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EXECUTIVE SUMMARY

The Division of Roads and Transport Technology (Transportek) of the CSIR (formerly the
Council for Scientific and Industrial Research) in South Africa was commissioned by the
Institute of Transportation (IOT) to assist in the establishment of a Transportation Engineering
Research Centre (TERC) to augment its current R&D capabilities. The scope of services 1o
be provided were spliit into the following ﬂ;ree stages:

. Stage 1: Review of past planning, needs analysis and strategic planning in
collaboration with IOT counterparts and other stakeholders in ROC:

. Stage 2: Technical interactions between specialist staff of CSIR and 10T to define
specific resource allocations and research direction in the selected tocus areas:

. Stage 3: Final reporting and development of implementation plans for formal

establishment of TERC.

Stage 1

A review of four international transport research organisations was carried out to gain a
historical perspective of the issues which are likely to impact on the establishment and
development of TERC. In addition, an industry survey was carried out and was aimed at
determining the extent and nature of R&D needs of the industry. Information was collected
around the following areas: '

. primary role and function of TERC;
. types of support services to be offered:
. research needs and priorities;
. potential funding mechanisms;
. relationship of TERC with different sectors of industry;
. relationship of TERC with universities; and
. management structure of TERC.

From the analysis of industry needs the foliowing preliminary technology focus areas were
identified:

. railway engineering;

. highway engineering;

. safety systems and traffic engineering;

. engineering laboratory support; and

. information management and technology.
Stage 2

Following the initial survey of needs and expectations, a series of detailed interactions were
undertaken in the identified focus areas to establish a perspective of current transportation
practice in ROC and of the interface between practice and the transportation research
environment. This investigation focused on the following aspects:

. current design methodologies, standards and specifications used in highway and
railway engineering;



. practices and methodologies in traffic management;

. existing testing and measuring facilities;

. possible areas of testing facility overiap or duplication;
availability of human resources in terms of skills levels and specialisation; and

. facilities and skills availabie at agencies which showed an interest in cooperating with
TERC.

The survey of current practice in the identified focus areas allowed for a framework for a
strategic plan for TERC to be developed and the following proposed objectives were formulated
as part of the plan:

. to draft national standards, procedures and methods for the planning, design,
construction and maintenance of roads and railways and for traffic engineering and
safety;

. to act as an independent and objective testing and evaluation authority for the
transportation industry;

. to provide specialised technical support for engineering agencies engaging in materials
testing, quality control and technical analysis; ‘

. to encourage and coordinate the development of new engineering technologies and
to promote technology transfer; and

. to play an active role in the development of engineering manpower for the

transportation industry.

Stage 3

To assist in structuring an understanding of the technologies required by the transportation
industry in ROC, a technology tree was developed for the industry. The principle used was o
identify the technologies or knowledge areas underpinning each level of technology, until all
the base technologies for an area have been determined.

One benefit of this approach is that a perspective may be built of a technology strategy for a
discipline, i.e. of where efforts for development, acquisition or joint venture must be aimed,
since own capabilities or iack thereof are easily identified. For the purposes of achieving a
better definition of the respective roles of TERC and 10T, the technology tree also provides a
basis for allocating technology responsibility within the confines ot a particular discipfine or
project. Based on the concepts introduced and discussed in the repor, the current divisions
of 10T would tend to aim at technologies higher up in the technology hierarchy, where strategy
and policy issues dominate and hard engineering support is of lesser importance. TERC would
engage in work towards the lower end of the hierarchy by providing the vital engineering and
technological support required to arrive at rational decisions regarding national policies and
strategies. A coordinated approach to providing technology support of this nature is lacking
in ROC and this has been identified as a primary reason for the fragmented nature of current
transportation R&D.

The atlocation of responsibilities at the interface of standards, procedures & engineering and

pianning, policy & strategy becomes a matter of negatiation and will largely be determined
by the nature of a particular project. The technology tree clearly demarcates the domains of



the current 10T Divisions and the proposed T_ERC focus areas and these may be defined as
follows:

. Current IOT Divisions: research and development for transportation planning, policy
and strategy:
, TERC: R&D for engineering and technology support in respect of standards,

procedures and services to the current 10T Divisions and industry at large.

To gain maximum benefit, TERC must be fully integrated into the 10T structure and take part
in R&D strategy pianning and decision-making. However, for the effective integration of TERC
into 10T, it will be necessary for the existing 10T Divisions to retain a separate identity. It is
theretore recommended that the existing Divisions be renamed the Transportation Policy and
Planning Research Group (TPPRG). The recommended organisation structure for I0T shows
that TPPRG and TERC are both headed by a Deputy Director General. The Director General
of 10T, together with the two deputies, should take responsibility for the coordination for R&D
activities between the two units.

By increasing the capabilities of 10T through adding the engineering support provided by
TERC. 10T would be ideally positioned as the national coordinator of transportation R&D to
prevent the current fragmentation of activities. It should be noted that the technology tree does
not expand on the underpinning technologies for marine and air transpont, as these are
currently provided by other institutions. Policy and planning R&D in these areas would however
still rest with TPPRG (as is the case at the moment with the current Divisions of IGT), as would
the coordination of research in these areas.

To ensure that R&D plans are aligned with a technology vision for ROC and to ensure effective
technology transfer, 10T must coordinate transportation R&D in association with the MOTC
Office of Science and Technology Advisors. This implies that 10T plays a central role in
developing a transportation technology strategy for the country. A system of steering
committees or research advisory panels is suggested to regulate the generation, prioritisation
and communication of industry needs to the research sector and also to facilitate the transter
of technology. A model for explaining the interface of 10T with industry has been developed.

Information technology is a key resource and effective management of information will enable
TERC and IOT to make a significant impact on industry. This resource is currently not utilised
in line with its strategic importance, though initiatives have been put in place to establish a
larger data management rapability in I0T. Recommendations for expanding this function are
presented. While it was initially feit that this function should become part of the TERC
- structure, detailed investigation has shown that the establishment of a formal computer support
function should be a corporate IOT responsibility, either as a new Division or under the control
of the current Transportation information Division.

Having distinguished between the roles of TERC and the existing Divisions of IOT and given
recommendations on an 10T structure to accommodated the different roles, the foliowing
conclusions and recommendations were made specifically around the establishment of TERC:



All sectors of the transportation industry expressed a need for the development of the
Transportation Engineering Research Centre (TERC) to provide hard engineering
support and additional competence in transportation research. It was further
acknowledged that TERC should become a centre within the structure of the currem
[nstitute of Transportation (IOT).

Strategic issues were defined far the transportation industry in ROC, from discussicns
with decision makers and from official documentation regarding the ROC Six-Year
Plan. These must guide strategic planning for TERC's research and development
actions and are identified as:

. Accessibility and Mebhility in the Transportation System;
. Environmental Impact of Transportation projects;

. Transportation Safety:

. Modal Integration of Transportation Systems;

. Transport Infrastructure Development and Preservation;
. Technology Development and Integration.

TERC should focus on the road and rail sectors of the transportation industry.
Discussions showed that the R&D needs of marine transport and aviation are currently
catered for by other agencies such as the Institute of Harbour and Marine Technology,
the initiatives of the Civil Aeronautics Administration and the current research
capabilities of IOT in these areas. The following technology focus and competence
areas were identified for TERC:

Highway Engineering:

Pavement design and materials
Construction

Pavement management and performance
Structures and geotechnics

Railway Engineering:

Track performance and component analysis
Rolling stock

Systems management

Safety Systems and Traffic Engineering:
Human Factors

Safety Engineering

Legal Aspects and Emergency Services
Tratfic Management

Detailed recommendations regarding technology strategy, potential research areas and
projects, the laboratory and suppon facilities required and the manpower requirements

for each competence area are presented.

The initial establishment costs for TERC should be provided by central government and
government should be largely responsible for the ongoing financial suppont of the

v




centre. As the centre matures, consideration should be given to increased involvement
and support from the private sector and other public sector transport authorities on a
contractual basis. This is in line with current international trends, particularly those
observed in the four transportation research organisations. investigated.

Well-equipped testing facilities and laboratories exist at a number of universities, inter
alia, for civil engineering structures at National Taiwan Institute of Technology (NTIT),
National Taiwan University (NTU) and Nationai Cheng Kung University (NCKU).
Testing laboratories for asphalt materials exist at National Central University (NCU) and
NCKU. These facilities can handle routine testing work, but have been set up with the
aim of executing very specialised testing. Research at the universities is well
advanced and in line with international trends, but transfer and implementation of
technological advances to industry does not appear to take place effectively.

Some of the facilities required by TERC are large and costly to establish and may not
be utilised on a full-time basis. It is recommended that consideration is given to the
sharing of such facilties where available, especially in the initial phase of TERC's
establishment and until the demand justifies investment in its own facilities. Therefore
it appears feasible for TERC to cooperate with institutions such as the ARTC, CSIST
and universities with appropriate facilities, as some of the facilities offered by these
organisations will be required in the TERC research projects.

From the options identified in the report for establishing a test site for TERC, it is
recommended that this 1aéility be located in Tainan as part of the new campus of
National Cheng Kung University. An agreement must be negotiated with NCKU for the
use of a suitable area of land for this purpose, in terms of which 10T will be
responsible for site development, maintenance and operation while being able to
interface with the relevant expertise and facilities at this and other universities.
Possible sensitivities regarding such an alliance with NCKU must be investigated and
managed by IOT. ‘

Recommendations are given for the different laboratories and support facilities that
should be provided on the TERC test site. Provisional resource requirements
(manpower and equipment) are also presented.

One of the key success factors for the implementation of the action plans will be to
appoint an appropriate chief executive for TERC. Ideally this appointment should have
been part of the initial planning process outlined in this document. This implies that
the appointment should be internal to 10T.

An implementation plan is presented in the report to assist 10T in the phasing of the
establishment of TERC and prioritisation of the various activities for formal establishment is
given. Staffing requirements for the identified focus areas are suggested as part of the
manpower plan. However, the successful implementation of the recommendations presented
in the report will depend on the speed with which they are accepted by industry and the time
taken to obtain official approval to establish TERC from the ROC legislature.

v
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1.1

INTRODUCTION
Background and terms of reference

The Institute of Transportation (I0T) is a research and development body with advisory and

planning responsibilities within the Ministry of Transportation and Communications (MOTC) of

the Republic of China (ROC). It has been given the task of establishing a Transportation
Engineering Research Centre {TERC) to augment its current R&D capabiiities. Based on its

experience over more than four decades as an internationally recognised research

organisation, the Division of Roads and Transport Technology (Transportek) of the CSIR in
South Africa was commissioned by IOT to assist in the establishment of TERC.

From discussions with senior personnel from IOT, the following objectives were identified for
TERC at the start of the project: :

. to coordinate transportation engineering research in ROC;

. to resolve engineering technology problems for the transportation industry;

. to enhance the state-of-the-art of t‘ransportation engineering research and practice in
ROC;

. 1o oversee the development, promotion and transfer of transportation engineering

technology in ROC,

It was furthermore understood that TERC would engage in the following activities in pursuit of
these objectives :

establish, upgrade and maintain norms and standards for transportation engineering
in planning, design, construction and maintenance;

. conduct research into base transportation technologies, applied technologies and into
the promotion of specialised (pacing) technologies;

. establish and operate an information service to the transportation industry at large;

. manage the engineering/technology aspects of large transportation projects which
would-include the procurement, evaluation and controt of required technologies;

. tacilitate enhancement of the quality and standing of transportation engineering in
ROC;
. . assist related organisations in technology development, transfer and service

coordination.

These proposed objectives and activities of TERC were used by the CSIR as a basis for
developing the Scope of Services required. As pant of the services provided, the objectives



1.2

2

and activities of TERC have been modified to form a feasible establishment plan and
accommodate the views and needs of the transportation industry in ROC.

The services provided under this contract were divided into three stages which are summarised
in Table 1.

Scope of Services provided

Stage 1

This stage concentrated on a review of existing information, definition of the objectives of TERC

and on reaching agreement in principle on the organisational structure and technology focus

areas. This involved the following:

. a review of the structures and operating philosophies of four international transportation
research organisations to provide IOT with a perspective of current trends in the
management of transportation research. This includes the experiences and learning
obtained from the ongoing development of Transportek as part of the CSIR,;

. discussions with Drs Jyh-Dong Lin and Chien-Chung Lee of National Chung-Yang
University, authors of a planning document prepared for IOT, entitled "A Short Term
5-year Research and Development Plan for the Transportation Engineering Research
Centre™;

. interviews and discussions with individuals and organisations, both in the public and
private sector, to identify the various needs and expectations for a research centre
such as TERC;

. interactions with counterpart staff of IOT to present the relevant findings and to develop
a framework for a strategic plan for TERC;

. development of an action plan for interactions between specialists of the CSIR and |IOT
in the identified technology focus areas for implementation in Stage 2 of the services.

Stage 2

This stage involved interactions between various CSIR specialists, counterpart 10T staff and
industry stakeholders. Current transportation R&D activities, needs and facilities were
investigated to gain inputs for the planning of research programmes for the focus areas
identified in Stage 1. Preliminary details of the resources required in terms of staffing levels,
equipment, office and/or laboratory facilities were also determined.

Stage 3

This stage invoived a final review and consolidation of all information gathered in Stages 1 and
2. Recommendations were presented to senior personnei ot 10T for finalisation and agreement
on the operating philosophy, organisational structure, resource requirements and research
programmes for TERC. An implementation plan was developed for the formal establishment
of TERC.
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1.3

1.4

Schedule of Services

The project commenced on 2 August 1893 and the draft final report was scheduled for
submission on 5 April 1994. A Schedule of Services is shown in Figure 1 which includes
provision for comment by 10T and submission of the final reports to 10T.

Project deliverables

The project deliverables as defined in the contract document (Appendix B-2) included:

. a report on organisational structure and operating philosophy of selected international
transportation research organisations, including the CSIR;

. framework for a strategic plan for TERC; and

. resource plans, budgets and implementation plans for the technology focus areas and
for TERC as a whole;

This report serves to consolidate all of the above and provides detailed recommendations to
assist 10T in the establishment of TERC.
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PERSPECTIVES FROM INTERNATIONAL TRANSPORTATION RESEARCH AGENCIES

In attempting to provide some direction and guidance for the establishment of TERC, profiles
of four prominent transport research agencies were compited. These were the Transportation
Research Board (TRB) in the USA, the Transport Research Laboratory (TRL) in the UK, the
Australian Road Research Board (ARRB) and the Division of Roads and Transport Technology
(Transportek) of the CSIR, in South Africa. The detailed report on these organisations is
attached as Appendix A.

in addition, the report in Appendix A contains some thoughts on the management of science
and technology, o assist in the compitation of a technology strategy for TERC. A summary of
the relevant issues impacting on the establishment of TERC is presented in Section 2.5.

The Transportation Research Board (TRB)

TRB forms part of the USA's National Research Council and operates as a national coordinator
for transportation research. lts main purpose is to manage R&D efforts on behalf of the USA
transport industry and, hence, to act as a clearing house for the development and acquisition
of transportation technologies. A secondary and small function is to conduct in-house projects
in selected areas. The organisation has traditionally been funded from the US federal budget,
but since 1990 there has been a shift in emphasis to obtain increased financial support from
state- and local government sources. Funding options such as user charges, encouragement
of private sector involvement and toll roads are being used. The underlying belief is that the
recipients of federal transportation relief should play a larger role in sharing the project costs
of research.

The organisation has, over the past two years, experienced a significant increase in top-level
interest in and support for innovative research in transportation. Transportation in the USA
appears to be emerging once again as an issue of nationai priority. More attention is being
given to the relationship between transportation investment and economic development and
to productivity, as well as to fostering modern yet environmentally friendly research. Marine,
air and waterway transportation research has become relatively more important to TRB's
research profile in the 1990s.

Unlike most other transport research agencies, TRB appears to have no engineering research
facilities of its own and contracts all research in this field out to universities, consulting firms
and other private sector laboratories. The organisation itself does, however, seem to provide
major inputs into strategic and policy issues on a federal level.

The Transport Research Laboratory (TRL)

TRL was an integral part of the UK Department of Transport (DOT) untii April 1992, when it
started to function as a self-supporting and semi-privatised executive agency within the DOT.
Although TRL is often seen as a government organisation, it views itself as an independent
R&D iaboratory and is moving towards becoming a fully commercialised operation.
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Traditionally, TRL's clients were mainly the DOT and the UK's Overseas Development
Administration {ODA), with very few clients emanating from the private sector. However, the
proportion of private to public sectar clients has been increasing steadily since the late 1980s
as the privatisation drive in the UK impacted on their activities. TRL envisages that this trend
will continue for some time, but that a culture of greater state responsibility {and perhaps re-
nationalisation) will eventually replace it.

The research programme of TRL also reveals this trend towards privatisation outside and within
the organisation. In its 1988 programme, TRL invited greater participation from industry in its
research activities and offered a consulting and commercial service from its laboratories.

While the volume of TRL research remained approximately constant in real terms in recent
years, there has been a marked shift in emphasis, for example, towards environmental
concerns and studies of road user behaviour. It is predicted that this trend will continue, at
least for the immediate future.

TRL has extensive laboratory, test track and surveillance facilities to support its research
programmes.

The Australian Road Research Board (ARRB)

ARRB is a research centre registered in the state of Victoria in Australia, and is a non-profit
public company limited by guarantee. lts members are the Federat Department of Transport
and Communication, the eight State and Territory Road Transport Authorities and the
Australian Local Government Association. Funding for research is obtained largely from
members' contributions. However, there appears to be a trend towards increased funding from
contract research. Currently about 80 percent of ARRB's research projects are undertaken as
part of the core programmes funded by members, while the remaining 20 percent are funded
under contract or partly sponsored by members and industry. ARRB is managed by a Board
of Directors, which is appointed by the members to take responsibility for corporate policies,
goals and directions, and for overall operation of the organisafion.

For the purposes of setting direction and monitoring performance, ARRB relies on the guidance
of an Advisory Committee, comprising prominent individuals from government, industry and
academia. Traditionally the committee's role has been to give advice on technical issues, but ‘
since 1991/92 this role has been broadened to enable the committee to provide a critical and
independent perspective on research and related needs ot the roads and transport industry and
the broader community, and to assess the extent to which ARRB is meeting those needs.

ARRB operates its own laboratory and computer facilities, as well as an extensive library ot
road literature and a database on road information. The organisation has initiated a strong
marketing drive since 1992, in supponrt of its strategy to increase contract income and become
more service orientated.
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The Division of Roads and Transport Technology of the CSIR

The Council for Scientific and Industrial Research (CSIR) in South Africa was established in
1945 as a statutory body to undertake research and development in the national interest. The
organisation's primary focus was on the advancement of science and technology, with the bulk
of its funding coming from a pariiamentary grant. In 1986 the CSIR consisted of some 31
national research institutes with about 5000 employees, mostly scientists and engineers.

Transportek ofiginated as a small research unit for bituminous binders under the auspices of
the CSIR, in 1949. Hts activities gradually expanded to fulfil a greater need from South African
road authorities and from 1954 to 1963 it was officially established as the National Road
Research Institute (NRRI}. As a result of the Driessen Commission's investigation into road
transport in the early 1970s, the NRR! was expanded to incorporate transportation and safety
research and it was then renamed the National Institute for Transport and Road Research
(NITRR).

The Division of Roads and Transport Technology (Transportek) was formed in 1987 as par of
the restructuring of the CSIR, to become one of 13 strategic business units. In this process,
the CSIR changed its business philosophy from being a science-based and state-run agency
to becoming a more autonomous organisation with strong market focus. These changes have
enabled the CSIR to reduce its dependence on parliamentary grant income to less than fifty
percent in 1993.

Until 1988, funding for transport research was controlied by the Department of Transport and
the four provincial road authorities and a rolling three-year funding package for Transportek
was negotiated with the National Transport Commission (NTC). As a consequence, in the
period 1970 to 1985, Transportek research staff increased to over 300, with an average annual
increase in funding of 23,6 percent.

A central part of the operations during this period was the guidance of research programmes
through a system of steering committees consisting of prominent officials from road authorities
(urban, provincial and national), private sector, industry and universities. These committees,
being representative of the various client (funding) authorities, were responsible for the
approval of each year's research portfolio and for the monitoring of progress on a quarterly
basis. A major benefit of this system was the sustained contact between researcher and
practitioner, leading to the successful implementation of research findings.

During this period, most of the transportation-related research in South Africa was conducted
by Transportek, with some small programmes at universities. This ensured that transportation
research in the country remained focused and coordinated.

Significant changes in transportation research were experienced after 1987, caused by three
major factors:

. a decrease in the Department of Transport's budget for research:; |
. changes in the research management system, creating opportunities for consultants
and universities to compete for research projects through an open tender process; and
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. a change in business focus within the CSIR and Transportek.

The short-term effects of these changes have been that Transportek has had, firstly, to diversify
its client base in an effort to counteract the reduction in research income from the Department
ot Transport, and, secondly, to reduce its staff complement in fine with available funds. This
necessitated a sharpening of business and technology focus and a more productive use of
available skills within Transportek. However, on a general basis, this has also caused a
fragmentation of research efforts in the country and reduced strategic perspective with respect
to transportation technology development.

The system of research management also changed during this period and currently consists
of an administrative section and nine advisory panels to identify needs and monitor progress.
This process is more formal than when steering committees were in operation. However, the
open tender system requires stricter control. The management system is controlled by the
Department of Transport but is currently under review.

Transportek’s support infrastructure includes well-equipped soils, materials and geo-chemical -
laboratories, a large computer network, field survey equipment, road monitoring equipment and
three mobile testing machines for accelerated pavement evaluation (Heavy Vehicle Simulators).
As an integral part of the CSIR, Transportek has the benefit of the CSIR's extensive information
management network as well as access to technolegies that impact on but are not directly
related to transportation research.

Issues for consideration in the establishment of TERC

From the investigations reported above, it is believed that the following issues must be taken
into account for the establishment and future planning of TERC and transportation research in
general in ROC:

. There seems to be a tendency in many countries to reduce government grants for
transportation research;

. Involvement of the transportation industry (through advisory bodies or steering
committees) in identifying research needs and assisting in advising and monitoring
progress seems to hold distinct benefits in reducing the fragmentation of research and
improving the chances of implementation. However, it must be stressed that the actual
research should be managed and controlled by the research organisation (eg 10T) and
the steering bodies should be used to guide and monitor research activities;

. There seems to be an increasing need on the part of industry and governments to hold
research organisations accountable for the yields of their investments in research
activities;

. All four organisations investigated had different origins, which, to a large extent, has

dictated how these organisations have developed and restructured themselves. The
case closest to the situation of I0T and TERC, appears to be that of TRL in the UK,
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an agency that once tormed part of the Department of Transport in that country.
However, as this organisation has matured, it has also moved towards privatisation and
commercialisation o an extent that it strives very strongly to become self-supporting;

An open tender system for managing contract research has, in the case of South
Africa, led to short-term approaches to R&D and an emphasis on applied research that
easily loses sight of strategic issues. The need for short-term research outputs should
be balanced with a strategic view of technology development and this must receive
attention in planning TERC and I0T's role in research management in ROC;

In South Africa there is now a move towards greater cooperation between Transportek
and universities, as well as the inclusion of experts from the private sector in specitic
projects.



INDUSTRY SURVEY

This survey was conducted during Stages 1 and 2 of the project and was aimed at determining
the extent and nature of R&D needs of industry. A questionnaire was designed to assist in
interviewing a representative cross-section of the private and public sector transportation
industry in ROC, and consisted of questions about the tollowing:

. primary role and function of TERC:

. types of support services to be offered:

. research needs and priorities;

. potential funding mechanisms

. relationship of TERC with different sectors of industry:
o relationship of TERC with universities; and

. management structure of TERC.

Appendix B contains. a copy of the questionnaire, a summary table of industry responses and
a list of organisations/individuals contacted. This analysis shows that industry needs may be
categorised in specific technology focus areas and a provisional recommendation was made
that TERC be structured around these areas:

. railway engineering;

. highway engineering;
- safety systems and traffic engineering;
. engineering laboratory support; and

. information management and technology.

Following this initial survey of needs and expectations, a series of detailed interactions were
undertaken in the identified focus areas to establish a perspective of current transportation
practice in ROC and of the interface between practice and the transportation research
environment. This investigation focused on the following aspects:

. current design methodoiogies, standards and specifications used in highway and
railway engineering;

. practices and methodologies in traffic management;

. existing testing and measuring facilities;

. possible areas of testing facility overlap or duplication;

. availability of human resources in terms of skills levels and specialisation; and

. facilities and skills available at agencies which showed an interest in cooperating with
TERC.

These interviews and visits provided valuable inputs inta the planning process with respect to,
firstly, planning the facilities and testing equipment required by TERC and, secondly, the
expertise and abilities in industry that TERC may wish to make use of.
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Summary of industry R&D needs and expectations of TERC

Resuits from the industry questionnaire were analysed and the comments summarised in the
following sections.

The primary role and function of TERC

The organisations and individuals interviewed agreed that there is a real need for a
Transportation Engineering Research Centre, and that it should focus on the road and rail
sectors of the transportation industry. It was felt that R&D needs in marine transportation and
aviation are currently catered for by other agencies, such as the Institute of Harbour and
Marine Technology and the initiatives of the Civil Aeronautics Administration, and also through
1OT's current research capabilities in this area.

Discussions with the senior management of IOT indicated that the role and function of TERC
have been debated extensively and are well understood by the relevant IOT Divisions. There
is general agreement that the centre should provide hard engineering and tull-scale laboratory
facilities in support of the activities of the various {OT Divisions and other stakeholders in the
industry. It seems from the discussions, therefore, that TERC will initially fulfil three roles:

. TERC should provide the engineering support required by the existing 10T Divisions
and by industry (e.g. Transportation Safety) to expand their operations and develop
new technologies; '

. TERC should act as an enabler for the development of engineering competence in
areas where 10T currently has limited capabilities (e.g. pavement engineering and
materials);

. TERC should standardise and coordinate the collection, processing and management

of transportation-related data for use by all sectors of the industry.

The major potential beneficiaries of TERC would be the various highway agencies (TANFB,
TANEEB and THB), rail authorities and the transportation and public works departments of the
various city governments. Interviews with the various agencies generally confirmed the views
of 10T staff, insofar as they all have a need for the development of a national competence to
support and enhance their own capabilities in hard engineering.

The consulting engineering and construction firms contacted supported the development of
TERC and expressed a willingness to create opportunities for cooperation between the private
sector laboratories and the facilities of TERC.
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3.1.2 Types of suppott services to be offered by TERC
From the discussions, the following service afeas were highlighted for TERC:

. a highway engineering R&D facility that would aim at establishing the required
expertise in road pavement design, construction and maintenance appropriate to the
conditions in ROC:

. testing laboratories for rcad building materiais, including cementitious materials,
bituminous materals, soils, granular materials and concrete, and the materials used
for railway construction;

. testing facilities for structural members of bridges and associated structures, e.g. for
steel, concrete and composite members;

. a full-scale testing facility for rcad pavements, including acceterated testing capabilities
and the associated data acquisition systems;

. a railway test track facility to investigate track design and performance and for the
evaluation ot new products and railway components;

. a traffic engineering {aboratory that could supplement the activities of the current 10T
Transportation Safety Division;

. traffic flow monitoring systems and equipment and a capability to execute surveys on
a national basis;

. road and rail surveillance hardware, inter alia, pavement surface condition assessment
equipment, axie load classifiers and specialist survey vehicles;

. a facility to investigate and develop new and advanced transportation technologies
such as intelligent Vehicle Highway System (IVHS) and Automatic Vehicle Identification
(AV1) technology.

3.1.3 Research needs

The research needs of the Industry are summarised in Table 2 and are based on the
interaction and interviews with a broad cross-section of individuals and organisations
representing the various sectors. It should be noted that no priorities were accorded to the
needs shown in this table.
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Potential funding mechanisms for TERC

Most of the individuals interviewed were of the opinion that the initial establishment cost for
TERC should be provided by central government and furthermore, that govemment should be
largely responsible tor ongoing financial support of the Centre. The private sector and other
public sector transport authorities indicated a willingness to support TERC through contract
research after establishment. It was felt that, as the organisation matures, provision should be
made for increased participation by the private sector. This is in line with current international
trends as highlighted in Section 2.

Relationship of TERC with industry

Many individuals interviewed expressed a need for industry to have closer ties with and better
access to the research environmemnt, since industry can currently only make their needs known
to 10T through MOTC. The only access to research for most public sector agencies and for
the private sector is through either the university system or in-house research.

It is believed that this is one of the primary reasons for the fragmented nature of transportation
R&D in the ROC and the lack of implementation of research findings through effective
technology transfer to industry. This aspect will require serious attention in the establishment
of TERC and the formation of research steering bodies should go some way to addressing the
problem. -

Relationship between TERC and universities

Although strong units of expertise in certain transportation disciplines exist at many universities,
the individuals interviewed were all in favour of cooperation with TERC, and of better
coordination of R&D activities. The universities represent a source of manpower that could
possibly be utilised very effectively by TERC. However, it will be necessary to establish
effective exchange mechanisms between the universities and TERC to the henefit of all parties
involved. '

Management structure of TERC

Few opinions were received about the structure and operations of TERC, since most people -
interviewed believed that this was a matter for {OT and TERC to resolve internally, and also
because organisational structures in the government system are determined by statute. The
comments received can nevertheless be summarised as follows:

an arrangement whereby TERC makes use of “temporary" employees or freelance
researchers will allow it more flexibility of resources, at least initially:
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. the senior management of TERC must be highly qualified and well experienced and
should make it a priority to establish ties with international research organisations and
to cooperate with other ROC agencies;

. the incumbent senior executive of TERC shbu Id ideally have taken part in the planning
process from the start of this project;

. in order to be able to attract the appropriately qualified manpower, IOT/TERC will have
to give consideration 1o the level of remuneration packages.

Current practice in ROC

In order to gain an understanding of the R&D needs that must be addressed by TERC in its
technology focus areas, it was first necessary to assess current practice within the industry and
the extent to which further deveiopment and technology support is required. Given the time
constraints of the project, it was not possible to conduct an in-depth and very detailed
evaluation in the various disciplines. Aspects highlighted below are those believed to have a
direct bearing on the operations of TERC and are not intended as a definitive analysis of the
industry.

Highway Engineering and Structures

Planning
Little emphasis was placed on the planning function during visits and interviews, since R&D in
highway planning is one ot the primary functions of the current Divisions of 10T.

Design

There is a strong geotechnical design capability in ROC because of the experience of local
engineers with a difficult construction environment. Methods are based on US practice and
emphasis is placed on rock mechanics, deep foundations for tunnels and structures and the
effects of seismic activity on design criteria.

Design practice for structures and bridges is based on USA standards, and for most complex
projects, consulting engineers in ROC are well experienced and skilled. A major need appears
to be for appropriate maintenance strategies for structures, especially because of damage done
by overloaded vehicles. The severe bverloading situation has resulted in an increase of the
AASHTO bridge design "live load" by 30 percent in the case of the THB and by 25 percent in
the case of the TANFB bridge design offices.

Pavement design methods are also based on US practices such as AASHTO, ASTM, Asphait
Institute and California R-value and are based on an 80 kN equivalent axle load. There
appears to be two pavement structural design methods in use by the various authorities, and
these may be in confiict (i.e. CBR vs R-value). Materials design practices for pavements
appear not to take account of latest technologies, nor of the suitability and applicability of
methods with regard to specific local conditions.
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Construction quality control

Quality controt on larger projects is carried out by the engineer while on smaller maintenance
projects the road authority will carry out its own control. Documentation on standard
specifications for quality control is available and in use. However, their effectiveness and
extent of application is unknown. - Research needs have been identified in this area,
considering the huge investment that the country is making in infrastructure development.

Maintenance ‘

Routine roadway and road reserve maintenance is generally carried out in-house by the various
road authorities. Vegetation control is the main activity, consuming about one-third of the
maintenance budget. There are no formal maintenance management systems to assist in
scheduling and prioritising maintenance activities. '

Programmed maintenance is normally done under contract and consists mainly of large-scale
surface repairs and/or rehabilitation with an overlay. In view of traffic conditions, most of these
activities are carried out at night. A need was expressed to develop rapid-setting patching and
overlay materials to allow for quicker trafficking of newly maintained sections. Pavement
rehabilitation designs are carried out in-house by the various road authorities and are based
on deflection results, while the work is generally carried out under contract with in-house quality
control. - :

TANFB is the only authority with a computerised pavement management system (PMS). As
inputs to the system, visual surveys, deflection measurements, skid resistance and roughness
measurements are done annually for the 373 km of freeway under the Bureau's control.
Aggregate condition indices are calculated for each roadway element and tested against
recommended terminal serviceability levels to identify candidate improvement projects. The
Bureau is currently in the process of changing its mainframe system to a PC-based system.

The THB identifies rehabilitation projects from annual inspections within each region, as well
as from requests from provincial assembly members.

From discussions with the National Taiwan University, it transpired that implementation of
PMSs is an area of major concern. The existing PMSs in Taiwan can still be regarded as first
generation systems, i.e. making use oniy of primary condition ratings and survey data and not
employing advanced decision-making algorithms.

Monitoring

In addition to the condition assessments carried out by TANFB for input into their pavement
management system and described in the maintenance section above, monitoring is also
carried out for structures and vehicle overloading.

The structural integrity of bridges is monitored with a sonic viewer attached to a specially
designed vehicle.

Vehicle overloading is seen as a major problem by both TANFB and THB and is one of the
main causes of damage to bridge decks and expansion joints. A number of fixed and portable
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weighbridges are used by the Highway Police Bureau to weigh vehicles statically for the
enforcement of the axle load limitations. In many cases, overloaded vehicles avoid the
permanent weighbridges at toll stations by using alternative routes. The German PAT system
is currently used on an experimental basis for weigh-in-motion measurements. This study is
controlled by NTU.

Development of data acquisition systems appears to be in an early phase and is not
considered to be well coordinated. No standardised databases appear to exist for general use
by the industry for road and bridge management purposes.

Research and technology transfer

Although some research projects are undertaken by consultants and road authorities, the
majority of research work in highway engineering is carried out at universities and institutes of
technology. These include the foliowing institutions which were visited, or with whom
discussions were held:

. National Taiwan University (NTU)

. National Central University (NCU)

. National Cheng Kung University (NCKU)

. Tamkang University (TKU)

. National Taiwan Institute of Technology (NTIT)

NTU concentrates mainly on pavement management systems and structural engineering, while
NCU and NCKU specialise in pavement engineering and materials. The latter also has
specialised facilities for geotechnical and structural research work, as is the case with NTIT.
TKU has expertise in non-destructive testing of pavements, back-calculation of elastic
propenties and software development for rehabilitation design.

Various experimental road pavement sections have been constructed in the past to do research
on pavement design and rehabilitation, but it seems that these are not tormally monitored and
reported on in terms of performance.

The university system and MOTC promotes technology transfer through annual pavement
engineering seminars and ad hoc courses, but there appears to be a shortage of qualified and
experienced practitioners to play a proactive role in this process.

Railway Engineering

The general impression gained was that little research is currently being carried out either in-
house or with universities in the area of railway engineering in terms of track design,
maintenance and roliing stock. The Department of Construction Engineering at NTIT is
currently doing research on the fatigue life of concrete sleepers and NCKU also has
laboratories for railway engineering research.

The discussions with the Department of Rapid Transit Systems (DORTS) indicated that
possible areas of research will only become apparent cnce the rapid transit system is in
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operation. It appears that construction methods for the system are well understood and that
little additional research is required in this area, although the location and identification of
underground pubiic utilities during construction has proved to be a major problem.

There also appears to be a lack of coordination between the civil, mechanical and electrical
disciplines, which has resulted in unnecessary costs and delays. Improved methods of
coordination ana project management to facilitate the interface between the various disciplines
need to be investigated.

The Provisional Engineering Office of High Speed Rail (POHSR}) is planning and designing a
high speed rail system linking Taipei and Kaohsiung. The daily ridership forecast for the year
2011 is 187 000 passenger-trips and hence some 234 trains per day are planned, with a
capacity of 800 passengers per train. Travel time between Taipei and Kachsiung will be about
90 minutes. '

Passenger demand for this facility was established using a stated preference technique. These
surveys were conducted two years ago and have been updated since. Traffic distribution
calculations were based on the Gravity Model. Modal choice was studied using the Probit
Model for high speed rail and air travel and the Logit Model for bus and car travel. Elasticity
of travel cost and travel time was taken into consideration, with an assumed increase in the
value of time in the future.

Safety Systems and Traffic Engineering

Human factors

The Transportation Safety Division of IOT has carried out numerous projects on human factors
in road safety and is well experienced in this field. In order to promote traffic safety, a specific
theme is set for each year, e.g. "Traffic Safety Year", "Driving Courtesy" and "Compliance with
the Regulations". Behavioural studies include the effect of alcohol on the physiology of drivers
and driver reaction to traffic signs.

Legal aspects _
The Highway Police Bureau is responsible for performing general police duties, maintaining
traffic order and safety on the freeway and highways, executing highway traftic inspections and

- control of violations, managing highway traffic accidents, maintaining security on the freeway

and highways and enforcing highway laws. The organization compiles and distributes statistics
on traffic accidents, violations and assistance rendered to disabled vehicles.

Accident reporting procedures have been developed by IOT for the Police Bureau, and- all
information thus gathered is stored in a database at the Police Bureau's headquarters. This
database may be accessed by |OT for research purposes through a remote computer station.
Violations management is adjusted according to information about the major causes of
accidents. Roadworthiness of buses and trucks is assessed once a year, and for trucks alder
than 5 years, every six months. No information is gathered on vehicle overloading and blood
alcohol content. The law enforcement effort is assisted by the use of automated techniques
such as radar and cameras.



Traffic management

The main tasks of TANFB are road maintenance {see Section 3.2.1), traffic management, road
broadening, service for motorists and toll collection. Two task forces have been established:
the Freeway Widening Construction Office for the construction of the Hsichih-Wuku viaduct and
the Traffic Control Centre for traffic condition monitoring and accident reporting.

Congestion on the freeway is detected automatically from occupancy calculations derived trom
the data generated by strategically placed detectors. When congestion is noted, police are
despatched to assist. Changeabie signs display warning messages for motorists.

Computerised traffic control systems have been developed by IOT's Safety Division for some
9 cities around the island. However, implementation is hampered by a shortage of traffic_
engineering practitioners in many of these cities.

The Department of Transport of the Taipei City Government -has a broad range of
transportation pianning and administration functions, setting policies, collecting and analysing
data, supervising traffic control, traffic safety, parking and law enforcement, and managing
Taipei tourism activities and public rapid transit. ‘

The transport system in Taipei operates at an inadequate level of service and the many large
construction projects in the city add to the congestion. There appears to be no mechanism for
timeously identifying incidents and bottlenecks and traffic authorities rely on casual reporting
by police, road users and/or engineering staff.

Traffic surveys are conducted annually on major intersections, while special manual counts and
surveys are mainly done by students. Some data are captured on video and a small proportion
comes from installed inductive loop detectors.

An area-wide traffic counting system for Taiwan does not seem to exist. Permanent traffic
counting stations are installed on the freeway and in only two other locations on highways. No
temporary or seasonal counting stations are in operation.

Safety engineering ‘

The Transportation Safety Division of 10T conducts research and development work in safety
and traffic_engineering (including traffic control systems, ramp metering control and parking
safety). A number of vehicle safety engineering projects, e.g. high mounted brake lights,
automobile safety devices and standards for domestic vehicles, were done in recent years. A
large investigation of 340 accident-inducing locations throughout Taiwan was completed in
1991 and over 2 147 locations were identified for immediate improvement. Physical
improvement of these sites is the responsibility of the relevant local authorities, but progress
has been impeded by a lack of experienced and skilled manpower.

At provincial ievel THB manages traffic signs, road markings, traffic signals, crash barriers,
street lighting, the application of warrants and a road traffic signs manual.
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information Management

Discussions were held with several external organisations who collect data for use by 10T.
These organisations {and the data they collect) relate mainly to vehicle registrations, driver
registrations and accident records. Existing 10T computer facilities and procedures pertaining
to information management were also investigated. Full details of the investigations are given
in Appendix C.

+Ministry of Transportation and Communication (MOTC)

MOTC assist IOT with the structure and collection of road traffic accident data. A data-base
system, designed 10T, is based on data stored on a WANG system at MOTC. Three levels
of data are stored by |OT; Fatal/serious, slight injury and damage only.

There is no formal data analysis undertaken by MOTC, or annual reports produced for accident
data. |OT carry out ad-hoc analyses for individual and/or research needs. Summary data is
written to magnetic tape or a printer by MOTC according to IOT demands.

No other routine transportation, engineering or management databases are maintained by
MOTC although some data may be kept at regional offices (for example, a Maintenance
Management System is in operation at the Freeway Bureau). ’

Existing systems are based around WANG and SPARC Workstations. The move to
workstation technoiogy was guided by four other Government offices who have already moved
in that direction. Therefore existing expertise was available. However, there are moves to
downsize towards an open-system/PC environment, including an Ethernet cabling system, (UTP
cable) and TCP/IP protocols to link with the WANG and SUN stations. Currently, 25% to 30%
of users have access to PC's. This process started in June 1993 and it is planned to replace
ail terminals with PC's before 1998. :

With regard to electronic mail, a public Electronic mail system (X400 based) is seen to be
adequate. However, this system does not accommodate individual mail boxes and is unable
to automatically advise users of new mail.

it is envisaged that computer links will eventually be established between |OT and MOTC (as
well as the Data Communications Institute). This shouid not be a problem as the trend in both
organisations is towards open systems which facilitate easy communication.

Data Communications Institute (DCI) and MVDIS Il

A computerised system for the recarding of motor, violation and driver information was
established on June 1st 1984. This system was replaced by the Motor Vehicle Driver
Information System (MVDIS-I!) (cost in the region of NT$500m) in March 1994.

Under MVDIS-II, each of eight regional nodes are equipped with two HP9000 database servers,
as well as two HP9000 terminal servers. Raw data is kept in an INFORMIX-SQL data-base
system and a query system has already been developed.’



22

At present, 10T use data from the MVDIS system but there are no on-line links. DCI perform
some data analysis (at a cost) and write the summary data to tape for delivery to I0T. 1OT
then analyse the data further, DC! could accommodate more open on-line links between their
system and IOT if required. Such a link could be established in one of three ways;, X.25,
TELNET/FTP or dedicated lease line.

National Police Administration

The National Police Administration use computer technology extensively to communicate
between National Police Administration, County and Local Police Bureaus (390 AEC
Mainframes), local stations (1500 PC's) and police vehicles (2 600 PC notebooks).

Most data (for example accident data) is input at the local police station level. Data is then
compiled by the National Police Administration to produce national crime and traffic offence
statistics.

Alt levels of accident data are input by the local police station. However, only the first category
of data is used as part of the official police accident statistics. The balance is handed over to
IOT (in the form of a computer printout). 10T staff then re-enter the data onto the Wang
computer at MOTC.

There are no tormal or on-line computer links with DCI. Vehicle registration and driver licence
data {from DCI) is stored at the National Police Administration and the data is iransferred
weekly from DCI by magnetic tape. This is seen to be adequate for their purpose.

Existing computer facifies within 10T

Computers, particularly PCs, are used extensively for data analysis, data modelling and
document preparation. Most are used as stand-alone computers, though some have been
linked by an Ethernet network to a Novell file server. There are a number of ad-hoc ways that
IOT links with other Government organisations. However, these tend to be based on dial-up
or baseband modem technology and accessible to only a few (primarily administrative) staff
members.

Access 10 the national accident data-base is via a terminal link to the Wang system housed at
MOTC. The personnel section uses a 386 computer to emulate a terminal in order to gain
access to a MOTC mainframe (again via modem). An aged System 36 machine is used for
the administration of each Division.

Information Technology in the true sense of the word does not appear to be being used
effectively in IOT. Computers are used to undertake more complex calculations than were
previously possible {albeit much faster, more accurately and at a lower cost) and use is made
of word processing technology.

However, information Technology involves the interlinking of three technologies: word
processing, electronic mail and most importantly, computer communications. The latter two
technologies are not applied extensively in [OT. For example, the biggest obstacle to electronic
mail seems to be the difficulties associated with using Chinese characters on conventional
ASCI based computers.
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Most Division Chiefs indicated however that easier, faster, electronic links with other 10T
researchers as well as other research organisations around the world are desirable. In terms
ot global communication therefore, the Chinese character issue appears to be of secondary
importance.

The network facility and its installation does not appears to have a very high priority within 10T
and is being installed on an ad-hoc basis. The successful implementation of Information
Technology within {OT will require a strong commitment from the whole management team.

A summary of the computer linkages and need of 10T is shown in Table 3 and the following
points are highlighted:

. “Currently there is a low percentage of PC's (35% average) connected to a LAN
system.
. The present research Divisions of IOT have a need to communicate with other

organisations both within Taiwan as welt as internationaily.

. There is a willingness to use some form of central network based project planning/cost
control system to contral and manage projects better.

Other identified problems to the implementation of Information Technology within 10T include:

. Cost and cost saving: Implementation of Information Technology implies an
increased investment in capital equipment as well as higher running costs. However,
there is some resistance to this which is reflected by the perceptions of some towards
the implementation of Information Technology. The emphasis is mainly on cost with
little account being taken of possible benefits. |

frans; Systems Planning 59 not sure
Transportation Engineering 31 Y
Trans. Ops. and 36 Y
Management

Transportation Safety 33 Y
Information Systems 53 ?
Interdisciplinary Research 30 Y
Administration 0 A N
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Two examples illustrate how this impacts on IOT. Firstly the network is only
expanded on an ad-hoc basis as and when resources become available. Secondly,
there is a reluctance to obtain external and up-to-date accident data from.DCI because
of the cost involved.

. Network infrastructure:  Until a basic LAN is in place, there can be little or no
progress towards “Information Technoiogy”. In addition, computer users within 10T
need to be trained in a LAN/Novell environment before 10T can take advantage of any
higher level information Technology.

. E-mail (electronic mail) is a significant component ot any "Information Technology"
strategy and provides the ability for IOT researchers to easily communicate both locally
and internationally. In an effort to improve communications and access to information,
it will be necessary to implement a complete E-mail system with individual mail boxes.

. INTERNET or some other global communication system, is essential to facilitate
international communication with other research organisations.

. Software and hardware standards: With the exception of pirate software, there are
no formal prescribed standards for commonly used software. However, the number
of possible software permutations is reduced by verbal recommendations from the
designated member of staff.

l.ack of standardisation may become a serious problem or bottleneck in data/document
interchange in the future if true Information Technology were to be implemented.

. Gaps in training and education:  While most researchers and managers are
computer literate, there appears to be some gaps in expertise. An investment in
training wiil be required to ensure that all personnel have an understanding of how to
use the resources of the LAN fully and also have an understanding of Information
Technology to enable them to take advantage of its power and ability to access other
resources optimally.

. Lack of infrastructure, access to expertise and support mechanisms: Internal
user-support for computer users and the network is currently undertaken on an informal
basis. However, this support is essential for the encouragement and development of
expertise amongst users and has been identified as one of the goals of the proposed
new Computer Centre.

3.25 Avallable facilities and expertise for transportation R&D

The Automotive Research and Testing Centre (ARTC) in Hsinchu is a government agency
responsible for researching and setting standards for the automotive industry in respect of
vehicie safety, noise and exhaust emissions, fuel consumption and personnel training. 1t is also
involved in assisting private enterprises in testing automotive products and components, and
performing services needed for other parties, such as consumer groups, insurance companies
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and the courts. A wide range of tests can be performed, ranging from vehicle crashing to dust
penetration; the total value of testing equipment installed is estimated as US$ 25 million. Fuel
efficiency standards based on vehicle mass have been set and compliance is required by law.
While unleaded fuel has been available for five years, all vehicles produced from July 1994 will
be equipped with converters. A full vehicle testing track, skid-pan and vehicle handiing facility
will be constructed in the Kaohsiung area, with completion scheduled in 1998.

ARTC operates a modern testing facility able to evaluate motor-vehicle components, crash tests
and conduct photometric studies. Cooperation with this institution will have to be considered
for certain research activities in the area of traffic safety.

The Chung-Shan Institute of Science and Technology (CSIST) also has well-equipped facilities
for mechanical and aeronautical engineering work and may have land available for full-scale
road and rail testing grounds. This Institute has significant expertise in developing flight
simulators, communications systems and data acquisition hardware and software for the
defence industry. # also has the advéntage of established engineering and electronics
workshop support and expressed a keen interest in working with TERC.

CSIST is currently undertaking IVHS development that includes vehicle en-route information,
vehicle operation control, operational analysis and dynamic vehicle optimum path selection.
Future research will comprise real-time AVl and AYC and integration of existing traffic control
and data logging systems. It would be important for 10T to stay in touch with these
developments.

Materials testing laboratories at consulting engineering firms tend to perform mostly routine
work, with some capability to conduct in-house research and specialised testing. At the publiic
sector authority laboratories, the emphasis is on routine testing work and all specialised testing
is therefore contracted to the private sector and universities.

NCKU in Tainan indicated that full-scale testing facilities for highway engineering research,
similar to what may be envisaged for TERC, will be built on a test site on the university's new
campus of the university. It also became apparent that this university considers itself to be
ROC’'s southern regional centre of expertise in highway engineering.

Well-equipped testing facilities and laborateries exist at a number of universities, inter alia, for
civil engineering structures at NTIT, NTU and NCKU. Testing laboratories for asphalt materials
exist at NCU and NCKU. These facilities can handle routine testing work, but have been set
up with the aim of executing very specialised testing. Research at the universities appears to
be well advanced and in line with international trends, but transfer and implementation of
technological advances to industry does not appear to take place effectively.

As facilities of the types mentioned above are large and costly to establish, consideration needs
to be given to TERC sharing such facilities as and when required and where appropriate,
especially in the initial phase of TERC's establishment and until the demand justifies investment
in its own facilities.
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The TANEEB, being responsible for the planning, design and construction of new freeways,
commissions research through consulting firms and universities (a total annuat value of NT$
S to 10 million). As IOT is a government agency, TANEEB may not appoint it directly for any
research work, although TANEEB expressed a need for closer communication and is willing
o support TERC.
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FRAMEWORK FOR A STRATEGIC PLAN FOR TERC
Strategic issues facing-the ROC transportation industry

Attempts to define a role and structure for TERC must be based on a thorough understanding
of the external environment with which the organisation will be interacting. From the TERC
questionnaires (Appendix B} sent out to various industry stakeholders, discussions with various
transport authorities and also from a study of the ROC Six-Year Plan, a list of issues was
compiled to guide strategic planning for at least the foreseeable future. This list of issues was
also used to guide the identitication of R&D needs and the compilation of R&D strategies.

The available information indicated that the problems and challenges facing the transportation
industry in ROC could be summarised under six headings, as given in Table 4. These are:

. Accessibility and Mobility

. Environmental (mpact

. ‘Transportation Safety

. Transport Integration

. Transport Infrastructure

. Technology Development and Integration

The relevance of this list against possible future scenarios has not been considered, but it must
be assumed that priorities and/or issues will change with time. For the short- to medium-term
future (i.e. the next five to-ten years), however, it is not expected that significant deviation will
occur.

In addition to the identified needs shown in Table 2 and the technical issues reflected in
Table 4, the following strategic aspects also need to be considered in planning the role,
structure and operations of TERC:

. Expansion of the ROC freeway network and a rapidly ageing existing road network are
making increasing demands on the technological capabilities in materials engineering,
rehabilitation and road management.

. R&D needs of the rail industry are apparent in a number of areas, but as yet lack clear
definition. Current issues are more of a policy and planning nature (e.g. the need for
guidelines for modal integration) and these fall within the domain of the existing 10T
divisions rather than TERC. When the MRT system becomes operational, it is
expected that the need for technological support will increase. In addition, once a
decision has been made on the future of the high-speed rail link between Taipei and
Kaohsiung, technological suppont around track design and component analysis will be
necessary.

. NCKU is an important R&D player in highway, structural and geotechnical engineering

~and has already developed plans for a full-scale highway testing facility in Tainan,

similar to that envisaged for TERC. Thought must be given to mechanisms of
cooperation that will ensure optimisation of resources.




Tratfic congestion
Commissioning of mass rapid transit systems
Traffic control

Intelligent Vehicle Highway Systems

Incident management

Quality of life

Vehicle emissions/alternative propulsion modes
Sources and utilisation of road building materials
Construction methods and materials

Transport systems planning

Eco-tourism

Environmental impact assessment

Quality of life

Policies and management systems
Engineering/design of vehicles and infrastructure
Road user behaviour

Traffic control devices

| Incidem management

Traffic law enforcement

1 Quality of life

Integrated land useAranspont systems and network planning
| Modal integration

Allocation/prioritisation of investment funding

{ Fragmented institutions and systems

{ Decision support for policy makers

Regional transportation impact

Design methodology, standards and specifications
Infrastructure planning and design

Construction methods, equipment and materials

| Constructability and quality control

| Maintenance and rehabilitation

{ Equipment and technologies for mass rapid transit systems

| Funding and coordination of R&D

| Utilisation of R&D facilities/expertise

{ Quality and availability of skills and expertise
Technology acquisition/development/evaluation/transfer
Information technology for the transportation sector
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. The availability of manpower to staff TERC could be a constraining factor, especially
as far as senior management of the organisation is concerned. Fromtalks with various
universities. it seems that engineering graduates are produced in large enough
numbers 1o staff the research ranks of TERC. However, sufficiently experienced and
qualified managers may be more difficult to attract. There are a number of researchers
and senior staff at universities who would be keen to take part in TERC research
programmes and this may be an effective mechanism for countering the shortage of
experienced researchers in ROC. '

. The interface between 10T and TERC will be an important factor in the operations of

“the organisation. Some respondents to the TERC questionnaire have asked that the

mission and role of the new facility should clearly distinguish it from the current 0T
Divisions.

. Transfer of technology from academia and research into practice does not take place
effectively in ROC. Industry recognised the effective coordination of R&D and
technology transter initiatives as an urgent need and TERC must also, within the scope
of 10T's activities and responsibilities, make a proactive contribution in this field.

. The physical location of field testing facilities to be established by TERC must receive
careful consideration to ensure that convenience is balanced with costs of owning and
operating the testing facilities. It will be necessary to install effective communications
systems between the facilities and TERC, so that computerised transfer of data and
information may be done between technicians and research engineers in the
IOT/TERC offices. Also, optimal size for this facility has to be determined shouid land
need to be acquired.

. The Public Construction Supervisory Board of the Executive Yuan plans to establish
a Ministry of Construction with its own construction research facility. The facilities
TERC intends to establish will have to anticipate such efforts.

. Considering the woridwide trend that research funding from governments is decreasing,
TERC's operations and interactions with industry should be planned to create
opportunities for industry involvement over the medium to longer term.

4.2 Proposed role and function of TERC

From the information collected, the strategic issues listed in Section 4.1 and the discussions
with industry, a number of recommendations have been compiled for a strategic ptan for TERC.
These recommendations would serve as a basis for the final development of a strategic plan
for TERC, once the top management structure of the organisation has been appointed. This
process must also seek advice from 10T executive and Division Chiefs, to ensure alignment
with 10T's mission as outiined in Section 4.2.1.
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Proposed mission
TERC forms an integral part of IOT and provides engineering technology and support by
developing standards and procedures and by supplying specialised testing facilities and
services to the transportation industry in ROC.

Extended mission

In its operation TERC will provide specialist engineering support to the following missions, rules
and regulations of IOT:

. Pursue actively the implementation of the transport development projects that have
been incorporated into the ROC Six-year National Development Plan;

. improve transportation management and enhance managerial expertise;

. Encourage the private sector to participate in transportation development projects so
as to foster a strong private transportation industry;

. Enhance the competitive edge by expanding the scope of involvement in international
transportation activities in support of the naticn's economic and political objectives;

. Develop comprehensive transportation plans and accelerate the integration of
transportation systems in order to improve the efficiency of transportation services:

. Promote rational development of transportation infrastructure;

. Provide design and R&D of transportation engineering systems;

J Provide support to research and planning in transportation safety;

. Promote the application of transportation research findings and technology transfer;

. Provide liaison and cooperation with local and international transportation research
organisations;

. Collect, compile, translate and disseminate transportation information.

Proposed objectives for TERC

" The initia! aims of TERC are highiighted in 1OT's current promotional video material. These

have been used as a basis for compiling the foilowing proposed objectives for TERC:

. to draft national standards, procedures and methods for the planning, design,
construction and maintenance of roads and railways and for traffic engineering and
safety;

. to act as an independent and objective testing and evaluation authority for the
transportation industry; .

. to provide speciaiised technical support for engineering agencies engaging in materials
lesting, quality control and technical analysis:

. to encourage and coordinate the development of new engineering technologies and
to promote technology transfer;
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. to play an active role in the development of engineering manpower for the
transportation industry.

Integration of TERC and 10T

Considerable difficulty was encountered in defining a coherent role and pumose for TERC,
specifically as far as the provisional focus area (suggested in Section 3) of safety systems and
traffic engineering is concerned. The reason for this was mainly that |OT is already working
in these fields and that duplicate structures must be avoided.

A possible solution is proposed in Figure 2. The rationale is that by the very nature of R&D
activities, their complexity and engineering content vary considerably. On the one end of the
spectrum is found the routine and ad hoc type of testing work and the research associated with
it, while the other end requires higher order conceptual thinking to engage in, for example,
policy development and strategic planning. Investment in physical resources and testing
facilities is high at the "hard" engineering end, while activities such as policy development do
not require the same physical resources and level of support but do require senior experienced
personnel with an extensive background in national transportation issues.

As proposed in the original planning for TERC, and as stated by IOT management and industry
stakeholders, there is a need for an “engineering” tacility to provide technical support, and it
is thus logical that TERC engages predominantly in the activities related to hard engineering
and routine testing. TERC's involvement in R&D tapers off as the “conceptual" content
(current 10T domain) of research increases. The examples in Figure 2 demonstrate four
conceptual stages of R&D to iltustrate the variation in nature and content of work. Examination
of these examples and ot IOT's proposed relationship with TERC may imply that 10T will have
to reconsider its current involvement in certain technologies and/or activities that are of a more
routine or hard engineering nature.

The relative involvement of TERC and IOT in any given project will change depending on the
nature of the project. The underiying understanding from the mission of 10T is that it is
required {0 have a strategic alliance or partnership with the industry it serves and that TERC
is a technology provider operating predominantly in the area of "hard" engineering support.

Mission success factors
In order for TERC to be successful at its chosen mission, it is believed that the issues
discussed below are crucial. These have been obtained from discussions with industry and

an analysis of information presented in the previous sections:

. To gain maximum benefit, the new centre must be fully integrated into the 10T
structure and take part in R&D strategy planning and decision-making.
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To ensure that R&D plans are aligned with a technology vision for ROC and to ensure
effective technology transfer. 10T must coordinate transportation R&D in association
with the MOTC Office of Science and Technology Advisors. This implies that 10OT
piays a central role in developing a transportation technology strategy tor the country.

. TERC must view manpower development for the transportation industry as one of its
key objectives.

. Duptication of R&D efforts and facilities in ROC must be avoided and optimal use must
be made of available resources.

. TERC must be responsive to the needs of industry and must be abie and willing to
adapt strategies and plans to accommodate changes in the external environment.

. TERC must build a culture of creativity and innovation, while maintaining a focus on
imptementation.

. Information technology is a key resource and effective management of information will
enable TERC and 10T to make a significant impact on industry.

Technology strategy

To assist in structuring an understanding of the technoiogies required by the transportation
industry in ROC, a technology tree was developed for the industry. This is shown in Figure 3.
The principle used was to identify the technologies or knowledge areas underpinning each level
of technology, until all the base technologies for an area have been determined.

One benetit of this approach is that a perspective may be built of a technology strategy for a
discipline, i.e. of where efforts for development, acquisition or joint venture must be aimed,
since own capabilities or lack thereof are easily identified. For the purposes of achieving a
better definition of the respective rotes of TERC and IOT, the technology tree also provides a
basis for allocating technaclogy responsibility within the confines of a particular discipline or
project. Based on the concepts introduced in Figure 2, IOT would tend to aim at technologies
higher up in the technology hierarchy, where strategy and policy issues dominate and hard
engineering suppon is of lesser importance. TERC would engage in work towards the lower
end of the hierarchy by providing the vital engineering and technology support required to arrive
at rational decisions regarding national policies and strategies. A coordinated approach to
providing technology support of this nature is lacking in ROC and this has been identified as
a primary reason tor the fragmented nature of current transportation R&D.

The allocation of responsibilities at the interface of standards, procedures & engineering and
planning, policy & strategy becomes a matter of negotiation and will largely be determined
by the nature of a particular project. Figure 3 clearly demarcates the domains of the current
IOT Divisions and the proposed TERC focus areas and these may be defined as follows:
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. Current 10T Divisions: research and development for transportation pianning, policy
and strategy;

. TERC: R&D for engineering and technology support in respect of standards,
procedures and services to the current IOT Divisions and industry at large.

By increasing the capabilities of IOT through adding the engineering suppont provided by
TERC, 10T would be ideally positioned as the national coordinator of transportation R&D. It
should be noted that the technology tree in Figure 3 does not expand on the underpinning
technologies for marine and air transport, as these are currently provided by other institutions.
Policy and planning R&D in these areas would however stili rest with the current Divisions of
|OT (as is the case at the moment), as would the coordination of research in these areas.

Technology focus areas

Figure 3 also shows that the primary technology focus areas for TERC would remain as
originally foreseen, except that information technology and advanced technclogies must be
regarded as supporting or enabling functions rather than focus areas in themselves. . The
development of advanced transportation technologies should be undertaken as part of the R&D
function in each focus area rather than in isolation as a separate line tunction, because of the
need for focus and direction. Information management systems as a strategic corporate
resource must ideally reside with IOT since it underpins that organisation's stated mission and
therefore implies possible expansion of the current Transportation Information Division of 10T,

TERC will therefore conce ntrate on the following focus areas, considering the analysis detailed
above and comments and suggestions received from industry:

. highway engineering;
. railway engineering; and
. safety systems and traffic engineering.

in addition to these focus areas, TERC will operate certain facilities and services to industry
and in support of the technology focus areas of TERC and the existing divisions of |OT.

Integration of the safety systems and traffic engineering into one area is based on the following
rationale:

. attempts to enhance mobility in the transportation system must be in balance with
safety needs, and vice versa (mobility and safety needs are opposing forces in the
transportation system);

. there are obvious overlaps and linkages between safety and traffic engineering and
each of the two technology areas must be managed to enhance the other; and
. these areas are currently managed jointly in the Safety Division of 10T.
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Competence areas

The technology tree technique enabled the matching of identified R&D needs with component
technologies, such that the required competence areas for a discipline may be mapped. The
R&D needs summarised in Table 2 were entered on to the technology tree for each of the
focus areas and areas of overlap and/or commonality were then identified. The details of this
exercise, showing the competence areas mapped on to technology trees for the focus areas,
are presented in Figures 4 through 7. This arrangement ensures that the most urgent needs
in industry are addressed. The analysis indicated that TERC needs technological competence
in the following areas:

Highway Engineering:
Pavement design and materiais
Construction
Pavement management and performance
Structures and geotechnics

Rallway Engineeting:
Track performance and component analysis
Rolling stock '
Systems management

Safety Systems and Traffic Engineering:
Human Factors
Safety Engineering
L.egal Aspects and Emergency Services
Traftic Management

Design, construction and maintenance of railway foundations require technologies similar to
that required for highways and needs in these areas can thus be dealt with in the highway
engineering focus area, at least in the initial phases of establishment. If this proves to be a -
growth area in the future, consideration may be given to adding this as-a competence area
within the railway engineering focus area at such a time.

Generic R&D programmes and resource requirements

An analysis of industry needs reported in Table 2 and the technical issues facing the industry
outlined in Table 4, were used as a basis for developing strategic direction, generic R&D
programmes, manpower and support tfacilities for each competence area. The details are
summarised in Tables 5 and 6. Detailed strategies for each of the technology focus areas are
discussed in Section 5 and include:

. strategic issues and R&D needs for each technology focus areg;
. strategic objectives for each competence area;
recommendations on generic R&D programmes;
recommendations on possible R&D projects (where applicable);
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. manpower requirements per competence area,; and
facility and equipment requirements per competence area.

The information presented in Section 515 a guideline only, since it is based on an assessment
of the current state of the industry, as investigated for this project and set out earlier in this
document. Use of this information must take account of changes that may take piace in future
in terms of technological priorities for the ROC and organisational development during the
formal establishment of TERC.

The manpower requirements set out in Table 6 are based on the CSIR's experience in the
various focus areas. However, these requirements may require madification if the technological
priorities change.

Suggested structure for 10T

From the technology tree in Figure 3, clear definition is given to the different roles played by
the current divisions of 10T and TERC. As these divisions plus TERC wiil together constitute
10T, it will be necessary for the existing divisions to retain their own identity. For this reason
it is recommended that the current divisions of IOT be renamed the Transportation Policy and
Planning Research Group (TPPRG), under the contra! of a Deputy Director General. The
proposed structure for 107 is shown in Figure 8.

Coordination and implementation of R&D in the transport industry and technology transfer
should be under the direct control of the Director General and his two deputies.

Figure 8 also shows the interface of the support facilities with the divisions of TPPRG and the
focus areas of TERC. The laboratory, workshop and test site support will reside in TERC, but
may be used by divisions of the TPPRG where required. The management of transport
information will continue to be a division of TPPRG and will interface with all divisions/focus
areas of 10T.

Location of TERC

From the structure shown in Figure 8, two distinct elements of TERC are identified; firstly, the
focus areas in which research projects will be undertaken and coordinated and secondly, the
remote test site which will act as support for TERC and TPPRG.

To optimise and facilitate the efficient management of the new [OT structure and ensure the
proper coordination of R&D efforts, it will be necessary for the Deputy Director General of
TERC and in-line focus area staff to be located in the new 10T building. This implies that
provision will have to be made for an estimated seventy additional members of staff in the new
|OT building when TERC is fully established. Investigation of the plans for the new building
shows that two floors would be required for this purpose.
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In terms of the test site facilities, office accommodation for forty staff members will be required
in addition to the test site laboratories, workshops and other facilities discussed in Section 6.1.
It is likely that the facility manager will require office space at both locations.

Interface of IOT/TERC with industry

The relationship between IOT/TERC and industry is complex, because organisations ranging
from universities to private sector consultants engage in transportation R&D,. each with a
legitimate claim to funding and other resources. Discussions on these aspects with 10T
management and other stakeholders and within the CSIR project team resulted in a conceptual
model which explains the relationship between IOT/TERC and the external environment. This
is shown in Figure 9.

In agreement with proposals made at the start of the project, a system of steering committees
or research advisory panels is suggested to regulate the generation, prioritisation and
communication of industry needs to the research industry and also to facilitate the transfer of
technology. Figure 9 also shows that MOTC wili remain the major client organisation in this
process, with provision being made for the private and public sectors to contribute. The latter
may, for example, include representation from academia and from the provincial and city
governments.

The model also indicates that IOT/TERC assumes a leading/coordinating role with respect to
the coordination of the R&D effort through, inter alia, liaison and cooperation with domestic and
international agencies. On the one end of the spectrum, IOT/TERC may simply act as project
manager for efforts undertaken by universities, technology institutes and/or consultants; in
some cases, IOT/TERC may wish to engage in joint efforts or may subcontract small portions
of projects to these agencies. On the other end of the spectrum, IOT/TERC will conduct
projects independently. This approach will serve to accommodate the envisaged phased

. development of TERC ulimately to become an independent player in selected areas.

Technology transfer to industry becomes the responsibility of IOT/TERC and this is facilitated
through both direct contact with industry and through the system of steering committees or
research advisory panels. Experience in South Africa has shown that an R&D management
strategy that involves the client or recipient of technolegy in the development process has the
best chance of succeeding.

The model also implies that IOT/TERC becomes the custodian of a technology strategy for the
ROC transportation industry (in line with the recommendations in Section 4.3) and acts to
direct, coordinate and guide the R&D effort. As such IOT/TERC then becomes the vehicle
through which transter of technology to industry may be facilitated.
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FOCUS AREA STRATEGIES

Having identified the focus areas in which TERC should concentrate its R&D effort, this section
putlines the detailed strategic issues and R&D needs for each area and highlights specific
project areas in each of the competence areas. Guidelines are given for the required suppaort
facilities from the test site and the manpower in each competence area,

Highway Engineering
Strategic issues and objectives -

The ROC's six-year development plan gives details of a strategy for the construction of new
roads and for the maintenance and upgrading of the existing infrastructure. This indicates a
significant need for the development of competence and technology in pavement materials
design, pavement structural design, pavement performance analysis and road management
systems. Cumrently, there is a lack of implementation of the latest world trends in pavement
engineering and technology. There is also a need to transfer technology effectively to and
implement it successfully within the road building industry. In addition, there is a need to tie
new technological development to improved quality control, road constructabilty and
construction equipment and techniques. In particular, the latest international test methods and
technologies need to be acquired to form a basis from which ROC-specific applications,
methodologies and technology can be developed.

In contrast to pavement engineering, ROC has a relatively well-developed competence in
geotechnical engineering and structures. Thus, while TERC will need a limited competence
in the areas of structural and geotechnical engineering to support the highway engineering
focus area, this is likely to be relatively small and secondary to the development ot other
competence areas within the focus area.

From the competence areas shown in the technology tree, (Figure 3) the following objectives

have been derived:

. Improvement of competence in highway engineering throughout the ROC (particularly
in pavement design methodology and pavement performance evaluation) to form a
basis of technology in line with world trends;

. The development of ROC-specific test methods, design criteria, specifications and
uniform standards for highway design and construction in ROC;

. Improved maintenance and rehabilitation technology and practice to ensure economic
preservatioh of existing infrastructure;

. Improved coordination of highway engineering research and improved technology

transfer to the industry;
. Improved awareness of the environmental impacts of infrastructure projects;
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R&D needs

Extensive interviews with a broad cross-section of the transportation industry in ROC provided
a perspective of the technology linkages within the industry as shown in the technology tree
(Figure 3) and in Table 2. The main components of highway engineering can be divided into
design, construction, maintenance and performance, from which the following competence
areas were derived 1o facilitate the achievement of the strategic objectives for the focus area:

. pavement design and materials

. construction

. pavement management and performance
. structures and geotechnics

The general R&D needs in this focus area expressed by industry may be summarised as
follows from Table 2:

. specialist capabilities for materiais testing, evaluation and classification;

. specialist capabilities in pavement structural analysis and design;

. pavement structural performance evaluation;

. standards and procedures for road design, construction and for maintenance and
rehabilitation; '

. construction management and quality control;

. standardised surveillance and condition assessment methods for road management
systems;

. management systems for pavements, bridges and highway structures;

. materials and methods for bridge design and maintenance;

. effects of vehicle overloading on pavement and bridge stmctures

. environmental impact of construction projects;

. coordination of research efforts.

Specific R&D programmes and possible projects

For Highway Engineering, analyses of the needs expressed by industry assisted in the
identification of specific areas that should form the nucleus of the research programme for each
competence area. These are summarised in Table 7 and described in more detail below, with
an indication of possible research projects.

. Pavement design and materials

Materials design and evaluation

Current practice in the ROC mainly makes use of USA methodology for materials design (eg
the Marshail method for asphalt mix design). These methods are not suitable for innovative
materials or very heavily trafficked roads. Internationally, the trend is towards the use of
performance-related engineering properties of materials to predict and optimise field



49

jels [eoluyaa) g
siaaubus yoreassy ¢
(n1g) 51+8

uabeuew ssusisdwon

wawsbewew
8SBGEIEp JO) 3/EMYCS

‘sio8loud jo wswabeuew !seliejeul

jo Bupinos pue syJom uoICNNSUCD

}C BOHAN)UT (IUSWLOAUS ‘SaSeqRiEp
1509 'syiom peal 1B Algjes ‘juswdinba
puUe spoyisul ‘s[eLSIBW B30 jo 88N
ayl pue AjNigelonnsuoy) spoyiaw pue
Splepuels Bits uo Juewabeuew Apenp

juaweBeurw 1o8loiy

[04IUOD 1509

s1oedse [eluswuonAUE/Al8jBS
senbuyoe; uolonysuo)
SpIepUElS

pue SWBISAS jolluos Alenty

JiEIS [BOIULDB} g
ssaauibus yoieassy 2
(IEotyosloabpAIn) QL+8
iabeuew aousiadwos

spuncib Bunsal aeos-ny
Aioieioge] Buiss) sjeLialepw
fMON Jo

LILN 1& Ba "ge| samjonig
Ausaaun Buny Buayg te
fa 'ge| Buyjjapow olnelpAH

‘sjpuLIN

10§ senbiLDa] UoUINIISUOD S{I0S PUB YO0
jo uolealjissen [eafojoal fluswabeurw
abpuqubiem Butpeopaio jo s108)j0 tiredes
pue Buwayibuans abpuqg :0f sanbuysel
[epads 'swaisis Juswabeuew ebplig
‘spasu aoueUslUiBU JO UOKESILIONd pue
uoheayinuapl ‘sjuiel abpug jo esueunojied
‘s8inonuis [ePads pue speq Jojsaue Jo
ubisap ‘ANAIISE JHUSIBS 1O} @OUBMO|E U)IM
*apoo ubisep ebpuq e jo JusWwdoBAaQ

sebpug

uo speo| eyxe jo sjos)3
Buipeoj oiwsias Buipnfoul
‘seunpaco.id ubisep ebpug
ABojouyoe) snedal

pue BuwsyBuans ebpug
ABojouypa)

uohoniIsuoa Buung

SHOS pue %20)

o) swalsAs uoledyjIsse|n
5walsAs aourUIUNeW
pue Wowebeuew ebpug

JJEIS eouyda| £
siaaubus yoieesey ¢
(uonenodsuel |} oi+g
.1abeuew asusiaduwon

Juswabirusw

FSEqRIED 10} 3/BM|JOS
EETWIIVETY

pue juswdinba soueBANS
spuncib Bulsal aeos-|n4
Kiore.ioqe; Bunsa) sreusiepy
Agory Bunsal peieis@ooy
doyswom Buusauiug
doysyiom sojuoaos|3

S9SEG

BlBD 150 {30UBUSIUMRLW JO) Splepuels
sauewoped "BUSILD UDISIDEP ‘SINY

1o uonesado pue uopeudWedW (51D pue
SdD uclienfess JWIOUCT8 pue SjBpow
1509 Jasn sjosford agueusiuiew j0
uonoa|as sjepow uolnipeld evuewiiolad
‘uonzisidialul pue siSAfBUE Blep !spoyiaw
1581 aANONASAp-UCU ‘AiBaill feirmonns
pue A)IQE3D|AILS jO JUSWLISSESSE
'Juawidinbe pue spoyial aougjieans

j0 uonesiprepuels Algnedwoo

10} SWalsAs uaweabeuew jo ubisag

s1s00 Bunessdo spiyap
qeysl puB aJUBUSIUIEW
peo) Joj saifojouyosa )
aaveulopad

wawaaed wisl-buoy

Bunse} jusuieaed paleleEaoy
JUBLISSESSE UOIIPUOD puB
ABojouyss) eduejiBAINS peoy
SwaIsAs Juswabeuew
2DUBUSIUIBU PUB |USWBAEH

Jels eauysa) g
siaouibua yoreasay ¢
. (A1) o1+ g
Jebeurw aausiaduwion

g Hels uipy

. (GLHN)
Bupessuibus Aemybiy

ul aoualadxs sieeh 1 ylm
Buapyy :1ebeuew esre snvo4

spunotb Bunsel ejeos-In4
Asorelogel] Bunsel sfeeley
Auproey bunssl pelelsjeooy
doysytom Bupesubug
doysysom soucioe|]

‘Bunsal

peresieooe ybnoug sutiisap jo uonenjeaa
'S{eualew jo asuewiciad wiel-Buo)
'S{BUBIBW Mau lS[ELBIRW IO} Spoylaw
1591 ‘s18AE} pajealiun pue palesal)

ul sjeuslew 80| Jo 8sN sjuswaaed

10} s8p0a Ubisap pasipiepusis
uonBIIGRYAS pUB SoUBUAIUIBW

10} euaii2 ubisap pug spoylsw Isfeualew
{200} 0} sucied|Iads pue eI

ubisep !saibojopoytets ubisep jemnionis
ualweard ofjiIoeds-nOY ! ojopoyiawt
ubisap seuaiew aypads-o0Y

uoflenjeas pue

Bunsal 1uawened palesej@oay
aoueunoped pue Jnomeyaq
Wawaned jo uonenieaj
suQiediveds pue spoylaw
uBisep jo vonesipuRpURIS
ABojopoiyaw

ublsep |eImonNAs lUBLIBARY
uofenmeaa

pue ubisap srusiey

SPOLIBW 1581 pue

suoneoyoads 'spiepuels LLojIuN
pue sieudosdde jo Wwawdopasg
Buneauibue

KemyBiy vy sgualadwoo
PAJUBYUS 10} PaBU BY|
uonejuawajdul pue JuswdojeAep
ABoloutpal pareuiplocn

s199f/0)d. ainmonnsenul

40 10edu [ejusWIUONALT
aImonIIse.uUl peo! 0 Judwebeurw
pue uonanisuo ‘ubiseq

wawabeuew
uolaNIsUcy

Buueaubua
[eoluyoejoab
puUB S83INIONIS

auewloped
pue uawsbeuew
waweaed

s[eUBIRW pUR
uBisap Juswared

514




50

performance (eg dynamic testing of asphalt). Although some relevant work is conducted at,
for example, the NCU and the NCKU, there is stifl 2 need to assess technical developments
in this area in Europe as well as in the Strategic Highway Research Programme (SHRP)
conducted in the USA. This technology should be acquired where necessary o form a basis
for developing ROC-specific technology.

Projects in this area should focus on :

. the applicability of international materials design methodologies in the ROC and
recommendations for their application and modification;

. the development of ROC-specific methodologies and test methods where necessary;

. the use of performance-related engineering properties to predict field behaviour of
materials; )

. assessment of innovative construction materials.

Pavement structural design methodologies

Recently there has been significant international developments in the structural analysis and
design of pavements. This includes efforts into mechanistic analysis of pavements, technology
for backcalculation of pavement layer properties, multi-layer anisotropic analysis of pavement
structures, the simulation of dynamic effects in pavement structures and field monitoring of
pavement response. ROC needs to assess international trends in this area, obtain technology
where necessary and use this as a basis for development of capacity and ROC-specific
technology.

Projects in the area should focus on

. mechanistic analysis and design of pavements;
. techniques for backcalculation of pavement structural parameters;
techniques for measuring dynarmic pavement response.

Standardisation of desigh methods and specifications

The standards and specifications currently used (eg AASHTO, ASTM, Asphalt institute and the
California R-value) need to be standardised for the ROC. This standardisation should take
new developments (international and ROC-specific) into account. Work in this area should
focus on the harmonisation of design methodologies, standards and specifications as well as
the development of manuals for their use in practice.

Evaluation of pavement behaviour and performance

There is an international trend to evaluate the behaviour and performance of pavement
structures through long-term pavement performance (LTPP) programmes as well as through
accelerated pavement testing (APT) which is briefly discussed below and later, in more detail,
in Section 6.1.6. A weli-planned LTPP programme can ensure that the vital link between
laboratory design and evaluation and actual performance under traffic is developed. From such
information (with inputs from an APT programme)}, relevant ROC transter functions for the
prediction of field performance from laboratory work can be determined. A proper LTPP

programme will include well-planned and instrumented trial sections to be monitored over a
number of years.



Projects should focus on

Experimental design of LTPP trial sections;

Instrumentation technology for LTPP trial sections;

Monitoring procedures for LTPP triai sections;

The design and operation of a database for LTPP information;
The validation of transfer functions determined from APT testing.

Accelerated pavement testing (APT) and evaluation
APT provides the following capabilities :

to develop a thorough understanding of the behaviour and performance of different
pavement types relative to each other;

to assess the relative performance of ditferent materials;

to develop transfer functions which can be used to predict pavement performance from
laboratory test results:

to validate design philosophies and methodologies;

to investigate the applicability of various rehabilitation options for specific traffic and
environmental conditions.

APT work should initiaily focus on establishing the capability in terms of staff training and
acquiring equipment and facilities as well as the development of a strategic plan for an APT
research programme.

Pavement management and performance

Pavement and maintenance management systems

Although a few authorities in ROC have initiated the implementation of management systems
for road and bridge networks, technology in this area is in urgent need of development and
standardisation. '

Projects should aim at:

standardisation of input and output requirements for management systems, to ensure
national compatibility;

the use of global positioning systems (GPS) and geographical information systems
{GIS) in road management;

the development of road user cost models and methodologies for the economic
evaluation of transportation projects;

standards and guidelines for the implementation, operation and upgrading of road
management systems;

development of decision support systems for financial and economic policy making in
road management at government level;

prioritisation and optimisation technologies-for the scheduling of projects and utilisation
of resources;

establishment of databases for construction costs, materials, road maintenance and
user costs.

establishment of performance standards for routine and special maintenance;
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Road surveillance technologies and condition assessment

New technologies in the area of pavement surveillance and condition assessment are rapidly
emerging and are currently being studied by some of the universities in Taiwan. Decisions to
invest in the latest available equipment cannot be done without proper teasibility studies. taking
into account the co_ndition and availability of equipment already utilised in Taiwan.

Projects should therefore be aimed at:

. evaluation of existing and/or development of appropriate non-destructive testing
devices and technigues;

. standardisation of surveillance equipment and data analysis procedures for the
assessment of pavement serviceability and structural integrity;

. standardisation of condition survey methods, frequencies and data interpretation;

Long-term pavement performance

A good understahding of local pavement performance and the implications of alternative
maintenance and rehabilitation strategies is required to properly manage road networks.
Experience around the world has shown that deterioration models developed elsewhere need
to be adjusted for locat conditions. The potential long-term pavement performance indicated
by accelerated pavement testing needs further calibration to incorporate environmental
influences and the effect of different méﬁntenance strategies.

There wiil be significant overiap between the work done in this area and that being undertaken
as part of the evaluation of pavement behaviour and performance associated with the
pavement materials and design competence. Detailed coordination of the work being doneg in
both areas will be required to prevent duplication.

Projects should be aimed at:
. adjustment of existing and/or development of'appropriate performance prediction

models and algorithms through long-term pavement performance studies and
coordination of all road experiments; '

. threshold values and terminal levels for serviceability and structural capacity
parameters for use in decision and prediction algorithms;

. efficacy of routine maintenance operations.

. Construction

Discussions with various sectors of the industry suggested that quality control and management
at construction works were a major problem. It was also stressed that while new materials
were constantly being developed and marketed, the understanding to properly construct these
materials with the existing equipment needed to be improved.

?
2
!
!
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Quality control

Although two documents for quality controf, are used fo execute control during construction,
concerns were raised by consultants on the applicability of the specifications. Suggestions
were made that statistical quality control should be phased in. Identified project areas are:

. development of standard specifications for road and bridge works, elaborating on
tolerances, methods of testing, traffic control and contractual payment;
. upgrading of quality control systems and methods, with emphasis on statistical quality

assurance and control;

Constructability
This area should concentrate exclusively on construction methods appropnaie for local
materials, conditions and equipment.

Project management

Several computerised systems for project management and cost control of construction projects
are available but there is a need to standardise outputs for management purposes. Research
projects should be aimed at the following:

. investigation into appropriate project management and cost controf systems;
. development of unit cost databases;
g the implications of project management for organisational development and manpower

requirements.

Environmental Issues

Environmental considerations are becoming increasingly more important, both nationally and
internationally and greater attention to this in terms of construction projects will need to be
given in the future. Projects should be aimed at:

. short- and long-term environmental impacts on the use of construction materials and
of construction projects;

. guidelines on environmental impact assessment for construction projects.

. Structures and Geotechnics

As discussed in Section 5.1.1, technology and competence in these areas are well developed
at universities and with consultants. Therefore, it is not recommended that a large competence
be developed in TERC. However, there will be a need to coordinate research in these areas
and provide limited support to highway engineering projects which may require assistance in
these areas. It is not anticipated that TERC will carry out specific projects in these areas.

Facilities required

The recommended facilities and equipment required per competence area are outlined below.
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. Pavement design and materials

Essential support facilities for this area will be the materials testing Iaboratory and the
accelerated pavement testing facility. Engineering and electronic workshop support will also
be required. An area of approximately one hectare will be required for the construction of test
sections.

. Pavement management and performance

Initially {(one year period) no support facilities will be required other than involvement in the
accelerated pavement testing programme in association with the pavement design and material
competence area. However, in the longer term, it is envisaged that new surveillance
equipment will be developed/purchased and operated by TERC. The rapid, international
developments in surveillance technology indicate that less surveillance vehicles will be required
in future as different monitoring systems will be fitted to one vehicle. International trends
should be thoroughly investigated in the first year of establishment of TERC before decisions
are taken to purchase surveillance vehicles. However, provision should be made to shelter four
large surveillance vehicies and one support vehicle at the TERC test site.

. Construction
No support facilities will be required other than the area aliocated for test sections at the test

site and the field testing and monitoring devices to assess the performance of the various test
sections.

Structures and geotechnics

Facilities for research in these areas are well established at consuitants and universities and
it is not recommended that additional facilities be developed as part of TERC. Ceonsideration
should be given to utilising existing facilities for priority projects identified in this competence
area. '

Manpower required

The manpower requirements for the Highway Engineering focus area are summarised in Tables
6 and 7. '

The manager of this focus area should have a pavement engineering background and should
be well-linked with the network of senior managers in the road authorities and senior
researchers at the various universities. He/she shouid have at least a masters degree and a
minimum of 15 years experience in pavement engineering and/or pavement management
systems. The person wili be responsible for establishing a highway engineering competence
within TERC, managing the technology within the focus area and interfacing with industry to
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establish research direction for the area. The following staff is estimated for the four
competence areas:

Pavement desigh and materiais

Competence area manage,
Bachelors degree in pavement or geotechnical engineering, with at least 10 years appropriate
gxperience.

Three research engineers,
Bachelors degrees in civil engineering with some experience of pavement or geotechnical
engineering.

Two technical support staff,
with civil engineering experience.

. Pavement management and performance

Competence area manage,
Bachelors degree in pavement/transportation engineering, with at least 1¢ years appropriate
experience.

Four research engineers,
Bachelors degrees in civil or transportation engineering.

Three technical support staff,
with civil engineering experience.

Although it is envisaged that new surveillance equipment will only be operated by TERC atter
a period of 2 to 3 years, it would be wise to appoint two senior technicians from the stan to
assist in the research of appropriate equipment, to become familiar with the requirements for
surveillance services and to carry out any testing for LTPP studies. As soon as the most
appropriate surveillance equipment for ROC has been identified and developed or purchased,
these technicians should be used to operate the equipment as part of the specialist services
provided by TERC to the rest of the industry. At this stage, it will be necessary to appoint two
new technicians to assist in this competence area.

. Construction

Competence area manager,
The needs in this area require an experienced engineer (B Eng) with at least 15 years
experience in construction and project management. »

Four research engineers,
Bachelors degrees in civil engineering and some site experience of construction projects would
be advisable.
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Two technical support staff,
with civil engineering/construction site experience.
Structures and Geotechnics
Competence area manager,
Bachelors degree in civil/geotechnical/structural engineering and at least 10 years experience

in structural or geotechnical engineering.

Two research engineers,
Bachelors degrees in civil/geotechnical/structural engineering.

Two technical suppon staff,

with civil engineering experience. it is recommended that technical support staff are only
appointed if research needs in this area become a high priority.

Railway Engineering

Strategic issues

Investigation of the railway engineering focus area identified the following major strategic
issues:

. The need for standards, specifications and test methods for rail infrastructure
development;

. The need for integration with other modes of transpon;

. Environmental impact of rai systems;

. Commissioning of the mass rapid transit system;

. Management of rail infrastructure.

There currently appears to be no strong research competence in railway engineering at any
transport authority or research organisation and TERC is seen as the ideal organisation through
which this capability could be built. The strategic objectives to be achieved through the
competence areas identified in the technology tree wouid be:

. Increased research cdmpetence in railway engineering throughout the ROC;
Promotion of modal integration in the transportation system (in association with the
Safety Systems and Traffic Engineering focus area);

. Improved coordination and transfer of railway engineering research to the industry:

’ Improved awareness of the environmental impacts of infrastructure projects (in
association with the Highway Engineering focus area);

. Suppart of industry through the development and evaluation of local products.
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R&D Needs

~Discussions with the three major rail organisations (TRA, TRUPO and DORTS) identified six
competence areas as shown in the technology tree (Figure 3). However, it is felt that design,
construction and maintenance of railway systems have significant overlap with the Highway
Engineering focus area and any needs in this area could be managed as part of the Highway
Engineering project portfolio. If through time, these areas become a priority, consideration
should then be given o expanding the Railway Engineering competence areas. Initial
emphasis should therefore be given to the following three competence areas:

. Track performance and component analysis;
. Rolling stock;
. Systems management.

The following specific R&D areas (also shown in Table 2) were identified from the discussions:

. Evaluation of new products (both local and international);
. Development of local products;

. Accelerated track testing and evaluation;

. Surveillance technology;

. Track maintenance technology;

. Evaluation of long term track performance;

. Signalling and communication,

. Incident management systems;

. Transport of hazardous materials.

Specific R&D programmes and possible projects

Based on the needs expressed by the industry, various R&D project areas for each
competence area were identified. These are summarised in Table 8 and described in more
detail below.

It should be noted that in the Railway Engineering focus area, no indication of possible
research projects are given in this report. Whilst an urgent need for research in railway
engineering was expressed, it was very difficult to identify specific research projects. It is likely
that individual projects in the competence areas will only become apparent once the mass rapid
transit systems have been operating for a significant period of time and a decision to implement
high-speed rail technology has been finalised. '

Consequently, it is recommended that the Rail Engineering focus area is kept relatively small
and its first task should be to undertake an in-depth, detailed analysis of R&D needs and
potential projects in the area.
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. Track performance and component analysis

Evaluation of new products

Many new products come on to the railway market from overseas countries. In many cases
the performance and suitability of the products have not been evaluated in terms of local
conditions. A distinct need was identified to evaluate each new product before it is exposed
to the general market. Each product would form its own project as and when required.

Development of local products

Research in this area should focus on the development of local skills and manufacturing
techniques to develop local products to further stimulate industry in ROC. The first task in this
area will be to identify specific products suitabile for local develdpment.

Accelerated track testing and evaluation; surveiliance technology

This area is directly linked to the development and evaluation of new products, especially
where the performance of components needs to be tested, both in the laboratory under
controlled conditions and in the field under operating conditions.

Track maintenance technology

Track maintenance forms a significant part of a railway organisation's budget. A need was
expressed for research into improved track maintenance procedures to assist in the
optimisation of maintenance activities.

Evaluation of long-term track performance
Projects in this area will be essential for evaluating the long-term effectiveness of new products
and maintenance procedures.

. Roliing stock

Product evaluation and development

Similar to the Track Performance and Component Analysis competence area, the main
emphasis will be on evaluaticn of new products and the development of local products. The
comments given in the previous section would also apply to this competence area.

Maintenance technology and evaluation of long term performance

DORTS has a two kilometre track facility for testing rolling stock components. However, there
appears to be limited research expertise in the evaluation of long-term performance and
maintenance of new, local and international components. |t is iikely that TERC and DORTS
could conduct joint research projects in this area.

. Systems management

Signalling and comrmunication

No specific needs were identified by the rail authorities in this area. However, a general need
was expressed for TERC to develop expertise in advanced signalling and communication
technology by keeping abreast of international developments. '
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Incident management systems and transport of hazardous materials

The management of incidents including hazardous spills has become increasingly more
important world wide. Although a need for a research competence in this area was not
expressed, it is felt that TERC should investigate the development of such a thrust area to keep
abreast of current international trends.

Facilities required

The recommended facilities and equipment required for the competence areas are summarised
in Table 8.

. Track performance and component analysis

A track component testing iaborator;r will be essential for this area to investigate track design
and the performance of the various components of track construction. A mobile data
acquisition unit and surveillance equipment will also be required to obtain data on in-service
pertormance of track construction and components for inputs into optimising rail maintenance
procedures.

Support will be required from the engineering and electronic workshops and the materials

~ testing laboratory.

. Rolling stock

As discussed in Section 5.2.3, collaboration and agreement with DORTS will be required to use
their existing two kilometre test track facility to evaluate new local and international products
which may be developed. Engineering and electronic workshop support will also be required.

. Systems management

The only support facilities required in this area will be the electronic workshop and laboratory
and the engineering workshop.

Manpower required

The manpower requirements for the Railway Engineering focus area are summarised in Tables
6 and 8.

The manager of this focus area should have a railway engineering background, with a masters
degree and a minimum of 15 years experience in railway engineering. The person will be
primarily responsible for establishing research direction and will manage the technologies in
the three identified competence areas and in the other areas of raiiway design, construction
and maintenance which may be carried out in the Highway Engineering focus area.
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The following staff will be required in the three identified competence areas:
. Track Performance and Component Analysis

Competence area manager,
Bachelors degree in civillmechanical engineering with at least 10 years appropriate experience:

Two research engineers,
Bachelors degree in civil/mechanical engineering;

Two technical support staff,
Civil or mechanical engineering expertise.

- Rolling Stock .

Competence area manager,
Bachelors degree in mechanical engineering with at least 10 years appropriate experience;

One research engineers,
Bachelors degree in mechanical engineering;

One technical support staff,
Mechanical engineering expertise.

. Systems Management

Competence area manager,
Bachelors degree in elecirical engineering with at least 10 years appropriate experience;

Cne research engineers,
Bachelors degree in electrical engineering;

One technical support staff,
Electrical engineering expertise.

Earlier recommendations suggest that this focus area should not be included in the initial
establishment of TERC. However, it will be necessary to appoint the focus area manager with
an assistant at competence manager level to have in-depth discussions with the various rail
authorities to identify specific project areas. They should also be responsible for establishing
the Track Component Testing Laboratory and for obtaining a mobile data acquisition unit and
appropriate surveillance equipment. This will be taken into account in the implementation plan
outlined in Section 8.
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Safety Systems and Tratfic Engineering
Strategic issues
The following are considered to be the major strategic issues facing this focus area (Table 4):

accessibility and mobility;
. environmental impact;
. transport integration; and
transportation safety.

Severe traffic congestion, increasing accident costs and poliution are some ot the major side
effects to be addressed.

The improvement of accessibility to and mobility within Taiwan cities are major priorities.
Expediting the implementation of mass rapid transit systems, improved traffic control, incident
management systems and the implementation of IVHS are initiatives most likely to produce
tangible results in response to these needs. The integration of transportation systems also
offers significant benefits, through improved land-use/transport planning and modal integration.

The improvement of fransportation safety will improve the quality of life in ROC. Although
several successful traffic safety research projects have been conducted in ROC, the approach
is perceived to have been rather fragmented. A major challenge for the road safety authorities
will be 1o develop a road traffic safety policy and an effective traffic safety management system
to implement such a policy.

in order to address these needs successfully, this focus area has to structure its R&D plans
to aim at the following strategic objectives:

. establish a safer traffic environment;
. enhance mobility for all road users; _
. reduce the negative environmental impacts of traffic;
. promote modal integration in the transportation system;
. improve traffic law enforcement;
. improve the safety features of all kinds of vehicles, including moftor cycles; and
. develap education and training programmes that will effectively reach the entire ROC
population.
R&D Needs

The major R&D needs in traftic safety identified by industry stakeholiders during interviews and
discussions, are the following (Table 2):

. modification of road user behaviour;
J _more advanced systems to conduct proper traffic law enforcement;
. improved safety teatures for all vehicles;
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. improved traffic safety for pedestrians;

- education and training for traffic safety;

. improvements 1o road safety infrastructure; and

. incident management systems and accident/collision studies.

The identified R&D needs that are related to tratfic engineering inciude the following:

. traffic control and signalling systems;

. environmentat poliution: vehicle emissions and noise;

. coordination of planning and operational decision-making on government level;
. geometric design standards;

. arrestor beds on steep grades;

. parking management systems;

. IVHS;

. the design of modal interfaces;

. integrated transport planning for ROC; and

. integration of transport modes.

In gereric terms, the above suggests that traffic management R&D shouid focus on praviding
engineering technolegy and support to 10T and industry in respect of road supply and travel
demand management. The main thrust of the work should be in the areas of road network
marazemsnt, traffic signalisation and geometric design.

For the focus area as a whole the analysis of needs indicate that efforts must concentrate on:

. the development of relevant technologies and techniques, methodologies and
procedures; and
. the preparation of standard specifications, guidelines, manuals and codes of practice.

Specific R&D programmes and possible projects

For traffic safety, analyses of available road accident data and the needs expressed by industry
pointed to specific areas that should form the nucleus of the research programme. These are
summarised in Table 9 and described in more detail below for each competence area, with an
indication of possible research projects.

. Legal aspects and emergency services
Violation monitoting systems
The availability of information about traffic viclations (moving and stationary) will enhance

decision-making on selective law enforcement. Projects in this area should focus on:

. analyses of traffic violations to identity frequencies, trends and other parameters
~required for planning;
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. development of violation control monitoring systems. eg for red light violations,
following distance. overtaking, alcohol. seat belts, speed, overloading and
roadworthiness.

incident management systems

MOTC has a central role to play in developing a policy on incident management and the
procedures to be followed. Incident management systems are needed to coordinate activities,
improve or simplify communications, provide a better service to the public and improve the
deployment of the various organisations involved in these operations. The need for incident
management systems is not only required on freeways but also on all strategic or high-volume
roads and for mass rapid transit systems. Research in this area must focus on the following:

. the development of strategies to initiate the process of incident management on all
levels;

. strategies and procedures to deal with operational aspects;

. infrastructure requirements, eg SOS equipment;

management of hazardous spills; and
. management systems to cope with natural disasters, eg floods and earthquakes.

wontra! of vehicle overloading

Vehicle overloading causes serious damage to road pavements and is a safety hazard. Most
freight i~ Taiwan is transported by road and regular surveillance of the situation is necessary.
Areas 'o bz focused on are:

. appropriate technologies to screen overloaded vehicles, eg weigh-in-motion technology
(WIM);

. the installation of weigh bridges and monitoring systems; and

effective legislation to control overloading.

E]

Traffic legislation and adjudication

Penalties embodied in traffic legislation should be sufficient to serve as a preventive measure,
and must be supported by appropriate law enforcement efforts to ensure the eHective and
visible apprehension of transgressors. A variety of measures are necessary to ensure that
drivers adhere to traffic regulations, such as the moenitoring of drinking and driving, spot checks
on the wearing of seat beits and road worthiness checks. A variety of penal measures have
been implemented in various countries with varying degrees of success, i.e. suspension of
licences, social duty for traffic offenders and short-term imprisonment.

The administration of traffic offences is very often a cumbersome process and many offenders
are not prosecuted. The penal effect of traffic legislation is hence dituted and discredited and
drivers would tend to intentionally disregard traffic rules as a resut.

The foliowing research must be conducted:

. a study of penal measures available elsewhere in the world in terms of its applicability
and implementation in Taiwan;
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. the development of effective monitoring and administrative systems (eg a points
demerit system for serious transgressions) to ensure the prosecution of traffic
oftenders;

. the standardisation of court procedures; and

. evaluation of equipment available to enforce tratfic legisiation.

. Human factors

Driver behaviour, driver training and simulation

Adherence to the rules of the road and traffic regulations is an area of concern for road
authorities in Taiwan. In 1992 TANFB reporied that on the national freeway the major causes
of road accidents were "improper driving” and "tailgating". These aspects contributed to an
estimated 69 percent of all incidents.

The probiem is often related to the attitudes of drivers, but also to a lack of appropriate skills,
especially in the case of heavy and articulated vehicles. Driver training and education are
therefore required to correct the problem. This implies that new drivers must receive tuition at
driving schools before they can apply for a driver's license, or that certain traffic offenders'
licences might be suspended until they have passed a driver training programme. In certain
cases professional drivers may need to be trained.

Driving schools exist in Taiwan but attendance is not compulsory. These driving schools must
be operated to certain minimum standards, and regulations shouid also address the training
of driver instructors.

The research focus in this area must be on the following:

. the development of a training manual for new prospective drivers;

. tuition in driving schoals for all new drivers and for drivers in need of rehabilitation;
a study of the factors causing abnormal driver behaviour, especially with regard to
attitudes and skills (both in practice and by using a driver simulator); and

. the introduction of a points demerit system for traffic offenders.

Training and education of unprotected road-users

Incidents involving unprotected road-users (pedestrians, pedal cyclists and motor cyclists)
constitute about 40 percent of the road fatalities in Taiwan and in the majority of cases no
formal training in road safety practices had been received. Statistics show that a large
proportion of those invoived in road accidents are older than 20 years of age and are
predominantly male. Only radio programmes are currently used to educate aduits, while cyclist
training and pedestrian safety are promoted in some schoois.

Efforts should be aimed at;

. improved visibility of unprotected road users;
. the identification of the target groups most at risk; and
. the development of publicity and educational material to address the target groups.
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Road safety education

Road safety education as part of the formal education and schooling process is considered
essential to cultivate the correct attitudes towards traffic satety. Two schoals of thought exist
on the format of this education namely, the establishment of a separate subject in the school
curricula, or the integration of road safety education into other subject matter {e.g.
mathematics).

Although road safety education was implemented in Taiwan schools about three years ago, it
is not compulsory and depends largely on the attitude of the school principal.

Adults (existing drivers) need to be educated in the latest traffic developments (e.g. new road
signs and markings and legislation). No national publicity or awareness campaigns are

currently conducted but on-site education is often given at road improvement areas.

A research programme shouid focus on the following:

. the most appropriate format of road safety education in schools;
. a training programme for teachers to promote traffic safety in schools; and
. the development and implementation of effective communication measures to train and

inform adults (existing drivers) about traffic regulations and controi measures.
. Safety engineering

Vehicle safety

Road accident statistics for 1992 showed that most road fatalities and injuries invoived
passenger cars, commercial vehicles and motor cycles. Head injury is the most frequent type
of injury in motor cycle accidents and the usage of helimets is therefore considered vital for
these unprotected road-users. Some initiatives were recently launched to address this need
and ongoing monitoring will be required to evaluate the success of such initiatives,

TANFB (Annual Report, 1992) reported that on freeways, accident rates were the highest for
heavy trucks and tractor trailers.

The improvement of vehicle safety features can contribute to reduce casualties. Areas to
investigate include:

. improved visibility of commercial vehicles, motor cycles, buses and pedal cycles;

- compulsory seat belt wearing on rear seats of passenger cars;

. specifications for child restraint systems;

. compulsory use of helmets for all motor cycle riders;

. road worthiness of vehicles (periodic testing of certain classes of vehicles, as
suggested by IQT);

. bus safety standards (structural strength, inflammability of interior, etc);

. underriding protection for heavy vehicles;-

. measures to ensure the safe passing of long vehicles;

. the eftect of head rests in reducing spinal injuries;

. spiash and spray generated by heavy vehicles on wet roads; and

. anti-lock brake systems for heavy vehicles.
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Roadside furniture (including road construction sites)

The sateguarding of roadside furniture reduces road casualties and reptacement costs. In 1992
alone, TANFB reported 4 765 events in which roadside tacilities were damaged. tems mostly
involved were guard rails, reintorced concrete posts, off-set blocks, trees and fences. Research
projects should focus on the following aspects:

. safe design features;

. placement/proximity of facilities;
. visibility of facilities; and

. lighting and night-time accidents.

Road construction sites present serious road safety problems if not properly demarcated, for
both road users and construction workers. Areas to be covered by research include:

. a distinctive road signing (different colour system) and marking system;

. detailed layout configurations for different road construction sites (road closures, lane
closure, shoulder work, roadside maintenance etc); and

. procedures to maintain equipment in a good state of repair.

Accident reporting and analysis procedures

Proper accident reparting forms the backbone of an efficient hazardous location identification
and elimination programme. Discussions with staff of the Transportation Safety Division of IOT
revealed that the current reporting procedure is inadequate. No comprehensive annual repott
on accident statistics for the whole of Taiwan could be traced. Problems are experienced with
the description of accident locations and also with the underreporting of road accidents.
Furthermore, analysis procedures need improvement to eliminate duplication of records.

Research in this area should be focused on the following:

. proper road marker/identification systems (urban and rural) to locate accident locations
more accurately;

. procedures to train the police to use these systems and to complete the accident report
torms more accurately;

. procedures to ensure proper accident reporting by the driving public;

. identification of analysis procedures to upgrade the system of processing and reporting;

. compilation of a system to provide annual accident statistics for Taiwan;

. occurrence, frequency and reporting on night-time accidents.

ldentification of hazardous locations

Road authorities in many countries are of the opinion that the identification and elimination of
hazardous locations are the most cost-effective short-term measures to improve road safety.
The current |OT research programme shows that 12 projects in this field have already been
conducted in conjunction with road authorities. A manual on the development of improvement
projects for accident-prone locations in Taiwan was published (IOT Annual Reporl, 1892).

Although good progress has been made in this field, the monitoring and evaluation of the
success of countermeasures need to be researched. These results will provide good inputs
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for the general application of countermeasures and can only enhance the applicability of the
above-mentioned manual.

Accident simulation and reconstruction

The Transportation Safety Division of IOT expressed the need to be competent in the area of
accident simulation and reconstruction. In the case of major road incidents, eg a bus accident
with muitiple fatalities or injuries, specialised expert witness is often required in court on the
causes of these collisions. Apart from extensive experience in the field of accident
investigation, specialised traini'ng is required in accident simulation and reconstruction.

The research focus in this area should be on the following:

. the training of personnel in accident simulation and reconstruction {courses in
reconstruction/computerised analysis are presented annually at a number of US
universities, e.g. North Western and Florida);
usage of data obtained from accident simulation and reconstruction studies for
research into causative tactors in major road accidents.

Traffic control devices for road safety

Traffic controt devices (signals, signs, road markings, etc) are costly items and provision and
maintenance must be properly managed. In addition, the ROC traffic control devices should
be aligned with the international stylised signing systems (eg thé Geneva Convention on Traffic
Signs). The Manual on Planning and Design for Traffic Control Devices (IOT Annual report,
1992) could be used for this purpose. Research in this area will not anly promote road safety
but will also ensure the most cost-effective use of these control devices.

Speeding is recognised as one of causative factors in road accidents in Taiwan. To deal with
this problem, traffic calming techniques (such as mini-roundabouts, road narrowing and speed
humps) have been developed in several countries. The appropriateness of these technigques
for Taiwan should be evaluated.

Areas to be investigated include the following:

. surveys of traffic control systems in use in other countries;

. aligning the Manual on Planning and Design of Traffic Contral Devices with
international practice;

. investigation of the appropriateness of traffic calming measures and the drafting of
national standards;

. specifications for the light intensity of traffic signals;

. durability studies on road sign materials; and

. . humidity effects (fog and rain) on the retroreflective properties of road signs.

Modal integration from a safety perspective

The planning of new public transport systems in Taiwan cities (underground, mass rail transit
and bus systems) includes the co-ardination of safe circulation systems for users between the
different modes. No guidelines have been developed but will be necessary when the MRT and
other systems become operational in the various cities.



Research should focus on:

. standards and guidelines for transportation authorities to provide safe circulation
systems.

Adverse climatic conditions and traffic safety

Accident statistics for 1992 show that one-third of all road accidents in Taiwan occur during
inclement weather conditions. Fog is a general phenomenon in the Taiwan area and research
should be focused on technologies to assist road users in times of poor visibility.

Research projects in the following areas could be beneficial:

. automatic speed limit reduction in wet weather (finked to variable message signs on
freeways);

. fog detection warning systems; and

. wind monitoring systems.

. Traffic management

Geometric design standards and procedures g

Studies of the efficiency of various elements of road and intersection design need to be
conducted. Among the main aspects of urban networks are the types of intersection (inciuding
traffic circles or roundabouts), public transport termini, urban interchanges, lane width,
configuration and curb radii. In the context of rural roads, important aspects are passing and
climbing ianes, horizonta! and vertical alignment, access to bridges and funnels and arrestor
beds.

Research should be focused on:

. the development of local standards;
. adaptation of overseas procedures for local conditions;

Roadside furniture

Comments made under the safety engineering competence area are also of relevance here,
and this provides an example of the important interface that needs to be established between
salety experts and traffic engineers in the research effort.

Traffic counting, strategies and equipment "

Information on traffic volumes, vehicle classification, occupancy and loading, peak periods and
seasonal flows, constitutes the basis of an integrated traffic management system. Limited
system capabilities were observed during assessment of the current situation in Taiwan. For
example, traffic counting on highways appears to be limited to two experimental stations for the
whole of the Taiwan area.

Research should be directed at the development of a comprehensive traffic counting strategy
for the ROC.
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Traffic signal control, strategies and equipment

The traffic congestion currently being experienced in most Taiwanese cities can be eased
through effective signalisation. This is an extensive work area, encompassing aspects ranging
from fixed-time control of an isolated intersection to real-time on-line optimisation of large traffic
signal networks. It aiso covers special applications of traffic signals, eg in road tunnels, at
roadworks and for allocation of priority to public transport or emergency vehicles.

The work to be done in this field includes:

. the development of standard procedures for systems design, evaluation and
mbnitoring;

. standardisation and testing of controllers, computers and communications systems; and

. development, testing and standardisation of data logging and detection equipment.

Identification of hazardous locations
See comments made in this regard under safety engineering.

Modal integration
The rasearch to be done in this area includes:

. location and geometric design of modal transfer points;
. scheduling of operations;

. compatibility of modal capacities;

. integrated fair policies and systems;

. information systems.

See also comments made in this regard under safety engineering.

Management of traffic flows in road networks

The work in this field is concerned with the control of traffic flows by means of, inter alia, one-
way street systems, application of traffic signs and markings, reversible traffic lanes, clearways
and high occupancy vehicle lanes. These measures can be used in Taiwanese cities to either
increase capacity and relieve congestion or to minimise adverse impacts of traffic, such as
accidents, noise or pollution. The attainment of the latter objective can be enhanced by
additional actions such as traffic calming measures, access restrictions for specific vehicle
classes, pedestrian malls and reduced speed limits.

Parking management is also one of the major tools of traffic management and includes the
provision of on-street and off-street parking, loading bays, location of parking facilities, design
standards, fee structures, operation policies and information systems to guide drivers to
available parking facilities.

The research to be conducted in this work area are:

. national policies an the management of traffic flows;
. the development of standards and guidelines for the various control measures;
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development of technologies with regard to detection and information, pre- and post-
payment, and interface with traffic signal control; and
guidelines on parking management, including parking standards.

Advanced technologies
International developments in the application of advanced technologies for road transport

indicate that considerable improvement of the quality of traffic flow is achievable.

Research in this area should be focused on:

. the implementation of automatic vehicle identification and classification systems (AVI
and AVC); and
. the implementation ot intelligent vehicle-highway systems (IVHS).

Facilities required

The recommended facilities and equipment required per competence area are detailed below.
In some cases these facilities could be shared with other TERC competence areas, while in
others existing facilities outside 10T could be utilised.

Safety engineering
Photometric laboratory,

The existing facilities at ARTC in Hsinchu can be used. The instruments to be used regularly
by TERC staff would be those required to test the foliowing:

. retroreflectivity of signs and other devices on vehicles
. surface colours of materials or light sources; and
. vehicle headlight and supplementary light intensity distribution.

Crash test facility,
The equipment currently available at ARTC could be used.

Component testing facility,
Existing facilities at ARTC can also be used for this purpose. Components to be tested could
include seat belts, doar locks, seats, bumpers, lights and reflectors.

. Human factors

Psychometric laboratory

Selection batteries for different categories of drivers (light motor vehicles, heavy vehicles, etc)
have to be developed to identify high risk drivers and to assess drivers’ levels of proficiency.
This laboratory will have to be established at the TERC/IOT offices, to have it in close proximity
for research work.
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Driver simulator facility

This facility can be used to conduct research on driver skills in areas such as performance
under stress, concentration ability and reaction time. 1t can also be used for the selection of
professional drivers, identification of high risk drivers and the testing of new training methods.

Legal aspects and emergehicy services

Electronic workshop and iaboratory

This facility is required to evaluate and calibrate the large variety of equipment for law
enforcement available on the world market, especially in the areas of speed enforcement and
blood aicohol content testing. Most other vehicle components can be tested in the photometric
laboratory or other facilities available at ARTC.

. Traffic management

Traffic surveillance laboratory
The main emphasis in this case will be on the development and testing of traffic detection and
counting equipment, and this could also be done by the electronics workshop and laboratary.

Electronic workshop and laboratory
This facility will also do testing of equipment associated with traffic control and advanced
technologies.

Test site facility
Various tests on traffic characteristics, geometric design elements and IVHS will be required
and a full-scale testing grounds will be necessary for this purpose.

Manpower required

The manpower requirements for the Safety Systems and Traffic Engineering focus area are
summarised in Tables 6 and 9.

The manager of this focus area should have a transportation background, preferably with a
masters degree and at least 15 years experience in traffic and transportation. This person will
be responsible for setting research direction and managing the technology within this focus
area. The following staff is recommended for the four competence areas under the control of
the focus area manager:

. Safety Engineering
Competence area manager,
Bachelors degree in traffic/transpontation/mechanical engineering, with at least 10 years

appropriate experience.

Two research officers,
Bachelors degrees in traffic/transportation/mechanical engineering.
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Two technical support staff,
with traffic or mechanical engineering experience.

. Human factors

Competence area manager,
Bachelors degree in the social sciences with at least 10 years appropriate experience.

Two research officers,
Bachelors degrees in psychology/sociology and education.

Two technical support staff.
. Legal aspects and emergency services

Competence area manager,
Bachelors 'degree with at least 10 years criminal law or similar experience.

Two research officers,
One bachelors degree in law and experience in law enforcement.

Two technical support staff.

. Traffic management

Competence area manager,

Bachelars degree in traffic engineering with at least 10 years transportation/tratfic engineering

experience.

Three research officers,
Bachelors degrees in transportation/traffic, also in electronic engineering.

Three technical support staff,
Experience in traffic engineering and electronics.
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SUPPORT FACILITY STRATEGY
TERC facilities

From the detailed information provided in Section 5 for each focus area, a summary of facilities
needed, floor/land space required, estimated cost figures for budgetary purposes and
manpower requirements is given in Table 10. Detailed equipment lists and estimated purchase
prices or establishment costs for each tacility (where available) are given in Appendix D.

It should be noted that more accurate cost figures for the various pieces of equipment and
facilities will have 1o be obtained closer to the actual establishment dates. The figures provided
here have been compiled for provisional budget purposes only and are likely to change,
depending on the time of establishment, exchange rates and availability of specific pieces of
equipment in ROC.

Testing grounds to accommodate TERC support facilities

For ease of management and to avoid access problems and poliution in the city, it is
recommended that all TERC support facilities, with the exception of the psychometric testing
laboratory, be located on a remote site. Based on the CSIR's experience, a minimum of four
hectares of land will be required to accommodate the recommended laboratories and offices,
a test track and sufficient space to build experimental sections for accelerated testing.

The following options appear to be available for the establishment of the required testing
grounds:

. Establish a new testing site close to Taipei within driving distance of the central 10T
office. If this option is selected, a significant period of time will be required to identify
and purchase a suitable piece of land for establishing the testing grounds. No estimate
of cost could be given for this.

. Establish the TERC testing site in Tainan as part of the new campus of NCKU under
the direct control of IOT. The advantages of locating the test site in Tainan is that the
land has already been made available for the new university campus and NCKU have
already submitted a motivation to 10T suggesting that the TERC test site should be
established at that location. In addition, NCKU has well established structural,
geotechnical and hydraulic testing facilities which could be used to support the
activities of TERC, especially in the early phases of establishment. Engineering
workshop facilities are also available at NCKU and it may be possible for TERC to
share these facilities rather than establish a new workshop immediately.
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The main disadvantage of locating the test site in Tainan would be travelling.
However, there are regular flights between Tainan and Sungshan Airport in Taipei
which is close to the new 10T buildings. Travel time trom IOT/TERC to a test site in
Tainan would be between one and two hours which is likely to be similar to the driving
time from IOT/TERC to a test site located outside Taipei. The only difference would
be an increase in travel costs to fly to Tainan.

Another disadvantage of locating the test site on grounds provided by NCKU is that
IOT/TERC could be seen to be biased towards one university which could cause
problems with other universities operating in the areas of highway engineering and
safety systems and traific engineering.

From the options available, it would appear that the advantages of locating the TERC test site
in Tainan far outweigh the disadvantages. If this option is selected it will be necessary for IOT
to ensure that the needs and expectations of other universities are accommodated.

Track component testing laboratory

This facility will be specifically related to the Railway Engineering focus area and details of the
equipment needs for this laboratory are as follows:

. A track trench {16 m x 4 m x 1.5 m deep) for the simulation of dynamic loads on a
section of rail, sleepers, balast and up to 1.5 m of formation;

. Appropriate monitoring equipment, e.g. multi-depth deflectometers, accelerometers and
strain gauges for the track trench;

. Load frame for the track trench with a recommended maximum vertical load of 500 kN
for static and dynamic loading;

. Control centre for monitoring strains, accelerations and deflections recorded in the
track trench;

. Central hydraulic power supply.

information obtained from the South African rail authorities show that a similar facility
established by them in 1983 cost R2,3 million, which inflated to today's costs wouid be in the
order of R8 million (US$ 2,28 m). While space for this facility needs to be allocated in the
planning of the test site (a covered structure of 450 m?), this may not be a priority for initial
establishment.
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Engineering workshop

A small engineering workshop will be required with floor space of about 275 m? for the
workshop and 30 m? for a storeroom. A list of typical equipment which will be required is given
in Appendix D with an estimated procurement cost of US$ 170 000.

Although engineering workshop support will be essential for the maintenance and repair of all
equipment on the test site, as discussed earlier, this support couid be provided by NCKU
during the initial phases of establishment.

Electronic laboratory and workshop

The main emphasis in this area will be to provide electronic workshop support and
deveiopment facilities for data acquisition equipment. The facility will be required by all three
focus areas and a list of basic equipment which will be required is given in Appendix D with
a total estimated procurement cost of US$ 40 000. The floor space required will be about
50 m?.

As much of the work in this area will overlap with the engineering workshop suppert, it is
recommended that this facility is iocated adjacent to the engineering workshop.

Materials testing laboratory

The establishment of this laboratory will be essential for the success of TERC and should be
seen as the first priority for the establishment of the test site. The facility should be separated
into three distinct laboratories covering soils and aggregate testing, bituminous materials testing
and cementitious materials testing. Each laboratory would require approximately 200 m® of
floor space and would need to be interlinked. [n addition, office space to accommodate twelve
people would be required and a further 200 m? for sample reception and storage.

Observations of routine test laboratories showed that the testing of steel for concrete structures
is given a high priority. It is recommended that provision for this type of testing is incorporated
into the cementitious materials section of the laboratory. A universal load frame will be
required for tensite testing along with a mass spectrometer and x-ray diffraction facility for
assessing the chemical composition of the material. Account of this has to be taken in the
equipment list of Appendix D-4.

A comprehensive list of typical tests that would be carried out in the laboratory and the
equipment required is given in Appendix D. The equipment procurement costs to establish a
routine laboratory are estimated at US$ 600 000 which would exciude the cost of work benches
and other necessary laboratory fitments.

It should be noted that this cost also excludes the specialised testing equipment being
developed as part of the SHRP programme in the USA. If the tests developed as part of this
programme become routine requirements, it is estimated that an additional US$ 1 mitlion will
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be required to purchase the equipment. Provision should be made for this in the phaseqd
financial plan approximately two years after establishment.

Accelerated pavement testing facility

Internationally, APT is recognised as an essential element of a coordinated pavement research
programme. tn South Africa it has a proud history over the last 20 years where the technology
has yielded significant benefits to the industry. These benefits include, amongst others the
following :

. the development of a thorough understanding of the behaviour and performance of
different pavement types relative to each other;

. the assessment of the relative performance of different matertals (including
performance assessment of innovative materials);

. the development of transfer functions which can be used to predict pavement
performance from laboratory test results; :

. the validation of design philosophies and methodologies;

. the evaluation of the applicability of various rehabilitation options for specific routes;

. the validation of materials design methods and laborétory test methods, and

. the optimisation of expenditure on road structures through the reduction of pavement

layer thicknesses.

This work led to the development of a sound pavement engineering technology in South Africa
which is recognised warld wide. It had a major impact on road ehgineering technology in South
Africa and this technology is currently being exported to California in the USA. In recent
research papers it has been shown that the APT programme in South Africa has saved the
country in the order of US$ 17 million per year over the last 20 years. The cost of the research
programme (operating three machines country-wide) was in the order of US$ 1,45 million per
year.

The APT programme in South Africa has generated some invaluable information and data on
APT aver the last 20 years. This information is contained in a database (between one and two
Gbyte) for which a user-friendly interface is currently being developed.

. Technologies available

There are a number of fixed track APT systems in the world of which the facility of LCPC at
Nantes in France is probably the best known. However, the latest international trend is towards
mobile systems which can be used on actual in-service road pavements. Cumently
commercially available mobile systems include the Accelerated Loading Facility (ALF) and the
Heavy Vehicie Simulator (HVS). The Texas DOT is in the process of developing a prototype
Mobile Load Simulator {(MLS) but this is not yet commercially availabie.

All these systems have advantages and disadvantages which are summarised below.
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Mobility

The HVS was designed to be extremely mobile and can be easily transported from one site to
another (under its own power over short distances and hauled with a tractor over long
distances). Both the ALF and the MLS are less mobile and significant time is lost due to
preparation for the move and installation after a move. The MLS, for example, has to be split
into two paris in order to be transported.

Speed during testing

The MLS was designed to be able to test at 30 kvh {this has not yet been achieved with the
prototype}; the ALF tests at approximately 15 kmvh while the maximum speed for the
HVS Mark {ll is 14 km/h. Current improvements to the HVS (Mark iV) is aimed at allowing
testing at 20 km/h.

Loading

The MLS makes use of actual truck suspension systems forced undemeath a “drifting beam”
to provide loading. This has the advantage of simulating some dynamic effects of real
suspensions albeit at relatively low speed (30 km/h). The disadvantage is that the load cannot
be controlled at a fixed ievel, which complicates data analysis significantly. The loading is
unidirectional. The ALF uses static loading in a unidirectional loading system with ramps at
each end. The disadvantage of this setup is that the loading impacts on the road surface with
significant force which influences the results observed. The HVS uses a hydraulic system of
loading which is much more flexible and allows the load to be controlled at a constant level or
to simulate dynamic loading through control with servo-hydraulic valve systems. This allows
for both unidirectional and bidirectional traffic to be simulated.

Environmental conirol

The HVS technology has been developed to allow the use of environmental control systems
such as moisture control on the road and in the pavement structure, temperature cantrol (from
as low as -5°C to 60 °C) as well as the simulation of accelerated ageing of asphalt surfaces
prior to testing. These systems do not exist with the ALF or the MLS.

Associated technology

The HVS system includes associated pavement instrumentation and measurement technologies
such as the multi-depth deflectometer (MDD), the road surface deflectometer (RSD), the
electronic profilometer (EP), the Crack-activity Meter (CAM) and a data acquisition, data
processing and data base system. This does not exist with either the ALF or the MLS.

The HVS has a history of production work over the last 20 years whereas the ALF has only
been productive in the last five years and the MLS is still in the prototype phase.

Current costs for the South African HVS would be as follows:

Approximate purchase price Us$ 1.2 to 1.5 million
Running cost US$ 8 000/month
Staffing 1 operator

3 support statt
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Additional equipment Computers
MDD's
RSD

It is estimated that training and technology transfer of the accelerated testing technalogy
developed at Transportek would take about one year and the following expatriate specialists
would be required 1o effect this in Taiwan: '

1 operator 1 man-year
1 research engineer 1 man-year
1 research technician 1 man-year
1 pavement specialist 1 man-month
1 programme manager 1 man-month

Pavement surveillance equipment

It is not recommended that pavement surveillance equipment is purchased immediately as an
in-depth analysis wilt be required of current international trends.

An assessment will also be required of the current surveillance equipment being used in ROC
and its suitability to local conditions. Provision should be made in the planning of the test site
for garage faciiities for four pavement surveillance vehicles. The area required is shown in
Table 10.

Psychometric testing laboratory at 10T

It is recommended that this laboratory be located in the new IOT building as no test equipment
will be required. The facility will be in the form of a classroom of about 80 m? with tables and
chairs to accommodate thirty people and will be used to assess driver attitudes and levels of
proficiency. Office space will also be required for the responsible technician. Establishment
costs will be minimal and should be considered as part of the costs of the new I0T building.

Driver simuilator

This facility can be used to undertake research on driver skills in terms of performance under
stress, concentration ability and reaction time. Various examples of driver simulators are
available, such as;

. Trygg-Hansa truck driving simuiator (Sweden)
. TRL passenger car simulator (UK)
. Military simulators (Netherlands)
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For the purpose of TERC, it is considered that a driver selection simulator similar to the
Austrian Vienna Test System or ART-90 apparatus would be the most appropriate. The
approximate cost is US$ 40 000 and would require floor space of about 40 mZ.

Traftic surveillance laboratory

This laboratory will concentrate on the development of traffic data logging equipment and the
testing of this equipment under operating conditions (predominantly mechanical aspects).

The instrumentation for the laboratory will consist of a set o general tools, capacitance meter
and muitimeter. The estimated cost of this instrumentation is US$ 20 000 and floor area of
about 60 m? will be required. Specialised apparatus such as ovens, freezers and degassifiers
are not recommended to be purchased for the dedicated use of TERC as facilities already exist
with organisations such as CSiST.

Mobile rail testing unit

The mobile rail testing unit is‘a five-axle articulated vehicle and will require gafage facilities at
the TERC test site. An estimated cost for the same facility in South Atfrica which includes the
truck tractor, trailer and computer units would be US$ 1 million,

However, it is recommended that a detailed investigation is carried out into the necessity for
such equipment before a decision is taken to purchase. This should be one of the first tasks
carried out by staff in the Railway Engineering focus area.

Test track and experimental sections

A surfaced test track facility (200 m x 15 m wide) will be required at the test site for testing
various traffic characteristics, aspects associated with alternative geometric design elements
and [VHS.

Approximately one hectare of the test site will need to be designated for the construction of
experimental sections associated with the research in the areas of materials design and
evaluation, pavement performance and construction. Test sections for APT would also be
constructed in this section of the test site.

Manpower requirements

The manpower requirements and their professional qualifications for each facility are shown
in Table 10. These recommendations are based on the experiences of the CSIR in managing
support facilities of this nature as part of the overall research capabilities related to roag and
transport technology.
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It will be important to appoint a facility manager as soon as possible to supervise and manage
the establishment of the test site facilities, once a decision has been made on its location. As
the establishment of the soils and materials laboratory is seen as the first priority, it will also
be necessary to appoint a suitably qualified manager in this area to assist the facility manager
in establishing the test site facilities.

6.2 IOT/TERC Information Management Systems

The following short-term actions were identified as necessary to create an enabling climate for
Intormation Technology within IOT and TERC:

. Establish a formal Computer Support Function within IOT (with at least 2nd level
functions as defined in Appendix C} either under the control of the current Information
Systems Division or as a separate Division, BUT not as part of TERC.

This function would then act in support of both the current 10T Divisions and TERC.

. Provide sufficient manpower and financial resources in order to fully complete the basic
network installation as soon as possible. A basic network should be configured to a
standard similar to that detailed in Appendix C.

. Instail the Novell Management System (NMS) software to monitor the I10T network.

' Complaints that the existing system is slow indicate abnormally high traffic, Ethernet
traffic collisions or faulty components. Such a system will help identity and resolve
these and other problems.

. Develop a written standard as a guide/policy in terms of the software packages (eg
word-processing) to be used. This proposed standard may simply descrioe a
document interchange format {eg MS-Word or WordPerfect).

. Create an awareness of information Technology through training programmes.
K Expand the availability of externat computer links, which include:
. install a fax gateway card in the file server to handie outgoing and incoming
faxes;
. Install an ASYNC card to handle dial-up lines;

Instail an X25 gateway (card in fileserver) to facilitate links to the MVIDS I
system at DCI| {(an ASYNC line could possibly be used for this);

Provide access to INTERNET (possibly via TAINET) to enable IOT computer
users to contact fellow researchers around the world and allow other overseas
research institutions to make contact with IOT. This would also require
personal E-mail boxes.
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. Instali a professional, easy to use E-mail system (PC based and with %400, SMTP and

MHS gateway facilities) and make it available to alf network users i !OT/TERC. The
selected system should preferably have both Chinese and English v#rsions and user
names shouid match the Novell (8 character) login names.

D - Ensure that the new 0T building and any TERC remote sites have {where practical)

UTP level 5 cabiing installed to every office and laboratory.

. In terms of the more traditional Information Technology drive, the brvad goal for the
new Computer Centre should be to become a transport industry infcrmation provider
{through the development of the proposed 48 data-base sub systernss). Many of the
above proposed actions are ultimately geared towards |OT and TERC 4uifilling this role.

Most of the above actions, systems and skills are applicable to the new IOT teilding including
TERC and to the TERC remote laboratories.

Strategic actions: Cost estimates

Assuming the Institute of Transport (I0T) is re-organised into the proposed 107/TPPRG/TERC
structure, and IT technology is accepted, cost implications can be divided inte three areas:

. Upgrading of the existing 101 PC stations in 10T by linking to a network facility to
enable users to take full advantage of the IT possibilities proposed;

. Incorporation of a further 70 computer stations into the network to accornmodate TERC
personnel whose offices will be in the new IOT building;

. Installation of 40 PC stations at a remote off-site laboratory facility as part of a new
TERC laboratory and test site facility.

The cost estimates given in Table 11 are based on typical list prices in the South Atrican
market, expressed in US dollar terms.

Upgrading requirements for existing 10T computer system

If the existing 101 PC's in IOT are linked by a network system, existing users will be able to
take advantage of the network environment, share expensive resources as weil as take part
in information sharing, both locally and internationally.

Itis assumed that the existing computers are stand-alone workstations and will have no impact
on the number of software licences required. Electronic mail licences will be required. It is
further assumed that sixty computers already have network cards, and that no buck-up system
is in place.
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tn addition, one fully experienced computer technician, plus two assistants will be required to
provide a reascnable and full time hardware maintenance and support service to
IOT/TPPRG/TERC.

Second level suppont, software instailation and upgrades as well as system expansion could
be handied it necessary by other staff within the proposed Computer Centre.

Novell Management System 1 2700 1 2700
Upgrade to Novell (3.12) 100 user licence* 1 3700 1 3700
Tape streamer (2Gb) with software and 20 1 3590 1 3500
tapes

Network points 0 - - 0
Network cards: (3-Com 3C509) 41 150 1 6150
UTP cable 12-port hubs 4 1100 1 4400
Fax gateway: 1 1500 1 1500

(Winfax Pro or similar to accommodated
Chinese characters - 5 concurrent licences
and 1 modem with dedicated line and
"Network Connect” for management and
auditing)

X25 gateway (Newport XC| hardware and 1 2700 2 2700
software)

8 port ASYNC dial in gateway {including 1 5700 2 5700
software and 4 modems)

E-Mail server software plus 100 licence 1 5800 1 5800
(MS-Mail- 3.2)

E-mail gateway: (Netware Global MHS - 1 2400 1 2400
100 user)

30 Users are considered to be adequate for current usage. A 100-user licence will be required when
all the current 10T PCs are linked 1o the network and provision has been made for this.
6.2.3 Computer requirements for TERC

In addition to the existing 101 PC's, it is expected that a further 70 people wiil be recruited (and
therefore 70 new PC's will be added to the network) tor the TERC. These new staff members
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will be housed in the new IOT building and the total requirements for the new IOT building are
shown in Table 12.

It is assumed that these computers wili be new installations and will be connected to the
existing LAN. Many of the resources-of the existing LAN (eg gateways, printers, management
system, tape streamer) can be shared amongst these new users. However, it is expected that
a new 2Mb hard drive will be required, possibly in a new, second file server.

Software licences will also have to be expanded. An amount has been included for general
sottware in the schedule in Table 12. The Novell licence will also need to be further upgraded
to accommodate the new users, and the E-mail licence will have to further expanded.

in addition to the two support staff mentioned in Section 6.2.2, an extra technician may have
to be appointed due to the increased workload. There should be no real increase in the
amount of second level support or software installations required.

486DX computer stations (complete) 70 2800 1 196000

Upgrade to Novell {3.12) 250 user licence 1 5500 1 5500
2 Gb hard drive 1 2200 1 2200
Second file server (AST 486DX-2, 32 Mb R 8600 1 8600
memory, SCASI-2 controller + EISA NIC)
Network points (cabling) 70 100 1 7000
UTP Cable 12-port hubs 6 1100 1 6600
Network cards {3-Com 3C509) 70 150 1 10500
Laser printers {postscript) 1 7000 2 7000
Laser printer (PCL) 2 3000 1 6000
E-mail licences (MS-Mail 3.2 - 100 user) 1 4800 1 4800
‘ Appilication software licences 70 600 1 42000

6.2.4 Computer requirements for TERC test site

Estimates of computer requirements for the TERC test site (Table 13) are based on the
establishment of one remote laboratory, employing 40 people, all of which will be required to
use a PC. ltis also assumed that a PC based network will be established and that most users
will work in a Windows environment.
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A qualified technician and one assistant will be required for hardware maintenance (both PC
and LAN}, the installation of a new cperating system, application sottware and upgrades to the
system. They will also be responsible for ensuring that external links (to 10T, DCI and MOTC)
are maintained and operational on a 24 hour basis and should be managed centrally by the
10T Computer Centre Manager.

The recommendations given in Table 13 are based on an assumption that an ihternal E-mail
system will be in place to allow for cost-effective intemal communications and file transfer.
External gateways are provided to allow for external communication links with other
organisations. )

PiP-MAIL couid be used for external communication but would require the installation of a
number of dial-up modems. It this system is also used for internal communication, it will
require two outside telephone calis. This would be inconvenient, costly and could inhibit
communications within the organisation.
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486DX computer stations (complete) 40 2800 112000
Novell 50 user licence 1 4400 4400

Novell Management System 1 2700 2700

1 Gb hard drive and new file server {(as 1 9900 9900

above)

Tape streamer (2Mb), software and 20 1 3500 3500

tapes

Fax gateway: 1 1500 1500

{Winfax Pro or similar to accommodated

Chinese characters - 5 concurrent licences

and 1 modem with dedicated line and

"Network Connect” for management and

auditing)

8 port ASYNC dial in gateway (including 2 5100 10200
software and 3 modems)

Electronic mail gateway (Global MHS 50 1 1400 1400

user licence)

X25 gateway (Newport XCi hardware and 1 2700 2700

software)

Laboratory management system 1 10000 10000
Laser printers {PCL) 2 3000 6000

Laser printer (postscript) 1 7000 7000

Network points 40 100 4000

Network cards {3-Com 3C509) 40 150 6000

UTP cable 12-port hubs 4 1100 4400

E-mait server software plus 2x20 user 1 2500 2500

licences Sy

Application software licences 40 600 24000

A b e e
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CONCLUSIONS AND RECOMMENDATIONS

The following conclusions and recommendations have been made from the investigation:

All sectors of the transportation industry expressed a need for the development of the
Transportation Engineering Research Centre (TERC) to provide hard engineering
support and additional competence in transportation research. 1 was further
acknowledged that TERC should become a centre within the structure ot the current
Institute of Transportation (1OT). '

TERC should focus on the road and rail sectors of the transporiation industry.
Discussions showed that the R&D needs of marine transport and aviation are cumrently
catered for by other agencies such as the Institute of Harbour and Marine Technology,
the initiatives of the Civil Aeronautics Administration and the current research
capabilities of 10T in these areas. The following technology focus and competence
areas were identified for TERC: '

Highway Engineering:

Pavement design and materiais
Caonstruction

Pavement management and performance
Structures and geotechnics

Railway Engineering:

Track performance and component analysis
Rolling stock

Systems. management

Safety Systems and Traffic Engineering:
Human Factors

Safety Engineering

Legal Aspects and Emergency Services
Traftic Management

The initial establishment costs for TERC should be provided by central government and
government should be largely responsible for the ongoing financial support of the
centre. As the centre matures, consideration should be given to increased involvement
and support from the private sector and other public sector transport authorities on a
contractual basis. This is in line with current international trends, particularly those
observed in the transportation research organisations highlighted in Section 2.

Current transportation R&D in the ROC is highly fragmented and there is a lack of
implementation of research findings and absence of mechanisms for effective
technology transfer to the industry. 10T should take the initiative in coordinating R&D
efforts in the transportation industry. A system of steering committees or research
advisory panels is suggested to regulate the generation, prioritisation and
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communication of industry needs to the research sector and also to facilitate the
transter of technology.

To ensure that R&D plans are aligned with a technology vision for ROC and to ensure
effective technology transfer, IOT must coordinate transportation R&D in association
with the MOTC Office of Science and Technology Advisors. This implies that IOT
plays a central role in developing a transportation technology strategy for the country.

A model for interface with industry is recommended (Figure 10) which implies that IOT
becomes the custodian of a technology strategy for the ROC transportation industry
and acts to direct, coordinate and guide the R&D effort. As such IOT then becomes
the vehicle through which transfer of technology to industry is faciiitated.

Well-equipped testing facilities and laboratories exist at a number of universities, inter
alia, for civil engineering structures at NTIT, NTU and NCKU. Testing laboratories for
asphalt materials exist at NCU and NCKU. These facilities can handle routine testing
work, but have been set up with the aim of executing very specialised testing.
Research at the universities is well advanced and in line with international trends, but
transfer and implementation of technological advances to industry does not appear to
take place effectively.

Some of the tfacilities required by TERC are large and costly to establish and may not
be utilised on a full-time basis. It is recommended that consideration is given to the
sharing of such facilities where available, especially in the initial phase of TERC's
establishment and until the demand justifies investment in its own tacilities. Therefore,
it appears feasible for TERC to cooperate with institutions such as the ARTC, CSIST
and universities with appropriate facilities, as some of the facilities offered by these
organisations will be required in the TERC research projects.

Strategic issues were defined for the transportation industry in ROC, from discussions
with decision makers and from official documentation regarding the ROC Six-Year
Plan. These must guide strategic planning for TERC's research and development
actions and are identified as:

. Accessibility and Mobility in the Transportation System;
. Environmental {mpact of Transportation projects;

. Transportation Safety;

. Modal Integration of Transportation Systems;

. Transport Infrastructure Development and Preservation;
. Technology Development and Integration.

To gain maximum benefit, TERC must be fuily integrated into the IOT structure and
take part in R&D sirategy planning and decision-making. The technology tree shown
in Figure 3 was used as a basis for developing recommendations about the respective
roles of TERC and |OT in a new integrated corporate 10T structure. These roles could
be defined as follows:
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. . Current 10T Divisions: responsible for the research and development of
transportation planning, policy and strategy;

TERC: responsible for research and development in engineering and
technology for standards, procedures and services in support of the current
IOT divisions and industry at large.

It is further recommended, for the effective integration of TERC into 0T, that the
existing |QT Divisions retain a separate identity and be renamed the Transportation
Policy and Planning Research Group (TPPRG).

Information technology is a key resource and effective management of information will
enable TERC and IOT to make a significant impact on industry. This resource is
currently not utilised in line with its strategic importance, though initiatives have been
put in place to establish a larger data management capabilty in 10T
Recommendations for expanding this function are given in Section 6.2. While it was
initially felt that this tunction should become part of the TERC structure, detailed
investigation has shown that the establishment ot a formal computer support function
should be a corporate 10T responsibility, either as a new Division or under the control
of the current Transpontation information Division.

The recommended organisation structure for |OT is given in Figure 8, and shows that
TPPRG and TERC are both headed by a Deputy Director General. The Director
General of 10T, fogether with the two deputies, should take responsibility for the
coordination tor R&D activities between the two units.

Detailed recommendations for technology strategies, proposed R&D project areas,
facility and manpower requirements are given in. Tables 5 to 9 for each of the TERC
focus areas.

From the options identified in Section 6.1.1 for establishing a test site for TERC, it is
recommended that this facility be located in Tainan as part of the new campus of
National Cheng Kung University. An agreement must be negotiated with NCKU for the
use of a suitable area of land for this purpose, in terms of which 10T will be
responsible for site development, maintenance and operation while being able to
interface with the relevant expertise and facilities at this and other universities.
Possible sensitivities regarding such an alliance with NCKU must be investigated and
managed by IOT.

Recommendations regarding the facifities required on this test site are given in
Table 10, along with details of floor space and manpower requirements.

One of the key success factors for the implementation of the action plans will be to
appoint an appropriate chief executive for TERC. Ideally this appointment should have
been part of the initial planning process outlined in this document. This implies that
the appointment should be internal to I0T. -
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IMPLEMENTATION PLAN FOR TERC

Implementation of the recommendations and findings from this project depends on, firstly, the
speed with which acceptance may be gained in industry of these recommendations and,
secondly, the time required for official approval of establishment to be granted by the ROC
legisiature.

Prioritisation and phasing of implementation

Table 14 gives a breakdown of activities to be executed in terms of establishment. Priorities
allocated agree with recommendations given earlier, eg that there is an urgent need in ROC
for a focused R&D effort in pavement engineering and that a number of uncertainties must still
be clarified in respect of railway engineering. Also indicated in Table 14 are the estimated
durations {in months) for each of the activities, and the chronological order of activities. On the
basis of this information, a Gantt chart has been compiled to show the expected scheduling of
these activities. This is shown in Figure 10.

The following issues are apparent from this analysis:

. Itis uniikely that any R&D activities in the new centre will commence before the second
quarter of the 1995/96 fiscal year, i.e. around November 1995;

Construction of the infrastructure on a testing grounds for TERC could take until April
1996 1o complete;

. Considering the additional investigations needed in the railway engineering focus area,
R&D activities in this area could commence by the end of the 1996 calender year;

- It would be important to appoint the management structure of the new centre as soon
as possible after approval for establishment has been confirmed, in order that
organisational development be facilitated under this leadership;

. The bulk of capital costs for establishment of the various labs and facilities would be
incurred between April and September 1996, and this needs to be accounted for in the
financial pian for establishing TERC.
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8.2 Manpower plan

8.2.1 Recruitment

The eventual manpower requirements for TERC, based on the needs analyses reported in this
document, are summarised in Table 15.

Top Management Deputy Dir-Genl + Pers Asst + Tech Asst (3 in total)
Focus Area M+15 (Rail) M+15 (Civil) M+15 (Tpt) M+15 (Civil
Manager or Mech)
Competence Area B+10 (Mech) B+10 (Geot) B+10 (Legal) B+10 (Mech)
Manager B+10 (Mech) B+10 (Tpt) B+10 (Social) B+10 (Civil)
B+10 {Elect) B+10 (Struc) B+10 (Tpt/Mech)
B+15 (Civil) B+10 (Traff Eng)
Researcher/ 4 13 9 10
engineer
Technician 4 9 '8 25
Administrative 2 2 2 2
Total 14 29 24 38
Grand Total 108
Note: 1. See Section 6.2 for recommendations regarding manpower requirements in
information technology. These requirements are not included here as it is
recommended that this area remains as part of the current {OT divisions.
2. B+10 refers to a bachelors degree with at least 10 years relevant experience.
3. M+15 refers to a Masters degree with at least 15 years relevant experience.

Recruitment shouid commence with the appointment of the chief executive of the centre, on
an expected level of Deputy Director General, hopefully as early as November 1994. Starting
February 1995, this must be followed by the appointment of the various focus area managers.
This team's first task will be to compile a detailed R&D plan and project portfolios for TERC.
This plan will serve as the basis for recruitment of R&D staft, compilation of operation budgets
and for determining the detailed requirements for support services.

The bulk of TERC staff will be appointed initially in the two focus areas of Highway Engineering
and Safety Systems and Traffic Engineering. This is planned for the period QOctober to
November 1985.
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For RaiIWay Engineering, numbers and type of staff given in Table 15 can only be provisional,

“given the fact that the needs analysis for this study area must be expanded. Appointment of

staff for this area has been planned for around September 1996, although this could
conceivably be earlier.

Technical staff for the support facilities can only be appointed once the infrastructure of the
testing grounds has been completed, and therefore this has been ptanned for between
December 1995 and March 1896.

The preparatory work that has to be done for these recruitment activities inciude the following:

compilation of job descriptions and personal skills/competence requirements for the
various positions;

placing of advertisements where applicable, and/or deciding on other recruitment
strategies, for example to contact overseas Chinese professionals or personal
acquaintances;

establishing the remuneration and reward structures for TERC; and

putting in place the appropriate policies for human resource management and career
path development.

All of the above are required in order to be able to negotiate salary packages and employment
conditions with the incumbents in the various positions.

Manpower development

Experience in the CSIR has shown that manpower development actions form a strategic and
important part of human resource management. Apart from the need to maintain the technical
proficiency of R&D staff through further study or training interventions, it is also necessary to
develop a wider range of skills. Furthermore, the CSIR has determined that as a minimum,
each employee should aim to attend at teast three days of training and development per year.
However, it should be noted that significantly more time for training (at least 2 man
months/year) will be needed in the first two years of establishment, especially for the senior
management of TERC.

Aspects that could be covered in a manpower development plan, include:

. Technical skills development:
. incentives for further study in the same or related fields:
. financial assistance for overseas tours of study and the attendance of and
lecturing at conferences, specifically on international level:
. recognition for publishing in prestigious international journals; and

. policy toward maintaining a relationship with the practicalities of the profession.
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Managerial skills:

motivation for attendance of ad hoc and university courses in leadership and
business administration (even on post-graduate level);

. mandatory attendance of courses in project management, leadership, time
management, interpersonal skills:

Other:

. technical report writing;

. communication skills: language courses to improve proficiency in other
languages;

. computer hardware and software skilis.

It may also be necessary for TERC to concentrate on specific aspects of manpower
development which must be determined in a training needs analysis.

Career path planning

There is a worldwide trend in organisations to flatten their hierarchical structures (and hence
to remove layers of management), in an attempt to imprave organisational responsiveness and
internal communications. Also, there is a move toward a work ethic that invalves workgroups
or project teams rather than individials. These concepts have proved especially worthwhile
for technology-based organisations (such as the CSIR} and in dynamic environments where
tasks are comptex.

At the same time, human resource management is increasingly being based on models of
human competence, ie on an understanding of the individual characteristics and traits that are
required for effective job performance. Recruitment and placement, performance management,
training and development and remuneration and reward structures could also be based on
human competence.

These developments hold important implications for career path planning in an organisation and
should be taken account of in designing the administrative systems for TERC.
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INTRODUCTION

The Institute of Transportation (IOT) of the Minisry of Transportation and
Communications (MOTC), the Republic of China (ROC), has been assigned the
responsibility of establishing a research centre for transportation engineering in
Taiwan. While some preliminary planning has been carried out, the mission, role,
function and organisational structure of this institution have not yet been determined.

The IOT has contracted the Division of Roads and Transport Technology
(TRANSPORTEK) of the CSIR in South Africa to determine strategy and structure
and to compile implementation pians for the proposed Transportation Engineering
Research Centre (TERC). The process to be followed will take place over some 8
months in a collaborative effort between TRANSPORTEK and 10T, in the following
stages:

. Stage 1: Strategic review and planning

. Stage 2: Technical liaison between TRANSPORTEK and the 10T to
establish TERC's R&D portfolio

. Stage 3: Finalisation of preparatory work and compilation of

implementation plans and budgets

In preparation for Stage 1, a detailed survey is herewith presented of four prominent
transportation research organisations, viz the Transportation Research Board (TRB) in
the USA, the Transport and Road Research Laboratory (TRRL) in Britain, the
Australian Road Research Board (ARRB) and TRANSPORTEK. It is hoped that the
perspectives gained from this survey will create the understanding required to
efficiently deal with the tasks described above.

In addition, an investigation was done of the latest thinking on the subject of
technology management, since this impacts on the business of TERC. Some thoughts
in this area have also been recorded in this report.

Finally, this document presents some conclusions on the above and makes
recommendations for a framework within which the work of Stages 1 and 2 may be
approached.
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2-1
BACKGROUND AND HISTORY

The Transportation Research Board (TRB) forms part of the USA's National Research
Council, the operating arm of the National Academy of Sciences, and has been
fostering research in transportation for over 73 years.

At the end of World War [, many individuals and organisations recognised the need
for improvement of the nation's highway system. This need led to the passage of the
Federal-Aid Road Act of 1916, which provided for federal funding ($75 million) for
highway construction and established a precedent-setting federal-state partnership
whereby federal aid would be matched by the states and the program administered by
state highway departments. Thus begun what was to become a massive national
program of highway planning, design, construction, and research.

The swift transition from horse to motor after World War I prepared the scene for
huge transportation expenditure and at the beginning of the 1920s the United States'
GDP was growing faster than the population. The climate was favourable for
investment in research and development. Research programs were established by |
many states to address the challenge of adapting roads, bridges and highways to
accommodate motor vehicles.

The establishment of the Highway Research Board in the 1920s

By 1920 public officials had recognised that a decentralised highway research program
required an organisation to serve as a national clearinghouse - a centre of
communications for the growing number of autonomous, isolated research units.
Thus, in November 1920, the National Research Council created the Advisory Board
on Highway Research at the request of the U.S Bureau of Public Roads (now the
Federal Highway Administration), the state highway departments acting through the
American Association of State Highway Officials (now the American Association of
State Highway and Transportation Officials), and a number of highway-orented
organisations and educated institutions.

In 1924 the name of the Board was changed to the Highway Research Board (HRB).
The purpose of the new Board was to stimulate, correlate, and disseminate the
findings of highway research and to undertake special highway research projects as
appropriate. Over the years HRB expanded its activities. In 1962 the National
Cooperative Highway Research Program was established to enable state highway
departments to pool their resources for systematic, well-designed research on common
problems; at the same time, the Highway Research Information Service was created
to provide state highway departments with a source of published findings and ongoing
research projects.

Attendance at the annual meeting of HRB continued to grow in the 1960s, drawing
more than 3 000 highway transportation professionals to Washington D.C. each year.
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Development of the Transportation Research Board (TRB)

During the late 1960s the HRB expanded its scope to encompass all modes of
transportation and the interactions of transportation with other aspects of society. In
March 1974 the Board's name was changed to the Transportation Research Board
(TRB), in recognition of its increased emphasis on this broader approach to all
transportation problems and needs.

With the success of its highway research programme well established, the Board began
to initiate other modal activities : first public transit and railroads, then trucking and
aviation and later marine transportation. Attendance at the annual meetings soared
and the number of committees within the organisation expanded.

1981 was a milestone year in the history of TRB. With the restructuring of the
National Research Council, TRB became a major unit reporting directly to the
Governing Board of the Research Council. In the same year, the Executive
Committee decided to involve the Board in transportation policy analysis and
recommendations.

MISSION, GOALS AND OBJECTIVES OF TRB

The mission of TRB

The mission of TRB is to:

. advance knowledge conceming the characteristics and performance of
transportation systems through the stimulation of research and dissemination
of information derived therefrom: '

. assist governmental or other agencies in the resolution of specific problems
related to transportation policy, existing or new transportation systems, or the
components of such systems; and to

. increase the productivity and competence of the practising transportation
professional by providing access to the latest and best results of transportation
research.

During 1990 and 1991, the Transportation Research Board Executive Committee was
engaged in a process of strategic planning. It referred to the process as one that
“identifies five-year goals and special initiatives, proposes projects and studies, and
sets forth a plan for implementation”.




TRB's five-year goals

After having reviewed TRB's mission, assessing the state of transportation, assessing
opportunities, identifying critical issues, evaluating the Board's position within the
industry and looking at TRB's strengths and weaknesses, the Executive Comumittee
developed the following short-term goals to guide TRB's efforts during the period
1992-1996. It aims:

. to strengthen TRB's activities in the non-highway modes, while maintaining its
role In contributing to improved highway transportation;

. to increase TRB's contribution to decision making on transportation policy
issues, with special emphasis on cross-cutting issues and modal and multi-
modal areas beyond its more traditional scope;

. to examine how transportation influences and is influenced by other issues of
national and international significance, with emphasis on determining how its
leverage can be used effectively to heip remedy or resolve these issues;

. to contribute to the research and development of new transportation
technologies and innovative practices in the United States; and it aims to

. target activities to accelerate the application of new technology and innovative
practice by transportation practitioners.

Five-year special initiatives

The Board's five-year special initiatives are strongly related to its five-year goals. The
eleven initiatives are grouped into three broad categories: First, activities aimed at
expanding TRB's outreach into modes or subjects in which the Board's current
visibility and influence are limited. Second, activities aimed at expanding its outreach
into economic or geographic sectors in which current TRB activity is limited. Third,
a category of new, updated or expanded activities that require internal organisational
or other change within TRB. These initiatives are significant in providing insight into
emerging trends within TRB's profile of activities and areas of market penetration,
The initiatives may be surnmarised as follows:

» The "Expand Modal and Subject Area" outreach:
+ Expand activity in areas of environment and energy
+ Expand activity in aviation
+ Increase activity in transportation and national/security emergencies
+ Establish TRB capability in commercial space transportation and
+ Expand TRB activity in water transportation

+ The "Expand Sector" outreach:
+ Increase international outreach and
+ Expand links to the private sector
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+ The "New or Updated Activities Requiring Internal Change" initiative:
+ Extend Cooperative Research Programs to other modes
+ Establish Institute for Strategic Transportation Studies
+ Create advisory mechanisms for federal research transportation and
» Modernize Transportation Research Information Services

INTERNAL ORGANISATION

Overview

The policies and activities of TRB are determined and directed by its Executive
Committee. The committee is composed of prominent transportation leaders and acts
within the constraints of the overall policies of the National Research Council.

TRB is organised into five operating divisions:

» Technical Activities Division;

+ Studies and Information Services Division;

» Administration and Finance Division;

» Cooperative Research Programs Division; and the
+ Special Programs Division.

The Special Programs Division was only established in July 1992 and each of the
Divisions is broken down into smaller operational cells, referred to as either projects
or groups, and run by committees.

TRB's activity profile and responsibilities of structural units

Technical Activities Division

This division has 178 standing committees and task forces, involving the services of
more than 2 900 volunteers.

The standing committees are organised into five groups:

» Transportation Systems Planning and Administration;

+ Design and Construction of Transportation Facilities;

+ Operation, Safety and Maintenance of Transportation Facilities;
« Legal Resources; and

+ Intergroup Resources and Issues.

The Technical Activities Division is responsible for committee and task force
activities, field visit programmes, the Annual Meeting, conferences and workshops,
responses to inquiries in cooperation with Library and Information Services and for
TRB's publications.
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The Division has a council which provides a forum for interchange and interaction
among the five groups, between the groups and the TRB Executive Committee, and
between the groups and the TRB senior staff. The Division A Council meets regularly
with the TRB Executive Commitiee.

Studies and Information Services Division

This division falls under the direction of the Executive Sub-committee on Planning
and Policy Review and until its name change in 1992, was called the Special Projects
Division. It is responsible for conducting policy studies under contract, maintaining
and operating computer-based research information services, producing synthesis of
current practice in highway and transit operations and maintaining the Research
Board's library. '

The Division is organised into four operational units:

* A committee responsible for planning and policy review;
* A group which conducts the research projects;

» A computer-based information services unit; and

* A group responsible for the syntheses of current practice

Administration and Finance Division

Division C is comprised of the approximately 100 support staff of TRB. It provides
personnel and other administrative support, financial management of contracts and -
grants that support the work of TRB, administration of the publications program and
maintenance of affiliate and sponsor services. The division's staff also serve as liaison
to the National Research Council/National Academy of Sciences administrative and
financial offices and the National Academy Press, which serves as publisher of TRB
books and all other NRC reports.

The Division is comprised of:

+ A group responsible for financial management of TRB;

* A group responsible for publications; and

* A group responsible for TRB's affiliate and sponsor services

Cooperative Research Programs Division

This Division administers TRB's two cooperative research programs.

Special Programmes Division

Because this division was only established in 1992, no information regarding its
responsibilities and activities has been published yet,
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ACTIVITIES
In order to provide a more detailed analysis of TRB's spectrum of activities, the
primary activities of each of the Divisions during the course of 1992 are discussed
below while general activities and responsibilities are also referred to.

Technical Activities Division

Group One: Transportation Systems Planning Administration

Transportation Systems Planning

TRB's activity in this area increased in the 1990s. During the fiscal year 1992
conferences were convened by the organisation on: Moving Urban America:
Changing Transportation Data Needs - New Data for a New Era; and on
Transportation Planning, Programming and Finance.

Administration, Finance and Economics

The Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA) legislation
stimulated this group (more specifically its finance, administration and economics
committees) into reexamining economic measures, such as congestion pricing
techniques, as means of reducing urban traffic congestion. The finance and economics
committees were also involved in addressing the pricing of transportation services and
economic development.

Environmental Activities

The Division also held a national Conference on Transportation Environmental
Research Needs in November 1991. At the event, a national environmental research
agenda, using some 400 proposed research projects from the states and committees,
was developed. Ten of these projects have since been recommended for the National
Cooperative Highway Research Program (NCHRP). An ad hoc Committee on TRB
Environmental Activities was also created. It is responsible for recommending areas
in which current TRB activities might be expanded or modified in the environmental
arena.

Muitimodal Freight Transportation

During the course of the year, committees from TRB's Group One and Two,
participated in the 16th Annual Ports and Waterways Conference. The scope of the
discussions incorporated issues of international trade and logistics, in addition to the
traditional issues of ports, inland waterways, and intermodal freight flows.

Marine Transportation

A special workshop on Strategic Planning in Marine Transportation was held and its
findings published. The study identified intermodal focus areas and the need for and
office of intermodalism within the U.S Department of Transportation (subsequently
created). Two new comumittees were also created to concentrate on marine
environmental issues and ferry transportation. The Inland Waterways Committee
developed two subcommittees to examine inland waterways engineering issues and
logistics. The committee has also been engaged in research related to technologies,
funding, and planning to maintain the nation's waterway infrastructure.
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Rail and Truck

As regards rail, a research needs statement that had been developed by the Committee
was accepted by the American Association of State Highway and Transportation's
(AASHTO) Standing Committee on Railways and subsequently approved for funding
as an NCHRP project. As regards the Board's activities in the field of truck research,
the Committee on Motor Vehicle Size and Weight published Transportation Research
Circular 399 - Truck Research Profiles: 1991 Update.

Public Transportation

[n light of the increased funding for transit research, the committees stepped up their
activities in identifying and ranking research needs during the fiscal year 1991/92.
250 research problem statements were compiled for possible use in the Transit
Cooperative Research Programme (TCRP). 'About 50 of these were then accepted by
the TCRP for the first year of the TCRP programme. The 10th annual conference of
National Public Transportation, which attracted the largest audience ever, 625
participants, was also held during the course of the year.

Aviation Activities

The committees on Aviation held three conferences during 1991/92 - A conference
on Aviation Systems Planning, one on Future Aviation Activities and a workshop on
Helicopter Operating Economics.

Group Two: Design and Construction of Transportation Facilities

Design, Pavements and Structures

During the course of 1991/92 this committee published two papers dealing with the
evaluation criteria for roadside safety features. The Committee also sponsored a
symposium on highway/roadside safety management systems that generated a set of
problem statements associated with these new systems.

Soils, Geology and Foundations
Among other things, the Committee on Geosynthetics cosponsored a speciality
conference in August 1991 on Geosynthetic-Reinforced Soil Retaining Walls.

Railway Systems

In October 1991 the Committee on Railway Maintenance conducted a one-day
workshop on Systems To Detect Defective Wood Crossties and Methods to Prolong
Their Useful Life. In January 1992 it published Transportation Research Circular 387
- Research Problem Statements: Safety Factors Related to High-Speed Rail and
Maglev Passenger Systems. These research problem statements had been generated
from a 1991 workshop cosponsored by the Federal Railroad Administration,
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Group Three: Operation, Safetvy and Maintenance

Facilities and Operations

Several traffic operations and management areas were focused on as particular
research, development and implementation issues for TRB committees in this field of
interest. These included: Congestion: measurement, management and relief: Older
driver needs; minimum levels of maintained reworeflectivity; highway capacity
analysis; and intelligent vehicle-highway systems (which is an expanding area of
interest with numerous TRB committees examining the topic).

Safety

The subject of older drivers remained one of concern for TRB staff. Yet, renewed
attention was given to high-risk drivers. Continued emphasis on alcohol, other drugs,
and occupant restraints were among topics of research examined during the year.

Maintenance

TRB's maintenance committees conducted workshops on bridge management systems
and equipment management. New concemns and research interests included:
integration of maintenance management systems with other transportation management
systems; evaluation of new technologies to improve the efficiency and effectiveness
of maintenance management systems; development and use of bridge management
systems; and the impact of environmental regulations on maintenance activities
programs. '

Group Four: Legal Resources

TRB held the 30th Annual Workshop on Transportation Law in July 1991. Several
committees addressed (and are still addressing) issues that cross conventional fields
of technical research. Chief among these are the growing concern about
environmental pollution because of the presence of hazardous waste material in
transportation facilities and the increasing interest of state and local transportation
agencies in establishing risk management programs to reduce their exposure to tort
liability. An ad hoc planning group was also established to explore efficient ways to
consider hazardous waste pollution issues.

Group Five: Intergroup Resources

Some of the major highlights of this group during 1991/92 included the following:
a new task force on Global Non-Motorized Transportation was created; and the
Committee on International Activities held its first overseas committee meeting in
Paris, France (At the Permanent International Association of Road Congress). The
committee also met with the Institute National de Recherche sur les Transport et leur
Securite and others to discuss mutual interests. There was also planning towards a
1993 meeting with a focus on the impact of European integration on transportation
- policies - an issue that has broad implications for increased globalization and
transportation competition.
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Studies and Information Services Division

Subcommittee on Planning and Policy Review

This committee's tasks include the following: identifying major transportation
problems: advising the Executive Committee and staff on the selection, scope and
execution of policy-oriented studies within TRB: preparing lists of critical
ransportation issues for consideration by the Executive Committee: advising the
Director of Studies and Information Services on goals and direction for activities of
the division; and acting for the Executive Committee on matters that require action by
TRB between regular Executive Committee meetings.

Projects
During the fiscal year 1991/92 TRB completed six policy studies and continued work
on four other projects. These research activities are listed below.

Completed Projects (Titles)

* Air Passenger Service and Safety Since Deregulation;

« High-Speed Ground Transportation in the United States;
* Intelligent Vehicle-Highway Systems

* Highway Deicing

* Data for National Transportation Policy Making; and

* Marine Container Transportation

Ongoing Projects (Titles)

* Research and Technology Coordinating Committee;

« Critique of Federal Research Program on Magnetic Levitation Systems;

* Assessment of a National Hazardous Materials Shipment Tracking System; and
* Landside Access to U.S. ports

New Projects (Titles)

* Study of the Federal Employers' Liability Act;

+ Feasibility Study of a Transit Research Coordinating Council; and
* Study of Urban Transportation Pricing

Computer-Based Information Services .

TRB'’s computer services include the following: A computer-based information
storage and retrieval system; A series of abstract bulletins on transportation topics; A
technical inquiry response services: and A “hot topics' service for monthly
dissemination of bibliographies on highway and urban transportation issues.

Library
TRB offers its clients an excellent library service. Its library housed over 20 000

books, reports and microfiche in 1991/92. It also receives appreximately 370 journals,
many of which are routed to staff. For a small annual fee, TRB Library Affiliates
receive the full array of TRB library reference services and are offered a 25% discount
on TRIS inquiry services, orders for single copies of publications and photocopies.

P e i e et
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Synthesis of Current Practice

As part of the NCHRP, the Division published the following synthesis of current
highway practice during fiscal year 1991/92: Fabrics in Asphalt Overlays and
Pavement Maintenance; Signal Timing Improvement Practices: Short-Term Responsive
Maintenance Practices: Moisture Damage in Asphalt Concrete; Bridge Paint: Removal,
Containment and Disposal; Freeway Corridor Management; and Truck Escape Ramps.

Administration and Finance Division

Financial Management

The Administration and Financial Division is responsible for the preparation of the
TRB's operating budgets, expenditure conwols, verification of accounts and
administration of contracts and grants.

Affiliate and Sponsor Services

The affiliates program, which includes individual affiliates and three categories of
organisational affiliates is, in effect, a worldwide network that contributes to the
support of the Board's work and serves to disseminate the flow of information on
transportation research, technology, and practice worldwide.

Individual and student affiliate benefits include use of the Library, special registration
fees for the Annual Meeting, reduced fees for the use of TRB computer-based
information services, free subscription to TR News, and discounts on most books and
reports. Sponsor and contributing affiliates receive all publications at no additional
COst.

The affiliates program is very much tied to the publications program. The purpose of
the publications program is to disseminate current information and research on
transportation policy and practice as broadly as possible. It is to realise this goal that
‘TRB has maintained a selective distribution program to TRB sponsors and affiliates
that allows them to receive automatically those publications that are of specific interest
to them.

Cooperative Research Programs Division

The National Cooperative Highway Research Program (NCHRP)

This is a unique applied research program designed to respond to the needs of state
highway and transportation departments by solving pressing operational problems in
highway transportation. It has been sponsored by AASHTO since 1962 in cooperation
with the Federal Highway Administration (FHWA) “and has over the years
administered 570 research projects and related and additional publications.

Each NCHRP study is conducted according to an approved research plan under the
guidance of an advisory panel composed of technical specialists and experienced
practitioners. To be successful in its role, NCHRP places an emphasis on working
with its customers - practitioners who are expected to use the research results.
NCHRP's most important asset in carrying out its mission is its close relationship with
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AASHTO committees. Experience has shown that AASHTO commiittees are more
likely to use results when: the committee itself identifies and requests needed
research; the members of the committee serve on the advisory panel that guides the
study; and when the findings and recommendations are presented to the committee at
the conclusion of the study. NCHRP projects thus frequently include these steps.

NCHRP studies particularly important to AASHTO and which were completed during
1991/92 included: A study of Domestic Freight Research and Policy; Research (a
study) into certain aspects of the relationship between transportation investment and
economic development; research into alternative revenue sources of highway funding;
and the development of a comprehensive document on metric conversion. (This is now
being considered for adoption by AASHTO).

Transit Cooperative Research Program (TCRP)

In September 1991 the Urban Mass Transit Administration sponsored National
Cooperative Transit Research and Development Program was completed after eleven
years of operation. NCTRP was replaced by TCRP which is a greatly expanded
transit program, sponsored by FTA and modeled after NCHRP. (In May 1992 U.S.
Secretary of Transportation announced an FTA grant of $8.9 million to TRB and,
along with National Academy of Sciences (NAS) and the Transit Development
Corporation (TDC) executed a Memoranda Agreement linking the three organisations
cooperating in TCRP. This grant, represented the first award of up to $88 million
authorised for TCRP by ISTEA during the next six years). The new program, it was
decided, will focus on research projects and other technical activities and respond to
the transit industry's operating needs. Its approach is designed to deal with practical
solutions to everyday problems encountered in the operating environment. Research
topics for TCRP are selected by the Board of Directors of TDC.

Future Programs
In addition to NCHRP and TCRP activities, two additional cooperative research

programmes were being explored by this Division during the course of 1991/92. The
first is an aviation research program modeled after NCHRP. The second, proposed
by the U.S Department of Transportation's Maritime Administration, proposes
establishing a cooperative water way research program, also modeled after NCHRP.
This program would concentrate on issues such as resource productivity, transportation
efficiency, operational safety, and environmental quality of the nation’s waterways.

TRB STAFF
Numbers and office bearers

The research organisation, excluding the Executive Committee and working
committees, has a staff complement of approximately 100. The chairman of TRB's
Executive Committee is currently Mr William Millar, Executive Director of the Port
Authority of Allegheny County. Pittsburgh, Pennsylvania. TRB's Executive Director
is Thomas Deen. The Directors of the various divisions are:
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Technical activities division: Robert Spicher
Studies and information services division: Robert Skinner Jr
Administration and finance division: Marcia Appel
Cooperative research programmes division: Robert Reilly
Special programmes division: Neil Hawks
PUBLICATIONS

Through 1ts distribution of books, reports, working papers and periodicals TRB
disseminates transportation research results and technological developments worldwide.
The Board is valued for its role as a generator of information on: the state of the art
in specific areas of transportation: results of transportation research; major national
transportation policy issues; and reports analyzing research needs.

The organisation's series of publication is as follows:

TR News

This is a bimonthly magazine that contains discussions of the activities and programs
of the Board and transportation activities of government and industry in the United
States and other countries. It also features topical articles and announces upcoming
TRB publications and meetings.

Special Reports
These present the results of the congressionally mandated policy studies and
proceedings of conferences and workshops held by TRB.

State of the Art Reports
These reports, prepared solely by TRB staff and committees, summarize and evaluate
the current status of research in a particular area.

Transportation Research Circulars
These documents contain TRB committee reports that are perceived to be of
immediate, rather than of long-term interest.

National Cooperative Highway and Transit Research and Development Program
Reports

These documents are comprised of the final reports (results) of research conducted
under either the NCHRP or the NCTRP.

The NCHRP and NCTRP Synthesis
These reports present existing information on selected topics and points the way
towards recommended practices.

The NCHRP and NCTRP Research Results Digests
These are published to provide early awareness of research results emanating from
projects before the publication of the final report presents all the results,
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The Legal Research Digests

These provide early awareness and encourage application of research results emanating
from the continuing NCHRP Project and suggest legal problems seen to be arising
from Highway Programs.

TRIS Abstracts
Various miscellaneous publications

Transportation Research Records
Each Transportation Research Record contains technical papers on a given subject.
The papers are usually prepare for TRB Annual Meetings and accepted for publication
through TRB's peer review process. The Research Records are presented in
approximately 50 issues a year and represent more than half of the total material
prepared and disseminated by TRB.

Exceptional Volumes

Occasionally, TRB has the opportunity to present exceptional volumes outside the
regular publications series listed above. Bridge Aesthetics Around the World, printed
in late 1991, is an example of this form of publication.

FINANCES |
TRB's clients and organisational affiliates

In its endeavour to conduct research into transport issues and disseminate information,
TRB receives support (pecuniary, political and in a human capital input sense) from
three groups or organisational associates. These three groups of collaborators are
identified below and their support functions summarised.

The Sponsors

The Sponsors are the principal supporters of TRB and may be government or private
sector institutions. The fees for sponsors and the allocation of TRB activities on their
behalf are negotiated with each sponsor to best serve its particular needs. A holistic
perspective is however also at play in the identification of the most efficient
application of research funds. The aim is to provide fundamental support for TRB
programs and activities of interest to the entire community. The number of financial

sponsors, in addition to the 50 states and the District of Columbia. has recently
increased to 11.

Current sponsors of TRB include: The highway and transportation departments of the -
50 states; the District of Columbia and Puerto Rico; modal administrations of the U.S
Department of Transportation including the Federal Highway Adminiswadon, the
Federal Mass Transit Administration, the Federal Railroad Administration, the
National Highway Traffic Safety Administration, the Research and Special Programs
Administration and the Maritime Administration; the U.S. Army Corps of Engineers:
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the Association of American Railroads; the National Asphalt Pavement Association;
the Motor Vehicle Manufacturers Association of the U.S: and the American Public
Transit Association (which only joined in the 1993 fiscal year).

Sustaining Affiliates

These are affiliates which support TRB at a level considerably higher than the direct
cost to TRB of the publications and other services they receive. In fiscal year 1992
there were five of these organisations: the Asphalt Institute; the Ministry of
Transportation and Communications, Province of Ontario, Canada: the Minnesota
Mining and Manufacturing Company: the Port Authority of New York and New
Jersey: and the Portland Cement Association.

Contributing Affiliates

Contributing affiliates are comprised of government agencies, academic organisations,
private organisations and consultants. Their fees (funding of TRB's activities) are
determined on a more commercial basis than the above two groups of TRB affiliates.
The fees of the contributing affiliates are determined by the level of benefits the
conaibuting affiliates elect to receive. The annual fees during 1991/92 ranged
between $1 260, $2 500 and $3 250.

A sample of TRB's contributing affiliates is provided below. This is by no means a
complete list, and it comprises clients from the public sector, the academic arena and
private sector. Many affiliates are from international organisations.

Government Agencies or Academic Organisations:

United States

Broward County, Fort Lauderdale, Florida

Chicago Area Transportation Study, Chicago, Ilinois

King County Department of Public Works, Seattle,-Washington
City of Omaho, Nebraska

National Transportation Safety Board, Washington

Eno Foundation for Transportation, Inc, Vienna, Virginia
University of Central Florida, Orlando, Florida

Orange County Environmental Management Agency

Purdue University, West Lafayette, Indiana

California Energy Commission, Sacremento

University of New Mexico, Albuquerque :
Washington Metro Area Transit Authority, Washington, District of Columbia
Australia

- Australian Road Research Board

Queensland Department of Transport, Brisbane

Tasmania State Office Library

Canada

Alberta Research Council

Transport Canada, Ottawa, Ontario
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Republic of China

Taipei Rapid Transit Company Ltd, Taipei, Taiwan

Egypt - _
Cairo University (The Genera Authority of Roads and Bridges, Ministry of Transport)
Britain

Oxford University, Transport Studies Unit

Japan

Japan Transport Economics Research Centre (Washington, District of Columbia)
South Africa

Roads Technical Library, Pietermaritzburg, Natal

Directorate of Land Transport, Department of Transport, Pretoria

India

Central Road Research Unit, New Delhi

Private Organisations:

United States

Commuter Transportation Services, LA, California
American Automobile Association, Florida
World Bank, Washington

Salt Institute, Virginia

E-Pxy Industries Inc., New York

Japan

Japan Road Association, Tokyo

Greece

Association of Greek Cement Industry, Athens

Consultants:

United States

AISC Marketing Inc., Pittsburgh, Pennsylvania
Centennial Engineering, Inc. Arvada, Colorado
Western Highway Institute, San Bruno, California
Century Engineering, Inc. Towson, Maryland

The LPA Group, Columbia

Texas Research and Development Foundation, Austm Texas
Canada

FENCO Engineers Inc. Willowdale, Ontario

South Africa

BS Bergman & Partners Inc, Pretoria

Stewart Scott International, Sandton, Johannesburg

Japan
Chijoda Engineering Consultants, Co Ltd. Tokyo

Changing sources of funding

After the US Government announced forthcoming policy shifts in transportation policy
early in 1990, TRB was impacted (even if only marginally) by the tide of
privatisation, commercialisation and contracting out which was sweeping developed
capitalist economies, and particularly the USA and UK, in the late 1980s.
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Soon after news was given of policies to come, the White House explained that the
goal was reduced dependence on federal money as well as a stronger partnership with
other levels of government, and added that the federal government will continue to
have a major role even though ways were being investigated of raising money at the
local level. The government decided that much of the burden must be shifted to state
and local governments through options like user fees, private development and toll
roads. The underlying belief was that the recipients of federal transportation aid
should pay a larger share of project costs.

TRB has had to contend with a relative shift in the components of its funding, having
to seek more funds from local government and private sector sponsors and being able
to rely on less support from the federal government than it had traditionally come to
expect.

7.3  Statement of income and expenditures
Table 2-1: Income and expenditure for the fiscal year ending 30 June 1992
ftem Federal ($) State ($) Other ($) Total (3)
Income:
Technical Activities Program Subtotal
{Contract income and sponsorships) 3010 957 3 883 150 3 543 785 10 437 882
Cooperative Research Programs:
NCHRP Subtotal 68 245 9 000 811 38 763 9 107 819
NCTRDP Subtetal 69 928 1752 71 680
Cooperative Research Programs Subtotal 138 173 9 000 811 40 515 9 179 499
Total Income 3149 130 12 883 971 3 584 280 19 617 381
Expenditures By Activity:
Technical Activities Program
Special Projects (studies, conferences, workshops) 1 550 957 777 919 2 328 876
Transportation Research Information Services 413 750 415028 486 105 1314 883
Subtotal 1964 707 415 028 1264 024 3 643 759
Continning Activities
Field visits and committes activities 615 620 2 362 653 1776 061 4754 334
Annual meeting 91 662 183 323 297 000 571985
Publications 338 968 922 156 200 680 1 461 804
Subtotal 1 046 250 3 468 132 2273 741 6 788 123
Technical Activities Program Total 3 010 957 3 883 160 3 537 765 10 431 882
Cooperative Research Programs
National Cooperative Highway Research Program
Technical direction 3 355 960 31355960
Reports and panels 673 303 38 763 712 066
Research 68 245 4 971 548 5039 793
Subtotal 68 245 9 000 811 38 763 9 107 819
National Cooperative Transit Research and ‘
Development Program
Technical Direction T 30614 50 614
Reports and panels 1752 1752
Research 19 314 19 314
Subtotal 69 928 1752 71 686
Cooperative Research Programs Total 138 173 9 000 811 40 515 9179 499
Total Expenditure by Activity 3149 130 12 883 971 3 578 280 19 611 381

{(Source: TRB, Angual Repon, 1992, p.30)
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CONCLUSIONS

TRB recently stated that they have been expenencing a virtual explosion of top-level
interest in and support for more transportation innovation in the past two years. It
appears that, in the US at least, transportation has once again emerged as a national
priority. More attention is being given to the relationship between transportation
investment and economic development and enhancing productivity as well as fostering
modern yet environmentally friendly research.  Marine, air and waterway

transportation research has become relatively more important to TRB's research profile
in the 1990s.

The growing demands for additional standing committees and sessions at annual
meetings and increased requests for research projects and publication of material has
presented the organisation with a whole set of inviting challenges. As its customers’
needs expand, the organisation is considering alternative ways to fulfil those needs.

TRB considers itself to be well positioned to make even greater contributions to the
future of transportation. Its growing strengths in the technical areas and all modes of
transportation, together with its more recently established reputation in policy-related
work, make TRB a major player in transportation research efforts as the US enters a
period of decision making on transportation policy and technological development.

The expansion of the demand for transportation research will require the Board to stay
responsive in such areas as highway and airport capacity, deterioration of highways
and bridges, the relationship between transportation and economic development,
environmental and energy concerns, technological developments including intelligent

vehicle-highway systems and high-speed ground transportation and urban congcsuon
issues, including expanded transit development.
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BACKGROUND AND INTRODUCTION

The Transport and Road Research Laboratory (TRRL) became an agency of Britain's
Department of Transport in April 1992, prior to which it simply formed part of the
same department. The organisation has been described as an "official research centre"
and also as "a government-funded independent research authority” and "the
Government's Transport and Road Research Laboratory" by the printed media.
According to TRRL itself, the Laboratory is recognised for its expertise as a research
and development establishment of internaticnal standing.

The organisation operates from premises in Crowthorne, England.

INTERNAL ORGANISATION

The Laboratory is headed by an executive team of three directors, namely the
Executive Director, Deputy Director and Assistant Director.

The Deputy Director is the line manager for staff in the research groups and is
responsible for the overall conduct of research, including attainment of research
objectives, maintenance of research standards and the carcer management of research
staff. The Assistant Director is the line manager for staff in the support services and
1s responsible for financial, contractual, administrative, site and other matters that bear
on the operation of the Laboratory.

The internal structure of the research component of the Laboratory is comprised of
five Operating Groups (Programmes), ie the:

» Highways Group;

» Structures Group;

+ Road Users Group;
+ Vehicles Group; and
+ Traffic Group.

The Groups are subdivided further and organised into various divisions, as indicated
hereunder:

The Highways Group: + Materials and Construction Division
+ Pavement Engineering Division

The Structures Group: » Ground Engineering Division
+ Bridges Division

The Road Users Group: + Road User Safety Division
» Road User Behaviour Division

The Vehicles Group: « Vehicles and Environment Division
« Vehicle Safety Division
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Traffic Group: _ » Traffic Operations Division
» Traffic Safety Division
+ Transport Demand Division

In addition to the various Groups and Divisions, the Laboratory's organisational
structure includes a number of units and a branch, namely the:

+ Noise and Vibration Unit:
+ Structural Analysis Unit;
+ Overseas Unit; and the

+ Scottish Branch

Visitors

Outside advice on matters affecting the conduct and direction of TRRL research is
given by a distinguished panel of Visitors chosen from industry, local government,
consultants, research associations and the academic world. Two or three visitors are
attached to each Group at the Laboratory. They are encouraged to comment on any
aspect of research strategy or application, and they have right of access to Ministers
and Senior Officials in the Department of Transport.

STAFF

The Laboratory has a graduate research staff of about 330, including teams of people
with skills in;

» electrical engineering

« mechanical engineering

* civil engineering

* specialist vehicles

+ technical photography

+ film and video production

» technical publishing

+ research documentation database
+ contracts negotiation

+ main-frame computing

These teams of people provide the support to the research scientists and engineers who
are also characterised by a diverse skills mix.

OUTPUTS, PRODUCTS AND SERVICES

The Laboratory's Research Report for 1988 groups and summarises its outputs into
seven categories, as follows: '
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. Advice: This service is incorporated in policy codes of
practice, teaching matenial and legislation

. Publications: Research reports, Contractor Reports,
Application Guides, Digests of Publications,
Press Notices and Leaflets.

+  Seminars and Workshops
. Films and Videos
. Bibliographic Databases:  Abstracts of reports are stored in the OECD

International Road Research Documentation
(IRRD) database which is held by the Library.
IRRD is also available on the European Space
Agency's Information Retrieval Service. Thus,
abstracts of TRRL reports are disseminated
worldwide. Searches for specific topics are
offered by the Library.

. External Publications: Scientific Journals, Technical Journals, British
' Standards, OECD Reports and Conference
Proceedings.

ACTIVITIES AND AN INSIGHT INTO TRRL'S COLLABORATORS
Summary - a broad overview of the laboratory's activities

The Laboratory provides technical and scientific advice and information to help in
formulating, developing and implementing government policies relating to roads and
transport, including their interaction with urban and regional planning. The
Laboratory contributes to, and gains from, international collaborative studies,
cooperative research programmes with industry, and from the standard contracts
between scientists. It also has formal and bilateral links with developing countries
through the TRRL Overseas Unit, and work on overseas problems is undertaken in all
subject areas covered by the Laboratory. TRRL's extensive research and development
expertise is used by central and local government, industry, transport consultants, and
transport operators in the United Kingdom and overseas.

Research programmes and responsibilities of the various groups and units
The Laboratory's research programme is approved by Government and, for 1991/92,

comprised over 400 individual projects. Following below is a short description of the
activities of each Group.
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The Highways Group's Research Programme

Aim:
The primary aim of this research programme is to get better value for the money
invested in road construction and maintenance whilst simultaneously seeking to
minimise delays caused by road works.

Application/Benefits of the Research:

The results of the research contribute to Standards and Advice Notes issued by the
Department of Transport and the Scottish Office Environment Department. The
research also contributes to British Standard Specifications.

Collaborators:

Local Highway Authorities collaborate in much of the research and benefit from its
results. There is also collaboration with academic institutions and an increasing
programme of research is conducted for the private sector.

The Materials and Construction Division's Research

In this research programme, the aim is to improve specifications for unbound,
bitumen-bound and cement-bound materials and their constituent aggregates and to
assess new developments and processes. The primary topics cover those materials that
are used in large quantities such as aggregates, rolled asphalt, bitumen macadam,
surface dressing, cement bound roadbase and pavement quality concrete. More
specialist materials such as surfacings for steel bridge decks and joint sealants for
concrete pavements are also studied. Recycling processes for bitumincus pavements
are also evaluated by this division. Machines to measure and monitor skid resistance
are being developed.

The research projects in this division are divided into the:
* Aggregates Research Project;

* Bituminous Materials Project;

« Concrete Pavements Project; and the

* Maintenance Processes Project.

The Pavement Engineering Division's Activities

Here, the aim has been to improve the cost effectiveness of all civil engineering works
on highways, from trench reinstatement to the strategic programming of major
motorway maintenance. The research programme is formulated in consultation with
the Department of Transport and the results are used by the Department in preparing
standards and specifications and in managing the trunk road network. Local
Authorities provide valuable assistance in carrying out the research programme and
benefit from its results. There is also collaboration with academic institutions and
industry.
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The research units of this Division are the:
« Pavement Structures Unit:

» Pavement Testing and Traffic Unit;

* Road Monitoring Unit;

» Road Performance Unit; and the

« Pavement Management Unijt.

The Structures Group's Research Programme

Aim:

The objective is 1o get better value for the money spent on highway structures by
development of more affordable and durable forms of construction and improved
methods of maintaining existing structures.

The research work:

The work of the group is concerned with design, construction, assessment and
maintenance of highway structures. '

Implementation of results:

Results are implemented through British Standards and Departmental Standards and
Specifications, the publication of reports and papers and close liaison with designers,
contractors and highway authorities.

The Ground Engineering Division:

This Division investigates the design, construction and performance of earthworks,
earth-retaining structures including cut-and-cover tunnels, pipelines and drains,
culverts, foundations and bored tunnels in order for the highway engineer to provide
them at minimal overall cost. Soil/structure interactions are a recurring theme in this
Division's research and includes the following projects:

+ Earth Retaining Structure and Foundations Project;

» Soil Structures and Strengthening Systems Project;

-+ Earthworks Construction and Behaviour Project; and the

» Ground Properties and Pipelines Project.

The Bridges Division:

Research by this Division concentrates mainly on developing methods to assess the
structural behaviour under load of existing bridges of steel, concrete, brick and
masonry, and on developing methods to detect defects, understanding how defects
arise and methods of repair and prevention to maintain the serviceability of the bridge
stock. The Division uses its extensive special facilities for testing large structural
units under static and dynamic loads and for carrying out long duration fatigue tests.
This Division's research projects include:

» Structural Assessment;

+ Structural Loading; and

* Durability and Repair of Concrete.

The Road User Group's Research Activities
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Objectives:

The objectives of the work in the Road User Group are to analyze road accident
trends, to gain an understanding of those factors in accident causation which arise
from road user errors, and to devise, improve and monitor the effectiveness of
accident countermeasures.

The Road User Safety Division:

This Division undertakes research to identify and understand the factors involved in
road accidents and the contribution which this understanding can make to road safety
policy and future remedial measures. The main topics of research are: - the
maintenance of accident databases and the analysis of accident trends: the role of
aicohol in road accidents; the economics of injury; road safety education for school
and pre-school children; training for drivers; public attitudes to road safety issues; and
the effects of publicity on attitudes and behaviour.

The research groups in this Division are divided into:
+ Accident Data;

» Statistics;

* Alcohol;

* Injury Cost and Accident Causation;

* Training; and

* Road Safety Education.

The activities of the Road User Behaviour Division: :

This Division's research activities objectives are to establish accident liability of road
users, to understand the factors which influence their behaviour and to assess remedial
measures. The main topics researched are: Behaviourial studies; Pedestrians: Signs;
Impairment; Compliance and Deterrence; Accident Modelling and Statistical
Techniques.

Accordingly, research projects/units include:
» Behaviourial Studies;

* Pedestrians;

« Signs;

* Impairment Testing;

* Accident Models and Surveys; and

« Statistical Consultants.

The Vehicles Group's Research Profile

Aims:
The Group's research is aimed at ensuring that road vehicles are designed for
maximum safety and minimum damage to the environment.
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Scope of research and applications:

Much of the work demonstrates what vehicle improvements are achievable and
practicable, and therefore what degree of regulation is applicable. It also looks at
ways of ensuring compliance. Output from the work is applied by the Department of
Transport Divisions with policy and regulatory responsibilities for vehicles and roads.
and 1s used extensively in European and other international forums. The research
work is also applied by vehicle manufacturers, commercial vehicle operators and local
authorities.

Vehicles and Environment Division:

This Division 1s concerned with all aspects of the environmental impact of roads and
traffic, with the loads applied by heavy vehicles to the highway infrastructure, with
the control of vehicle weights in the road freight industry and with transport for
disabled people. Research on environmental assessment methods is implemented
through the Department of Transport's Manual of Environmental Assessment. The
Division works closely with the Department's Disability Unit on the use of private and
public transport by disabled people.

The Division's Projects include:
+ Air Pollution;

» Environmental Appraisal;

« Freight;

» Commercial Vehicles; and

» Transport for Disabled People.

Yehicle Safety Division:

The aim of this research programme is to improve the design and operation of
vehicles both for accident avoidance (primary safety) and for the protection of road
users involved in accidents (secondary safety). Accident investigations are used to
identify areas where research is likely to prove most effective and much of the
research is done to support legislative action. The main topics covered under primary
safety relate to braking, stability and handling of vehicles, improved lighting and
driver's aids. Activity in the area of secondary safety includes the development of
improved occupant restraint systems, and investigations of the crush characteristics of
cars for providing improved levels of protection for occupants in frontal and side
impacts as well as for truck pedestrians. Work is also done on the testing and
specification of safety fences and bridge parapets, to restrain vehicles from leaving the
road.

Research Projects include:

* Primary Safety and Testing;

+ Accident Investigation and Lighting;
+ Occupant and Pedestrian Protection;
» Motorcycle Safety; and

+ Analytical Studies.
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The Traffic Group's Research Activities

Aims:

The main aim is to optimise use of the road network by reducing congestion,
accidents, routing errors. and other forms of waste which currently costs UK road
users billions of pounds per year. The Group also aims to improve the quality and
economy of UK wansportation by helping to meet the Department's research
requirements on transport and land use.

Collaborators:
Much of the Group's activity profile is carried out cooperatively with the police,
highway autharities and consultants.

Application of research results

The research results of this section of TRRL assist Department of Transport Policy
Directorates in the formulation of their advice to Ministers as well as the advice given
to Local Highway Authorities on methods of traffic control.

Training:
The 1ssue of computer programs for use by traffic engineers at home and overseas is
supported by training workshops.

The Activities of the Traffic Operations Division:

This programme carries out research into systems and procedures for improving the
operation of both urban and inter-urban roads. The primary objective is to develop
methods of alleviating taffic congestion but the impact on accident risk is also
assessed. Motorway research includes the development of strategies to operate the
network efficiendy. New information systems such as dynamic route guidance and
Radio Data System (RDS) are being assessed to determine how they can be used to
reduce travel delays on all types of road. Research is also conducted by the
programme into the design and control of junctions. About 20% of the work of the
Division 1s done jointly with European partners within the DRIVE programme.

Projects include:

* Roadworks;

» Traffic Flows;

» Motorway Modelling;

» Urban Traffic Control;

¢ Driver Information Systems;
« Junctions;

+ Network Management; and
+ International Coordination.
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The Activities of the Traffic Safety Division:

The aim of this Division's research profile is to reduce accidents and traffic delay by
better urban traffic management and tmproved road and junction design. The trade-
offs between accident risk and waffic capacity are given high priority. Traffic
“calming' techniques are developed and assessed by this group of researchers. The
Division collaborates in its research activities with European partners including the EC
DRIVE programme.

Research Projects of the Traffic Safety Division are:
+ Accident Risk; '

» Engineering and Planning;

» Network Safety (1) & (2);

+ Safety Appraisal; and

+ Transport Demand.

The Activities of the Transport Demand Division:

This Division aims to meet the Department's research requirements in public transport,
transport and land use, traffic appraisal and parking. The structure of the bus industry
after deregulation is being studied by the Division. Work is also being done on the
taxi and private hire vehicle industry and the effect of buses on congestion. Traffic
appraisal work within the Division is using modelling techniques for studies of
highway improvements, traffic gencration and traveller's response congestion.
Research into parking enforcement, compliance and innovation in on-street parking is
also in progress.

The titles of this Division's research projects include:
+ Public Transport;

+ Traffic Appraisal;

* Transport and Land Use;

« Parking and Restraint; and

« Congestion.

The Overseas Unit - TRRL's roles in developing economies

Developmentai aims/priorities: '
TRRL's Overseas Unit aims to find practical solutions to the transport problems of
developing countries, particularly in the roads sector.

Funding:

TRRL's activities in the area of development are funded by the Overseas Development
Administration (ODA) as part of the British Government's overseas aid programme.
Because ODA recognises that road transport plays an important part in the economic
growth of developing countries, it funds a research programme at TRRL geared
essentially to application, whether in policy areas or in engineering technology.
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Scope of the Research Programme:

The Unit's research programme is directed towards the special conditions encountered
in tropical and subtropical environments. It covers the planning, design, construction
and maintenance of roads and the safety and operation of vehicles using the road
network.

Methodology:

Individual research projects are pursued through a combination of long-term tours
overseas, short-term visits and home-based research. Results are made available in
practical guides, research reports and technical papers. Advice is also given directly
to overseas governments (and other collaborators) by means of regional overseas
courses and by courses in the UK.

Collaborators:

Abroad, the Unit works where possible with local research organisations or Ministries
of Works and Transport. The unit regards the building of local expertise as an
important part of TRRL's work.

The Noise and Vibration Unit

Research Focus:
The Noise and Vibration Unit is concerned with carrying out research to reduce the
generation, propagation and environmental impact of noise and vibration from road
vehicles and from traffic streams.

Expertise:

In conducting this work the Unit has developed expertise in the areas of prediction
modelling, psycho-ascetics, environmental monitoring and quiet vehicle development
and testing.

Partners in research:
The work involves technical liaison with overseas organisations particularly with
regard to the development of European and international standards.

Current Work:

Work of the Unit includes the development of methods for calculating noise near
roads including the effects of noise barriers with absorptive features; studies of
tyre/road surface noise particularly with regard to the development of acoustically
absorbing road surfaces; and the development of vehicle noise test procedures.

The Activities of the Scottish Branch of TRRL

Aims:
The main aim of the research activities conducted by this Branch of TRRL is to obtain
better value for the money spent on road construction and maintenance.
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Application of Results:

The results of the research contribute to the Standards, Advice Notes and Technical
Memoranda issued by the Scottish Office Environment Department and the
Department of Transport.

Topics:

The main topics covered by this Branch are: rock excavation and soil suitability for
earthworking; the development and use of design mix asphalts, and the deterioration
of structural concrete.

Basic research - the discretionary programme

In addition to the research profile described above, the UK Government have since
1989 supported a programme of research which gives TRRL's Director the discretion
to sponsor innovatory ideas of TRRL research staff. This discretionary programme
takes account of independent advice from distinguished individuals (TRRL Visitors)
who are chosen form the private sector, local government and universities. The more
promising ideas are developed to the point where they can attract customer support,

Emerging trends in TRRL research

The volume of TRRL research has remained approximately constant in real terms in
recent years. However, there have been marked shifts in emphasis, for example
towards environmental concerns and studies of road user behaviour. It was envisaged
that beyond the 1991/92 year there are likely to be further changes in the research
programme as TRRL becomes an Executive Agency within the Department of
Transport.

CUSTOMERS - TRENDS AND SOURCES OF FUNDING

The Laboratory’s customers are mainly from the Department of Transport, but a
substantial volume of work is also undertaken for the Overseas Development
Administration (ODA). A few of the organisation's clients have in the past emanated
from the private sector and the proportion of private to public sector clients has been
rising steadily since the late 1980s as the privatisation drive in the UK impacted on
TRRL's activities. TRRL envisages that this trend will continue for some time, but
that a culture of greater state responsibility and perhaps even re-nationalisation will
eventually replace it.
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The research programmes of TRRL also reveal this trend towards greater
commercialisation outside and within the organisation. In its 1988 Research
Programme, TRRL states that: "Proposals entirely funded and controlled by industry
would also be welcome. These need not be limited to topics covered by the
Department of Transport's research programme. They might seek R&D activity, but
they might also seek consultancy support or the use of the Laboratory's facilities. To
increase its level of co-operative contact with the private sector, a new Unit is being
set up at Crowthorne to focus these activities".

FACILITIES

The Laboratory boasts has computing facilities, extensive state-of-the-art laboratories,
a library with over 200 000 books and pamphlets, 700 journals, and an international
roads and transport database.

FINANCES
Introduction

Detailed information as regards the Laboratory's financial position was not available
at the time of writing this report. This information will be publicised in the soon to
be released Annual Report for the Agency, in late 1993. Sketchy information could
however be gathered and this includes information on the size of the resources
allocated to some of the Groups, Divisions and Units during the course of 1991/92,
This is presented below.

Allocation of resources per TRRL division for 1991/92
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Table 3-1: Resources allocated for intemal and extemal work during 1991/92
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Division

Amount allocated,
Pounds {million}

-~ —

Materials and Construction Division 2.0
Pavement Engineering Division 2.1
Ground Engineering Division 2.8
Bridges Division 1.5
Road User Safety Division 2.5
Road User Behaviour Division 22
Vehicles and Environment Division 37
Vehicle Safety Division 45
Traffic Operations Division 25
Traffic Safety Division 2.1
Transport Demand Division 2.0
Total 29.9

(Source: TRRL Research Programme, 199192, pp.1-24).
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INTRODUCTION AND BACKGROUND

The Australian Road Research Board (ARRB) is an official research centre registered
in the State of Victoria, Australia and a non-profit public company limited by
guarantee. Its members are the Federal Department of Transport and
Communications, the eight State and Territory Road Transport Authorities and the
Auswalian Local Government Association. The organisation operates from Vermont
South in the State of Victoria.

ARRB was formed in 1960 as a co-operative venture between various Government
Departments involved in roads and road transport. In May 1989, the Australian
Council of Local Government Associations became a member of the Board and its
Vice President became a Director at the same time. This expansion, which formally
included local government participation in the Board at Director level, followed a
period of negotiation and preceded a contribution to expenditure from local
government road funds.

The internal organisation of ARRB was reviewed during the late 1980s and a flat
management structure was developed during the course of 1989/1990.

GOALS AND OBJECTIVES OF ARRB

ARRB's goals are incorporated in the relevant Australian Companies Act. The
organisation's Annual Report for the year 1986/1987 lists its objectives as follows;

. To provide a national centre for road research information and for the
correlation and co-ordination of road research activities.

. To ascertain the nature and extent of road research required.

. To encourage and promote the undertaking of road research, including research

into road planning, location, design, safety, materials, construction,
maintenance, structures, equipment, traffic, ransport,  economics,
administration, financing, management, accounting and other matters affecting
the provision, upkeep, use, protection and development of roads.

. To provide by means of conferences or symposia, opportunities for the
presentation and discussion of the results of road research.

. To make available grants for carrying out road research.

. To undertake research studies.

. To publish the results of road research, including those presented at
conferences convened by the Board.

. To appoint specialist committees to assist investigations authorised by the
Board and to provide financial and other assistance to such committees.

. To make available to appropriate bodies of persons, information relating to

road research matters.

ARRB believes that research is an investment. It aims to ensure that its customers get
maximum value from research and because research underpins innovation, ARRB
believes that the return on investment should be measurable by impacts in practice.




31

3.2

4.2

ARRB prides itself in having completed numerous successful projects over the years,
in the sense that these have led to significant changes in practices and procedures.

The organisation has not, in the 1990s, abandoned its primary goal of ensuring that
its research projects yield practical and pecuniary results. Indeed, 1991/92 saw ARRB
reiterate its commitment to this "value for money" approach to research. To further
increase the effectiveness of the research programme, this year saw ARRB:

. improve its focus on issues of greatest concern to practitioners;

. develop a much closer association with the client during the project;

. reinforce its determination to deliver outputs on time and in user friendly
formats; and

. extend its program of technology transfer.

INTERNAL ORGANISATION
Members and Directors

Member Directors, non-member Directors and Ordinary Members of ARRB comprise
promunent figures from public and private sector industry and from academic
institutions. Members meet annually to review the company's performance and to
provide guidance to the Board of Directors, which overviews and leads the company
between Annual General Meetings.

The Board of Directors is appointed by the Members and it is responsible for
corporate policies, goals and directions and for overall operation of the organisation.

The Advisory Committee

The Advisory Committee comprises senior persons from government, industry and the
academic arena. Traditionally, the Advisory Committee's role has been to advise the
Board on technical issues.

In 1991/1992 it was decided that the role of the Advisory Committee should be
broadened to incorporate a more strategic approach rather than research needs alone
and that it should henceforth meet for a formal session with the Board of Directors
at least once annually.

The joint meeting of 1991/92 included discussions on improving communication with
the Board, the role of the Advisory Committee and the possibility of the Committee
advising on more than just technical issues. One of the outcomes of this landmark
meeting was that the Chairman of the Advisory Committee will attend all future Board
meetings to provide a direct link between the Committee and the Board. The
Committee was also given a new mission, namely to provide the Board of Directors
with a critical independent perspective on the research and related service needs of the
roads and road transport industry and of the broader community, and assess the extent
to which ARRB is meeting those needs.
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The Committee can examine, comment upon or make recommendations with respect
to any of ARRB's operations. However, its primary foci are the relevance and
strategic directioning of the research and related services programmes and the
technical quality of the outputs.

The Advisory Committee usually meets twice a year, in the first and third quarters.
At the first meeting the strategic directions of ARRB's research program are reviewed
and at the second, the proposed research program for the forthcoming financial year
is examined in detail. The Committee typically endorses but refines the research
directions of ARRB's strategic planning documents. For example, in 1991/92 the
Committee recommended that ARRB re-include the social and economic costs of
environmental issues in the plan at the earliest possible opportunity. It also
recommended that high priority be given to the effect of Travel Demand Management
on total transport travel, efficiency travel, mode use, business viability and
environmental and social impacts of alternative urban forms.

The Local Government Committee

Like the Advisory Committee, the Local Government Committee meets at least twice
a year. This committee consists of prominent officials from various local government
bodies and municipalities. At its meetings during the 1991/92 financial year, key
items for discussion of this committee were:

. the adoption of a technology transfer strategy and programme of activities:
. arrangements for funding from Local Government:

. the ARRB research programme and priorities for 1992/93; and

. new appointments.

In reviewing the future research needs of Local Government, priority was given by the
Committee to the following key projects: '

. Unsealed Roads - the production of a manual on "good practice” for the
construction and maintenance of unsealed roads;
. Quality Assurance (QA) - the conduct of a review of the QA systems that are

being implemented by Councils, the effectiveness of these systems and further
actions to be taken;

. Speed and Design of Urban Non-Arterials - the continuation of a study to
improve the levels of safety and amenity in local streets.

These projects were included in the ARRB's research programme for 1992/93.

The Audit Committee

The internal Audit Committee of the Board comprises members from each of the
above commitiees, and two members representing management. The Committee meets
at least once a year to discuss a wide range of issues, including a financial review.
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Internal management

ARRB is organised into six programmes under its Executive Director. Dr lan
Johnston. These business units are the:

. Road Infrastructure Programme

. Road Safety and the Environment Programme
. Transport Efficiency Programme

. Engineering Services Programme

. Research Applications Programme

STAFF

ARRB's staff complement of 125 includes a graduate research staff of some 65.
Developing its human resources is a high priority for ARRB. A training program that
was launched to enhance the communication skills of its staff continued into 1992 and
1993. In-house seminars are also used to provide opportunities for staff to refine their
presentation skills, develop confidence and receive feedback from other staff members.

New Occupational Health and Safety and Equal Employment Opportunity policies
were put in force in 1991.

FACILITIES

ARRB maintains an extensive library (about 35 000 volumes and journals) of road

literature and a database on road information, in addition to its computer facilities and
laboratories.

MARKETING

ARRB has a strong marketing drive. The organisation believes that there is great
potential for additional contract work and a process of investigating new markets and
expanding on traditional areas of market penetration was initiated in 1992.

ACTIVITIES
Introduction

ARRB is constituted to act as an information centre and to undertake and sponsor a
comprehensive range of road and road transport research related to the design,
planning, construction, maintenance and use of roads. The company disseminates the
information it generates through conferences, symposia and publications.
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Research projects, clients and collaborators

Highlights of ARRB's research programme for 1991/92 are summarised below:

The Accelerated Loading Facility Program (ALF)

This 1s the largest and the most expensive project ever undertaken at ARRB. ALF is
used to address issues of major concern to road designers. During 1991/92, a seventh
trial (of asphalt and cement-treated crushed rock - CTCR) and an eighth trial (of
geotextile reinforced seals) were completed.

The fatigue life relationships for asphalt and CTCR currently recommended in the
AUSTROADS Pavement Design Guide, or as adopted by individual road authorities,
are largely derived from overseas laboratory testing and field performance data. The
main aim of the Mulgrave ALF trial (seventh trial), which was conducted by VIC
ROADS and ARRB, was to examine the fatigue performance of asphalt and CTCR
under Australian conditions.

The main purpose of the eighth trial was to examine the performance of low cost
pavements subjected to intermittent flooding, particularly geotextile seal reinforced
pavements placed directly onto a black clay soil subgrade.

Quality in Construction

In conjunction with Road Authorities, ARRB has undertaken a number of projects
aimed at improving construction quality. The need to carry out audit testing on road
construction materials to validate contractors’ quality assurance test Tesults was
recognised by the AUSTROADS Materials Technology Liaison Group. As a result,
VIC ROADS requested ARRB to undertake work on statistical audit testing techniques
on a contract research basis. Procedures were developed which recommended
sampling methods, data treatment, decision-making processes and guidelines for
formulating specification clauses. Operational recommendations were also highlighted.

Examination of car users' perceptions of the ride quality of roads

Fiscal year 1992 saw ARRB complete a pilot investigation into the relationship
between users' perceptions of ride quality and road roughness, the acceptability of a
specific level of road roughness for trips of different length and how far users were
prepared to travel to avoid rough roads. The investigation was undertaken at the
request of AUSTROADS. Recommendations were made on conclusion of the research
for further work to overcome the limitations of the pilot study.




Measuring of pavement condition

AUSTROADS is pursing the development of nationally consistent indicators of
pavement condition to provide measures of the health and serviceability of pavements.

Improving bitumen and asphalt through research

Australia is one of the world leaders in low cost pavements and a central element in
the system is the bituminous surfacing which provides a good running surface for
traffic and waterproofs the pavement structure. ARRB's work in this area has been
integrated with AUSTROADS studies to provide a wide base of expertise and to
ensure effective implementation of the final products.

The Evaluation of Pavement Management System (PMS) for Local Government

Local Government required help in determining which type of Pavement Management
System best met the needs of individual authorities. ARRB undertook an evaluation
of PMS software packages on the market as at 31 May 1992, A report was produced
by ARRB summarising the main findings of its evaluation. It was prepared to assist
those Councils wishing to purchase a PMS package in the 1991/92 fiscal year, The
report was designed to highlight the particular features of each product and so enable
Councils to decide which package would best meet their needs.

Managing road assets

The VIC ROADS/Local Government Arterial Roads Asset Management Study is
aimed at developing a maintenance strategy for the Victorian arterial road network,
This strategy will ensure the future condition of arterial road pavements satisfies
community expectation, and maximises economic benefits by relating pavement
condition standards to road user costs.

The development of an Expert System to_determine speed limits

In the 1980s, an ARRB project developed an Advisor based on an expert system L0
assist in speed zone determination in Victoria. During the course of fiscal year 1992,
ARRB carried out a thorough review of the Advisor in operation and proposed a

number of revisions.

Accident costs for project planning and evaluation

1991/92 saw the completion of a major ARRB project to determine accident osts for
use in evaluating the effects of potential or implemented safety treatments and
countermeasures.




ARRB's technology transfer program

ARRB subscribes to the view that the effectiveness of research depends, in the final
analysis, on the take-up rate of the findings by practitioners. The Board thus places
a premium on ensuring that its findings are not only popularised but also understood.
Towards this objective the Board uses a range of tools which are used to form the
core of its technology transfer programme. These are discussed below:

Publications

ARRB publishes a range of journals, research reports and databases. These include
Journals, Proceedings of the ARRB Biennial Conference, Research Reports (irregular),
the INROADS Database, Annual Reports, Special Reports and Internal Reports.
During 1991/92 the publishing programme released 19 research reports, one special
report, eleven issues of Briefing, one conference proceedings, four issues of the
Journal, 26 issues of Roadlit, and 52 working documents.

Seminars
Like most research organisations, ARRB is very active as regards the convention of
seminars. During the course of 1991/92 a number of seminars were held across
Australia on a variety of topics, including:

. Delineation on rural roads - In this seminar practitioners in four states were
given findings from ARRB's long history of research and the latest information
on design, installation and maintenance of different approaches to delineation).
Similar seminars were held during 1992/93.

. Improving safety at railway level crossings - This conference focused on the
options for low cost level crossing treatments, the issues surrounding their
introduction and how to get them into practice.

. The SIDRA software package - This seminar session involved training
courses held in Melbourne and Perth in association with VICROADS and
MRD WA respectively.

. ARRB and the transport consulting industry - Consultants were invited to
discuss emerging issues in the transport field which ARRB might address,
including possible co-operative research projects.

. Road Technology and the Environment - sponsored by AUSTROADS to
develop a strategic response on these issues.

Information Services

ARRB's Information Services unit forms another part of the Research Applications
programme. It is seen to have a vital role in the Board's technology transfer process.
Information Services' activities include:

* Organising information days for ARRB's staff complement

+ Serving the hundreds of consultants, researchers and students who visit ARRB
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« Operating an inter-library loan service

* Maintaining and updating existing in-house databases and expanding national and

international databases through updates of the latest Australian road and research
publications.

Other activities include the compilation of mailing lists and execution of market
surveys, arranging visits to a large clientele in Australia, receiving overseas
delegations, coordinating overseas trips to conferences and research organisadons and
monitoring and evaluation of the results of actions taken.

FINANCIAL POSITION
Introduction

In the 1980s, the Board depended for the bulk of its finance on the contributions of
its Member Authorities. The 1991/92 financial year saw a proposal by the Board of
Directors to increase the use of external resources to help ARRB's research quickly
address current issues. This was endorsed by the Advisory Committee.

The company is exempt from the payment of income tax, provided its principal
activity continues to be transport research.

Sources of income and operating expenses

About 80% of ARRB's research projects are undertaken as part of the core programs

funded by members. The remaining 20% are funded under contract or partly
sponsored by members and industry.



Table 4-1: Statement of Income and Expenses for the year ended 30 June 1992

[tem 1992 $'000 1991 $'000
Income:
Operating
Members' Contributions
Commonwealth Govemment 2200 2200
State Government 1166 3049
Local Government 123 154
Contract Income _
Engineening Services 1133 1210
ALF 611 656
Research 746 727
Other Income
Publication Income 251 247
Conference Income 51 433
Sundry 37 32
Non-Operating
Interest on deposits 387
Profit on disposal of fixed assets 4
Total Income 8569 9099
Expenses:
Administration Costs
Communications 157 159
Maintenance: buildings & grounds 369 394
Maintenance: computer 92 135
Office supplies, software 74 i3
Sundry 341 217
Auditors’ remuneration 27 18
Bad and doubtful debis - 42
Conference expenditure 3 361
Consulting 201 252
Depreciation of fixed assets 736 748
Employee provision expenses 80 97
Wages and salanes 4773 4515
Other salary costs
Payroll tax 286 288
Staff traiming and recrmtment Y 58
Superannuation 132 128
Workcare 56 85
Fringe benefits tax 12 25
Contract expenditure 532 1139
Research Costs 350 333
Travel 258 154
Grants 104 37
Total Expenses 8619 9298
Operating Surplus/(Deficit) (50) (199)

(Source: Annual Report, 1991/92, p.39)

—— .
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CONCLUSIONS

The Corporate planning process undertaken during the course of 1991/92 generated
a general consensus that two key directional changes were required for ARRB:

. First, it was decided that ARRB should broaden its focus to include the
provision of research services to the entire transport industry and not just the
road sector. The principal activities of the company during the financial year
were amended to include the undertaking of research on a fee-for-service basis
in the field of broader transport research, where previously the Board had been
limited to road research.

. Second, it was agreed that ARRB should increase its move towards
commercialisation of its products and services.

Accordingly, significant effort has been directed since 1991 to enhancing ARRB's
performance in transferring its knowledge to practitioners. Staff have participated in
communications training, local government has been given a special focus,
publications have been upgraded and media coverage expanded. These efforts are set
to continue as ARRB becomes more service orientated.
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INTRODUCTION AND BACKGROUND TO RESEARCH IN THE RSA
The early history and development of the CSIR

In the period between its inception in 1945 and 1987, the CSIR established itself as
a world-renowned research crganisation consisting of 31 national research institutes
and operational units, and over 5 000 staff members. The organisation was created
through an act of Parhament as a statutory body operating under the umbrella of the
Department of Trade and Industry and funding in this period came mainly from a
parliamentary grant.

Between the years 1979 and 1983, it became apparent that pressures felt by other
research organisations in the world, and the particular realities of South Africa,
required a strategic decision as to the mission and operations of the CSIR. In
response, the CSIR Board commissioned a study into the funding of the natural and
engineering sciences early in 1983. The outcome of this study, together with a White
Paper on Industrial Development Strategy in the RSA, identified the CSIR as the
organisation that should take the lead in the effective transfer of technology to
industry in South Africa.

In June 1985 the CSIR Board approved an in-depth management review to be carried
out and after a lengthy period of strategic planning the organisation underwent
significant restructuring in 1987 and early 1988.

The new CSIR

Under the new dispensation the CSIR obtained more freedom to manage its affairs
within the limits of the amended CSIR Act, but it remained a statutory body under the
umbrella of the Department of Trade and Industry. The organisation's restated mission
reflects the change adequately:

The CSIR’s business is to perform research and development to gain
technology and thereafter to ensure its implementation in order to:

. be the technology partner of South African industry in both the formal
and informal sectors to promote economic growth;

. provide scientific and technological support to enhance decision-
making in the public and private sectors;

. provide technology solutions that improve the quality of life in urban
and rural developing communities.
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A new executive and managerial team was appointed in early 1988 and the
organisation was at the same time restructured into thirteen independent strategic

business units or operating divisions, each focusing on a different sector of the market:
these are the Divisions of

Manufacturing and Aeronautical Systems Technology (AEROTEK);
Building Technology (BOUTEK);

Earth, Marine and Atmospheric Science and Technology (EMATEK);
Energy Technology (ENERTEK);

Food Science and Technology (FOODTEK);

Forest Science and Technology (FORESTEK);

Information Services (INFOTEK);

Materials Science and Technology (MATTEK);

Microelectronic and Communications Technology (MIKOMTEK);
Roads and Transport Technology (TRANSPORTEK);

Textile Technology (TEXTEK);

Water Technology (WATERTEK); and

Mining Technology (MININGTEK).

In addition to the above, three corporate programmes have been established in
response to market needs, in order to deliberately muster relevant expertise from
across the CSIR; these are Environmental Services, Mining Services and Technology
for Developing Communities.

The top management structure of the CSIR consists of the President, Dr JB Clark, and
five vice-presidents, one each for the staff functions of Human Resources, Finances,
and Marketing and Business Development and two vice-presidents of Operations. This-
executive team answers to the CSIR Board, a body apppointed by the Minister of
Trade and Industry to include private sector representatives from across industry.
Chairman of the CSIR Board is currently Mr Paul duP Kruger, also the CEQ of
SASOL. The current total staff complement of the CSIR is just over 3 000.

The thirteen operating divisions provide a broad base of specialist expertise which
enables the CSIR to adopt a holistic approach in serving the needs clients of any
particular strategic unit. The CSIR's ability to provide a multi-disciplinary service,
thus providing clients access to expertise from accross all divisions, is a strength that
the organisation is very consciously building upon.

Business philosophy of the CSIR

The business philosophy of the CSIR prior to 1987 was primarily science-based
through an ostensibly state-run organisation. Since 1987 it has changed fundamentally
to an organisation that actively seeks technology partnership with industry. Changing
national priorities in South Africa urges the CSIR to contribute to the creation of
wealth through the development and implementation of technology and in this
endeavour close liaison is pursued with industry and the community.
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The extent to which the CSIR has been able to put this philosophy into practice since
its restructuring is apparent from Figure 1, which presents the trends in revenue since
1983/84 from the parliamentary grant and from external (contract) income. Within
ten years, and especially since its restructuring in 1987/88, the organisation has been
able to reduce its dependence on the former from about two-thirds of total income to
less than fifty percent. Total external (contract) income during the 1992/93 financial
year was R209 million, some 6 percent up from the previous year.

Business emphasis will increasingly be on building stronger linkages with industry and
on product development, as opposed to the pre-1987 focus on research in science and
engineering. For example, it is estimated that the 1993/94 income from new products
launched will constitute some 10 percent of total revenue.

An integral part of the CSIR's business philosophy is its approach to the management
of technology, and in particular the corporate policies regarding innovation and
product development. In addition to setting deliberate goals in terms of new products
launched per annum, a system of allocating and coordinating the use of discretionary
funding for innovaticn and positioning has been developed.

In terms of the CSIR's interaction with industry, a system of increasing complexity of
relationships have been designed, to be able to take account of the diversity of needs
encountered. This approach is explained in Table 5-1 below.

Table 5-1: Levels of service offered to industry

Level

Character

Relationship

Example

Level 1: Provider of specialist
services

Use of existing knowledge, low
level of value addition

———

Strictly contract

Analytical/testing
services

Level 2: Contract research to
solve immediate problems

Extension of existing
knowledge in well-defined area,
synthesis and adaptation of
current technology

Mostly confract
Intellectual property
negotiated

Production problems

Level 3: Contract research to
produce a new product or
process

Generation of new knowledge
to enable a significant advance

Contract and/or
operational alliances

Totally new product
or process

Level 4: Strategic partnership

Relationship stretches beyond a
single project or contract, often
a strategic alliance, designed to
build new business and broaden
the client’s technological
capabilities, high level of trust

Parmership
Shared intellectual
ownership

CSIR nvolved in
ionger-term strategic
thinking around the
future of the client
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TRANSPORTATION RESEARCH IN THE RSA

The National Institute for Transport and Road Research (NITRR)

The CSIR's involvement in transport and road research dates back to 1949, with the
establishment of the then Bituminous Binder Research Unit, which was set up to
investigate matters related to road surfacing technology in South Africa. The resuits
that emanated from the first road surfacing experiments inspired the funding agencies
to submit a memorandum to the National Transport Commission (NTC) of the SA
Department of Transport, to stress the need for unbiased and objective road research.
The NTC was urged to make funds available from the National Road Fund to support
the further development of road research under the auspices of the CSIR.

The NTC and the Department of Transport decided in the early 1950s to assist the
CSIR in the establishment of a National Road Research Institute {NRRI), which was
then officially formed in 1954 to incorporate the Bituminous Binder Research Unit as
one of its divisions. The activities of the Unit was expanded to incorporate the CSIR's
Soil Mechanics Division. Various other research divisions were also created, but it
was not until 1963 that all parts of the new Institute were brought together under one
roof on the main CSIR campus in Pretoria, where it is still situated today.

During the early 1970s, growing concern over transportation problems in the rapidly
developing urban areas in South Africa led to a comprehensive investigation of urban
transportation matters by the Driessen Committee. Among the recommendations
passed were certain proposals that all aspects of urban transport research, including
transport planning, traffic control, goods transport, public transport, parking
management and traffic management be undertaken by the NRRI, with additional
funding. The Institute was then renamed the National Institute for Transport and Road
Research (NITRR), and was subsequently expanded and reorganised into three
branches: Roads, Transportation and Safety.

Financing of research at the NITRR was, until 1971, done on a year-to-year basis
through the Department of Transport. In 1971 the provincial road authorities, which
contributed the bulk of research funds, were approached to establish a more rational
basis of funding and a rolling three-year funding package was then negotiated and
approved by the NTC. Research funding was thereafter made available from
contributions by the road authorities, from the National Road Fund and also from the
Urban Transportation Fund. Contributions from these funds were annually adjusted
to provide for a steady growth in research grants.

The NITRR research staff increased from 124 in 1970 to 328 in 1985, an average
annual growth of 6,7 percent. During the same period, research funds increased by
an average of 23,6 percent per annum.

A central part of the operations of the NITRR during this period was the management
of its research programmes through a system of steering committees that consisted of
prominent officials from private sector, universities and the funding agencies
(provincial and national road authorities). These commitiees were responsible for

-approval of each year's research portfolio and for the monitoring of progress on a
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quarterly basis. A major benefit of this system was the contact it brought about
between researcher and practitioner and this communication was largely responsible
for the NITRR's very pragmatic approach to research and for the successful
implementation of results. With the restructuring of the CSIR and a parallel change
in the administration of research funding, this system was abandoned in 1987 (see
comments below).

In the period leading up to about 1985, most of the transportation-related research in
South Africa was conducted by the CSIR. Smalier programmes ran at some
universities but the NITRR was very much the hub of activity. To an extent this
ensured a focused approach to transportation research in South Africa.

Establishment of the Division of Roads and Transport Technology
(TRANSPORTEK)

Background and recent history

During the strategic planning period leading up to the restructuring of the CSIR, it
became clear that roads and transport related research had to remain part of the CSIR’s
core business. Transportation plays a vital role in the economic growth of a country
and as such would have to be a focus area for the CSIR in terms of its stated mission
to serve industry at large.

Transportek, like the other strategic units of the CSIR, was thus formed as an
operationally independent division. Where previously, as the NITRR, it consisted of
three branches, the new strategy called for a flat management structure and a number
of internal strategic business units or programmes to be established, each focusing on
a different sector of the transportation market. The mission of the Division of Roads
and Transport Technology is

To acquire, develop and transfer technology in support of and in partnership
with the transport industry with the aim of facilitating safe and affordable
mobility and sustainable socio-economic development.

At about the same time as the restructuring initiatives, the transport authorities in
South Africa decided to move away from a system of unilaterally granting funds for
transportation research and established a consortium of research managers to
administer the allocation of funding to participating (competing) contractors.
Significant effort is expended to identify transportation research needs in the country,
based on which contractors are then invited to submit proposals for projects to carry
out the work. Emphasis is placed on short- to medium term projects that would yield
implementable results. Opportunity is also provided for tenderers to propose projects
that they may deem important in terms of their views of research and technology
needs.
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The participating organisations include TRANSPORTEK, several universities and
tertiary institutions, consulting engineers and even public sector bodies. This
development resulted in a considerable decrease in the level of funding
TRANSPORTEK received from its main client, because available funding is now
distributed between the participating bodies. Consequently, TRANSPORTEK's
operations had to be cut back dramatically and staff levels have been reduced by about
half since 1987.

By way of a proactive response to these events, TRANSPORTEK has since 1988
significantly expanded its operations into other markets. A deliberate strategy to
diversify was put into action, which included marketing initiatives into southern Africa
beyond the country's borders, the private sector transportation industry in South Africa
and international markets. A product development drive, aimed at commercialising
certain core technologies, was also started.

The results of these efforts are evident from Figure 2, which depicts the trend in
TRANSPORTEK's dependence on research funding from the state road authorities.
For the 1993/94 financial year, it is estimated that total income will reach some R17,8
million, just over 60 percent of which will be from contracts with South African road
authorities and other public sector bodies.

Particular examples of successful diversification include assignments in the southern
Africa for the World Bank and the Ministries of Works in Malawi, Botswana and
Transkei, contract work for the road authority in Mauritius, a road development
assignment in Oman, a research contract with the private sector (Southern Africa
Bitumen and Tar Association) and cooperative research efforts with transportation
authorities in the United States. In addition, several successful product innovations
have been commercialised and some income from royalties and licences have already
been realised.

Internal organisation

Transportek’s internal structure currently consists of five Research Programmes, in
addition to its staff functions of human resource management, marketing/business
development and financial services. These programmes function as independent
business units, but areas of research are not mutually exclusive. Research activities
in these fields require a substantial degree of cross-programme cooperation in order
to address the needs of the market effectively. The five units are:

[ Road Engineering, where research is directed at pavement and materials
analysis, bitumen and asphalt technology, specialist laboratory testing of
materials and the evaluation of bridge structures. A particular highlight of the
work done in this area is the Heavy Vehicle Simulator, the first fully mobile
traffic load simulator of its kind, now having seen some 15 years of extensive
testing on South Africa's road system.
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u The Infrastructure Management and Surveillance Services Programme,
which conducts research into the strategic management of infrastructure, road
management systems, urbanisation and transport planning. Activities in this
programme have been responsible for the implementation of paved and
unpaved road management systems throughout South Africa and significant
advances are also being made with respect to the monitoring of road condition
using mechanical means and the implementation of decision support systems
for transportation authorities.

n Transport Operations, which facilitates research in areas of freight transport.
passenger transport, traffic engineering, traffic management, and special
operations such as minibus taxis. This programme has recently introduced a
weighbridge management system for use by rural road authorities to aid law
enforcement and road management, which has now been successfully
implemented in South Africa and Malawi.

n Traffic Safety Technology, focusing on traffic safety management, accident
investigations, driver training, pedestrian safety and road safety engineering.
Staff from this programme were instrumental in the development and
implementation of a systems approach to traffic safety management in South
Africa.

= Strategy and Transport Policy, focusing on research activities in the fields of
decision support in strategic management, policy formulation and infrastructure
analysis.

The organisational structure of the Division follows what is commonly referred to as
a "flat structure”, which significantly enhances communication and flexibility to deal
with day-to-day demands. The Division Director is assisted by a management team
consisting of the five programme managers and the heads of the human resources,
finance and business development functions. Within each programme, operations are
managed by the programme manager and his project managers. The latter layer of
manageinent takes responsibility for the planning, coordination and execution of a
portfiio of projects, while each project is the responsibility of a qualified professional
cagineer or scientist. Support staff and technicians see to the technical work, surveys,
laboratory testing and data processing.

Human resources

The staff complement of the Division currently totals 148 permanent employees, in
additen to a number of semi-permanent consulting staff. A hierarchical staff
breakaown is as follows:

Line Programme Managers: 5
Project Managers: 19
Engineers and scientists: 48
Technicians and research assistants: ‘ 51

Administrative and support staff: 25
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Academic qualifications include 8 PhD's, 16 Masters degrees and 77 Bachelors of
Science/Engineering and Diploma holders. The CSIR views its employees as one of
its most important assets and the swuff development programme requires each staff
member to commit at least three days per annum to training and development.
Assistance is also provided to ensure that academic qualifications are furthered and
research staff feature prominently at conferences and seminars.

The areas of expertise covered by TRANSPORTEKs staff include civil engineering,
structural engineering, transportation engineering, mechanical engineering, electronics
engineering, transport economics, mathematics and statistics, chemistry, operations
research, computer science, town and regional planning, engineering geology and
environmental sciences.

The Division's support infrastructure include well-equipped soils-, materials- and
chemistry laboratories, a large computer network, field survey equipment, road
monitoring equipment and three operational Heavy Vehicle Simulator Machines. A
particular resource is the Product Development Centre, where a team of engineers and
technicians devote their time to the process of innovation and commercialisation. A
further benefit is that TRANSPORTEK has access to the facilities of the whole CSIR.
These would include an information centre with its library and on-line access to
international data bases.

QOutputs and products

TRANSPORTEK seeks implementation of its endeavours through the following:

. confidential reports for clients, resulting from contract work

. technical reports, resulting from research activities

. conference papers and articles in scientific and engineering journals
. guideline manuals and recommendations for engineering practice

. physical products sold in the marketplace

. specialist materials testing for public and private sector clients

. organising and hosting conferences and training seminars.

A particular feature in TRANSPORTEK''s service to industry is its active role in the
production of the Department of Transport's industry publications, eg the Technical
Recommendations for Highways (TRH), Technical Methods for Highways (TMH) and
Urban Transportation Guidelines (UTG) series of manuals and booklets. As a result
of close contact with industry, the Division is able to use this avenue as an
implementation tool to ensure that research results find their way to the practitioner.
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2.2.6 Future perspective

TRANSPORTEK is actively engaged in high-tech R&D aimed at keeping itself at the
cutting edge of wansportation technology, but is at the same time with diligence
seeking ways of appropriately serving the developing communities of South Africa.
These two thrusts will remain at the core of the Division's strategy and will be
important in terms of ensuring its continued and increasing role as technology agent
in the sub-continent.
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THE MANAGEMENT OF SCIENCE AND TECHNOLOGY:
THEORY AND ASSUMPTIONS FOR THE ESTABLISHMENT
AND OPERATION OF THE TRANSPORTATION
ENGINEERING RESEARCH CENTRE (TERC)
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1. INTRODUCTION: STRATEGIC PLANNING CONCEPTS

The use of planning as a technique to improve the performance of a corporation was
identified as early as 1916 and the first writings on the art of management stated that
"...management means looking ahead - if foresight is not the whole of management,
at least it 1s an essential part of it. To foresee in this context means both to assess the
future and to make provisions for it" (Bhalla, 1987). Developments of thinking in this
arena progressed through the following phases:

. Long range planning: planning systems were developed in an attempt to deal
with diverse businesses by predicting the future of each business and providing
for the resources required in an orderly fashion,

. Strategic planning: emphasis was placed on directing the corporation's
resources into the most promising areas, taking account of the present
envirecnment and an anticipated future.

. Portfolio planning: techniques such as experience curves and product life cycle
analysis are used to explain product/market cost behaviour and the dynamics
of international business competition; these concepts emphasise the division of
an organisation into a portfolio of homogenous and autonomous businesses.

. Integrative planning: this system utilizes the positive attributes of portfolio
planning, but corrects it for its deficiencies by emphasising the synergy to be
obtained from integrating divergent business areas in a corporation and by
addressing of intemmal growth through technology and market integration.
Large corporations such as General Electric have been able to- perfect this
approach.

The most recent thinking in terms of a strategic approach to business planning is that
it consists of three basic components:

. Premises: the points of departure of a management team regarding their
business are important in terms of identifying scope and direction. If
management has an overly emphasised financial orientation, with no regard for
its employees, customers, suppliers and social concems, the viability of the
business will suffer in the long term. Values of the management pervades
every aspect of planning and impacts on the means chosen to accomplish
objectives.

. Planning: the goal of planning is to take advantage of future opportunities and
to foresee future threats so that actions can be taken to minimise their impact,
while meeting overall corporate objectives. In order to achieve this. a
company must understand its inherent strengths and weaknesses. The formal
planning process takes place in four stages:

- objective setting, to define the strategic direction of the organisation;

- strategic planning, to set out a plan in pursuit of these objectives;

- operational planning, to define short-term objectives, assign
responsibilities and allocate resources; and

- interaction or continuous feedback of functional plans to see if they
achieve the objectives.
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. Implementation and review: as the various functional elements of the plan are
executed, 1t 1s imperative that the assumptions and logic of the plan be tested
against the developing reality. Miner deviations are revised, while major
deviations may require a repeat of the planning process.

It seems clear from the above that business planning is an iterative rather than static
process and that management needs to revisit their thinking continuously in order to
ensure that the plan remains relevant and effective.

Strategic planning responsibility within an organisation rests with three levels:

. Corporate level responsibility: selecting the business in which the firm will
participate; allocating resources: setting of overall objectives: establishing
policies and procedures; and establishing the organisation’s management
structure.

. Business level responsibilities: assessment of the industry in which the -

organisation is operating; competitor analysis; business strength evaluation;
product/service portfolio analysis; and resource allocation.

. Functional level responsibilities: determining how various functions will
support corporate strategies; and integration of functional plans to ensure
synergy and optimum support.

The above gives some perspective as to the processes that will have to be initiated in
terms of establishing TERC. Obviously a capacity to have this thinking firmly
entrenched will have to be acquired, to ensure that value is derived therefrom beyond
the official forming of the organisation.

TECHNOLOGY MANAGEMENT: PRINCIPLES AND GUIDELINES

Technology management forms a critical component of corporate strategy. A well
thought-through technology management plan will aim at exploiting the competitive
advantages inherent in core organisation competencies, products and services, in order
to facilitate the achievement of strategic objectives. Therefore, corporate strategy
should clearly identify the business of the organisation and the product/service mix it
plans to put into the market. Simply stated, it is the purpose of technology to support
the execution of strategy. The relationship between technology strategy and corporate
strategy is shown in Figure 3. '

Philosophies regarding the management of science and technology were first based on
the notion that basic research leads to new knowledge, and that it therefore creates the
"fund” from which practical applications of knowledge must be drawn. Theories
about R&D were formed to represent a so-called "scienceltechnology push model",
which states that new products and processes result from a process initiated by basic
research, followed by applied research and technology development (see Figure 4).
Various studies conducted through the years revealed the deficiencies of this approach
and this led to a tendency to divest from academic/basic research initiatives.
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Studies of innovation showed that neither basic research nor applied science and
technology alone adequately describe the successful innovation process. While it is
important to realise that all the components indicated in Figure 4 must be present for
successful innovations, no simplistic model can do justice to the fact that it 1s a
combination of a number of factors which intermesh and interact to produce successful
results.

An alternative model of innovation states that innovations are an outcome of demands
generated by market forces, which arise from socio-economic needs. The recognition
of these needs force technological innovations, which draw upon applied and basic
science to create the hardware which ultimately fulfils the socio-economic need. This
model was termed the "market pull model", as shown in Figure 5.

Neither of these approaches takes account of the strategic importance of a technology
management plan for the corporation and, as has often happened, this led to a lack of
understanding between technologists and businessmen, attempts to force-fit business
and technology rather than integrate it, and a lack of technical planning. One of the
important lessons leamt by business is that technology plans must be incorporated into
business plans, and the need for long-range planning,

The following recommendations are important in terms of the effective management
of technology:

. Technology planning must form an integral part of business planning:

. Applied research, technology and its implementation, and business must move
in unison, staffing each area with the right skills and talents;

. Technology management must have strong leadership to provide challenge,

direction and flexibility.

It is indeed true that a successful integration of technology and business planning can
impact markedly on the business, by:

. utilising technology resources to create a business edge;

. recognising threats, opportunities and needs from a technology viewpoint and
integrating these with business plans; and by

. developing products and services ahead of the competition in areas identified

by the integrated technology/business plans.

Figure 6 explains the concept of integrated technology/business planning.
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A STRATEGIC APPROACH TO TECHNOLOGY MANAGEMENT

Deciding what R&D to undertake and at what level of resources and priority is one
of the most critical issues facing management today. Corporate management is
increasingly realising that the most decisive factor in the overall success of R&D is
the selection of strategically worthwhile R&D goals and that the allocation of
resources and establishment of policies to execute the goals must be determined by
senior management in a timely and effective fashion.

Apart from the need to operate a viable business entity, other reasons for focusing on
effective management of R&D is, firstly, the availability of technical talent. Demands
for qualified scientists and engineers far exceed the supply, and this is perceived to
be a worldwide phenomenon. Secondly, the increasingly competitive environment in
which corporations have to operate demands a rapid and sustained introduction of
high-quality, innovative, cost-effective new products and services.

[t has been proposed by Roussel, Saad and Erickson (1991) that corporations should,
in order to confront these challenges effectively, enter the era of third generation
R&D, which asks corporate, business and R&D managers to work together in
partnership to establish overall R&D strategies that are tightly linked to corporate and
business strategies and vision and that focus on providing value to customers and
stakeholders in perpetuity.

In the environment of the Institute of Transportation (IOT) and its to be formed
transportation engineering research centre (TERC), the relevance of the above is
considered to be the role of TERC viz-a-viz the strategic objectives and national
priorities of the Ministry of Transportation and Communications of ROC. The
contribution of effective R&D management in this environment will be to add value
to technologies, however acquired or gained, in response to the needs of MOTC
agencies, the transportation industry at large and, ultimately, the public. Equally
important, effective R&D management should in-the final analysis be aimed at
enhancing the competitiveness of the country. There is no question that the successful
economic track record of ROC provides for an excellent basis to establish such
strategies also in the transportation industry.

In the ROC, the purpose of an R&D strategy for TERC may therefore be stated as
wanting to:

. defend, expand and support existing business (the industry as large);

. drive new business (provide a basis for development of new or enhanced
competences in the industry); and to

. broaden and deepen the organisation's (industry's) technological capabilities.

0-0-¢0
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Deflne purpose and role
of TERC

'

Market survey
— ]| and discussions with
stakeholders

v

Needs analysis

Identlfy opportunitiea - |
and threats t

|______. Refine TERC mission |__,. | Determine miasion

success factors

Identify/speciy
product offerings

$ |

Determine major

technology thrusts
Determine resource
Define ntial to Complle revenue
and infrastructure pote
' attract funding > budget
requirements
Estimate fixed costs
Determine staffing Estimate variable coats
lovels ®| Estimate manpower costs
l Estimats investment costs
Complle expenses
budget

FIGURE 7: BUSINESS PLANNING PROCESS AND OUTPUTS FOR TERC



1.1

1.2

CONCLUSIONS

Survey of research organisations

This report is aimed at providing some direction and guidance for the efforts required
to establish a Transportation Engineering Research Centre (TERC) for the Institute of
Transportation (IOT) in ROC. In an attempt to learn from the established transport
research institutions in the world, profiles of four prominent agencies were compiled,
ie the Transportation Research Board (TRB} in the USA, the Transport and Road
Research Laboratory (TRRL) in the UK, the Australian Road Research Board (ARRB)
and the Division of Roads and Transport Technology (TRANSPORTEK) of the CSIR
in South Africa.

These profiles showed that there appears to be a worldwide trend for research
organisations to be under threat as far as funding of their operations are concerned.
Consequently, those organisations surveyed have all initiated actions to decrease their

~ dependence on grant funding from the state, by diversifying operations and becoming

more customer or market focused. While this in itself will ensure that R&D is aimed
at serving the socio-economic needs of society, there is some concern that the
importance of basic research may be discounted in the process.

Commercialisation of activities, coupled with a technology management approach that
would be in support of such a strategy, has been attempted with varying degrees of
success but it would appear from the organisations surveyed that the CSIR has
progressed further down this path and with good results to date.

Strategic management of technology

Writings reviewed on this topic, and perspectives gained from the CSIR's approach to
technology management, concur that there must be a tight link between technology
planning and overall (corporate) business planning. In the ROC environment this will
require the management of IOT and TERC to align their business strategy with state
policies and that R&D management should aim to support and expand industry.

RECOMMENDATIONS

In the first instance, it is important that the business planning process for TERC takes
a strategic view with respect to the market it intends to serve, the technologies it
wishes to engage in and the operational approach to be followed. Specifically, issues
related to funding of R&D and the trends that are evident in other countries must be
examined for the impact these are likely to have.

Secondly, TERC's approach to technology management must be aligned with its
overall business strategy, in order that support is provided in the organisation's pursuit
of strategic objectives. The notes that have been compiled in the previous chapter,
and evidence from organisations that have been able to do this successfully, should
be used to guide planning efforts. Figure 7 provides a suggested approach for the
planning effort to be engaged in and will also serve as a framework for assessing
progress.
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TERC QUESTIONNAIRE

NAME :

POSITION :

ORGANISATION :

DATE .

1. Is transportation a serious or priority issue in the ROC? Please Justify.

2. Would transportation In the ROC beneflt from more investment in research and
development?

3. What, in your opinion, should be the primary function of the TERC?

4, Which other functions or services should TERC perform or provide, eg specialist

materials testing laboratories, special apparatus, etc?
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5. What particular research needs do you and your organisation have?

6. Are there any other issues or needs related to transportation in the ROC, other than
those listed under 5, that TERC shouid take account of?

7. How would your organisation wish to interact with TERC?

8. Will your organisation be will to contract TERC for research and development work
and/or specialist consulting work?

9. Should TERC be wholly funded by government? Please justity.

What role should universitles play in transportation research and development in ROC?
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11. Should TERC form alliances with other research organisations in the ROC and
internationally? Please justify.

12. Which suggestions do you have for the management of operations of TERC?

Thank you sincerely for completing this questionnaire. If you have any additional comments
or remarks, please enter these overleaf.
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Page 1

INTRODUCTION
As part of the the CSIR study into the establishment of a Transportation Engineering Research Centre (TERC)in .
the Institute of Transportation {I0T), it became increasingly clear that the application of information technology {IT)
in 10T could have a major impact on the role of IOT within the broader transportation industry within Taiwan.

This report has three functions.

. Definition of what is meant by IT and its application to the current research environment in the 1990's
. An assessment of existing computer facilities and usage within 10T
. Definitions of actions that need to be taken in order to ensure that information technology in it's true sense

becomes a reality within the I0T/TERC organisation.

INFORMATION TECHNOLOGY AND RESEARCH: BACKGROUND

Information Technology can be defined as the set of computer and telecommunications technologies that makes
possible the computation, communication, as well as the storage and retrieval of information. it has changed the
conduict of research - be it scientific, engineering or clinical research.

Much of the following reflect the findings of an American study intc "information Technology and the Conduct of
Research™. This study was undertaken on behalf of the National Academy of Sciences, National Academy of
Engineering, Institute of Medicine and the Committee on Science, Engineering and Public poiicy (National Academy
Press, 1983},

Technological developments

The first programmable computer appeared almost 50 years ago. These early computers were substilutes for other
means of carrying out arithmetic calculations. They were large, expensive, often unreliable and only accessible to
a small number of scientists and engineers. The development of the integrated circuit (the computer "chip") led
to vastly increased computational speeds and power.

Recent developments in desktop personal computer (and UNIX Workstation) technology and similar developments
in telecommunications technology have joined to create a new technology - "Information Technology".

In the data communications field, large developments have taken place in modem and switching technology. Prices
of modems have decreased rapidly recently (even the cheaper modems today have fax capabilities) and speed
capabilities have increased significantly. Telephone networks have seen large increases in data transfer speeds.
Satellites are also becoming available for general communication.

Politically, the end of the so called "cold war” has released many resources for public use. A classic example is the

INTERNET which was originally established as a western defence communication network with no clearly defined

centre. As defence budget funding dried up, the operators of INTERNET (typically universities) are forced to look
- for other paying users to cover costs.

These changes in technology (and palitics) have given the ability for more numerical analyses to be undertaken at
higher speeds and for information to be easily accessed byali. Changesin these technologies must obviously have
an impact on research and the undertaking of research.

information technology and research
Four aspects of the research process have been fundamentaliy impacted by Information technology. These are:
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Data coliection and analysis: A number of trends can be identified, including:

. Growth in the amount of information researchers can store and analyse

. Creation of new families of computer-controtied instruments

. Proliferation of {global) computer networks dedicated to research

. Increasing availability of “off the shelf" software packages supporting research activities.

There are currently a number of problem areas associated with data collection and analysis, including uneven access
to computer resources, problems in obtaining support for specialist software development and maintenance and
unnecessary complexities of transmitting data over computer networks.

Communication and collaboration: Information in the 1990's can be shared more quickly and more importantly,
researchers are developing new collaborative arrangements. Three enabling technologies (word processing,
electronic mail and electronic information storage/retrieval) make this possible.

Word processing and electronic-mail can be seen as been the most prevalent of all routine uses of computers
in research communication. Electronic mail is starting to partially replace written and telephone communication
amongst many communities of scientists. Global networks are often used by scientists for conversation and the
repeated exchange of ideas as well as text and data files. ‘

Amo'ngst the most important applications for information technology is the emergence of truly national {and
international) research networks. These types of links are becoming well developed in the sciences (for example
BIONET) but less so in the engineering sector.

There are a number of problems in communicating via electronic mail and with file transfer, including:

. Incompatibility between text and data processing systems
. Incompatibility between network protocols
« - Nelwork limitations (for example bandwidth), cumbersome addressing conventions, non-existent locator

services and overall network availability/reliability.

Electronic information storage and retrieval: Computer technology holds enormous advantages as information
can be stored economically, found quickly without going to another location and moved easily. For all disciplines,
both scientific data and reference databases promise to be a significant source of knowledge for both basic and
applied research.

There are however a number of problems areas:

. Researchers have difficulty getting access to data stored by other researchers

. When they do get access, they have difficulty reading the data

v If the above two hurdles are overcome, there is often no information on the quafity of the data

. A more fundamental problem lies in undertaking searches on references databases. Most searches at
present tend to be incomplete, cumbersome, inefficient, expensive and only executable by specialists.

. Stored data becomes obsolete - either through the storage technology becoming obsolete or through

decay of the physical media.

New computer-based technologies will, and indeed are overcoming these probiems and offer new ways of finding,
understanding, storing, and communicating information. This must increase both the capabilities and productivity
of researchers.

Other impediments to the implementation of information technology in research
Many difficulties in the imptementation of information technology are underpinned by institutional and organisational
behaviour.




Page 3

Financial impediments can be chronic. There is a tendency to motivate computer technology in terms of
reduced costs - however the true implementation of information technology requires investment and makes
continual demands on research funds.

The lack of simplified and cansistent standards for the operation and interconnection of computer systems
have major impact on research communication and productivity. The development of standards is a slow
and controversial process.

The need to safeguard and maintain confidentiality of an individuals' personal data is a major issue, both
tegally and ethically.

There are significant gaps in training and education. Learning to use information technology requires
considerable investment both financially and in ime and effort. Researchers who make these investments
often receive littie help. While this impediment should diminish in time, it does affect current attitudes
towards the use of information technology.

Organisations and administrators can be {understandably) reluctant to make the substantial changes
required to make use of information technology.

Finally, there tends to be a lack of infrastructure for the use of information technology; access to experts -
(or support mechanisms to develop new experts); tools for developing and managing software: storage
and retrieval systems as well as support services for communication and collaboration among researchers.




3.1

32

3.3

Page 4

EXISTING COMPUTER RESOURCES WITHIN 10T

[OT computer resources are mainly based around the IBM compatible PC, but with some other peripheral computer

resources.

Computer support facilities

The Transportation Information Systems Division is currently responsible for the support and maintenance of
computer facilities within IOT. Dr Humphrey Hu takes responsibiity for this function - with five other staff members.
There is a small Computer Room on the third floor of the IOT Building, but no formal Computer Centre currently exist
within 10T The Computer Room houses an IBM System 36, a Wang terminal, several printers and dedicated PC's

as well as a Novell file server and two laser printers.

IBM compatible computer hardware

There are currently 101 PC's in IOT (mainly 486/VGA based):

Division No staff* No PC's Networked
PC's
DG/DDG/Sec Gen 7 3 0
Transportaticn Planning 15 17 10
Transportation Engineering 13 15 4
Transportation Operations & Man 14 14 4
Transportation Safety Systems 12 15 5
Transportation Information Systems 17 19 9
Interdisciplinary Research 10 10 3
Administration 4 2 0
Personnel 4 2 0
Accounting 5 4 0
TOTAL 101 101 35
v Only one or two administrafive staff per Division
- Plus five note-books
’** Including computer room and Information Centre (3)

Al staff members who have a need, have access to a Personal Computer. However the number of PC's with

access 1o the network is currently low as a percentage of all PC's (35%).

IBM compatible computer software

There is an equal split between DOS users (mainly admin staff) and Windows users (mainly research staff). Typical

software used is:
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Windows Windows 3.1, Microsoft Word, AmiPro, Powerpoint, Excel, Harvard Graphics and dBase-lii.
Windows has been "driven” into IOT over a 14 month period.

DOS (DOS 5), Lotus 1-2-3, PE2, Worastar, dBase-!ll and Fox-Pro, Autocad, Transcad.

Software piracy is not a major issue within 10T, 10T stated policy is that pirate software will not be used. To this
end NT$1.2m was invested in the purchase of software in the last financial year {including NT$500 000 on Cracle).
NT$350 000 has been spent this year to date. Departmental memo's are regularly distributed to all staff as a
reminder that they are personally responsible for software in their environment.

Software standards

With the exception of pirate software, there are no standards in place to define which or what software is used within
the organisation. If a new research officer has a justification for using his own preferred software (eg SAS), then
that software will be purchased. This can lead to problems in data or document interchange - and in the worst case,
ASCI! is used for interchange.

in addition, Dr Hu informally guides users towards a limited range of packages - 70% of all users use Microsoft
Exce! {(spreadsheet) and in the Windows environment, 60% use MS-Word and 40% AmiPro {though there are some
small problems with interchange).

Data-base systems

10T does not currently maintain or develop routine data-base systems, but are regular users of data-bases from other
Government Departments. Small IOT systems (developed for research use) tend to be based on DBase lil; Clipper
and more recently, Oracle. ‘

Vehicle registration and Traffic licence and violation data is maintained at the Data Communications Institute in an
HPS000/INFORMIX system and accident data system at Police headquarters. This data is used regularly by the
Transportation Safety Division of 10T.

There are plans fo set up an extensive and comprehensive Transportation data base system. This is discussed
separately.

Network facilities

A Novell file server was installed in November 1993. However only a small proportion (35%) of 10T PC's are
currently connected to the LAN system. The LAN is based ona Novelf v3.11 operating system (50 user licence)
and 802.3/UTP 10BaseT topology.

The file server itself is a 486DX-33Mhz with 32 Mb RAM. Two SCASI 600 Mb hard drives allow for disk mirroring
under SFT level II,

The LAN is currently not used extensively with typically 3 to 7 users at any one time. Researchers tend 1o either
operate their own PC's independently - or are not yet connected to the LAN.  In this regard, a further 25 network
cards have been recently approved by for purchase.

A number of remote HP laser printers {up to 20) are distributed around the building (with two in the Computer Room),
but most seem to be either idle or not connected to the LAN. 1t is expected that the recent purchase of an A3 laser
printer will attract users to the LAN environment,

Most LAN users work in a Windows (3.1) environment. Windows version 3.11 (more appropriate to @ LAN
environment and complete with a Microsoft E-mail and a Scheduling facility) is not used as Microsoft have not yet
published a Chinese version.

A new 486 based computer has also been reserved to provide a remote control facility for a fax machine.
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E-mail facilities

Given that the network facility only extends to a few users in I0T, and that MOTC has yel to set up any extensive
LAN, itis not surprising that e-mail has not been established in IOT.  There are no plans to set up such & system
inthe forseeable future. Currently, communication between 10T and MOTC (over and above the telephone) consists
of a Wang printer and a messenger system with two deliveries per day.

PIPMAIL
Tests are under way using an e-mail system operated by the Taiwan public telephone company. This system (calied
"PIPMAIL") is X400 based and allows E-mail connectivity between organisations.

PIPMAIL has five disadvantages:

. There is no automatic way of knowing that mail is waiting

. The sender is not aware that the recipient has picked up the message

. The recipient cannot sign to indicate receipt of the message

. A mail box would only be established for each 10T Division, not for individuals
. Each link into PIPMAIL involves a local telephone call

While PIPMAIL is not suited to communication within 10T, it could however enable communication between 10T and
several other MOTC offices (as well as other transportation related offices). PIPMAIL is currently available from one
test PC in the Computer Centre.

Global Message Handling Systems {MHS) has not been considered, WordPerfect (Office) is not very popular in
Tawan and individual e-mail boxes are not seen as important at this stage. Messages can be stored in the IOT {or
MOTC) VoiceMail facility and with only three floors in the building, people are happy to walk. Further, there are
currentty no Chinese e-mail systems available in Taiwan.

Voice mail

Voice mail facilities are used extensively within Taiwan. Most companies have exchange systems which have
electronic messaging to advise the caller to dial the extension number required or to leave a message {on tape) if
there is no answer. A similar facility exists on the 10T exchange system.

However, this particular system involves a number of steps and key presses to leave a message. Messages are
stored on tape (each extension number represents a mail-box) and recipients can store their messages, add
comments, or defete the message. The message cannot be passed on o other users.

In practice, the voice mail faciities are not widely used within 10T,

IBM System 36
This machine is used primarily for administration within each Division. The computer is old and obsolete but there
are plans to upgrade as soon as budget permits (possibly 1995).

WANG remote terminal
This terminal (linked by dial-up modem to MOTC) is basically used by the Safety Divisicn to input accident data,
undertake ad-hoc analysis and down load traffic accident reports from the Wang computer system at MOTC.

A slave printer on the terminal is also used by MOTC when they want to send an important/urgent message between
MOTC and IOT. Messages are printed on the printer, and hand delivered to the recipient.

IBM 386
This computer is used solely by the Personnel staff to link to the MOTC mainframe computer via a Baseband
modem. A terminal emulation package is used for this purpose.
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Switching facilities

A patch panel system enables network users to be manually switched between the Novell LAN, Wang or 1BM System
36. Dr Hu does this on behalf of users on request. In practice, this facility is rarely used as it is quicker to walk to
the computer room to use Wang or System 36 resources.

iNTERNET .
INTERNET is not widely known and access to the INTERNET is not seen as a high priority until the new Com puter
Centre and proposed data-base systems are operational.

I0T can access TAINET (Inter Taiwan system linking afi colleges and campus's} and which is managed by the
Ministry of Education as well as BITNET. These links are seen to be adequate.

The Ministry of Education manages the Taiwan section of the INTERNET. The Ministry could link IOT into the
INTERNET. In theory therefore, it should be relatively easy to set up a link into the INTERNET via TAINET.

Chinese characters

A major problem restricting the application of computer lechnology in 10T is the difficulties in generafing Chinese
characters. Hecent hardware developments (the 496 chip, Windows, the VGA screen and True-type printer fonts
efc) have improved matters.

The basic problem lies with the ASCII standard (a global standard setup 1o define how computers communicate with
each other). The ASCH standard, developed in the English speaking world defines 127 fixed characters (in terms
of Binary digits) as well as a number of extensions to accommodate a further 128 characters. However, there are
4000 Chinese characters in popular use, about 14000 characters in the general language, and up to 17000
characters used by information centres such as fibraries. When the 4000 base characters were simplified earlier
this century, the scale of the problem increased further.

Five methods have been developed to enable the input and printing of Chinese characters which are screen
displayed or printed from a font set. The most common way is to input the phonetic symbols for each word which
are then concatenated by the software to generate the Chinese character. A number of packages (such as Microsoft
Word and third party add-ons") now allow input in this way. A normal ASCIF character uses two bytes to generate
the character. A two-byte combination is used to indicate the character required. WordPerfect has not yet released
a Chinese version of their products and is therefore not popular in Taiwan.

While this method gets around the problem, the input method is cumbersome and 15 characters {or words} per
minule is considered good. For example the word "loday" requires 12 key strokes fo generate the Chinese
character. The character data is stifl stored on disk in ASCIl and large amounts o disk space are required for screen
and printer font storage.

Therefore some Chinese computer users work in Engtish and translate the document it required, while others either
work slowly or write manually (even if they have a PC) and employ typists to input the characters.

It is important to keep in mind that al both IOT and the MOTC, the language problem was cited as the main

reason why E-mail (and individual E-mail boxes) cannot be used in their environment.

Planned Computer Developments within IOT
A number of developments are taking place within I0T regarding Information technology and computers:

. The LAN is still been expanded on an ad-hoc basis.
. Approval (in principal} has been oblained for the establishment of a Computer Centre within the

Information Division. It is planned to expand the existing 5 computer staff lo 15 and to generate a
significant data base system for the Transportation industry.
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Itis planned to set up the Centre during 1995 if funds become available. The new Centre would have

up to 15 slaff (compared to 5 people presently). The development of this Centre is discussed separately
In Section 4.

10T will be moving to a new building in May 1995. The Computer Centre will be housed on the 6th floor
(seven offices, a computer room and large laboratory). Existing [OT Divisions have been allocated the 5th
to 12th fioor - the 1st to 4th floor will be left empty (for expansion) or let to another government unit. There
will be 2 to 3 floors allocated for TERC. The total construction cost will be in the region of NT$750m.
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4. PROPOSED NEW COMPUTER CENTRE

It has previously been identified in this report that there is at present no formal Computer Gentre within 10T.
However, there has been much progress towards the founding of such a Centre.

Approval has been granted in principal to estaplish the Centre - with a planned start-up date of July 1996 - in the
new building. A number of details still have to be finalised between 10T and MOTC, but it is envisaged that the
Centre will operate with around 20 staff members, as follows:

Senior Information Analyst
Assistant Systems Analyst
System operators

Assistant system operators

Senior Planner

Information System Planners
System designers

Assistant System Designers

W R R =
PO —

The above structure refers o the Head as "Centre Director”. This is how the structure was described. However, this does
not necessarily indicate that a third Centre within IOT will be formed. It is not yet clear exactly where the Computer Centre
will fit into the IOT/TERC hierarchy. Three possibilities were identified:

. The new Centre will reside as now as part of the Transportation Information Division of 10T
. The new Centre becomes a new Division of 10T in it's own right
. The new Centre actually does become a third Centre within [OT as implied by the title "Centre Director".

It would appear that the location of the new Computer Centre within the 10T heirachy will not be finalised until the actual roles
of the Computer Centre are defined and implemented.

Three possible goals, or operational areas for the Centre have already been defined by I0T:

. Computer support to 10T research staff
. Co-ordination of software development
. Development of a number of National Transportation data bases

4.1 Goal 1: Computer support to IOT staff .
This will continue in much the same way as now. Support will be at two levels. Firstly PC hardware and software

support to 10T users, and secondly support and management of the existing network. It is expected that the network
wili continue to grow. )
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In addition to user support, the Centre will also make training lacilities available. At present, when a new package
is purchased, a training voucher 15 aiso supplied (valid for six months) which allows the end-user fo arrange his own
date to go on a training course on that package.

Goal 2: Co-ordination of software development

IOT do not in general develop and market their own software. [f research findings could be applied to a new
package. a specification may be drawn up and given to a computer company (who have to submit a proposal first)”
to develop and distribute. It is also envisaged that copyright would be held by IOT who can then claim a royalty
income. However, this income would not go towards IOT funds, but would be returned directly to Central
Government funds.

It was not clear how many packages have been developed to date, but the above reflects current thinking on how
software could be developed and distributed in the new Computer Centre.

Goal 3: National Transportation data base management system :

The most ambitious goal for the new Computer Centre is the development of a National Transportation data base
system. Itis envisaged that the Data-base system will have 48 Transportation sub-systems (listed below) plus 12
internal 10T administrative systems (financial, personnei, budgeting etc).

Data will be collected from any Government office and will be stored in a uniform format (designed by I0T). Any
Transportation related organisation (government or private) will have access to the data.

The project is seen as a 10 year project, and the hardware/software costs alone are seen 1o be in the region of
NT$25m. In the proposed staff structure above, six operators will be devoted to data-base maintenance. it is fikely
that a RISC6000 computer will be used, logether with an Ethernet network {running TCP/IP) in the Computer Centre.
Figure 1 shows the proposed hardware instaliation.

The data-base systems are likely to be based on SYBASE. The main motivation for this is that MOTGC is already
using SYBASE extensively on SUN Micro-workstations and it makes good sense to remain fully compatible.
However, Oracle has not yet been ruled out. The captured.data will be used as input fo GIS analysis.

When this goal is implemented, external electronic IT finks will be essential,
X25 (andior SDLC) links io the Data Communications Institute (DCI) and the MVDIS-H system housed there were
mentioned as well as Electronic Data Interchange (ED!). There are however, no plans for EDI at the moment.
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Figure 1:
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names were as translated from the Chinese documentation:

O W~ B W R e

Road transport planning

Short term planning of road transport

Railway transpon planning

Municipat transport planning

Harbour engineering panning

Water {ocean and river) Transport planning
Airport engineering planning

Airport transport planning

Passenger transport fare planning

Railway passenger and freight fares ptanning
Water passenger and freight fare planning
Airway passenger and freight fare planning
Harbour operation fee planning

Airport operation fee planning

Municipal passenger fee planning (bus fares)
Tourist area transport management

Road engineering maintenance and construction management system
Road transport management system

Railway transport management system

Municipal passenger and freight transport management
Harbour operaticns management

Waste transport management

Harbour management

Airport management

Land use management

Transport energy management

Transport monitoring system (volumes etc)
Transport construction projects

Transpont environmental protection system
Transport regulation management

Transport and environmental user opinion system
Transport safety laboratory management System
Road accident statistical analysis

Railway accident statistical analysis

Municipal traffic accident statistical analysis
Water accident statistical analysis

Airline accident statistical analysis

Transport data management - raw data

Raitway transport data management - raw data
Municipal ransport data management - raw data
Water data management - raw data

Airway data management - raw data

Social economy information (population, land use, GDP, vehicle ownership etc)
Transport technology information system :
Transport model data - bus management
Transport - survey volumes

international transport data management
Internationai social economy data collection

4910 60 Internal IOT systems (financial, budgeting, personnel etc)

SOme areas may seem ambiguous, but these
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DISCUSSIONS WITH DIVISION CHIEFS WITHIN (0T

Discussions were held with Division Chiets, {or a designated alternate) to obtain an insight on present computer
facilities, the type of work being undertaken and with who they have external links. This information is required to
determine possible requirements in terms of Information technoiogy.

Transportation Systems Planning (Mr Jeng)
The Transport Planning Divisicn employs 15 people (2 in administration) and has 17 PC's (of which 10 are linked
to the LAN).

Their work revolves around the transport planning area.  Recent studies include toll road studies, comparison of
major airports/seaports in the Western Pacific Region, GIS, regional impacts of High Speed Rail, high occupancy
vehictes and investigation of the most apprepriate cargo transportation modes.

They have contact with a number of Taiwanese transportation authorities at central and local government levels,
but no overseas contact with research agencies.

Mr Jeng identified TRB, MIT, CSIR and TAL as being possible candidates for overseas contacts.

He was enthusiastic about the possibilities of central project management for project and financial control.

Transportation Engineering (Dr Ho)
The Transport Engineering Division empioys 13 people (1 in administration) and has 15 PC's (4 are linked to the
LAN).

The work undertaken tends t¢ be project specific and involves very large projects in the field of Transportation
Infrastructure. Examples include the East-West Tunnel projects, High Speed Rail, MRT studies (Taipei, Kachsiung,
Taichung and Tainan); CKS Airport upgrade and deep water ports. They work with al transport modes, including
road, rail, sea {seaports etc) as well as airport infrastructure.

Contact with other Government Departments are extensive and are at alt levels. These contacts are dictated by the
needs of each project and are varied. They include MOTC, Ministry of Fishery Affairs, Harbour Bureau, Givil
Aercnautical Administration, High Speed Rail Provincial Office, POHSR, National Taiwan freeway Bureau, Yang Min
Shipping Company (state) as well as Evergreen (private).

Many of the projects undertaken require the services of outside specialist consultants. These are normally from
overseas and include:

. Parsons Breakenhoff Internationat Inc - high speed rail, TRUPO and other advisory work
. Ralph Hassan - CKS Airport design

. Morrison Knordinson - high speed rail project management consultant

. Gryno Consultants - airport planning

. Deutse Isenbaum Consultants - high speed rail, Taiwan failway upgrade

. SOGRIA - port planning

. SOVRIA - railway projects

. Airport du Paris - airport planning

. SORFEDU - MRT .

. Dutch and Danish airport planners and seaport planning.

The Division annual budget is around NT$50m and this covers their routine work. However, projects of up to
NT$500m are managed by the Division, but much of this work is undertaken by the above consultants.

In addition, they also have contact with:

Fd
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. Korea Research Institute (KORI)
. Japan Mitsui Research Institute, Port and Harbour Research Institute, Railways Research Institute and
highways Research Institute
. British Marine research Institute (Hydrological Research, Wallingford, Oxford).
. US Army Corps of Engineers, Pittsburgh, Virginia
. Texas A&M and California Universities.
. CSiR Stellenbosch - Institute of Oceanographic Research
. A number of European research institutes.

Some form of central project management would be attractive.

Transportation Operations and Management Division {Dr Chiu)
The Transportation Operations and Management Division employs 14 people (1 in administration) and has 14 PC's
(5 linked to the LLAN).

The Division addresses Transport Planning and Policy work within Taiwan covering all areas of Transportation - road,
rail, air and sea. Recent studies include measures for promoting bus transit services, Strategies for the privatisation
of transportation projects and deregulation of bus services on the Sun Yat-Sen Freeway.

In their work they have regular contact with the various Provincial Governments, National Road Authorities and
TRUPO. Their only overseas contact was with SOVRIA (French Railways} on the planning for High Speed Ralil.

Contacts with both US Universities and other Government Research organisations would be desirable.

The idea of on-line Project Management Systems was weli supported both for project and financial control.

Two previous studies of IT within 10T (undertaken Dy Universities) were also referred to. No other trace of these
studies could be found.

Transportation Safety Division (Mr Fong-Fu Lin)

The Transportation Safety Division employs 12 people (1 in administration) and has 15 PC's (5 linked to the LAN).
Their work covers the safety engineering, hazardous locations and human factors.

Their main contact in Taiwan is with the Police Departments and various road authorities at both central and local
govemnment level, as well as universities. They have no contact with overseas organisafions.

Their data is from three primary sources:

. Motor vehicle, traffic violation and driver ficence Information - obtained from the MVDIS system maintained
at the Data Communications Institute at MOTC. Version I of the MVDIS system is based on two HPS000
computers with INFORMIX data base systems operaling at 8 regional centres. This facility is discussed
separately.

Data is currently transferred to 10T on magnetic tape - for a fee. 10T aiso pays for any processing
undertaken by DCI. For example, a recent data sort cost NT$20 000.

. Accident data from MOTC (with the police imputing data from A1 accidents and 10T imputing A2 and A3
level data) )
+ Traffic volume data from the various road authorities. This is normally supplied on diskrape, but Taipei

City Government is starting a computerised monitoring System (two sites currently).

Overseas links with National Highway Traffic Safety Administration (NHTSA), Transportation Research Board, Japan
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Research Institute, Korea Transportation Development Institute (as well as CSIR}) would be desirable.
Centralised Institute with project management was not seen as a priority.

Transportation Information Systems {Dr Hu)

Their work is based on the dissemination of transportation information within 10T t0 other Research Divisions. The
primary focus at this stage is on library systems and manages over 1000 books and periodicals and 3000 technical
papers and reports are managed. They are developing a Transportation Information System for 10T and provide
technical support for publication of project reports.

The Information Division has access to dial up data-bases for reference searches (via another Government Office).
It is also planned to scan all 10T reports and stare these on CD-ROM (using a Hitachi system costing US$15 000).
The CD-ROM system will be accessible via the network for all 10T staff to refer to.

Interdisciplinary Research (Ms Yang)
The Interdisciplinary Research Division employs 10 people (1 in administration) and has 10 PC"s (with 3 linked to
the LAN).

The Division undertakes work in the fields of Transportation Energy, Alternative fuels (for example, Eiectric Scooters),
new vehicle technology, air traffic contra!, vehicle overloading, weigh in motion systems and environmental impact
assessment of transportation projects.

Data is obtained from other Institutes, including traffic generation (impact studies), consumption and supply of energy
(Energy Bureau), and fue! sales (Ministry of Economic Affairs - MOEA). They would also like to obtain technical
development data from other universities and research institutes - as well as research rgsutts from other Divisions
within 10T,

They currently have a number of co-operative projects with overseas organisations, including:

. University of Kansas Transportation Centre

. Japan Research Institute

‘ Sakura Research Institute

. Korea Transport Institute (KOTI)

. Federal Highway Administration (FHWA)

. University of lincis State, Department of Transportation

The Division would like to develop links with TRB, ARRB and TRL. Previous attempts at this were not successful.
E-mail would be an easy way of developing these contacts particularly with US organisations.

A centrafised computer based project management system would be attractive - for budget, financial as well as
project control as fong as it was reliable and more accurate then existing systems. Present financial systems are
not reliable or accurate.

The Inter Disciplinary Research Division has also recently installed a RISC6000 computer (with 20" screen). This
is dedicated to monitor and down load (dial up modem) traffic flow data from two monitoring sites on the Taipei
boundary - presenting the data in a GU! form, :

Administrative office (Mr Jeng)
The Administration Office controls 4 peopie - of which 2 are computer users. They tend not to use the network
because of performance and line speed problems ("the system is too slow”).

Each Division has its own typist so most documents are generated internally. With "60 to 70 computers (on the IOT
Property list) and 20 faser printers in I0T", Mr Jeng believes that few, if any computers will be bought in the forceable
future. o
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Personnel Office {Mr Ho) .
This office has four staff members and two PC's. As with the Financial Office, data is updated locally and the
Executive Yuan picks up the information each evening.

Accounting Office (Ms Liu)

This office employs 5 people, all being computer literate, including the Financial Chief who has a 486 based
computer, operates in Windows (Microsoft Excel) and has a HP Laserjet 4 printer in her office.  The financial
function is not seen as part of the 10T research function, although, given a LAN environment, Division Chiefs could
complete a budget and pass it through to the Financial Cffice. There is no reason to pass detailed financial
information back to the Division Chiefs.

Financial transactions are recorded locally on a daily basis, and up-ioaded to the Department of Accounting and
Audit (Executive Yuan).

4
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DISCUSSIONS WITH EXTERNAL ORGANISATIONS

Discussions were held with several external organisations who collect data in which IOT is interested in. These
organisations (and the dala they collect) relate to vehicie registrations, driver registrations and accident records,

Ministry of Transportation and Communication (Charles Y L Fan, MIS Dept)

MOTC has a considerable computer department - using mainly WANG (10000 and 7310 modeis) and SPARC
workstations. The move to Workstation technology was guided by four other Government offices whao had already
moved in that direction. Therefore existing expertise was available. However, there are moves to downsize lowards
an open-system and a PC environment.

A WANG network is also in place at MOTC, but there are plans to move to an Ethernet {802.3) system, using UTP
cadling and TCP/IP protocols to link with the WANG and SUN stations. Currently, 25% to 30% of users have access
to PC's - and use them to access the Wang computer system. This process started in June 1993 and it is planned
to replace ali terminals and place PC's on the desk of everyone who can benefit within a five year period. Each
Division within MOTC will have it's own Ethemet network, presumably one network, but with inter-connected
Divisional file servers.

In addition, two PC based networks exist;

’ The Accounting Office has a Banyan Vines network installed. There are plans however to convert fo
Novell.

. The MOTC Computer Centre is investigating Microsoft LAN Manager. However for compatibility reasons,
‘Novell is aiso been considered. :

All Government offices have access to X.25 faciliies, which can be used for inter-office communications and file
transfer (though speeds tend to be slow).

An ISDN link exists, but is not used, and a Frame relay link is under test (this could be good for high-speed file
transter).

Finally, the Public Telephone Company operate a

X400 based E-mail facility - "PIPMAIL". This can musTRYOF

be used as a link between MOTC and IOT (and is COMMKINICATIONS

currently under test) as well as between 10T and

the transportation industry. The MOTC/OT = INSTITUTE OF
viewpoint regarding communications is shown in Fira TRANSPORATIO
figure 2.

As in 10T, individual E-mail post-boxes are not
seen as important.  The working environment is
not seen to be appropriate and again the problem
of Chinese characters was cited. A first step in the
implementation of E-mail is seen to be the
establishment of an Department based system
linked by PIPNET.

TRANSPORTATION
INDUSTRY

it is envisaged that computer links will be Figure 2

established eventually between IOT, MOTC aswell  |OT-MOTC-DCI planned computer links
as the Data Communications Institute. However,

it was suggested that one of the main problems is

people's perceptions of the potential benefits.

MOTC also assist IOT with the structure and collection of road raffic accident data. A data-base system was
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designed by Mr Dah-Yuh Lin of 10T with the data being stored on the WANG system at MOTC. Accident data is
divided into three levels:

Al Fatal and serious. This data 1s captured and recorded into the MOTC Wang data-base system by the
Police authorities).

A2 Slight injury. The data is captured by the Police, but input to the data base by IOT.
A3 Damage only (More than NT$5000). This data is handled in the same way as AZ.

There is no formal data analysis, or annual reports produced for accident data. 10T will do ad-hoc analyses for
individual andfor research needs. Summary data is writien to magnetic tape or a printer by MOTC according to ICT
demands.

No other roufine fransportation, engineering or management databases are maintained by the MOTC atthough some
data may be kept at regionat offices (for example, a Maintenance Management System is in operation at the
Freeway Bureau).

Data Communications Institute {DCI) and MVDIS Il (Ms Wu)
A computerised system for the recording of motor, violation, driver information system (MVDIS-!) was established
on June 1st 1984 and designed by the then Digital Data Communications Institute {DDCI).

Version 1 of the system was based around five regional Computer Processing Offices (CPO's) and 23 regional
offices. HP1000 computer technology was installed at each of the five CPQO's with modem links to remote PC's or
terminals. MVDIS-I was used for 10 years and was replaced by MVDIS-Ii on February 28th 1894,

Development started on MVDIS-Il in May 1992. A team of ten people were involved in the planning and
development of the system and has cost in the region of NT$500m. The new system was implemented on {st March
1994. Appendix 1 of this report shows the structure of the MVDIS-II system.

Under MVDIS-II, each of eight regicnat nodes are equipped with two HP9000 database servers, as well as two
HPS000 terminal servers. These systems are linked by Etheret 802.3 UTP cabling to two local area networks.
Router cannections are used to connect sach of the regional offices to the X.25 cloud and/or leased lines. IP
addressing standards are used for client-host communication.

The raw data is kept in an INFORMIX-SQL data-base system. A query system has already been developed in
INFORMIX. Extensive disk mirroring, dual ports etc have been incorporated for disaster recovery.

IOT do not use data from the MVDIS system but there are no on-line links. DCI undertake data analysis (at a cost)
and then write the summary data to tape for delivery to I0T. |OT then analyse the data further in-house.

DCI could provide 10T with more open on-line links into the MVDIS-If system if required.

Such a link ¢ould be established in one of three ways; X.25, TELNET/FTP or dedicated lease line. 10T need to
simply apply for a user number.

There are no charges to log in to MVDIS, however a usage fee is charged to all users. This is based on a cost of
NT$500 per Execution Hour plus NT$0.000318 per byte for disk storage {per month).

Assuming that I0T use the existing DCI query system and the resulting query files are immediately downloaded to
local 10T network storage, the DCI storage charges would be minimised.
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National Police Administration (Mr Jen Shui-Lin)
The National Police Administration are responsible for crime as well as traffic law enforcement. The Highway Police
Bureau form part of the National Police Aaministration. The Highway Police have six main missions:

. To perform general police duties

. To maintain traffic order and safety on freeways and highways
v To execute highway traffic inspections and control of violations
. To manage highway traffic accidents

. To maintain security on freeways and highways and

. To enforce highway laws.

The Nationat Police Administration use computer technology extensively to communicate between offices, stations
and police vehicles:

National Police Administration (AEC Mainframe S3800 - Supercomputer) . .......................... 1
County Police Stations AEC Mainframe ™~ S3400)} .. .. ... ... .. .. 23
Local Poiice Bureau's (AEC Mainframe - S3300) .. ... ... .. ...ieitiiii i 365
Local Police stations (IBM compatible 486 computers) ........... .. ... ... i, 1500
Police vehicles (notebook PC's for on-line enqguiries) .. ... .. ... . ... ... .. .. .. i, 2600

Most data (for example accident data) is input at the local police station level. Data is compiled by the National
Police Administration to produce National crime and traffic offence statistics.

Al levels of accident data (A1, A2 and A3) are input by the local police station. However, only A1 data is used as
part of the official police accident statistics. The balance (A2 and A3 data) are handed over to IOT {in the form of
a computer printout). 10T staff then re-enter the data onto the Wang computer at MOTC.

There have been a number of complaints from the police on the current accident reporting form. It is seen to be
too complicated. Ms Lieu of IOT is currently looking at a simpler format for the form.

There are no formal or on-fine computer links with the Data Communications Institute. Vehicle registration and driver
licence data (from DCI) is stored at'the National Police Administration - the data is transferred weekly from DCI by
magnetic tape. This is seen to be adequate for their purpose.
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EXISTING COMPUTER FACILITIES WITHIN IOT - A SUMMARY

Computers, particularly PC's are used extensively for data analysis, data modelling and document preparation. Most
are used as stand-alone computers, though some have been finked by an Ethernet network to a Novell file server.
There are a number of ad-hoc ways that 10T links with other Government organisations. However, these tend to
be based on dial-up or baseband modem technology and accessible to only a few (primarily administrative) staff
members.

Access to the national accident data-base is via a terminal fink to the Wang system housed at MOTC. The
personnel Office use a 386 computer to emulate a terminal in order to gain access to a MOTC mainframe (again
via modem). An aged System 36 machine is used for the administration of each Division.

Information Technology in the true sense of the word is not being used in IOT. Computers are used to undertake
bigger calcutations than were previously possible (albeit much faster, more accurately and at a lower cost) and
extensive use is made of word processing technology.

However Information technology involves the interfinking of three technologies:  word processing, electronic mail
and most importantly, computer communications. The last two technologies are only applied marginally in the I0T.
The biggest obstacle to electronic mail is difficulties in using Chinese characters on conventional ASCH based
computers.

Most Division Chiefs indicated that easier, faster, electronic finks with other IOT researchers as well as other
research organisations around the world are desirable. In terms of global communication therefore, the "Chinese
character" issue may be of secondary importance.

There is a probem with inter-departmental E-mail within 10T (as well as with other government agencies). However,
this problem should not be confused with the need to communicate globally where other languages are used.

The network fagility is being installed on an incremental basis and this is leading to some frustration. It also lowers
expectations within other Divisions.

As the following table shows, there is considerable demand within IOT for national or international gommunication
links. To achieve this, it will require strong commitment from all levels within 10T and the fundamental pre-requisites
for this will be network PC's and external computer links.

PC's Desire to link to other: LAN based
linked to LAN project/cost

(%) Taiwan International management
Trans. Systems Planning 59 Y not sure Y
Transportation Engineering 3 Y Y Y
Trans. Ops. and Management 36 Y Y Y
Transportation Safety 33 Y Y N
Information Systems 53 ? ? ?
Interdisciplinary Research 30 Y Y Y
Administration 0 Y N N

The foliowing points are highlighted by Table 1 above.
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Currently there is a low percentage of PC's {35%) connected to a LAN system. The approval for a further
25 cards will increase this percentage t0 60%. However, the new investment in network cards will not
automatically increase the current 3 to 6 consecutive network users.

The present research Divisions of 10T have expressed a need to communicate with other organisations
both within Taiwan as well as internationally. The research organisations mentioned were mainly US
based, but also included several European organisations, other Pacific Rim Research organisations and
the CSIR in Sauth Africa.

There is a wilingness to use some form of central network based project planning/cost control system to
control and manage projects.

Other identified problems to the implementation of Information Technology within 10T include:

.

Cost and cost saving: Implementation of Information Technology implies an increased investment in
capital equipment as well as higher running costs. However, there is some resistance to this, as the
benefits to be gained from Information Technology are not always fully understood.

The network, amongst other things, enables users to gain access to "dial out” on other external
communication facilities.

Network infrastructure:  Untii the basic LAN is in place, there can be littie or no progress towards
"Information Technology”.

Electronic-mail (lectronic mail) is a significant component of any "Information Technology" strategy and
provides the ability for IOT researchers to easily communicate with their Taiwanese and International
colleagues. A full E-mail implementation within the organisation is required with individual mail-boxes.
Electronic-mail systems world-wide operate at the individual, not arganisation level.

INTERNET, or some other global communication system, is essential to facilitate international
communication with other research organisations. As the INTERNET becomes more commercial, this
medium wilf facilitate communication with commercial consultants who are sub-contracted to 10T projects,
as well as between Transportation Research organisations world-wide.

Software and hardware standards: With the exception of pirate software, there are no formal
prescribed standards for commonly used software. Some minor problems with incompatible hardware {eg

IBM system 55 PC's and the network) as well as data formats and document fransfer (eg Microsoft Word
and AmiPro) do oaocur. )

Care must be taken to ensure that incompatibilities are kept to a minimum. Unnecessary time can be
wasted when "ASCII" is used for document interchange and format codes have to be re-inserted.

Gaps in training and education: While most researchers and managers are computer literate, there
are some gaps in expertise. An investment in fraining is required {o ensure that everyone understands
how to () use the resources of the LAN fully and {bjunderstand Informatian Technology sufficiently o take
advantage of it's power and ability to access other resources optimally.

Risk of organisational change: The application of information technology within any organisation
requires considerable changg In attitudes. It is normal to find some resistance to this. Accordingly it is
important to generate a positive atmosphere to these changes.

Lack of infrastructure, access to expertise and support mechanisms: User support for computer
users and the network within 10T is undertaken on an informal basis. To encourage and develop expertise

amongst Users qnd imprqve the awareness of IT, it is recommended that this support be provided on a
more formal basis. This is one of_lhe goals of the proposed new Computer Centre.
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STRATEGIC ACTIONS TO ENHANCEI INFORMATION TECHNOLOGY IN IOT

The following short-term actions were identified as necessary to create an enabling climate for Information
Technology within 10T and TERC:

.

Establish a formal Computer Support Function within 10T (with at least 2nd level functions as defined in
Appendix 2) either under the control of the current Information Systems Division or as a separate Division,
BUT not as part of TERC.

This function would then act in support of both the current IOT Divisions and TERC.

Provide sufficient manpower and financial resources in order to fully complete the basic network installation
as soon as possible. A basic network should be as foliows:

. LAN cards in and UTP cabling to each PC in the current IOT

. The creation of standard login procedures and names for all PC users (8 digit user names and
matching directory names 1o take advantage of Novell's %LOGIN_NAME feature)
. A formally structured file server, for example:

Users installed under a F\USERSY; directory;
DOS software installed under FADOSAPPS\ and
Windows software under FAWINAPPSY

. A good range of commonly used software (defined by developed standarcs

A formal back up system with nightly back-ups to tape and off site storage
. Adequate shared printers on each floor and access to a shared colour prizia: wis Ee LAN
. Basic user training on available facilities.

Install the Novell Management System (NMS) software to monitor the 10T network. (:cmipiaints that ihe
existing system is slow indicate abnormaly high traffic, Ethernet traffic collisions o adlly components.
NMS system will help identify and resolfve these and other problems.

Develop a written standard as a guide/policy in terms of what the software packages {eg word-processing)
recommended for use. This proposed standard may simply describe a document interchange format (eg
MS-Word or WordPerfect).

In addition to existing training programs, additional facilities (possibly video programs) should be used fo
create an awareness of Information Technology. This will ensure support for Informatien Technology
proposals and also ensure that users and managers access Information Technology in the most effective
manner.

Expand the availability of external computer links to include:

. Fax galeway card in the file server to handle outgoing and incoming faxes. Novell {or similar)
software should be used to monitor the gateway and users for auditing purposes.
. Installation of an ASYNC card to handle dial-up lines. This will enable 10T staff to dial out to

other external services (including MOTC computers as now); bulletin boards etc. It would also
enable registered external users, or IOT/TERC staff, to dial in (for example from home by
modem; from overseas to pick up electronic mail or from the TERC remote faboratory).

. Install an X25 gateway {card in fileserver) to facilitate links to the MVDIS i system at DCI {an
. ASYNC line could also possibly be used for this)
. Access 10 INTERNET (possibly via TAINET) to enable iOT computer users to contact feflow

researchers around the world and allow other overseas research institutions to make contact
with I0T. This would also require personal E-mail boxes.
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install a professional, easy to use E-mail system (PC based and with X400, SMTP and MHS gateway
facilities) and make this available to all network users in IOT/TERC. The selected system should
preferably have bath Chinese and English versions and user names should match the Novell (8 character)
login names.

. Ensure that the new I0T building and any TERG remote sites have (where practical) UTP level 5 cabling
installed to every office and Jaboratory to facilitate future moves.

. In terms of the more traditional Information Technotogy drive, the broad goal for the new Computer Centre
should be lo become a Transport Industry information provider {through the development of the proposed
48 data-base sub systems). Many of the above proposed actions are ultimately geared towards 10T and
TERC fulfiling this role.

Most of the above actions, systems and skills can be readily moved to the new building when IOT move,
when TERC is established and can also be applied to TERC remote laboratories.

REFERENCES

Information Technology and the conduct of research. The user's view report of the panel on it and the conduct of '
research. Washington 1989
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MVDIS-II

Motor vehicle, driver Violation and Driver
Information System

Specification sheets
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APPENDIX 2

Three typical levels of operation for a
Computer Centre




APPENDIX 2

Levels of operation for computer centre operation

There are in general three levels that a Computer support section can operate. At the simplest level, support is given internally
to computer users within the organisation. An intermediate level sees the Computer Centre also providing communication
channeis to give the staff of the organisation the ability {o obtain external data. A final level takes the first two levels and also
ensures that not only does information come into the organisation, but that the organisation becomes a funnel - it brings
information in, adds value and ensures that the new information is made easily available to users and other interested parties

within industry.

Some typical roles at each of these three levels are described below:

1 Internal support for ICT staff:

' Hardware and software procurement: repairs; defermination and implementation of standards

LAN installation, management & support; user software instatlation and suppbrt; user training

Development of specialised software for 0T in-house use.

2 The use of Information technology concepts to the benefit of 10T staff;

*

Inter-office communications {E-mail and possibly Scheduling)

Communication and file transfer between the Institute and other offices and regional laboratories {E-mail
and possibly Scheduling)

Communication and file transfer between the organisation and other similar organizations (for example,
CSIR, TRL, TRB via INTERNET)

Communication and file transfer between IOT and Taiwan Transportation industry

Provide the ability to easily use other computer facilities remotely (UNIX or mainframe computers at
MOTC)

Document retrieval and key word searches (eg DOBIS and other overseas library data bases)

Links to extemal Bulletin Board Systems (eg CompuServe, TRUMPET, news services, overseas
Transporiation forums)

Enable access to other data base systems within 10T and other Government Agencies (eg accident,
vehicle registrations, drivers licensing, traffic volumes, pavement management databases)

3 Support and Information provider to Taiwanese Transportation industry:

. Transfer of new technology (I0T/TERC/TPPRC research findings) to the Taiwanese Transportation industry through
the development and distribution of specialized transportation or engineering software.

. Identification/modification of appropriate overseas software - and distribution to Taiwanese users.
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. Establishment of a Transportation Forum on a Taiwanese Bulletin Board (BBS) {with E-mail and file transfer
capabilities) for the Transportation industry (Government, Local Authorities, consuitants, hauliers, shippers, railways,
bus companies, overseas agencies etc). 10T researchers should be information providers on such a system.

. Generate significant Transportation data as a central service and allow access to any qualified user within industry
via some form of Builetin Board Service.

This may be as advanced as the NIBS concept described in the following section.

NIBS

The NIBS project at CSIR is designed to facilitate communication and information transfer throughout Southem Africa - for
industrial, professional and home users. It represents a fundamental shift in the way that information is made available to
computer users in all spheres of life.

NIBS is a gateway system based on a RISC computer. Registered users (for a low monthly administrative fee) will be able
to access the NIBS computer via for example dial-up modems; X25; X28; X400; IP or IPX. Once a connection has been made
to NIBS & user has ready access to d vast amount of information via a menu system.

A beta system will be in operation by the end of March 1994,

An extensive number of Bulletin Board Services, "shopping malls™ and forums will be connected to the NIBS computer.
Examples of interested companies to date include Novell, Microsoft, WordPerfect, the Johannesburg Stock Exchange, Bradeys
(electronic yellow pages), Credit control companies and CompuServe. Some of these services will be freely accessible to all;
some will be available for an additional monthly fee (eg CompuServe) and some will be closed forums,

A Transportation forum will be one of the first technical forums lo be established on the system. Initially the CSIR will be the
primary information provider but it is expected that other users will add value {and information) to the system. The folfowing
structure has been proposed for the CSIR Road Transport Bulletin Board forum:
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PROPOSED STRUCTURE FOR THE CSIR TRANSPORTATION INDUSTRY BULLETIN BOARD

The transportation industry can be divided into four sections, i.e. Road, Rail, Air and Seé. Road Transportation wifi be

considered during phase 1.

BULLETIN BOARD ROAD FORUMS AND SUBSECTIONS
Specialist and general forums have been proposed. Subsections on each forum could setup by "experts” in each field.

FORUM
Transportation Management

Road Infrastructure Management

Traffic Management and Safety

Rdad Engineering

Passenger Transport
Freight Transport
Vehicle Manufacturing

Environmental Issues

Conferences, Seminars and Courses

Software
Publications

Tenders

SUBSECTION

Transport Planning
Transport Economics
Urban & Rural Development
Land Use
Strategy & Policy
Regulalion & Administration

Road Management
Road Monitoring

Engineering
Education
Enforcement & Emergency Services

- Road Censtruciion

Road Maintenance
Road Rehabilitation
Road Materials

Low Volume Roads
Bridges & Structures
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APPENDIX D

LIST OF EQUIPMENT FOR TERC SUPPORT FACILITIES

D -1 Railway track component testing laboratory
D -2 Engineering workshop
D -3 Electronic workshop

D -4 Materials testing faboratory
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APPENDIX D - 1

RAILWAY TRACK COMPONENT TESTING LABORATORY
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D-1 : RAILWAY TRACK COMPONENT TESTING LABORATORY

Testing Laboratory Pumping room for hydraulic pressure source 475 000
Strong floor - steel floor with reinforced 80 000
concrete base (to anchor machinery)

(2,5m x 1,4m x 0.14m(depth))

2 x load frame - 250 kN capacity, 1 350 000
(speed 80 km/h)

Track trench with concrete wall for lateral 320 000
forces (2m thick), reinforced concrete tioor

(18m x 4m x 1m deep)

Computer control room 320 000

Mobile data acquisition unit | Computer in unit B0OO 000
Wagon 1 600 000
Horse (truck tractor) 1 100 000
Amplitiers (132 channels) 2270000

TOTAL

8 315 000




APPENDIX D - 2

ENGINEERING WORKSHOP
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D-2 ENGINEERING WORKSHOP

Drill Press 4 500
Brand Saw 5 000
Milling Machine 370 000
Lathe 119 000
Tool Grinder 3 000
Drill Sharpner 1500
Bench Grinder 1 000
Bench Polisher 1 000
Sanding Disc 1 000
Cutt-off Saw 3 co0
Plate Guillotine 3 co0
Plate Bending Machine 3-000
Crank Press 20 000
Various Tools 15 000
Work benches & shelving for storeroom 50 000
[TOTAL 600 000
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APPENDIX D - 3

ELECTRONIC WORKSHOP




D-3 ELECTRONIC WORKSHOPS

Various Tools 5 000
Computer « PC 486 with large screen and 250 Mb disk 20 000

- Software for electronic equipment 50 000
Universaj Programmer 2 000
Muitimeter 1 000
Frequency Counter 3 000
Oscilloscope 20 000
Power Supply 4 000
Workbenches 35 000
TOTAL 140 000




APPENDIX D - 4

MATERIALS TESTING LABORATORY
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D-4 MATERIALS TESTING LABORATORY

Kinematic Viscosity Bituminous Viscometer 26 000
Los Angeles Abrasion ASTM/SABS Aggregate LAA Mill 20 000
Compressive Strength ASTM G109 Cementitious Mouids, workability
equipment
Chemical Analysis ASTM C114 Spectrophotometers 25 000
Chemical Analysis ASTM C114 Cementitious AA, Spectracolorimeler, 62 000
1 Wet Chemistry LKP
SG & Absorption - Goarse ASTM G127 | Soils
SG & Absorption - Fine ASTM C128 Soails
Drying Shrinkage ASTM C157 Cementitious Moulds, Comparators
Compressive Strength ASTM C170 Sails Universal testing machine 57 400
Heat of hydration ASTM C186 Calorimeters
Consistency ASTM C187 Cementitious Mixers, consistency guages
Relative density ASTM C188 Vicat flask
Setting times ASTM C191 Vicat needles
Alkali reactivity ASTM C227 Mouids, compactor
Alkali Sillica reactivity ASTM G227 Aggregale Compactor
Abrasion resistance ASTM C241 Soils Abrader
Setting times ASTM C266 Cementitious Vicat needles
Petrographic examination ASTM C295 Soils/cementitious Petrographic microscape 40 000
Tensile strength ASTM C3C7 Chemical Universal testing machine, Instron
moulds
Working and setting times ASTM C308 Chemical Flow and setting needles
Full oxide analysis ASTM C411 Cementitious AA, Spectrocolarimeter, Wet
chemistry
Destructive testing ASTM C486 Cementitious Tensile and compression 35 000
machines, core drill,
impactors, diamond saw,
test bed for 150mm cylinders
Creep ASTM C152 Cementitious Creep frames, laoding ring,
dial guage, demec
Cone penetration consistency ASTM C7 Cementittous Cons penetrometer, mixar 5 500
Madulus of elasticity ASTM C747 Soils Resonant frequency device
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Flexural strength ASTM C880 Soils Universal testing maching —T Instron
Water retention ASTM T Cementitious Flow table, suction
apparatus
Modulus ot rupture ASTM C99 Soils Universal testing machine Instron
Mix design Soils/Cementitious Mixer. compression testing
machine
X-ray diffraction analysis quanitative ; X-ray diffractometer 150 000.
Consolidomater BS 1377 ' Soifs Oedometer 18 000
Grading BS 1377 Soils Sieve shaker, sieves 10 000
Ring shear : BS 1377 Soils Ring shear apparatus
Shearbox BS 1377 Soils Shearbox 36 500
Sulphates and chiorides in soii BS 1377 Soils Wet chemistry
Traxal BS 11377 Soils Triaxial machine
Mix proportions on Mortars, Concrete BS 1881 Cementitious AA, Wet chemistry
Non-destructive testing BS 1881 Cementitious Schmidt hammer, pundit, S 000
’ demec
Palished stone value . BS 812 Aggregate PSV wheel and skid 45 000
resistance motor
Aggregate impact value : DRTT Aggregate Impact machine 6 100
Alr permeability DRTT Bittmen - Permeability meter 7 500
Binder recavery (hot) DRTT Bitumen Hot centrifuge 55 000
Catlon exchange DRTT Soil Various
Core drilling DRTT Bitumen Diamond core drill ' 15 000
Cutting briquettes DRTT Bitumen Diamond saw 10 000
ICL and ICC DRTT Soils pH meter 4 000
Moulding briqueattes DRTT Bitumen Compactor and moulds
Water Analysis (aggressive chemistry) Everite, con doc Wet chemistry
Coarse particles ’ SABS 746 Cementitious Sieves 5 000
Relative Density SABS 747 Cementitious Gas comparison pycnometer 1 500
Specific surface SABS 748 Cementitious Biaine
Compressive strength balance 12 290
Flexural strength bafance 12 200
Standard consistency SABS 751 Cementitious Flow table, mixers
Setting tmes SABS 752 Cementittous Flow tabk—a, mixers
Soundness SABS 753 Cementitious Le Chateller moulds
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Autociave soundness SABS 754 Cemenuticus Autociave
Sieve analysis SABS 829 Aggregate Sieves, balances 11 000
Chlorde content SABS 83¢C Aggregate
Presence of chlorides in aggregate SABS 831 Aggregate
Organic impurities SABS 832 Agaregates
Sugar SABS 835 Aggregates
Deliterious impurities SABS 834 Aggregate
Water demand SABS 835 Aggregate
Influence on shrinkage SABS 836 Cementitious Mixers, moulds. drying

ovans
CBR Compactor SABS 854 Aggregates 31 000
Destructive testing SABS 863 Camentitious Tensile and compressicn

machines. core driil,

Impactors, diamond saw
Destructive testing SABS 864 Cementittous Tensile and compression

machines, core drill.

impactors, diamond saw
Compressive and Flexural Strength (1SO) SABS 866 Cementitious Universal load test

equipment, mixers.

compactors, workability

gauges

and moulds
Tar viscosity STMH 1 Bitumen Tarviscometer 10 000
10% FACT TMH 1 Aggregate Moulds 2 000
ACV TMH 1 Aggregate Moulds 2 500
Anionic emulsion viscosity TMH 1 Emuision Engler viscometar 6 560
Anthracene paste content TMH 1 Bitumen Glassware 1000
Atterbergs TMH 1 Soils Césagrande cup 1090
Automated wet/dry durability TMH 1 Soils Brush machine 7 500
Average Leas! Average Least Dimension TMH 1 Aggregate Measuring gauge . 4600
{ALD)
Binder content TMH 1 Bitumen Washing fiasks 2 000
Binder recovery TMH 1 Bitumen Distilling plant 8 000
Binder suitability TMH 1 Bitumen/Aggregate | Marshall test equipment, 4 700

compactor (B32)
Buik density TMH 1 Aggregale Balance 8 00Q
Bulk relative density and voids TMH 1 Bitumen Vacuum saurce 6 000
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CBR (Stabilised and unstabilised) TMH Soits Press for CBR 27 000
Conductivity TMH 1 Soils Conductvity meter 6 D00
Ductility TMH 1 Bitumen Ductility bath 32 000
Fakiness index TMH 1 Aggregate Gauge 400
Flow resistance {(Marshall) TMH i Bitumen Marshall test 22 000
Fraas brittle test TMH 1 Biturnen Fraas apparaius 4 000
lmr;aersion index TMH 1 Bitumen
Lime content (EDTA) TMH 1 Soils
Matter insoluble i1 tolnene TMH 1 Road tar Glassware 1 000
MMD:OMC TMH 1 Soils Compactor and moulds -
see CBR Compactor
Organic impurities TMH 1 Soils
Penetration value TMH 1 Bitumen Penetrometer 11 000
pH TMH 1 Soils 750 000
Phenol content TMH t Biturmen Glassware 1 000
Relative density TMH 1 Solls Balance 8 000
Relatve density of binder TMH 1 Bitumen SG Bottles 11 200
Residus on sieving TMH 1 Bitumen
Sand equivalent TMH 1 Aggregate Measuring cylinders and 6 000
shaker
Sieve analysis {wet and dry) TMH 1 Soils Sieves and shaker
Slump on concrete TMH 1 Cementitious Mould 2 500
Softening point {Ring and Ball) TMH Bitumen Ring and Balt 2 000
Tar distifation TMH 1§ Bitumen Distilling sieeve 1500
Tensile strength TMH 1 Soils Press Instron
Thin film oven test TMH 1 Bitumen Thin film oven .60 000
Trichloroethylene solubility TMH 1 Bitumen Glassware 1 000
UCS (stabilised) TMH 1 Soils Press 45 000
UCS on concrete TMH 1 Cementitious Moulds 2 500
Viscosity TMH 1 Bitumen Saybolt fural viscometer 26 000
Water content (Dean and Starke} TMH 1 Bitumen D & S Glassware 2 500
Wetidry durability TMH 1 Soils Brush 1 000
Sundry items Moulds and ovens etc 100 000
Computers 100 000
TOTAL r 1998 540 I




