in many Design and Research
projects on concrete structures. He is a member of Committee of
Specifications for Highway Bridges in Japan, ,
Tomoaki HIROSE is an engineer at the Oriental Consultants
Co.,Japan. His current design interest is concrete structures .

INTRODUCTION

-Small transverse reinforcing bars were built ‘into RC slabs .
- constructed before 1970 in Japan. - The increase in . traffic
volume and the number of overweight vehicles has also resulted
in frequent occurrence of cracks in the lower faces of RC
slabs on plate girder bridges. As Tokyo Metropolitan Express-
ways carry an extremely high volume of traffic, strengthening
work is to be conducted on the lower faces of RC slabs, there-
by minimizing traffic disruptions. RC slabs are being
strengthened at present by installing additional stringers and
attaching steel plates from the lower faces. In the case of RC
slabs inside steel box girders on plate girders with drainage
pipes and other attachments (Fig. 1), however, the strengthen—
ing work is complicated by the narrow, confined space in which
it must take place. Furthermore, when the slabs are strength—
ened with steel plates, the whole of the concrete surface is
covered by the steel plates. and this makes maintenance work
difficult because of the difficulty of confirming the condi-
tions of bonding between the steel plates and the slabs. ,

Studies were conducted with the aim -of developing a
strengthening method that would solve these problems and the
use of Carbon FRP plates (CFRP) was suggested. CFRP can be
bonded to the lower faces of the slabs in lattice forms, and
are  flexible, light weight, strong, and do not require any
anti~corrosion measures, The concept of slab strengthening by
CFRP is to reduce the reinforcing bar stress caused by exces—
sive wheel loads and to prevent the development of bending
cracks. Strengthening by CFRP is illustrated in Fig, 2.

‘The following are  the results of tests to confirm work
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cfficiency and bending resistance of CFRP bonded to ‘the lower
faces of the slabs.

DETERIORATION OF STEEL BRIDGE RC SLABS

- Studies on steel brldgc ‘RC slab fatigue damage stemming from
rcpcatcd traffic loads began around 1975. The progrcssxon of

such damage is illustrated in Fig. 3. : (a)ln the (initial
stages, single-direction cracks occur due to drying shrinkage
and transverse distribution strengthening. (b)These initial

cracks result in a lowering of the transverse direction wheel -
load distribution capacity and this in turn results in the
formation of cracks runmng parallel to the transverse rein-
forcing: bats. (c)Repeated  cxcessive wheel loads serve to
develop 'and refine these cracks (lcads to hexagonal cracks).
These cracks - eventually extend to ‘the 1ow<ar faces of slabs
where their density stabilizes at about 8 m/m?  The seepage of
rain water ‘also results in the flaking of llmcstonc ete. (d)The
slab  loses its contxnmty, resulting in local collapsc and
fall-off. The RC slabs is damaged by causing the initial cracks
in - single=direction and repeated excessive wheel loads (shear
stress) serve to develop.

The extent : of ‘decay’ [(Fig. 3 -(a)' or (b)] has increased on
Tokyo Expressways and strengthening work is required. The
concept of slab strengthening by -CFRP is to-prevent the devel-
opment of ‘the initial bending cracks. Strengthening by CFRP is
not applicable, becduse “shear $tress must be teduced while
hexagonal cracks still remain [Fig. 3 (c)]. The strengthening
aim are as follows :

1. Prevention of the formation of the initial bending cracks
which form into hexagonal cracks [Fig. 3'(a) or (b)).

2. Reduction of reinforcing bar tensile stress mtensny
(about 120 ‘MPa). Done ‘in consideration of the fact that are
caused by excessive wheel loads.

CFRP MATERIALS

Studles are: bcmg conducted on appllcatlon of continuous
flber ‘materials,: 1nolud1ng ‘carbon, aramid “and glass fibers, to
strengthenihg:: of concrete ‘$tructures.: As - the main purpose of -
slab strengthcnmg is to reduce the tensile stress intensity
durmg ‘service’ lbads, the - strengthemng fmaterials need to have
high- clast1c1ty ‘This: makes$' ‘darbon' fibers, ~with -théir excellent
characteéristies “iof - llght weight, h1gh strength, “high- clast1c1ty
and - h1 Th Corrosion’” reswtancé(Fxg 4 ‘and Table 1) a part1cu-
Tarly: smtablc iaterial for stréfigthening of coficrete slabs. - -
~Carbon fibers may be classified into the PAN typc (polyacry~
lonitrile) and pitch type (petroleum or coal pitch). the
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carbon fibers used on this occasion, "Cloth" was of the PAN
type and "UD (unit-direction) Prc-Preg" was of the.pitch type.
When carbon fibers are used as slab strengthening materials,
they arc processed into CFRP plates the fibers are bonded
together with epoxy résin to ensure effective action against
tensile forces. :

In employing carbon fibers as bending resistance of materials
on lower faces of RC slabs, considerations need to be made on
the. states in which the carbon  fibers .are used. The following
confirmation tests were ~carried out using. the four types of
strengthening - materials given in Fig. 5 and by the bonding
methods described below: : 4 S

1. Ud pre~preg (pre-impregnated): Carbon fibers are laid out
in one direction and impregnated with cold setting special
epoxy resin [Fig. 6(a)]. The sheets thus prepared are coated
with small amounts of special epoxyresin. . = - - SRR
. 2..Cloth: Carbon fibers are: woven in two directions as shown
in [Fig. 6(b)] . The sheets thus prepared: are impregnated with
epoXxy resin. T T S SR TV
- 3. Cloth. pre—preg : This product: is. manufactured: by impreg—
nating cloth in thermosetting resin. It .is. bonded to the
slabs: under the required -thermosetting: ‘conditions (150°C for 30
minutcs)., SR / | o S _
4. Hardened cloth plates: The required number of pre-preg
sheets: ‘are : bonded. together. in- the factory - to produce -hard
plates, which are’ bonded to the slabs with epoxy resin. .

' CFRP STATIC LOADING TESTS .

. Two types of static loading tests were‘carrledoutto co_ﬁ_férm
the bending resistance and the -applicability of CFRP. The aims
and the conditions of the tests were as follows:

1. Applicability = Test: To assess the bonding ability of CFRP

and -its . applicability, - 'as a. strengthening material,. CFRP: . was

bonded to the RC beam ‘specimens. from above and a study was made

on the: relationship between. the. bonding method ‘and- the: bending

_resistaﬁ,ce. A T AN BEATEEE S TS ST ISy g, i
2. Bending Resistance Test:To confirm the bending resistance
under .condit nditions - of .a 4
Bending. cracks wete .made in full-size RG;beams and.RC. slal
specimens. CFRP. was 'then - bonded to- the specimens, from: below.

The bending resistance..was then . .confirmed -‘through ‘loading
tests,- . - R T A P TR Ut N Thgte et e
)} o PR ; ; chorery : 4 evii S ‘\ DA
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APPLICABILITY TEST

Test Method and Test Factors

The CFRP was bonded from above using the methods described in
the CFRP Materials section on the lower faces of RC beam ‘speci-
mens and were prepared to fit in with standard steel bridge RC
slabs. The behavior under bending was studied through a cyclic
loading test in which a gradually increasing load was applied
to a single point at the center of the span, '

Test factors studied included: (1)bonding  ability of CFRP,

(2)relationship between CERP types and the bending resistance.
Test Cases

Specimens of the types shown in Fig. 7 and Table 2 were
prepared. The specimens were given a span of 2.5 m, width of
330 mm and height of 180 mm in view of the scale (2.5 m span x
180 mm thickness) of the RC slabs to which they would be ap-
plied. The reinforcing bars used in the specimens were deformed
(295 MPa design vyield strength, 16 mm diameter bars). The
concrete had a design strength of 28 MPa.

Test Results and Observations

The thermosetting cloth pre-preg (Series B) was bonded to the
specimens by heating with a panel heater after application of
epoxy resin. This method involves the work of heating the pre-
peg in addition to that of coating the concrete face with epoxy
resin and is more troublesome than others. Furthermore, separa-
tion of CFRP at rupture point during the loading test under—
scored the impracticalities of this method jndicated by the low
level of bonding,.

Because the bonding of cloth (Series C) involves repeated
coating, bonding and squeezing out of the resin, there is high
dependence on the workers and adequate care must be taken over
rqualitycontrol. . . o

Bonding of hardened cloth plates (Series D) requires the
least amount.of work - as this -does ‘not- involve heating as in the
case of pre-preg or layering as in the - case . of i cloth. The
bonding, however, will be ‘made difficult by the air: bubbles -on

large bonding faces and difficult by bonding at the slab Hunch-
€S: i R S L T T P : Lo N T S R

The bending resistance: of CFRP is clear from ‘the fact- that
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the strength cracking, yielding” and maximum loads of the
specimens strengthened by CFRP are larger (by approximately 1.6
times with two layers and by approximately two times with four
layers) than those of the unstrengthened “specimen ‘(Series A),
as shown in Table 2. '

The allowable reinforcing bar load (the load at which the
~allowable stress intensity of 140 MPa is reached on the tensile
reinforcing bars) of the specimens strengthened by CFRP is 1.6
to 2.3 times that of the unstrengthened specimen, while the
reinforcing bar stress intensity was reduced to 38 to 56% of
that of the unstrengthened specimen. '

The increase in the allowable reinforcing bar load and maxi—
mum load are more or less proportional to the number of CFRP

layers of cloth (Series C). With cloth pre=preg (Series ‘B) -the -

maximum load is reached” at the bond rupturing point indicating
the bonding strength in this series is smaller than  cloth

(Series C).

Notes '
-~ N/A=not applicable =~ - - o S
CFRP tensile rigidity (MN) = CFRP sectional area x' CFRP' tensile
- strength: . o ’ a C
CFRPtensile ‘proof stress' (kN)' = CFRP sectional ‘area x CFRP
“tensile:modulus of elastic o o oo
-,Stre?gth‘ening areat 'L = beam span (2.5 m), / = bonding ‘length
{(mm) ... i SR " L e
f«kllowable reinforcing bar load: load at which stress intensity
- in tensile reinforcing bars of 140 MPi is reached.: . 0 o 0T
Reinforcing bar yield load: load at which stiess intensity in
tensile reinforcing bars of 350 MPa is reached.
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- BENDING RESISTANCE TEST

Applicability test results indicate that usage cloth pre-preg
would involve extensive on site heating work. Cloth, hardened
cloth plates, and ud prc-preg were selected and bonded to
specimens from below. The bending resistance of theése materi—
als were then confirmed through loading tests.

RC Beam Test

Test method and test factérs--So as to represent damaged
slabs on the existing bridges, cracks were created on’ RC beam
specimens - by . applying: loads ‘until ‘the : main reinforcing bar
stress at the center of the span reached 180 MPa and CFRP
plates were bonded to these specimens from below. Single-point
loads :were then applied to the:span cénters ‘of the specimens to
study the bending resistance of CFRP ‘from the behavior under
bending. S T N
- Test factors'.studied included: (1)types of CFRP (the number
of fiber layets was twotin all cases), (2)bonding area of CFRP,
and (3)effect of CFRP orthogonal to the spans.

. Testicases-~Ten specimens as'shown in Fig. 8 were prepared to

examine ‘the ‘relationship’ between "the CFRP type, strengthening
quantity; -anchoring -method, -stiéngthening area and bonding
method" and the "bending fesistance.” T R '

The dimensions of the specimens and ‘thé materials used in
them were the same as in the specimens of the Applicability
Test. :
Two layers of CFRP were bonded to all specimens, aiming to
provide the amount of strengthening equivalent to the differ—
ence between the 1974 and the present requirements for rein-
forcing bar  bending resistance values as listed in the "Speci-
fications for Highways Bridges".

The bonding work was carried out as follows: (1) concrete
surface preparation, (2)primer application, (3)epoxy resin
application, and (4)bonding of CFRP strengthening materials
frombelow. - . . - ' -

- Test results'and observations-=The test results are’'summa=
rized in Table 3. No sagging or scparation was observed in‘the
CFRP bonded from beloW - oo conms o i

Fig. 9 shows load / strain“(in 'the"reinforéing bars' at ‘mid=-
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span) curve. The .allowable reinforcing bariload of the speci—
mens strengthened by CFRP is 1.3 times that of the unstrength-
encd specimen, _ ,
. The y-axis in Fig. 10 indicates the load at which a 140 MPa
tensile ~ stress intensity, (allowable reinforcing bar load) :is
reached within the reinforcing bars of the.specimens strength-—
ened by CFRP. The x-axis indicates CFRP tensile rigidity (CFRP
clastic modulus x CFRP sectional arca), . S S
Allowable reinforcing bar load was around 1.3 times that of
the unstrengthened specimen. The bending resistance was propor—
tional to the tensile rigidity of the CFRP and a' bending re-
sistance similar to that during service loads was retained when
the reinforcing bars yielded .. : ,
There was no lowering of ‘the allowable load of “the’ temsile
reinforcing bars when additional. CFRP was boded orthogonal. to
the specimen spans  (Series - B5 and  B6), .indicating .that no
adversc cffects would result from bonding the CFRP- in lattice
forms on the slabs. s . S .
. All specimens showed the behavior of thé ‘type ‘shown ‘in Fig.
11. After the yielding of the reinforcing- bars, the CFRP began
to separate (Fig. 12) and the maximum load was reached. o
Because .CFRP was. bonded from above, the maximum: load- was
determined by the rupture of CFRP. in the Applicability Confir-
mation Test section. Here, however, the-maximum load is deter—
mined by the separation of CFRP and this is thought to be due
to the lower bonding strength resulting from the fact that CFRP
was bonded from below.
- The main aim in reinforcing the RC slabs iis to rediuce ‘the
tensile. reinforcing +bar stress . intensity . during’ ‘service : loads
CFRP can be expected to. provide adequate strengthening given
that they fulfill their function® adequately. up to “the .point
where the reinforcing bars yield. o R L AL

N/A=notapplicable ., . . i ot A
CERP tensile rigidity (MN) = CFRP sectional area x CFRP'tensilé
strength v - L
CFRP tensile proof stress (kN) = CFRP sectional aréa x. CFRP
tensile modulus of elastic * ,

(S,trqslgthcn,i‘ngyarca; 'L = beam span:(2:5 m), =.bonding’ length
mm),, : IR oL D e L

Allowable ‘fégi‘h!fofé)ihg - bar “)l‘,é)aq"z' [6ad at Wlfichl::.,Sit'i"es'séint'e‘ﬁsit‘y
in tepsile reinforcing bars of 140 MPa is'reached:

Reinforcing bar yield load: load at which stress intensity in
tensile reinforcing bars of 350 MPa is reached,
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RC Slab Test

Test method and test factors—-The RC slab test was conducted
on full-size RC slabs to study the bending resistance” of CFRP
bondéd to ‘the slabs in lattice ‘forms. The decayed “slabs on
existing bridges have hexagonal cracks {as shown in Fig.3 (b)].
To reproduce their effect, copper plates ( thicknesges of 0.3
mm, height of 120 mm ) in lattice forms 300 mm by 300 mm were
embedded in the specimens during their preparation. CFRP was
bonded: from below on the lower faces of the slabs and a cyclic
loading test: was carried -out under which ‘gradually increasing
loads were applied to the centers of the $pecimen spans.

Test factors studicd included: (1) CFRP types of lattice-
shaped bonding and (2) relationship between CFRP bonding posi-
tions and crack positions.

Test cases—-Four specimens as shown in Fig. 13 and Table 4
were prepared to study the relationship- between the: strength-
ening quantity and-bonding method and the bending resistance. ‘

- The specimens were given-a span of 2.5'm, width of 2.5 m and
thickness of 180 mm, ‘to ‘fit :in ‘with the RC beam specimens. The
reinforcing ‘bars and concrete were of the same specifications
as in the RC beam test section. : '

Testresults and observations—-The test results are summa-
rized in Table 6. S R ,

- Fig. 14 shows the load / strain (in the reinforcing bar load
at 'midspan) curve; ‘The load at which the reinforcing bar stress
intensity in the specimens reached 140 MPa (allowable rteinforc—
ing ‘bar load) was  around: 1.4 ‘to 1.8 times that of the un-
strengthened specimen. The' bending resistance was also propor-
tional “to the tensile rigidity of: the CFRP up to ‘the reinforc-
ing bar yielding point (Fig. 15). o

~‘Because  the allowable loadon tensile - reinforcing - bars is
more’ or less proportional to the tensile ‘rigidity of CFRP, CFRP
intervals “and- bonding ‘positions are thought™ to” be of- little
consequerice, - - e ~ S ' ’
Notes

N/A=not applicable ‘

CFRP tensile rigidity (MN/m) = (All CFRP sectional area x CFRP
tensile strength) / (All CFRP width) o , ,
CERP'tensile’’proof ‘stress” (KN/m)’ ="(All ‘CFRP ‘sectional area x
CERP tensile modulus of elastic) /[ (AlLCFRP'Width) - - o
Allowablé reinforcing - ‘bar load: load at which stréss intensity
in terisile reififorcing bars:of 140'-MPa'is reéached, - -

Reinforcing bar yield load: load at which stress intensity in
tensile reinforcing bars of 350 MPa is reached.
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CONCLUSIONS

RC slabs on _steel girder-plate = bridges are .generally
strengthened today by attaching additional stringers  steel
plates. Such methods, however, are difficult to apply to
strengthening work inside confined box girders or -on girder-
plate bridge RC slabs Wwhere there are obstructions. CFRP was
chosen to allow strengthening work in confined spaces, and to
allow attachment  within lattice forms, thereby allowing
bonding conditions on slab lower faces to: be checked. Investi~
gations were conducted on the applicability of CFRP through
static loading and work cfficiency tests. The following conclu~
sions were drawn from these investigations:

1. CFRP could be used as strengthening materials on the lower
faces of concrete slabs in the form of cloth, cloth pre—preg
(with- thermosctting resin), hardened cloth plates (plates made
of cloth pre-preg thermally bonded together in factory) and ud
pre—preg (unidirectional pre-impregnated fibers). Of these,
application - of cloth pre-preg -involves  difficult heating  work
on site, while it is' difficult to bond hardened ecloth plates ‘on
slab hunches, which leaves cloth and ud pre-preg as - materials
suited to practical application. : TR

2. CFRP could be bonded to concrete slabs in lattice forms
with epoxy resin from below without sagging or separation.

3. The results of loading tests on RC beams and slabs show
that, : while the bond strength. is. lower “when the fibers ‘are
bonded from below than when bonded from above, attachment . of
CEFRP contribute to the reduction: of ‘the reinforcing bar stress
intensity - during. service. loads since the separation of CFRP
occurs after yielding of the tensile reinforcing bars. .~ =~ TR
4. The results of loading tests indicate that the - reinforcing
bar stress intensity during service loads and yiclding ‘load © of
the . reinforcing bars are proportional to the  tensile rigidity
of CFRP. TR
~ 5. When GFRP is bonded to lower faces of ‘damaged ‘RC slabs,

the ‘positional relationship between the cracks and CFRP bonds ,

and the bonding intervals do. not ‘have any direct effects on the
bending resistance so long as the bonding intervals are main—
tained below 200 mm. o

It . can. be concluded from thc»‘_‘f'orég‘é‘ing"t'h'af' thcremforcmg
bar stress intensity during service loads. can.be ,reduced by
bonding: CFRP. in lattice forms to, the lower, faces.: of the, slabs,

confirming the possibility :of strengthening by - CFRP. Future
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tasks will include test strengthening work on existing bridges
for confirmation of the bending resistance under vibration and
measurement work for confirmation of the bending resistance.
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Keywords: ‘beams; bending resistance; bonding from above and
below; : Catbon “FRP plates; epoxy: resin; lattice. forms; lower
faces; RC slabs; reinforcing bars; strengthening work; tests. '
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RC Slabs Strengthened hy Bonded Carbon FRP Plates
1+ Part 2 - Application '

By H. lchimasu.M.gMar:Uyéma,f H. Watanabe and T, Hirosei |

Synopsis: ‘In - part-1 it can:be concluded that reinforcing bar
stress intensity can be reduced. This confirms.- the possibility
of ‘strengthening. In part-2 CFRP is bonded: by :various methods
from below on the lower faces of .RC 'slabs.’ To. determine -of
bonding ‘methods “in - detail;” CFRP will be studied the-confirma-
tion test and strengthening' design methods. = Strengthening
design ‘and” measurement plan are then made -for RC slabs on' an
existing bridge. -~ '~ . : Lo
In the strengthening design the main reinforcing bars are
"strengthened by CFRP of two to three layers and the transverse
reinforcing bars are strengthened  with three to five layers.
It  was confirmed that the reinforcing bar tensile stress
intensity is reduced around 120 to 130 MPa. CFRP may be used
as a strengthening material for RC slabs. Measurements will be
conducted in  1993. The bénding tesistance will be directly
confirmed during the existing bridge strengthening operations. '
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INTRODUCTION

The damaged slabs are strengthened at present by attaching
additional stringers or steel plates. Reinforced Concrete (RC)
slabs inside steel box girders or on plate girders with drain~
age pipes and other attachments, however, present strengthening
work problems due to the lack of work space. We conducted
studies with the aim of developing a strengthening method to
solve these problems. The use of Carbon FRP plates (CFRP) was
suggested as a result of this. ‘

The bending resistance of CFRP bonded to the lower faces of
RC slabs (in Part-1) was confirmed. This paper presents: (1
CFRP bonding work  tcst results on an existing bridge, (2
strengthening design methods, and (3)strengthening design
results for RC slabs in steel box girders om an existing
bridge.

CFRP BONDING WORK TEST
Qutline

CFRP plates were bonded from below to the lower faces of RC
slabs on a steel composite girder bridge used for maintenance
work on the Metropolitan Expressways to examine bonding opera—
tions and performance. v v , -

Test factors studied included: (1) CFRP types ‘and their
bonding performances, (2) work efficiency (work time and quan-
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tities of résin used); - R

The slabs used had’ spans : of I = 2.5 m and thicknesses of ¢ =
200 mm. The test cases and the bonding patterns of CFRP are
given in Table 1 and Fig. 1 respectively.

There were eight test cases. The number of CFRP layers was
two in all cases and they were bonded in the lattice forms. The
widths of CFRP strips were either b = 250 mm or 500 mm. The
bonding area was 2.2 m x 2.2'm on the lower faces of RC slab
‘between strmg,cr and ‘stringer.: It was ecnsurcd that the CFRP
gaps ‘would 'be less than 200 mm, thé minimum distance between
hcxagonal cracks

}'fest 'Re‘sulis ’

Although CFRP was: bonded adcquatcly in each test cases, the
_hxgh rigidity of ‘the hardened cloth plates: preventcd bonding on
slab hunehes. It was also found that the 250 mm strips were
‘easier to "handle ‘than the 500 mm strlps, though ‘bonding re-
quired many-attcmpts. -

The work time need for cach CFRP type is summarized in Table
2. The figurés total man=hours ‘are relitive to the work time
foriud (unit— dircction) ‘pre=preg (stnp width: 250 mm). As
Table 2 indicates, there is little variation for the preparato-
1y work; ~ surface prcparatlon, prinier “application and curing,
but “less time is requlred for the bonding and resin impregna-
‘tion with ud pre- pteg. ThlS is because ud pre-preg has already
“been 1mprcgnatcd with resin, as can be seen” from ‘the work
procedure in Fig. 2 and the quantities of resin used in Table
2, and bonding work on sitc can be carricd out with greater
ease than with cloth.

NOtcs R ‘

The’ flgUrOS above are’ relauve to the work timé for ud pre-preg
‘--(strlp width: 250 mm) 4 terms of tOtal ‘man- h0urs Thc bondmg
‘methods: for GFRP‘are as:follows:

1)2 laycrs along span —-> 2 layérs Orthogc)nal o' Span, "
(2) 1 layer along span —--> 1 layer orthogonal to span - 1
layer along span -~> 1 layer orthogonal to span,
(3) 1 layer along span —-—> 1 layer orthogonal to span
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STRENGTHENED RC SLABS ON EXISTING BRIDGE
‘ AND TEST CONSTRUCTION SR

Al

———

“The statlc bendmg resrstance, strengthemng work and other
items pertaining. to- “the -strengthening - efféct of - ‘bonded : CFRP
were confirmed. in:the tests discusseéd in '‘Part—1.. We will -test
the fatigue characteristics of the bond faces between the. ‘CFRP
and concrete under ¢yclic loading . Such tests were carried out
in bending fatlgue studies by Okano et al.(1), who indicated
that CFRP retains sufficient bending resistance even’ after: two
million fatigue cycles. Several examples of strengthenmg of
cxisting bridge slabs are also indicated. The reinforcement of
bonding--glass fibers :was carried out:by. ‘Nakamura(2).::Reinforce~
ment ‘through increasing -the amount: of lower face slab’ concrete
with a special. . -polymer: cement . mortar was carried out. by Ishii
ct. ali(3). Both . parties:-indicated -, the: methods .improved * the
bendmg resistance. Our results for the bonding- performance and
bending ‘resistance of: CEFRP:are: therefore similar.: Strengthemng
work .will be carried -out. on.slabs on: an existing .bridge  in
1993 to confirm . the . valldrty of the strengthenmg method under
continuous vibration. - .,
. To stréngthen :the: exrstmg RC slabs msrde box grrder brrdge
in . the. Metropolltan Expressway The - following. discussions; on
strengthenlng .design method .design . results and measurements
made to conflrm the bendmg reswtance i et g

Design Method

The concept of strengthenmgﬂaThe slabs strengthened were

constructed in  1962. The quantity of transverse remforcmg‘

bars in these slabs is only around "25% of that required- under
the design standards in force 'at present, while the allowable
stress intensity of - the main remforcrng bars. too ‘is rather

high, makmg the slabs susceptible to development of bending -

cracks.

The basic concept for the strengthemng work, therefore, was

"to restrain. the development of bending cracks by bonding CFRP
to the lower faces of the RC slabs, - thus lowering the bendmg
tensile stress mtensrty of the main and transverse remforcmg

_bars..during is¢rvice: loads.": The aim:.was .::to. reduce, .the: rein—

forcing bar tensile stress.intensity.. to; aroUnd 120 to'..130. MPa
in accordarice with the allowable stress: mtensrty grven m the

| "Specrfrcatlons for Hrghway Brldges (4), values
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Cgl_culgtion of bending stress intensity' by RC theory==The -
specifications of RC “slab designs used in Japanese highway
bridges have been based on the allowable 'stress ' design ‘method
determined by the RC bending theory. The aim of strefigthening
by CFRP is to be reduce the intensity of the reinforcing 'bar
tensile stress. We therefore used the expanding RC bending

theory to calculate  during service loads for RC rectangular
beams (Fig. 3). CFRP is ‘cal¢ulated as reinférciiig steels - which
have dlfferent“c'lasti‘c modules. Table- 3 confirms the validity
of these equations when applicd ito RC beam Tests as shown 'in
Part-1. 'We confirmed applicability ‘of the “equations, the rte—
sults of comparison, the measurement valués and the calculated
;/alc;nes: i equations ‘(1) to (4) for specimens during service
oads. S /

Neutral axis potion

X = -—b~[—(n Agtn 4 )1V d tn ch-f)LZb(nAAsdﬁnc/Aqdcf')] |

@)
Stress intensity

2 M nAd + n
‘0, = ——— where, d = A c/Aqdd

., . '- (2')

O, =—— n_(d ~x) where, n,=—- :
x E, '
3)

wr ? . IR ‘[‘ g “_‘ s
O™ mofdeix)! | Where, =

Design constants--The design constants: were *deterinined 1as
follows;- om:the basis®  of the results ~of “material’ tests that
were cartied ~oat ih accbrdaticeriwith =: Japan Industrial Standards
(JIS K.7073). Table'4'showsithe design constants. ., 7« il o0
1. Tensile'"Streigthic The “charactetistic ' valiés :for;‘the - ten-
siler strength ((95%  “reliability.~ value) afc -used to allow for
the dispersion ini‘the fest restiltg, ' om0 L e

2. Allowable Stress Intensity: _' Because , _6f 4_tlie’,;",-;:rébl's-é',ri}d‘gf:sf’v.’fé'f
yield' points, values'' ‘corresponding 'to 60 % of the tensile
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strength _are used, .in line with the .concept for determining
the allowable stress intensity.. for prestressed concrete
steel and carbon rods which have similar stress—strain curves .

3. Tensile Elasticity Ratio: The average values are used in
the test results,

Strengthening Deslgn on Existing Bridges :

The bridge was constructed in November 1962. It was fewer
transverse distribution Teinforcing bars - than the conventional
bridges. The progress of decay has resulted in cracks in two
directions on the lower faces but has not yet resulted hexago-
nal cracks. The results of the strengthening design for the RC
slabs on this bridge are given below.,

Structure—~-Fig. 4 shows RC slab structure. Superstructure
Type is the two-box simple steel girder bridge, RC slabs, . |
1.Slabspan:/=2.0m

2.Slab thickness : ¢ = 170 mm

3.Main réinforcing bar volume : 4_ == 1420 mm?/ m

4. Transverse reinforcing bar volume : A_= 570 mm?/m

5.Design strength of concrete : g, =24 MPa

Design conditions—--Design bending moment [from' the:Specifica—
tions for Highway B‘ridgcs(421] are resulted M = 26.0 kNm/m in
- the main reinforcing bars, and M = 18.5 kNm/m in the transverse
reinforcing bars. Allowable tensile stress intensity of rein~
forcing bars are reduced 140 MPa or less. ' ~ ’

Design results--For each CFRP, the number of strengthening
layers required and the resulting reinforcing bar . stress
intensity with two types of CFRP are given in Table 5. Because
the reinforcing bar tensile stress intensity is higher in the
direction orthogonal to the bridge axis (transverse reinforc-
ing bars) than parallel to it (main reinforcing bars), a great-
er number of layers are required along the orthogonal direc—

tion. The number of axial strengthening layers have been re— .

duced in line with the orthogonal bending moment distribution. ©. . .,
~In bonding. CFRP,: 250 mm wide $trips .were placed in lattice
forms at 100 -mm ' intervals. This.was done :in consideration, -of
work efficiency (see  Fig..3). To,ensure adequate .anchorage,
the : orthogonal :direction- bonding -area ‘was-cxtended to the ends
of the slab.hunches. In addition, -ibonding at:the slab hunches
was designed to fix the support materials and thus .prevent the
CFRP from'sagging. - ...c«.° i il
Cloth and - ud:pre-preg were. used. in the test strengthening
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work for comparative study of the work efficiency and bonding
performance of these two types of CFRP.

M,ea.svure‘mehvt plan~—Measurement will be made on the items
listed in Table 6 during the strengthening work for confirma-
gglgPof"the bonding performance and strengthening effect of

CONCLUSIONS

We bonded to the lower faces of RC slabs from below using a
variety of methods. Confirmation tests were conducted for
bonding work, strengthening design methods, and strengthening
design results for RC slabs in steel box girders. The following
conclusions were drawn from these investigations.

1. The bonding e¢ffectiveness of various types of CFRP were
confirmed. Although CFRP bonded well in each test case,
the high rigidity of the hardened cloth plates prevented bond-
ing on slab hunches. It was also found that the 250 mm strips
were easier to handle than the 500 mm strips even though
satisfactory bonding required several attempts.

2. There was little variation in the preparatory work, sur-
face preparation, primer application and curing, but less time
was required for ud pre-preg bonding and resin impregnation.
This was because ud pre-preg is already = impregnated with
resin. This can be seen in the installation operations and the
quantities of resin used. On site, the material -is easier to
bond than cloth. .

3. The reinforcing bars and CFRP stress intensities can be
estimated with reasonable accuracy with RC bending theory which
basis the tensile modulus of elastic for CFRP on the results.

4. We confirmed that CFRP applied in 2 to 5 layers reduces
the reinforcing bar (the main reinforcing bars and the trans-—
verse reinforcing bars) tensile stress intensity to around 120
to 130 MPa '

CFRP' bonded by various methods from below to the lower
faces of RC slabs reduced the reinforcing bar tensile stress
intensity.  CFRP  plates are suitable strengthening materials
forRC slabs. | N
. Tests confirming the bending resistance of CFRP plates under
vibration loading were not conducted in this study. Tests on
existing bridges are scheduled for 1993.
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RECENT APPLICATIONS OF ACM IN CIVIL ENGINEERING
FIELD

Kiyoshi -Kata'wéki; -ItémNiShizaki and Iwao Sasaki
Chemistry Division, Departnient of Materials and Construction Methods
Public Works Research Institute, Ministry of Construction

Summary

Since ACM including CFRP and AFRP are produced in Japan their
apphcatlons has been developed with private sectors and governmertal
institutes. Wlthln new materials, ACM cableisa fnntful success for -

applying civil engineering field
One large apphcatlon area is-for concrete structure of new construction and

of re strenothen of existing, structure. Another application is a ground
anchor for 1 improving soil strllcture The advantage of ACM is 11°ht weight,

corrosion free and reliable.
The applications of ACM are expected to be mdef m civil engineering

field from thesé supenor characterlstlcs

Key word: ACM, CFRP, AFRP, their applications, cable, bridge, ground
anchor, durability .
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INTRODUCTION:

ACM, such as CFRP and AFRP, has advantages as corrosion free, high
specific strength and light weight from this materials characteristics.

In Japan, ACM has wide variety of applications for civil engineering field
since matérial scientists and civil eéngineéers jointly have studied.

Among ACM, some applications of CFRP cable and AFRP cable are

introduced i in this paper. -
CLASSIFICATION OF APPLICATIONS
| The classifications of ACM is shown in Tablel.

ACM will be applied for bridge, hanging cable, ground anchor and
reinforcement in the shape of cable, FRP plate and rod.

Table 1 Cla381f1cat10n of ACM

type | . structure . appllcatlons o 1

cable |concrete brldoe RS pretens1on/postten31on beam |
stayed brldoe | hanging cable - R
ground anchor * {permanent anchor

- | pilotcable " _suspensmn bridge

FRP plastlc foot bridge ~ |deck, stay cable

. _llinspection deck deck | )
rod | plastic remforcement reinforced concrete R

TYPICAL APPLICATIONS

Application for Concrete Bridge

Noto area of Ishikawa is one of the severest corrosion énvironment, being
strongly affected by the winter sea wind. In old bridge, the PC steel wires
in the concrete bridge are corroded and heavily damaoed

The Shinmiyabashi in Noto area has been constructed with CFRP cable
and was completed until 1988..

CFRP cable was applied in Shinmiyabashi brldoe for the first time in the
world. The design and construction were adv13ed with PWRI.

The bridge lenoth is 6.1m and the width with pretension type PC slab

bridge.
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Cross section of Shinmiyabashi

Completion of Shinniiyabashi

The other three bridges with CFRP cable in Noto area were constructed

from 1992 to 1993,

These girders form a full fledged.new material bridge for the wheel gird

relnforcement as part of the safe damage countermeasure on the basis of

the experience of the Shlmmyabashl

These three are all blcycle 10ad bridges.

Small foot bridges in golf course have been constructed as Tarubashl

bridge and Takahlko brxdoe ;

Also foot bridge Hlshoubashl (A1ch1ken) was apphed W1th ACM cable.

Aramid FRP cable was applied for constructing concrete bridges.

Yamanakabashi, 9.54 m length, is located | in Tou giken and is the first PC
“road bridge used with Aramid (Flbra)

iyt
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Cross section of the beam (improved)
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Bridge length: » 6.1 m
Width: Co 70m
Concrete strenOIh of main beams 49.0 MPa
Installation tensile strength:

Tension during operation: 0.6 Pu (Pu: guaranteed breakage load)

Tensile strength immediately

after installation: 0.55 Pu

Design tensile strength: -~ 0.45.Pu’

Reinforcement: ) Epoxy ¢oated steel bars
(J1S G 3112 SD295)

Design of the beam (Shinmivabashi)

Bridge length; - . 105 m

Width: - : 43 m
Concrete slrength of main beams 49.0 MPa
Inslallauon tensile strength: ST
Tension during operation: 0.6 Pu
Tensile strength immediately
- .. after installation: . . 055Pu
‘Design tensile suretigth:” 045 Py
Remforcement , , CFCC and Epoxy coated steel bars

Desxgn of the beam (1mproved)

Bridge length: , 7.3 m
Width: : . : 43 m
Concrete strength .49, O MPa -
Installation tensil engthy .
Tension dufi eration: .. - O 8 Pu
Tensile stré fiately 4
after inst (R _0 7 Pu
Design tenisile TR 0.6Pu
Reinforcement: All'CFCC

Design ofthebeam ( iiﬂb'r"ov"ed)
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Naoatsu River Bridge is a prestressed bridge reinforced by non metallic
matenals adopting CFRP for remforcmo matenals such as reinforcement,
distributing bar and stirrup.

4300
40 350 4

oy

b
&

L‘%wk o
Lﬁ[:djdvucgb\ng =5l —

(@
(68

24

Bicycle road bridge

Multi strand post tension type brldoe is adopted the i 1nner cable/outer cable

combination type PC structure.
This foot bridge has 111 m length and 3.6 m width with 1 span PC n°1d

frame. The inner cable is a post tension‘type CFRP and dutér cable is
applied with CFRP too.

Yamanakabashi

Research Project Sponsored by MOC Related to New Concrete
Bridge
The research pro_]ect of the use of new materials in the construction ﬁeld

has completed in March 1993.
In the project, many expenments in laboratories have been performed in
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applying ACM for concrete bridge. o |
The guideline for designing concrete bridge applied with ACM was
standardized by PWRI during this research project. This guideline deals
how to design and construct pretension concrete bridges. This guideline
will be testified in some bridges under coordinated with the pilot
constructing program managed with MOC.

Application for Strengthéning_‘conéreté'With ACM

Some existing concrete structures have been strengthened with ACM.
The details and some desi gn systems are studied with the Japan Highway
Cooperation and the Metropolitan Expressway Public Corporation.

Application for Ground Anchor

ACM cable has potential for usage in ground structure. Ground anchor is a
typical case that ACM cable has been applied recently.
Ground anchor has a role of stabilizing soil slope and concrete wall; with
using anchoring effect within‘ground soil. This has beeh widespread
around Japan. However sométimes old anchor has been corroded in soil.

ACM ground anchor has corfosion free advanta

in corrosive soil or ground ‘water. ) ,
3 type ACM ground anchor (Table 2) are developed and are evaluated
under the technology evaluation code managed with PWRC.

ACM ground anchor has light weight advantage. |
Light weight means simplified construction afid needs no heavy
construction machines. - ' |
These light weight tefision' miémbét and arichoring systém are welcomed

for the slope construction. Somie test site shows cost effectiveness of ACM

cable system. =

ge-and high reliability even

The typical system consists anchor, cable and pressure receiving plate.

_Table2 ACM for ground anchor

Type AFRP | CERP. | = CFK
Material- Aramid | Carbon [ Carbon
Shape _Rod | Strand |~ Rod
Diameter By R

Strength™ -~ |

Okg

. 00kg/mm2 | 15000k g/mm>
Unit weigth . 02g/m | - 153¢g/m | " 80g/m
Orp | SUS304 |7 SUS329 |~ 5US304




lainless steel tandon grip

Slainless stesl nut

Slainless sleel bearing pressure plalg

FRP Plate frame for
CFEFRP cable anchor

Free length ‘
Waler  portion Carbon liber

6X1X 12,5

<F spacer

Cross section of Iree )
length portion A spacer
Whiskers

B~ N
@" % Anchor length
. ‘% = portion

WA spacer

Cross section

of anchor . L
length portion Extra
length

Ground anchored with CKFRP cable

FRP plate frame combined with CFRP cable anchor
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FUTURE APPLICATIONS AND MATERIALS

Hanging cable in stayed bridge and suspension cable bridge is the one of
promised fields applied with ACM in near future.

And out cable of concrete bridge will be applied too, as some studies
related to this out cable system are going.

Since hanging cable and out cable will be exposed directly in sun shine, the
weatherbility resistance of ACM materials must be essential.

For the construction field, the durability of composite materials is more
important and the long term behavior of materials should be investigate.
The chemical and physical behavior differ from steel or concrete. Japanese
manufactures understand the importance of material design and make
efforts to improving engineering quality, especially durability performance.
We surveyed the deterioration process of composite materials in actual site
of maritime environment in cooperation study with private companies.

We have already started exposure test in tropical zone (Okinotorishima )
and sub tropical zone (Okinawa).

Conclusion

Since ACM has superior characteristics, more applications in civil
engineering field are expected. ‘

ACM has environmental sensibility, so durability or deterioration
resistance will be more important. However we have little information of
the mechanical and long term chemical behavior not only in hot wet
climates but in cold climates.

The durability test in atmospheric atmosphere and in corrosive soil ground
will be performed for improving material characteristics of ACM.
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Examples of Exposure Tests on FRP cables

Kiyoshi Katawaki, ltaru Nishizaki and Iwao Sasaki
‘Chemistry division, Public:'Works Research Instrtute,
Ministry of Construction, Japan

1. Introduction ' |

Fiber reinforced plastics using: hlgh tech fiber such as carbon fiber or aramld fiber
have good performances; light weight and strong, therefore development of
application techniques of these FRP for public structures are expected.

From these viewpoint, we are doing basic study-on the durablhty of FRP cables.
In this report, we would like to mtroduce examples of our exposure tests, because
exposure tests seems one of the main method of the investigation of durability.

2. Outline of the exposure tests of FRP cables _
Our mvestlgatlon on durability of FRP was started in 1988 so the longest

specimens have beén exposed for five years The tests are classified into 3 cases
as follow.

(1) CASE 1: FxpOSure test in order to study the durabrhty of FRP under long term
stressing condrtron
Exposed on shore: and off shore |
Two types' of CFRP_and two types of AFRP have been tested
Started in 1988 ‘and fiow continue -
Some of specrmens were recovered at the perrod of 1.5 years

- Long FRP. cables were! set»vertrcally from under watet-to the air,
and the difference of the exposmg envrronment was studred
Conducted S1nce 1990 t111 1992 C R v e

51,',,,\,, » R f‘

3. TheEprsure Sltes ' 1‘?'" o ‘?,a Stbenies o Elore o e
3.1 Maritime Technologwaesearch Statlon i Suruga S PR
Marifime Technology Research Station in Suruga (Shrzuoka prefecture) isa
platfotmlocated on shore in-Suruga bayslt was made-in-1983.in-order to: study

- the total maritime technologies such as the durabllrtyuand the: stabxhty of maritime
'struétures, ‘the dountermeasures for coastal drsasters hke erosron and 50" On

s a‘?’ ""\" ‘.
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The climate of Suruga is mild, but because of the location, It affected by sea salt
strongly.

It was located in the approximately 250 meters point from coast, and the size is
15x15 meters. There are three decks, and the first deck is TP 13. 9 meters, the
second deck is TP 8.9 meters and the third deck is TP 1.9 meters. The bottom of
the sea is TP -7.5 meters.

CASE 1 and CASE 2 were mainly tested at the third deck, but some of CASE 2
was tested at the second deck. CASE 3 was tested between TP -5.0 meters and the
second deck.

Figure-1 Marrtrme T echnology Research Statron in Suruga

3.2 Constructron Matenals Research Center in Tsukuba

This exposure site is located in PWRL It was established in order to study the
durability of materials for construction through exposure tests in 1990, . :
The total area is approxrmately 8000 square meters, and 5000 square meters are
able to use for tests. s
The climate of Tsukuba is temperature zone and it seems almost moderate and
average in temperature and sunshine in Japan.i -+ -

Average temperature: is'13.3'degree, rainfall of a year is 1240 mrlhmeters and
total of sun light is 1960 hours.
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Figure-2 Construction Materials Research Center in Tsukuba

Table-1 Characteristics of FRP cables

FRP types Steels
AFRP1 AFRP2 CFRP1 CFRP2 | Steel wire | Steel strand
Shape Rod Rod Rod Strand
Fiber Technola | Kevler X24 |
Matrix Vinylester | Epoxy Epoxy Epoxy
Fibei content (%) 65 65 65 65
Diameter (mm) 8 8 8 12.4 7 12.4
Weight (g/m) 65.1 64.5 76.9 144 302.2 729
Density (g/cm?) 1.28 135 1.57 1.53 7.85 7.85
Tensile strength 147 159 186 126 165 175
~ (kgf/mm?) |
Breaking stress 7,400 7,600 9,100 11,800 6,350 16,300
(kgf) {
Elastic modulus 5,570 8,250 15,150 | 10,700 | 20,400 19,800
(kgffmm?)| -~ i
Breaking strain (%) 2.6 1.9 1.2 1.1 >4.5 6.5

4, Main Results the Exposure Tests

‘Many of the exposure testsare now undergoing. Main'result of these are as

follow.
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4.1 Outline of the result of CASE 1 (mtenm report)

This exposure test was conducted in order to investigate the changes of the
remaining tensile stress and tensile strength of FRP cables with the passage of
time, because these performances seem very. unportant as the appllcatlon to the
prestressed concrete tendons. In this interim report, the exposure length is 1.5

years.

4.1.1 Testmg matenals , |
Two types of CFRP and two types of AFRP 1 were used in the tests as FRP cables.

The characteristics of these FRP cables are shown in‘table-1.

4,1.2 Specxmen s,

The shape of the specunen is shown in’ ﬁgure-S Three cables using same type
FRP are placed in a row, and exposed with keepmcr the tensile load The length of
the each FRP cables is 1.0 meter.

Anchorage made by FRP or stainless steel are setat each ends of the cables, and
tensile load was installed using hydraulic jack and stainless steel plates on the aim
of 5.0 tons for one cable.

The flame of the ‘specimén were. made by concrete, and ahead of the cables were
“recovered by concrete after tensile load install in order to keep safe if the cable
brakes.

Four specimens are made for each kmd of FRP :and two specunens are exposed

foreach exposure pomts

- eEe
| S T S
- |100. 150:. P 1,000 - Tt 150°4100) o
| Boe8dl6 f S IR R R
Df—L- = - =5l .
&~ d, I . N . g
SSEER —| [ 88 8l
NG - A — N — 1::}- PRI il :
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Stress (tons)

O =N WA o

AFRP 1 AFRP2 CFRP1 CEFRP 2
Type of FRPs . -
(a) PWRI o

Stress (Vto@s)'

‘of'?,_;‘ N W B L oy

AFRPl AFRP2 CFRPl ~CFRP2 =

T)fpeofFRPs o
(b) Suruga . O

Imt1al stress/Tensﬂe strength | Remar‘fs o
o AFRRI 058 o "‘. 1n1t1a1 stress" e
' 'AFRP2 170.66" ff " m remammg Stress
- CFRP17 055 Rt g
 CFRP2 042

~ Figure-4 Remaining tensile stress
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4.1.3 Exposure of specimens

Exposure tests were conducted in two different places. One is the S'uruga
Maritime Technology Research Station affected by sea salt splash, and the other
is the exposure site of the Public Works Research Institute located in” Tsukuba
where is mild environment, Both place are able to be considered as in the air, but
FRP cables considered hardly to be exposed to the direct sunlight because they
are placed in each grooves of the flame. . :

The exposure tests were started in February 1987, and half of the specimens are
recovered and investigated after 1 year and 7 months in Septerber 1989. The
other half specinens are exposed continuously.

4.1.4 Measurement jitems and method

(1) Measurement of the remaining tensile stress

The tensile stress of FRP cables was installed approximately 5.0 tons for one
cable when the specimens are made. The remaining stress after exposure tests
was measured in this test. .

A hydraulic jack was set to the exposed tendon as shown in figure- and loaded,
and measured the stress when the anchorage become loose.

(2) Tensile strength of the exposed FRP cables |

Tensile strength and elastic modulus of the FRP cables recovered at the
measurement of the remaining tensile stress were measured. Tensile strength was
used breaking stress and elastic modulus was measured by using strain gauge.

4.1.5 Result ©~ . N T |

(1) Measurement of the remaining tensilé stress R

The result of the reraining tensile stress was shown in figure-4. Tensile stress
was approximately 5.0 tons before exposure tests, but mostly specimens kept
about 75 percent of tensilé stress after exposed for 1 year ard7 ‘months.
Comparing AFRP and CFRP, Remaining tensile stress of CFRP tend to be larger
amount than AFRP. Most of CFRP are between 80% and 98%. Most of AFRP are
between 75% and 80%. Two of the three of AFRP 1 were broken partly ‘and its
remaining tensile stress were below 30 %. Because the breaking occurred at the
base, the reason of the breaking is suggested as the concentration of the stress.
There are other possibilities of degradation of the matrix resin, bit there aren't
clear change in the elastic modulus as shown in'next séssion, so it is necessary to
be investigated by other analyzing method like chemical analysis.

It seems danger to think simply that CFRP is better than AFRP from this result,
because initial stress was decided to 5 tons regardless of breaking stress, so initial
stress was 0.42 and 0.55 of breaking stress for CFRP on the other hand 0.66 and
0.68 for AFRP.

(2) Measurement of tensile strength of the éxposed FRP cables |
From the main result, almost all specimens show no specific changes in tensile

strength and elastic modulus.
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4.2 Outline of the result of CASE 3 <

For the evaluation of durability of FRP. materials under real maritime
environment, This exposure test have been conducted from under water to the air
for two years, and the durability has'been evaluated through the observation of
tensile strength and chemical property. In this section, the effect of exposing
environment to the durability is reported as follows.

4.2.1 Materials
The FRP cables used in this study are shown in Table-2. In these cables, No.7
has surface coating by fluorine resin to protect from ultraviolet degradation.

Table-2 FRP cables used in this study

No. I 1 2 56 7 10 11 14
Name | Carbonl | Aramid 1 Glass Vinylon
~ Fiber Carbon Aramid E Glass Vinylon
Matrix resin Epoxy Vinyl Ester | Vinyl Ester Epoxy
‘Diameter 12.5 6.0 6.0 6.0
VE (%) 64 65 65 65
Tensile strength 16.4 5.42 4.13 2.06

4.2.2 Condition of exposure test

Test materials(about 15m length) was set vertically as shown in Figure-5. The
test specimen was continuously put between splash and submerged area with
slight tension for which prevent from its swing.

(8900)O
Splash zone
Full tide level (2097)

j == Tidal zone
Low-tide level  (=700) '

Submerged zone

(-6696)0

~ Figure-5 Condition of exposure test
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4.2.3 Measurement items and method ‘ .
For investigation of durability at each exposed env1ronment the: specunens are
divided off vertically environmental sectionsidentified in Flgure-S from the
exposed:long span FRP cables. Thé sectional specimens were carried out to f

e

determine the materials degradation by nieasurement shown in Figure-6, and the
unit length of sections is decided to 2meters.

The tensile strength and elastic modulus was mainly used for determining of &
degradation, but mfrared spectroscopy was also used for reference of chemical 3
deterioration . ‘

R A ,,_5‘ u 18 9 10 Tz 13 1415 16 17 18 19 20
> : —— =<]<] <=
anchorage o anchorage N
‘Use for tehsile test — seBending —e—Chemical—
| | B R ~ Shear = analysis
(150mm) - 1000mm = (150mm)  300m " 400mm

F igu‘re-6 Specimens sectional division for measurement

424Resu1t AR R : :
The ‘result of tensﬂe strength of exposed FRP cables i show in® F:gure-7 to 10 ‘

by plotting on vertical exposure levél Without undsual sutpiit “measured w1th
corroded anchorage for example.

. — ;
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Tensile strength (tonf)

Figure-7 Re[AHEHEHTD Betw "‘éeh’re‘niam’ing"tensﬂe strength
and vertical exposure level (Carbon 1)
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Generally, there are many error of measurmo in'the tensile strength test for FRP
cables, and only one specxmen was used for every condition. ~Therefore,
volumetric discussion will be difficult, but tendency result is found out as
follows.

In submerged area, there are commonly tensile strength drop There are two
reasons why the strength has dropped. It seems that one of them'is concentration
of bending fatigue to bottom end of the long FRP cable. Thé other is hypothesis

of performance deterioration on composite materials because of water penetration
between fiber and matrix resin.

As for the result of Armada, certain. strength drOp is shows in  the upper part of
the surface of the water. This drop is due to the deterloratxon of polymeér
materials caused by the ultra violet ray.

Changing of the molecular structure was. meastiréed by infrared spectroscopy
analysis using repeatedly reflection on the surface(horizontal ATR method).

Main factor of the deterioration of epoxy resin is oxidation and decomposition, so
increase of the double bond between carbon and oxygen is indicator. And rough
texture was observed by visual inspection of the exposed specnnens Thé matrix
resin broke down and the fiber content became rich is the reason why the
specimens surface became rough texture

5. Conclusion e
Through these two exposure tests ‘some cases of detenoratlon of FRP were -

observed under some condition especnally submerged condltlon

Some kind of polymer composite materials shows degradatlon caused by the ultra
violet ray in the air, so Surface coatmg will’be sométime needed.

The exposing environment is very severe, cornparmg the actual condition, but
evaluation of durablhty of FRP seems very 1mp0rtant

IR
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éjw;th’thls programm we, wanted to see if GFRP?

INTRODUCTION TITLE

First ' of all

types. So, I am not an: expert in composite material; but,

since 1988 we begin to be ihterested by these new materials,‘

GFRP. It was very attractive to use this new type of. rebar

' bécause they prevént all domages caused by corrosion of steel.

~In 1990, Quebec DOT, flnanced a first study to see if it could
be posslble to use GFRP in concrete.

The objective of my talk, this morning, is to present the
results of the study and the field application with GFRP.

IDENTIFICATION

The name of the rod tested is "ISOROD" and it is manufactured
by Pultrall inc. in Thetford Mines, Canada. This rod is a
glass fibre type E with vinyl ester coating.

The tests have been performed by or Sherbrooke University and
Polytechnic School 1n Montreal.n

For the fleld test we selected a nmjor brldge repair in
Montreal aréea’-ahd we- ‘rebuilt :the Median: Barrler,,New Jersey

type with- foUr differents’ relnforcement

- Normal steel

- Epoxy coated rebar
- Galvanised steel

- GFRP

The installation has been completed during Summer 1992 and
inspection program is set up for the next years.

- 1mST. pii‘c"i"G"RAM

in? concrete expo%ed to freezlﬂg and - thsw1ng and also

evaluated the bond- to concrete

Mechanical property of the’ GFRP wag’ not the main object1Ve of
the progect

%ﬁm—

f has ‘you can see, I .am mainly involved in’
concrete fleld and partlcularly brldge deterioration of all -

it e,

e v by o et
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MECHANICAL PROPERTY

Evaluation of mechanical property has been llmited to the main

- characteristic like:

- ' Tensile strength

- Modulus of Elastlclty
- Poisson ration

- and thermal expansion

FLEXURAL TEST OF THE FREEZING AND' THAWING

With this teést we wanted to know the effect of the rapid cycle

of freezing and thawxng on .flexural strength of concrete prism
bulld with three dlfferents type“ of rebar'

- Normal steel
- Epoxy coated rebar (ECR)
- GFRP -

The test used was the flexural strenght determlned by central

loading (ASTM - C293) and the freezing and thawing cycle meet
the ASTM C666 requirement with & cycles/day.

ILLUSTRATION OF THE FLEXURAL TEST

REINFORCEMENT OF THE PRISM

Steel wire mesh 50 X 50 mm
Position of rods

TABLE OF RESULTS

This table gives the results the force (kN) at fallure of the
prisms at 0 and 600 cycles of F/T.

For the 3 bars evaluated we note the sane tendancy between 0
and 600 cycles but the level of re51stance 1s not the same.
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GRAPHICAYL JILLUSTRATION OF FLEXURAL

We see about ‘the same 'slope. for the 3 .rebars.,: Do not forget
that the diameter of the GFRP is smaller than the two others.

Based on these results we can concluded that F/T has the same
effect on GFRP than on the steel rod:..

FLEXURAL TEST AT LOW TEMPERATURE

Again; we evaluate the flexural strenght of cdncreteuprism
reinforced with steel ‘on GFRP. : ‘ : S

This time we mesured the flexural stréhght By the thiré point
loading (ASTM C78). . S

The evaluation has been done on spééimeﬁ cbndiﬁibﬁéd at -30°C
or 20°C before test.

TYPICAL RESULT

Steel at 20°C, charge vs defléction.

TYPICAL RESULT

Steel at -30°C

TYPICAL RESULT

Charge’(kN'vs'deflection)
GFRP at 20°C

TYPICAL RESULT

(GERP at -30°C
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Results illustrate clearly the difference of modulus between
the rods (steel vs GFRP).

In both cases, low temperature did not seen to have some
detrimental effect.

BOND WITH CONCRETE

This was one of the most important characteristic that we want
to evaluate in this testing program. »

The test has been reallsed in accordance w1th ASTM C234,91.,

Baelcaly the test is a measure of the force to pull off a
rebar embedded in a concrete block (as illustrated).

Great dlfference is observed betwen GFRP and steel in term of
bonding with concrete.

For the same bar diameter, GFRP is about. 75% of steel
bond.

Examination of the GFRB after teStvibdicated the weakness
of the ribs to improve boénd with: ¢oncrete.

ILLUSTRATION OF THE GFRP USED IN CONCRETE

Median barrier on Mederic Martin Bridge

FIELD APPLICATION

Actually the use of GFRP has been limited to non
structural application

Province of New Brunswick use GFRP for slab on ground on a
pier. Province of Quebec use GFRP for New Jersey Barrier.
Hydro-Québec and Aluminium Plant use GFRP for electromagnetic
protection. ,
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T.l6 SITUATION_ IN CANADA

* Non structural application
* Most of the recent studies are realised by
Sherbrooke University
National Research Council (NRC)

* Specialist are working on a Canadian Code for ACM.

T.17 CONCLUSION

From this first field use in Quebec with this type of rod we
can say that

- GFRP has a good performance in concrete
submitted to freezing and thawing and at low

temperature,

-~ Stability with time is still questionnable.
- Bond to concrete has to be improved.
- No problem with installation in field

~ Cost is very high actually. ;

1993~11-26
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IMPLEMENTING ARRANGEMENT
BETWEEN
THE PUBLIC WORKS RESEARCH INSTITUTE
OF THE MINISTRY OF CONSTRUCTION OF JAPAN
AND o

THE RESEARCH AND DEVELOPMENT DIRECTORATE

OF THE DEPARTMENT OF TRANSPORT OF CANADA
CONCERNING COOPERATION IN

| HIGHWAY SCIENCE AND TECHNOLOGY

The Public Works Research Institute (PWRI) of the Ministry of Construction of Japan
and the Research and Development Directorate (R&DD) of the Department of Transport

of Canada, hereinafter referred to as "the Parties",

Desiring to promote and enhance the development and transfer of technology with
respect to highway transportation between Japan and Canada; and

Desiring to proceed with cooperative activities pursuant to and governed by all the
prowsmns of the Agreement between the Government of Japan and the Government of
Canada on cooperation in Science and Technology (the Agreement) 51gned in Tokyo on

May 7, 1986;

Have decided on the following Implementing Arrangement (the Arrangement) in
accordance with Article Il of the Agreement: .

Article 1
Scope and Objectives

The purpose of this Arrangement is to ’p'rovi'de for a program of mutually beneficial
cooperative activities to -be undertaken by both the Parties in the field of highway
transportation research and technology including, but not limited to, the. following topics:

1. Paving in Cold Areas (PICA)

2. Intelligent Vehicle Highway Systems (IVHS)
3. Wind Resistant and Seismic Structures

4. Road Environment -

5, Advanced Composxte Matenals (ACM)

Article I
Coopetat:ve Actmtles

Cooperatxon may be pursued throthh several means, mcludmg but not limited to:

"u‘,zi‘;‘x:- s

| Y Exchan‘ge“'of ‘te'chr'iical ﬁinfoﬁnation',‘ reports;' S /%D
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data’ bases and publications;
2. Exchange visits by technical experts on short term

‘ assxgnments
3. Jomt workshops arid symposxa on topxcs of mutual N

‘interest! and
4. Joint research. _

B

Artxcle i
Partlc ipating Agencxe

Both the Parties, as apprépﬁate in the cooperatlve actlvxtles, may allow the participation
of other agencies, outside their own organizations. Such agencies, to be referred to as
the Participating Agencies, may be drawn from all sectors of research establishment,
including other levels of governments, umversxtles, natlonal laboratones, and ‘the pnvate
sector, The Parties will act as coordmatmg bodles for all the cooperatlve actmtles

including those of the Partxcxpatmg Agencnes

Article IV
. Program Coordination

’I‘he Partles de31gnate thelr followmg of.ﬁcers as overall Program Coordmators for
1mp1ementmg this Arrangement: . ,

PWRIL: . Assistant ,Dire:ctor-,—‘(__}_ene,ral ‘

R&DD:  Chief, Planning arid Coordination
The Program Coordinators will be responsible for:

1. Designating a Contact Person for each individual
topic under this Arrangement

L2 Selecting cooperatlve actwmes,

" '8! Preparing petiodic’ ‘statii§ and ﬁrog‘ress reports;
4, Arrangmg rneetmgs, workéhop‘é‘ and- exchange wsxts,
B, Meéting périodically to'review the dooperation and -~ =~ :
&

resolve any difficulties.

. I .-
B IR Y R S

7 Implementatwn e TR SRS

j' \v .
DERIY SHVR R

The cooperative activities will be 1mplemented in accordance W1th the followmg terms

and conditions: -
1. Funding arrangements, wheréVef required, will be
agreed upon on a case— by—case basis;

o Inebnitiection with the: exchage’of reports, data and: s g
other material, each Party will respect any conditions /@p

or limitations.on further dissemination as may. be ..

. S _ | 7—340— ) . Ea \
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~ proposed by the other;
3. The Party transmitting information, while making
every effort to ensure its accuracy, will not be held
liable for the content or use of such information;
4. In case of joint projects, both the Parties will
decide in advance on the tasks to be performed by each
and the dissemination of results.

Article VI
Intellectual Property

Scientific and technical information of a non—proprietary nature resulting from the
cooperative activities under this Arrangement may be made available to the public
through customary channels and in accordance with the normal procedures of the
Participating Agencies.

The intellectual property created or any proprietary information furnished in the course
of cooperative activities under this Arrangement will be protected and managed by both
the Parties in accordance with prior decision in each individual case and both the Parties
will consult with each other for this purpose as necessary.

Article VI
Duration

This Arrangement will come into effect upon signature and will remain in force for five
years, Either. Party may terminate this Arrangement at any time upon six months’
written notice to the other. The Arrangement may be extended and amended at any
time by written confirmation by both the Parties as long as it is in force. The
termination of this Arrangement will not affect the carrying out of any cooperation
activities undertaken under this Arrangement and not fully executed at the time of the
termination of this Arrangement.

DONE in Tsukuba, this 7th day of December, 1993,

For the Public Works Research Institute For the Research and Development
of the Ministry of Construction - Directorate of the Department of
of Japan Transport of Canada

- Yukihiko Sumiyoshi A. E. Pokotylo

‘Director—General ' Director General

'PublicWorks Research Institute : Research and Development
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Schedule of the Workshop

Dec. 4(Sat) Arrival at Narita from Canada
5(Sun) ‘Arrival at Narita from Canada

8(Mon) Task Commnttee Meeting
© A Paving in Cold Area (PICK) o
+ Intelligent Vehicle Highway Systens (IVHS)
: Wind Resistant and Séisnic Structures
¢ Road Environment -
» Advanced Composi'te Materlals (ACM)

o Qo

7(Tue) Visit to PYRI Laboratories
Signing Ceremony '
Opening Ceremony
Keynote Topics - ' ‘ o
"The Road: Adminlstration System in Japan”(Road Bureau, HOC)
"The Road Adwinistration System in Canada”(Transport Canada)

8(fed) Presentatlon on Road Research
: - "Road Research in -Japan”(P¥RI)
”Road Research in Canada”(Transport Canada)
Reports of Task Comnittee: S o
" Discussion ‘on’ the ‘Workshop' Sumnary
Program Coordination Meeting
Closing Cerenony

9(Thur) Study Tour (Tsukuba‘—-> Kobe)
- AKashi‘Brides, Maiko'Tuninel

10(Fri) Study Tour (Kobe --> Ogaka —~> Kyoto)
~ Kensal International Airport, |
T Thattie: control cehter 6f Hanshln Exprestay Public

Corgorat it
Meishin EXpressway

11(Sat) Trip (Kyoto --> Tokyo)

12(Sun) Departure to Canada from Narita
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Session

Monday,

Program of the Workshop

December 6

9:30 - 10:00 Registration

10:00 - 12:00 Task Committee Meeting

A:PICA

10:00~10:30

10:30~-10:60
10:50~11:10
11:10~11:40

iifaﬁévié?do;f

B: IVHS
10:00~10:30

10:30~11:00

11:00~11:15
11:15~11:45

11:46~12:00

(Meeting Room 8F)

.(HeetinéhReom 528)
Presentation

/”Pavements in Japan

Toshiyukl Nakamura / Head Pavenent DlViSlon,
Road Department,. PWRI >
Discussion
Break
Presentation
"Pavements in Canada” . : :
Gerhard J. Kennepohl / Manager, Pavements & Roadway
~+0ffice, Research.& Development. Branch
Ontarlo Mlnlstry of Transportatlon

Dlscuss10n

'e'r;j o | (Meétlng Room 627)
Presentation .. : e

"Present State of tVHS 1n Japan BTG _
Makoto Nakamura:/ Head Trafflc Englneerlng D1v131on,

‘Road Department PWRI

“Presentation -

"Present State of 1VHS in Canada”
Milton D. Harmelink ./ Director;: Transportatlon
Technology and Energy Branch Ontario Mlnlstry of
Transportation :
Break IRV ERE 3 ol R RS
Presentation 5. R N N R

- Vehigle Informat1on;&-CommUn1catlon,System,;GVICS) d
' Yosntaro Masuda / Téchnical Counselor,fﬂlghWay Industry

Deve lopment Orgsnization St g ilaield
Discusgion |
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R AR LD 2 0 ot

C:WIND:SEISHIC N T - (International Conference Room 8F)

10:00~10:45 Presentation
"Seismic Design of Road Bridges in Japan
Kazuhiko Kawashima / Head,
Ear thquake Engineering Division;vPWRI
10:45~11:30 Presentation
Donald L. Anderson / Professor,. Department of Clvil
~Engineering, University of Brltish Columhia

11: 80fv12 00 Discussgion

”

D: ROAD ENVIRONMENT . , , . (Meeting Room 532)
10:00~10:40 Presentation : '
"The Present Status on Road Env1ronment in Japan”
- ”The Road Environment:-Policy in Japan”
Jun Ando / Assistant Director, Road Environment
»~ . Research Section,Planning Division,:Road Bureau, MOC
~ "The Téchnology Rélated to the Road Envirohment”
Minoru Ishida / Head, Traffic Environment Division,
... Environment Depattment, - PWRI
10:40~11: 20 Presentation - : :
”Environmental Impact Assessment Process Followed in
- Canada” :
”Detalled Examples of Studies, Desxgns and Construotlon of
Highway. Environmental Projects” o
“Experiences Related to Noise Mltlgatlon, Soil Erosion
Techniques and Road Surface Drainsge Issues”: o
_ Michael Kent / Director, Highway Environment,
B B C Transportatlon and nghway
11:20~11: .30 Break
11:5012%00 DlSCUSSlon On R&D Act1v1t1es of Both Countrles

,10 10:00~10:50 Presentation

”Flrst Experjence with FRP in Quebec i S
"Danis) Vezina "/ éhéf e la sectlon des Betons de

ciment Division 'deés prodiits industrlels
/.1 Jransports Quebec . ..

faen : K R
; A
PR EERETH I

PR A
ortnie et o
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~ "Advanced Composite Materials in Bridge and Structures
in Canada - An Overview”
‘Ken' ¥. ‘Neale / Proféssor, Department of Civil
Eng Ineering, Faculty of Applied Science, University of
'Sherbrooke :
10:60~11:00 Break
11:00~12:00 - Pregentation . '
~"A Study on the Strengthening with Carbon Flber of

Existing Structure”
Hirofumi Ando / Bridge Section, Research Instltute,
Japan Highway Public Corporation .

YRC Slabs Strengthened by Bonded Carbon FRP

- .- Laboratory Study and Application -”

Masao-Maruyama / Manager, Design Division,
Tokyo Maintenance Department,
Metropolitan Expressway Public Corporation

“Recent Appllcatlons of ACM in ClVll Englneerlng Field

in-Japan”

Kiyoshi Katawakl / Head Chemistrv Division, PWRI

“Exanples of Exposure Tests on Fiber Reinforced Plastics

Cables” o
Itaru lehlzakr / Researcher, Chen1stry Division, PHRI

12100~v13'80 Luneh . (Outside of the Institute)

13:30~17:00 fask Comnlttee Meetlns -
APICA - o | (Meetlng Room 526)
13:30~14:00 Report on P]CA 5 and Direction of PICA 6 )
Gerhard J. Kennepohl / Manager, Pavements 3 Roadway
0ffice, Résearch & Development Branch
.. . Ontario Ministry of Transportation -
14700~14:45 Discussion
14:45~15:00 Conclusion
Toshlyukl Nakanura / Head‘ Pavement D]Vlsion,

. Road Department PWRI
15:00~15:30 Break
16:30~16:00 Report on the Direction of Cooperative Actlvities
Toshiyuki Nakamura / Head, Pavement Division,
Road Department, PWRI
16:00~16:30 Discussion-

16:30~17:00  Conclusion
Toshiyuki Nakamura / Head, Pavement Division,

Road Department, PWRI
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BiIVHS - (Meeting‘Room 627)
18:30~-14:00 Presentatxon Pt
"Towards a ‘Universal Low~Cost Multi Applioation [YHS
Infrastructure”
Lewis Sabounghi / Senior Development 0fficer,
Traneportatlon Development Center
14:00~14:80 Presentation -
"Preparation and! Applloatlon of Dlgital Road Map in Japan”
Masao Shibata /:Executive Managing Director,
Japan Digital Road Map Association
14:30~15:00 Discussion
16:00~16:15  Break S '
16:16~17:00 Discussion on the Dlreotlon of Cooperative Activities
C:YWIND:SEISMIC (International Conference Room 8F)

13:30~14:30
14:30~17:00

- D:ROAD ENV I RONMENT

Visit to Laboratory
Discussion on the Direction of Cooperative Activities

- (Meeting Room 532)

13:30~14:45
14:45~15:00
15:00~16:00

16:00~17:00..

EACH ¢

13:30»v15500thlsous31on 0N the Direotion of Cooperatlve Activities

16:00~15:15
15:16~17:00

Tuesday,:

Discussion on the Dlreotlon of: Cooperative Activities

Break -

Drawing up the Task Commlttee Report

“Tour through the Fa0111t1es for Road Environment R&D

in PWR[

(Meetlng Room 534)

Break: :
Preparatlon of the Report of Task Conmlttee

December 7

9:30~12:00

112:00~13:30
13:30~14:00
14:00~14:30
14:30~14:45
14:46~15:00

Visit to Research Laboratories in PYRI

(Pavement Test Field, Guide Light-System, Test Track,

Boundary Layer Wind Tunnel Laboratory,

~Vibration Laboratory, Air Pollutién. Laboratory,

Material and Structural Englneerlng Laboratory Complex) -
Lunch { (Meeting Room 1F)

Signing Ceremony (Meeting Room 8F)
Opening Ceremony for the Workshop (Meeting Room 8F)
Group Photograph SR s o
Break SN
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Keynote Toples - | (Meeting Room 8F)
(Chairman : Toshinori Mizutani, Dxrector, Environment Department, PWRI)
16:00~16:00 ”"Road- Administration System in:'Japan”

Nobuhiko Sato, Director;*Planning‘Division,

Road: Bureau, MOC . ... :
16:00~17:00 “Road Adwinistration System in Canada”

August E. Pokotylo, Director .General,

Research & Development: Directorate, Policy and

- Coordination Group, ‘Transport Canada

Reception : :
18:00~20:00 (Hosted by Yukihiko Sumiyoshi, Dlrector General PWRI)_

(Hotel Sunroute Tsukuba)

O11:30~13:30 Registration (Meeting Room 8F)

Wednesday, December 8
Presentation on Road Research (Meetlng Room 8F)
(Chairman : Masashi lkemura; Director, .
Material and Construction Method Department PWRI)

9:00~ 9:45 "Road Research in Japan”. - :
Yutaka Anzaki, Reséarch COOrdlnator for Road Trafflc,
Road Department, PWRI o

9:45~10:30 ”Road Research in Canada”

T Shyam Khubchandani, Chief, Planning and Coordlnatlon,

‘Research & Development; Directorate,.Pollcy ‘and -
Coordlnatlon Group, Transport Canada ‘

10:30~10: 45 Break

10:45~11:45 Reports of Task Conmlttee R xrsfé(Meetlng Room 8F){
11:45~13:00 Lunch - IR ) A TR EEON T EE RO R R |
13:004v15¥30-5DlsouSs10n on ithe’ Workshop Summary 'A(Meetlng Room 8F)
16:130~15:45 Break: R ESNEEr R vas?fan
15:45ﬂv18:30-mProgram Coordlnatlon Meetlng o ioii(Meet ing Room 8F)
16 30"’16 4’04;?Break R AT B - ".::1':‘57»3’5 ‘:f“f'_';' .
f16 40~v17 10Av01031ng Ceremony i (Meet'ing RoOH :8F)
xReceptlon it [ T AN S TR RELEIUTCRNN O R S S
18:00~20:00 (Hosted by Canada) LTt deadd sy DRI

' (Tuskuba Center for Institutes) Bt ORI b
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Signing Ceremony

1. Tine
Tuesday, December 7, 1993 (13:30° - 14:00)

2. Place '
Meeting Room (8th Floor);, Public ¥orks Résearch Institute

3. Program _
~Call to order by Mr. Masahide Tamura, Director of Planning and Research
Administration Department, Public Works Research Institute '

Signing “Japan Side : Yukihiko Sumiyoshi, Director-General,Public Works
Research Institute, Ministry of Construction
Canada Side ' August E.Pokotylo, Director-General, Research and
S ‘Development Directorate, Policy and Coordination
Group, Transport Canada
Remarks by-Mr.Yukihiko Sumiyoshi, Director-General, Public Works
Research Institute, Ministry of Construction :

Remarks by Mr. August E.Pokotylo, Director-General, :Research ‘and
Development Directorate, Policy and Coordination Group,Transport Canada

e}

Closure by Mr. Masahide Tamura
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Opening Ceremony

1. Time
Tuesday, December 7, 1893 (14:00 - 14:30)

2. Place
Meeting Room. (8th Floor), Public Works Research Institute

3. Progranm o
. Call to-order: by:Dr. Takashi. ]iJlla, Assistant Director-General, Public
Works Research Institute » ‘

: Remarks by Mr. Hiroyuki Fujikawa, Director-General, Road Bureau,
Ministry of Construction - . .

Remarks. by Hr. Donald:¥ilfred Campbell, Ambassador, Embassy of Canada
Remarks by Mr. Shinichiro OQura, biféctér, Intérnational Affairs
‘Division; Science: and Technology Promotlon Bureau; Science and -
Technology Agency o : SR

... Introduction of~Parti¢ipants :
Cfbéufe-by“Dr; Tékééhf‘iifiié.:
Adjourn

4. Group Photograph 14:80 - 14:45

Place : in front of the main entrance(1F)
"~ (in case of rain :. 1F lobby)

—352~—

T A R A A s T A A oA S R S i




Closing Ceremony

1,

o

Time e RN :
Wednesday, December 8, 1993 (16 40 - 17 10)

P]ace

ﬂMeeting.Room ‘(8EH £ 1oor); Public Works Ressarch”Institute

. Progran

Call to order .by Mr. Masashi Taguchi Director, General Affairs

; Department iPubliic Yorks: Research InStltUtB

Closing Remarks by Hr. Shyan Khubehandanl, Chlef Planning and

Coordination, Research and Development :Directorate, Policy and

Coordination Group, Transport Canada

‘Give‘Presénts . -1

Closing Remarks by Dr. Takashi- lijima,: Assistant Director-General,
Public Works Research Institute, Ministry of Construction

Closure by Mr. Masashi Taguchi
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Schedule of the Study'Tdur

Decenber 9 (Thur) - 7:30
13:20

17:30

10 (Fri)  T7:80

1700

11 (Sat)

18:00

12 (Sun)-: -

Leave Sky Hotel(TEL: 0298 b1~ 0008)
Arrive .at Kobe . - .

Akashi Bridge(Under Constructlon ;U C)
Maiko Tunnel(U.C)

. Arrive.at Greén Hill Hotel]I(TEL 078-222- 0909)

Leave Hotel

‘Kansai International Airport(U.C):

Traffic Control.Cénter of ‘Hanghin- Expressway
Public Corporation :

‘Meishin Expressway .. ‘
Arrive ‘at. Kyoto Royal Hotel(TEL 075 223 1234)

.l_‘,‘,,

Move from Kyoto to Tokyo
Arrive at‘Hotel Yaesu-Fujiya (TEL:03-8273-2111)

- .+ Departure:to Canada .*

T




