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<SUMMARY>

|. Subject

Environment-Friendly & Intelligent Road Design Technology Development.

II. Objectives and Necessity

The road is one of the major infrastructures, playing important role for
enhancing quality of life of people and activating national and regional economy
as an artery to inter—connect cities, regions and peoples.

In addition, road projects requiring huge construction costs are no doubt
generating enormous value added (reduction of transport cost and time,
enhancement of regional development, higher employment, expansion of market
influential areas, change of living pattern etc.) directly and indirectly.

Therefore, from the beginning ie., plan and design stages, road should be
constructed taking into deep consideration such as function, economy, traffic
safety, environment, equal regional development, conservation of cultural
heritage sites etc.

Road construction is usually started after obtaining every necessary permit and
finalizing land compensation following pre—feasibility study, feasibility study and
detailed design works. The costs for road design occupy approximately 375% of
whole road construction costs only. Road design is, however, very important
because the success or failure of the final object is determined at this stage.
Hence, special attention should be paid for safe. economical and environmentally
friendly road construction during the stages of basic and detailed designs which
is a basis for road design. For this, inconsistency of current design procedures
should be corrected by fostering the atmosphere under which the design works
are done most efficiently by design stages, developing multiple evaluation and

analysis measures, and software which can handle them.

- xli -



However, the current situation is that investigation method and frequency at the
stage of planning and investigations, imperfect of technology, data on designs
have not been established in Database, and thus causing difficulties for
standardized design works due to the increased design period and costs. Further
it seems to be a serious obstacle for us to perform techonolgy transfer and
technology development based on existing design related data.

In other words, algorithm for design optimization to materialize the advanced
design such as substantial combination of Information Technology(IT) with
roads, Smart Highway, concept expressway design like high speed expressway,

possibility of new concept structural design resulting from the development of
multi-functional and high performance materials is indispensable, and it is also
urgent to develop expert system for maximizing road values through
information.

In conclusion, the objective of this study is to develop integrated program for
environmentally friendly road optimization design by mixing existing road
design programs with 3D topographic map, natural environment, ecological
numerical map through investigating and analyzing ecological reserves, degree
of green naturality, ecosystem map and national environment map, as well as
re—establishing current road construction guidelines and specifications for
construction environment management for environmentally friendly road
construction.

Constant facility investment on road projects to establish infrastructures are con
ducted these days but political, economical and social objective and reliable inve
stment economic feasibility evaluations are highly required for these high resour
ce consuming road construction businesses. In this study, the purpose of this st
udy is to develop user friendly and subjective result deriving economic Efficienc
y Analysis program algorithm based on 'Guideline study of preliminary validit
y research on road construction business (3rd edition, KDI); and Investment
evaluation guideline on public transportation facility development; and separate

and organize quantitative - qualitative factors to contribute in enhanced analysi

- xlii -



s of economic and financial standard in analysis evaluation process factors and
methods for developing optimized analysis method.

This research is aimed to apply the development of algorism over value and LC
C analysis technique for invention of pro—environmental and intelligent integrate
d program. In addition, also it’s guide route is developed to facilitate staff's app
rehension and practical use.

Recently, because of unsuccessful implementation of analyzing economical efficie
ncy through VE/LCC, huge extra budget is poured to road construction which 1
s national main operation. So, development of road route’s economical efficiency
analysis 1s necessary to reflect an orderer’s value in the maximum and draw o
ptimal efficiency rate through development of efficiency examination technique a
bout allocation of construction budget and life cycle cost of road..

Furthermore, because of development of LCC analysis technique could be possib
ly applied to development of high-efficient resources and cost cut technique, it
could make reexamine efficiency of whole industry .

Design of roadway is highly depending on the manual of road geometry. Anyway,
design manual is not necessary ensuring the safety of roadway because it is so co
nfined to define the individual elements of geometry. So, safety evaluation module
needs to be developed in order to examine the design plans more comprehensive
way.

Road design should carefully consider the following factors: function, safety, econo
my, environment, pleasantness, and construction & maintenance.

Especially, it is true that most of traffic accidents are caused by drivers and pedes
trians. However, to resolve traffic accidents, to construct and manage road for use
rs’ safety, a road-building program should be initially considered various problems
derived from road facilities for human factors, improvement of design criteria and
up-to—date road technical development.

This study aims to research human factors for road facility in Korea and to establ

ish standard criteria for human centered road design

~ xliii -
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and Integrated Design Program
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pert Know—ho
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obstacles, Teter S

(un lerground
utility, etc

Safety
| Econonics
: Alignment
Soil Work

Drain
Bridge/Tunnel]

| Facilities

Input Data, Laver

Pavenent [/

Civic Dasif [AJ

[Environment-friendly & Intelligent Road Design]

Road/ Service

Poor quality of service due to current quantity-based road policy

=

o
.

| Safety

Safety Concern

Traffic Accident (highest
among OECD members)

Safety of Road
Geometric Design

- Model for safety evaluation on integrated
road geometry

- Model for design consistency evaluation

- Model for accident forecasting, built into
the integrated program to enable more
safer, environment-friendly and intelligent
road design

Improved Safety

b4
| Functionality

Current Practice:
‘Supplier-focused" Design

Poor understanding and
adaptation of road users

for road

Design focused on
Road Users

= Plan: Human-centered Road, ITS

— Provision of design criteria reflecting road
user's visual characteristics: 3 categories

- Development of human oriented road
design guidelines

- Provision of emergency parking place
guidelines

Improved Road User's
Adaptability and Safety

gterioration in traffic
flow capacity

weakening national
competitiveness due to
increased logistics costs

Enhancement of
Traffic Flow Capacity

~ Guidelines on road capacity by road
B expressway, 4 lane road, 2 lane road
H research on heavy vehicle's climbing
capacity
- Intellectual property rights (patent etc.)
- Traffic management

Expanded Road Traffic Capacity

Improved Road Serviceability

[Design Technology for Improving Road Safety and Function]

- xliv =



IIl. Contents and Scopes

@® Development of Eco-Road Design Evaluation System(Research 1)

» 1st year

Data collection and analysis on domestic and foreign environmentally friendly
roads

Analysis and research on TGuidelines on Environmentally Friendly Road
Constructiony and Specifications for construction environment management
which have been enacted recently and to be promulgated soon. Further
identification of inclusion of environmentally friendly elements in the current
road construction regulations, and detection of problems.

Analysis on current measures for preparing degree of green naturality and
ecosystem map, and detection of problems.

Analysis on numerical values and catagories through evaluation of grouping
system according to ecosystem habitat classification and habitat values
Collection and review of forecasting models for living environment generated
during construction and operation of previously proposed road.

Analysis on control points restricting alignments during existing road
alignment design and possibility of inclusion of environmentally friendly
factors considering Eco-design.

Classification of soil environment variables and acquisition and analysis on
existing soil data

Detection of matters related to environmental conservation and restoration
among soil micro—organism ecological variables

Selection of pilot road area among the planned locations for road design
Data collection and review on road drainage facility design

Comparison and review on domestic and international criteria for road
drainage facility design

Review on relevant regulations and guidelines

- xlv -



*» Review on existing drainage design methods and suggestion of improvement
of those methods

* Review on rainfall-runoff model to utilize to road drainage area
Selection of pilot area for road drainage

» Installaiton and operation of observation facilities for rainfall and water level.

= Suggestion of improvement for existing design methods of drainages and
culverts.
Development of modules for analyzing slope, elevation and direction.
Development of modules for layer extraction by subjects in numerical map.

* Development of data for road design based on GIS.

* Customizing GALIib.

* Development of gene-modified modules.
Research on complex gene treatment method.

* Development of 3D object modeling module.

* Development of road shape modeling module.

* Development of module for selecting tunnel types.

Selection of actual location for road design in confirmity with study

objectives.

» Acquisition of actual Lidar/DC data through flight design on selected area

where data are obtained.

» 2nd year
Study on law and system of environmental friendly road construction
* Development of the algorithm for an environmental friendly road route
design program
* Study on application of method for an ecological value map
Study on evaluation item for environmental friendly road design
Method development for estimating and mapping soil ecology quality

* Derivation of minutely probable rainfall intensity formulas

= xlvi =



» Experimental catchment monitoring

* Rainfall-runoff modeling

* Model development for the design of road surface drainage facilities
Model development for the design of cross drainage facilities

* Grid, Tin and Buffering analysis module development

* Revise error of map module development

* 3D spacial information for road design based on GIS development
Export knowledge DB design
Design score evaluation scheme construction

* Cost score evaluation scheme construction

» Study of alignment searching algorithm considering IC/JC

* Study of increasing search speed considering vertical alignment and cross
section

* 3D map modeling module development

» IC type and location search module development

* Alignment evaluation knowledge base construction
Tunnel type selection and evaluation module development
Bridge type selection module development

* Economical efficiency analysis module development
Aerial LIDAR survey and digital camera data processing

» Secure GIS data (aerial photograph, satellite image, map, etc)
Selection of settlement estimation methods

* Construction of data base related soft grounds

* Constituent analysis of soft clayey soils

Analysis of model test results

» 3rd year

Study of the criteria and procedure of control point of environmental friendly

road.
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Development of the program based on CAD for environmental road route
and environment assesment

Complement of environmental factors for environmental friendly road design
Development of the algorithms for the selection of environmental road route
Study on application of method for an ecological digital map

Verification of reliability of soil ecological quality grade.

Combination of soil ecological map for the selection of environmental road
route

Study of restoration and management of topsoil.

Derivation of minutely probable rainfall intensity formulas for the rainfall
gauging stations located in the central area of Korea : 1'st step

Modification and application of the rainfall-runoff model : 2'nd step
Modification and application of the design model for road surface drainage
facilities

Development and modification of the design models for cross drainage
facilities and various channels

The study in site application of newly developed design model for ditch, link
canal, culvert.

The study to definition and design method that at the junction of wvalley
rainfall, adjacent of road rainfall, road surface water.

Development of the design models for adjacent of road drainage & valley
drainage facilities.

Valuation of settlement estimation method and consolidation parameter
Analysis for 1st consolidation completion

Influence with ground parameter on loading

Analysis of soft ground monitoring data

Proposal of consolidation parameter formula

Development of settlement estimation including of secondary consolidation

= xlviii =



» 4th year

Environment-friendly road route selection and the environmental assessment
program verification

Assessment item weight user decision—-making sub—program

Verification of environment-friendly road route selection algorithm

Scheme of applying the natural and ecological map preparation method
Derivation of minutely probable rainfall intensity formulas for the rainfall
gauging stations located in the southern part of Korea : 2nd step
Modification and application of the design models for various highway
drainage facilities : 2nd step

Application test of the Road Drainage Facility Design Program

Development of Graphic User Interface about the Road Drainage Facility

Design Program

» 5th year

Study of practicality of ‘Environment-friendly road route selection and the
environmental impact assessment system & program’

Research of formulated EI-ROAD program

Making & Integrating a Road Drainage Facility Design Program for practical
use

Making a improvement for Road Drainage Facility Guidelines

Genome configuration (road alignment information, configuration) Module
Development

Development of the initial linear configuration module

Optimization Algorithm Development Module

Optimize execution and optimization process tracking module development
underway

Genetic operators (comparison / mating / mutation) develop application

modules
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Linear Generation Module Development

Development of a linear calibration module

Linear Evaluation Module Development

Creation and evaluation of a linear effect of increasing the speed
improvement items drawn

Integrated Ul (User Interface) configuration module development

Unit Study on Optimization of the program

GIS Analysis Module Development

Expert System Development

Triangulation (TIN) obtained from the High Speed Ground Improvement
Module Development

Linear Analysis Report Output Module Development

Commercial development of road design program and data compatibility
module

3D simulation for the development of road information generation module
3-D Road Modeling

3-D terrain modeling

Development of Vehicle Simulation

3D Viewer Development

Video creation

Linear analysis of the road development program

Select type of intersection Program

Bridge Type Selection Program Development

Tunnel Type Selection Program Development

Economic analysis of the road route (LCC) Program

Road Safety Assessment Program of the geometric structure

Optimize for performance parameters (mating / turns the odds) Variation of
the linear analysis results

Designed to extend the execution time comparison and the results of the

optimization and linear regression



@® Development of Economic Efficiency Analysis by using LCC and
Road Facility’s Function Improvement (Research II)

» 1st year
Domestic and abroad technology trend analysis

* General LCC analysis, S/W research and Bench-marking
Research of the road VE/LCC analysis program

* Field design of domestic road route and reinforcing design reasearch
Gathering Extra DB and Conducting Survey for road route VE and LCC
VE and LCC model bench-marking

* Analysis and review of the wind-resistant engineering standards

* Determination of the wind-resistant engineering standards

» 2nd year
Establishment of DB for VE/LCC of road

* Development of unit module for VE/LCC of road

* Determination of standards for design velocity of superhighway

* Data analysis and basic research for applicability of geometric structure
Data analysis and basic research for the application of cross section
formation

» Site survey of superhighway facilities and research contents in US

* Collection of Express highway 16 route and 2003~2005 year traffic accident
data
The accident ratio analysis for the interrelation union

* The algorithm development for intersection type and position selection

*» The tunnel type analysis for tunnel length, ventilation and disaster prevention
system
The algorithm development for tunnel type selection by tunnel design analysis
The support of the unit program development

*» Comparison, analysis and investigation of foreign design standard for

mountainous road design



Setting up the prototype of mountainous road design factors
Suggesting a mountainous alignment design plan

Classifying the types of service area, setting and analyzing functions to
introduce according to the types
Study on standards on appropriate distances between service areas
Study on techniques of calculating the size of service areas and standards
Analysis of he wind-resistant safety through the selection of the analysis
model for information facilities

Wind tunnel test regarding the technology development model and
determination of the problems of and reform measures for the existing
information facilities

Survey of current installation status and analysis of medium barrier
Establishment of DB with respect to traffic accident causes

Consideration of constructability and serviceability of existing medium barrier

Suggestion of type of medium barrier considering environmental factor

» 3rd year

Development of VE and LCC analysis software for road route

Analysis of maintenance cost included in B/C ratio

Development of road line & lane design existed in mountainous district

Development of rest area design standards adapted to Korea

Promoting approach for conventional rest area

Development of future rest area design model for application
Development of road line & lane design considering mountainous
characteristics

Application of developed Rest area design model

Wind resistant analysis

Development of new technology for wind resistant safety

Wind Experiment



* Consideration of passenger safety during -collision accidents to medium
barrier

* Analysis of directional stability of collision vehicle to medium barrier
Consideration of minimized damage and reduced second subsequent accident

» Application of medium barrier with respect to area— and lane- type

» Establishment of road design standardization and DB of design data

» Suggestion of modified medium barrier considering maintenance
Consideration of installation effect of Modified medium barrier

Suggestion of new technology and direction for medium barrier

» 4th year
* Road route data collection for analysis
- Research and data collection characteristics of the bridge maintenance
- Maintenance, research and data collection characteristics of the tunnel
- Research and data collection characteristics of slop maintenance
= LCC analysis of the road route Route algorithm development for the unit

cost

» 5th year
Development of economic analysis program considering maintenance of road
route

* Development of economic analysis program guideline considering maintenance
of road route
Application through Example Application and Suggestion of applying the
result
The technique development for intersection/tunnel/bridge type selection

* The support of the unit program development
Preparation of synthesis report after organizing, analyzing, and review the

results of technology development for road safety and information facilities



Especially reviewing, application of Guardrail that using the partial technology of

Median Barrier developed with new technology

@® Development of Design Technology for improving Road Safety

and Function(Research III)

» 1st year

Literature reviews on road Design Consistency
Study on Road Design Program Integration
Establishment of guideline for number of guide names on road sign

Proper length of emergency parking area

» 2nd year

Development of the safety evaluation model for road design in the field

study

Study of the safety evaluation model for road design

Development of the algorithm for safety evaluation model of road design

Development of the algorithm for the integration of computer program
Highway design research considering human factors and theory

systematization in Korea

Observation in the field study and driving simulator for road sign

The establishment of interim guideline for numbers of guide name on road

sign

The Safety Characteristics of Emergency Parking Zone

A vpreparation of highway capacity enhancement alternatives for connection

sections of expressway to national highway in rural

A preparation of highway capacity enhancement alternatives for connection

sections of expressway to urban arterial

Review of highway capacity restriction factors and direction establishment of

enhancement alternatives for four-lane highway capacity.
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A preparation of highway capacity enhancement alternatives for tangent

section (median and end of Lane) of four-lane highway

» 3rd year

The study for developing accident prediction models
The study of proper length among the road's facilities.
The plan of guideline for the emergency parking zone
Development of Alternatives for Four-lane Highway Capacity Enhancement

Development of Alternatives for Two-lane Highway Capacity Enhancement

» 4th year

The study reviews the existing researches on accident prediction models.
The study i1s weighing on the models attempting to incorporate the concept
of road design consistency within the model structuring.

The conceptual frame of the study is the idea like that the effects of the
individual road geometry on the accidents would be different according to the
general road geometric features of the sections.

The study collects the accident data, geometric data, and operating speeds of
the study sections for the development of accident prediction model.

The study considers and suggests the approach to reflect the concept of the
design consistency in model building. Following steps is carried out for this.
Study on Human visual perception and behavior in specific road facilities
Development of perceptual reducing speed techniques for road users

This research calculated optimal signal operation system for lower part of
diamond-shaped interchange, which is the most common type in Korea
— Four-lane roadinterchange, Two-lane roadsections/corridors, Two-lane road-

interchange
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» 5th year
Accident Prediction Model
* Accident Prediction Algorithm
* Integrated Safety Evaluation Development
Practical Application
» Human centered road design technologies of Positive Guidance method
Human factors for Positive Guidance methode
* Proper distance between road facilities (interchange/rest area)
Set plan to improve and secure the sight distance of two-lane highway
Establish the relation of passing demand and supply of two-lane highway
= Low speed traffic flow turnout: turnout, climbing lane, etc.
* High speed traffic flow passing lane: Concept of passing lane
* Evaluate the effects of technical alternative
Review the criteria by enhancement ideas. Prepare road facility enhancement

document.
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V. Results of Study

<Final Goal>

Environment-Friendly & Intelligent Road Design
Technology Development

@® Development of Integrated Program for Intelligent
Design of Safe and Environment-Friendly Road
@® Road Facility’s Function & Efficiency Improvement

Technology Research and Development

This project set to final research goal mentioned above two issues for smart
road construction considering safety, economic and environment—friendly and for
development of future-oriented road design guidelines. Also, until 2010, another
task of this project is that road design technical level of our country reach to
enter the advanced nation rank. And, current project put on importance to
develop the core technology for practical utilization for business. Road design
technology developed after finished this project transferred to domestic
industries, lead better business organization, which improve international
competitive power and create high added value and enlarge application on whole
road system.

The results of study per "Activity” are as follows.

@® Development of Eco-Road Design Evaluation System(Research 1)

O Development of Design Program for Eco—-Road(I-1)
Firth year, study aims to define the way of quantifying environmental impact
caused by road construction and operation. And the result should be combined

efficiently with the final program which designs the optimal path considering
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not only environmental factor but also economical, technological and safety
factors. So it's needed to scrutinize all methodologies which are available and
select the most effective way. Through the paper review, we decided to adapt
GIS based map overlay method combined with the AHP(Analytic Hierarchy
Process). According to the AHP procedure, first, system structuring should be
performed. And then assessment factors were determined which could be
acquired or represented in GIS map data. In this paper, top level of system
structure is divided into two factors (natural environment and life environment)
and each factor is structured in lower level. Natural environment factor involves
animals and plants and topography. And life environment factor involves water
environment, air pollution and environmental noise. Environmental impact of

each factors is evaluated as 3 grades.

Second year, for developing "An Algorithm for an environmental friendly road
Route Design Program ; , based on eco-road route selection methodology using
AHP method and GIS map overlay method, the operation elements in each stage
were drawn out. Consequently, “An Algorithm for an environmental friendly road
Route Design Program (plan)” was developed.

The developed algorithm (plan) can be divided into two elements; one is to
establish input database and the other is to select an optimal route (line) using the
established input GIS database.

Also, to evaluate the animals and plants’ habitats quantitatively, a conservation
value assessment was applied, and based on the related case studies, evaluation
items were divided into naturalness, rareness, and functionality and evaluated
quantitatively, and entering the results into a GIS program to display the values in
a map form, the ecological value map was developed.

A method for quantitatively classifying the quality of soil ecology using soil
microbial diversity measurements was developed for mountain areas. When
examining whether the soil ecology quality data have any correlation with the

current Ecological and Environmental Information including Overall Ecology
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Quality Index, Animal/Plant Biodiversity, and Forest Health Index, the current
public database information, being typically used in environmental impact
assessment in our country, was found to have a low power to reflect soil ecology
quality. It may due to the fact that the current ecological information system does
not include soil ecology quality information. This clearly suggests that an
inclusion of soil ecology quality information is needed for more reliable
environmental impact assessment. The following works led to development of (i)
an algorithm of estimating soil ecological quality using the existing nation-scale
environmental and ecological geo—spatial information and (ii) a GIS-based method
for mapping soil ecological quality. In addition, the new methods were validated in

this project.

Third year, we selected environmental assessment criteria for environmental
friendly road route design by adding three more categories (land use, soil ecology,
and landscape). Then, We additionally selected indexes that are in issue other
than existing indexes. Moreover, We derived weight using AHP method in this
research in accordance with selected assessment criteria. We applied the created
weight into model section.

Based on the selected methodologies, we developed environmental friendly road
route design algorism in this research. The design algorism includes weight grant
and map making method for each category. The ‘environmental friendly road route
design and environmental assessment program’ is developed based on the
environmental friendly road route design algorism. This program analyzes and
processes environmental data and assesses environmental issues of the road route.
Then the analysis result of road linear environmental issues are printed out for
environmental assessment of the comparing routes. The program’s main features
include assessment index inquiry / correction, assessment category layer input
and editing, grid analysis, optimal route search and route assessment, and
environmental analysis reporting.

To wvalidate the applicability of soil ecology map in planning sustainable
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construction projects, the weight of soil ecology information among the natural
ecological and environmental information was assessed using AHP and model
simulations (sensitivity analysis). The major findings from the research activities
were: (1) that many road engineers and relative scholars believe that soil ecology
1s important in environmental imact assessment for road construction planning,
and (ii) the route determination for an eco—friendly road construction in a forest
area could be sensitively affected by a change in the weight of soil ecology
information among natural ecological and environmental information. These
findings could lead us to demonstrate how to use our soil ecology mapping IT

technology in planning of sustainable road construction.

Fourth year, in the study on the verification of environment—friendly road route
selection algorithm, the unavailable route passage zone was selected among the
existing grade 1 indices and it was added into the avoidance zone, through
comparing the avoidance and reviewing areas mentioned in the literature with
the indices which were studied up to the third year for suggesting the
avoidance zone's selection and criteria and for additionally discovering the legal
zones to be environmentally protected.

Also, in this study, the AHP transformation algorithm of combining other
methods which can supplement AHP's weaknesses was developed in order to
improve the reliability of environmental impact assessment item and index. The
weight derived by the developed algorithm and the weight derived only by the
existing AHP method were compared and analyzed.

To validate the applicability of soil ecology map in planning sustainable
construction projects, the weight of soil ecology information among the natural
ecological and environmental information was assessed using AHP and model
simulations (sensitivity analysis). The major findings from the research activities
were: (i) that many road engineers and relative scholars believe that soil ecology
1s important in environmental imact assessment for road construction planning,

and (i1) the route determination for an eco—friendly road construction in a forest
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area could be sensitively affected by a change in the weight of soil ecology
information among natural ecological and environmental information. These
findings could lead us to demonstrate how to use our soil ecology mapping IT
technology in planning of sustainable road construction.

In the study on planning the application of natural and ecological digital map
preparation method, the index was set up for items after re—configuring the
existing natural and ecological digital map assessment items with the legal
factors and ecological factors. Then, by additionally discovering the detailed
indices through reviewing the functional items, the reliability of functional items
could be improved. After identifying the present status of the existing data and
the data to be newly implemented for implementing the thematic map by
corrected and supplemented assessment items, the thematic map for GIS

non—-implemented data and the new data was implemented.

In the fifth vyear, the last year of the study, methods of selecting
environmentally friendly roads and calculating environmental assessment points to
commercialize achievements were established, and environmental friendly
assessment was conducted to apply them to domestic example areas through the
selection of 9 construction sections in 5 areas.

As a result of environmental evaluation in each area, it has been found that some
areas recorded high environmental points whereas some large areas posted
relatively lower environmental points. Areas with high environmental points
indirectly indicate that they are environmentally sensitive, and areas with
relatively lower environmental points demonstrate that it is easier to select road
routes.

In addition, a method of linking to an integrated program, which is the ultimate
purpose of the study, has been generated.

- Stage 1: Linearity (including road factors) that considers only the environment
1s generated first to provide environmental information to a planner

- Stage 2! Designation of no-passage zones In consideration of environmentally
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friendly linearity

- Stage 3. Generation of linearity focused on economic benefits

- Stage 4: Repeated implementation of stage 2 and stage 3 before generation of 3
to 4 alternatives

- Stage 5: Users’ final decision in comprehensive consideration of environmental
points and construction costs among alternatives including environmentally

friendly linearity

As for the study on an ecological map that was conducted in the 5th year,
suggestions that had been made until the 4th year were reviewed and
complemented. Ecological Map (Habitat Assessment Map) Establishment Manual

(draft) was suggested based on the results.

O Development of Design Technique on Road Drainage
Facilities(I-2)

For the study of road drainage facility designs, we got the satisfactory results of
improvement of design method for drainages and culverts through reviewing of
existing design method for domestic road drainage facilities, reviewing of foreign
design guidelines on road drainage facilities, reviewing of relevant regulations and
guidelines, understanding of problems existing in current design methods and
suggestion of improvement for them, reviewing of rainfall-runoff model, selection and

operation of road drainage pilot area.

We examined the existing probable rainfall intensity formulas for durations more
than 10 minutes, and derived rainfall intensity—duration—frequency curves and
probable rainfall intensity formulas for durations less than 10 minutes using the
method was based on the Moupfouma distribution and the Random cascade model.

Rainfall and water level of the Sum-river experimental catchment were measured
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every 10 minutes and discharge was directly observed during flood period.
Stage—discharge relation was derived for both low water level and all water level,
and parameters of three SCS, Synder, Clark methods were optimized by using the
discharge obtained from the stage-discharge relation.

Rainfall-runoff models based on the Kkinematic wave equation was made to
analyze 1) flow of an overland element, 2) flow of a channel and an overland
elements, 3) flow of a channel and two overland elements. Both computational
models for the design of road surface drainage facilities were developed under the
consideration of rainfall duration and travel time(a design rainfall intensity was
determined when rainfall duration equals to total travel time). One model was
based on the varied flow analysis for a drainage channel and the other was based
on the conventional uniform flow analysis. The developed models were applied to
an artificial road drainage system, and the results obtained from the varied flow
analysis was compared with the uniform analysis. The sensitivity to channel
gradients was investigated, too. We framed the design flow chart to develop a
model for the design of cross drainage facilities, and set up an algorithm to

analyze varied flow in channels being used for the design.

First of all, we collected minutely and hourly rainfall data from the gauging
stations located in the central area of Korea, and analyzed the spatial correlation
structure of minutely rainfall data in order to confirm if the minutely rainfall data
could be used for the derivation of rainfall intensity formulas. For the gauging
stations without avaiable minutely rainfall data, the I-D-F curves and the rainfall
intensity formulas were derived by using the Random cascade model. The rainfall
runoff model for road surface sheet flow was modified for better flow analysis for
small areas. The model was compared with HEC-1 model and was verified
through the water volume conservation. Then, the model was modified to
determine the design rainfall and the design discharge by finding the critical
rainfall duration. Four design models for road surface drainage facilities (the

consideration or no consideration of the critical duration and the uniform flow
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analysis or the varied flow analysis) were modified in obedience to the inquiry of
designers of drainage facilities. Then, we compared the design results of the
models. For better flow analysis for a culvert with short length, we employed the
varied flow analysis. The culvert flow model was verified compared with the
Culvert Master. Based on the flow model, a culvert design model (both box and
pipe) was developed. Moreover, we have developed design models of four types
of channels. One model developed for each channel employed the design method of
the consideration of the critical duration under the varied flow analysis and the
other employed the method of no consideration of the critical duration under the

varied flow analysis.

First of all, we collected minutely and hourly rainfall data from the gauging
stations located in the southern part of Korea, and analyzed the spatial correlation
structure of minutely rainfall data in order to confirm if the minutely rainfall data
could be used for the derivation of rainfall intensity formulas. For the gauging
stations without available minutely rainfall data, the I-D-F curves and the rainfall
intensity formulas were derived by using the Random cascade model.

We should develop the design models taking the flow and the flow direction in
the highway drainage system into consideration. Firstly, previously developed
design models for highway drainage facilities were verified and modified
through the application to the drainage facilities designed for the construction.
Then three representative set of drainage facilities (CASE I, II, III) were fixed
and the required design models were modified or developed. The design results
showed that the rainfall intensity decreased and the travel time increased when
drainage facilities was set up at lower (downstream) part.

National road construction’s area(7 site) application test be proceed, developed
program’s Graphic User Interface made up for End User's convenience to the

road drainage facility design.
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For making a road drainage facility design program & integrating to practical
use, 1 )execute a site application test of road drainage facility design program’s
drainage system, ii)expanded to 13 cases of road drainage facility system,
iii )searching for methodology that decided GIS based Drainage Area & outlet
points(or pour points), iv)development algorithm for Road Drainage Area - Site
of junction(flow) - Outlet points. And making a improvement for road drainage
facility guidelines, 1 )making a improvement for road drainage design guidelines
to place the focus on hydraulic - hydrology field of study, ii)making a manual

for a road drainage facility design program.

O Development of Integrated Intelligent Road Design Program(I-3)
(1) Development of Integrated Intelligent Road Design Program

To find out optimal alignment(horizontal, vertical, cross section, types of
structures) is very important. But actually the result is not literally optimal in
most cases only assumed optimal owing to limited time and budgets. It always
leave some regrets for engineers.

Therefore we are trying to make systems utilizing information technology to
overcome those hardships. The fast computational ability and vast data processing
capability can make it possible to consider various criterias simultaneously and

without errors. And through the 3D simulation investigate the virtual reality.

We achieved optimal alignment schemes applying effective analysis of input
data, model for 3D road view simulation and most appropriate search algorithms.
For efficiency analysis of GIS analysis system, we developed map error revise
module that intput data is made easier and tin module applied constran in order to
make similar model to real terrain. Further more, through inhouse study, we
developed buffering analysis module and grid analysis module as a core of spacial

analysis and it was improved our system.



We extended export knowledgebase to include detail contents that was
presented by each study party about rule of road facility and export knowhow and
was tring to find more efficient method to apply it to design score and cost score.

The most critical factor of this research in view information technology is to
adopt proper search algorithms. To successfully do, we separated the search
algorithm - alignment creation part, alignment evaluation part and optimized
design selection party. we made a PILOT program to confirm suitability and
efficiency of the algorithm and rebuild genetic operations.

The result of 3D simulation, we separate three parts - terrain, road,
composition of terrain and road to make systematically 3D modeling technique and
data structure. And we developed 3D Road View simulation using LOD(Level of
Detail).

We developed each module relative with road design - Search of IC Location,
Selection and Evaluation of Tunnel, Selection and Evaluation of Bridge,
Economical Efficiency Analysis through technical meeting.

Details of regulations related to road infrastructure in the proposed research
institutions to apply itemized details of the road route to provide a quantitative
assessment has been developed.

Road to the Environment-Friendly Line Environmental Assessment Rating
through joint research with appropriate research institutions to develop programs
for the environment and through which scores were available.

Accident prediction model for safety assessment, and design consistency models
and through meetings with research institutions to develop programs designed
according to the number of accidents and geometric design consistency scores
were provided in the form of .

LiDAR obtained by aircraft using technology and digital imaging lidar data,
survey data, using the GIS maps and more accurate information regarding current

surroundings can provide.
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(2) Single Assessment Program

Intelligent roads that make up an integrated design program evaluation elements
ecology assessment, Cost Assessment, Safety Assessment is divided into. for each
element of the meeting with details of the research institutes were computed
through. evaluation module integrates the intelligent road design program
combining studies for an item before you 1is through the process of
computerization. And for the evaluation module to communicate between the
developer and research institutions are used as a tool.of the algorithm was used as
a tool for verification.addition, a single evaluation program was created so that in
itself is a unit assessment. units for evaluation purposes in the evaluation program

was to be made available to select.

O Development of Calculation Method for the Residual Settlement
of Soft Ground(I-4)

In this project, an effect of plastic index and consolidation loading duration
on time-settlement relationship as well as the characteristics of settlement,
coefficient of consolidation, compression index and secondary compression index
and pore water pressure were investigated in order for development of more
simple and accurate technique of settlement evaluation. In addition, the proposed
equations for compression index, coefficient of consolidation and secondary
compression index were verified by means of numerical analyses using modified
Cam-Clay model and Sekiguchi model.

As a result, the following conclusions were derived.

(1) The coefficient of consolidation and the secondary compression index can be
defined in terms of plastic index and post preconsolidation pressure as following,
C,=0.0135—0.0001P I—0.001P, C_,=0.1134+0.0035P I—0.013P

(2) The compression index appeared to increase with an increase of plastic

index linearly, and it can be defined as, C,=0.2983+ 0.0025P I
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In addition, C;/Q appeared to remain constant as 0.0356 regardless to plastic

index for static load.

(3) The excess pore water pressure was developed about 80785% of the
pressure. In addition, the smaller the plastic index the longer the time
reaching the peak point.

(4) With different loading duration, it appeared that the time for the excess
pore water pressure to dissipate has a good agreement with the time for the
primary consolidation finished at the loading duration of 24 hours. Therefore,
it may be concluded that using the secondary compression index obtained
from lday loading duration is reasonable.

(5) The logt method seemed to overestimate the coefficient of consolidation
comparing with /¢, and it can be expressed by
C, (logt) = 0.06904 + 0.000042P I— 0.79024 C, (/1)

(6) It showed that the Sekiguchi predicts more properly than the modified

Cam-Clay model.

@® Development of Economic Efficiency Analysis and Road

Facility’s Function Improvement by using VE/LCC(Research II)

O Development about analyzing economical efficiency of road route
by applying VE/LCC.(II-1)

This research was conducted in the purpose of developing economic analysis
of road route considering VE/LCC.

In addition to the bridges, package, tunnels and slope were examined.

It is thought that this research will contribute to later LCC study because the
research of the slope has yet to study enough.

Also, correction and improvement are discovered in KDI Model which is

being applied by the analysis and study of cost model.
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By means of this, estimation of road maintenance model and guideline were
developed. So the standards of cost analysis was constructed.

The features of maintenance about general national road were researched and
LCC maintenance expenses and analysis of expense about period were also
conducted on the basis of factual materials.

More advanced stage of the study is expected because present condition and
material till now are examined under the circumstance that the study of
maintenance of national roads are unsatisfied and insufficient.

Besids, based on that, economic analysis program of maintenance in express
roads and general roads, so that it will play important roles as a tool of

detemining road optimal route through the upgrade of consistant database.

O Development of road design algorithm(II-2)

© Development of Check List For Alignment design

For development of alignment making technique, we analyzed the highway 16
route(3,912km there and back) and 2003~2005 year traffic accident data. In the
case of plane curve radius, the accident ratio was the maximum from the R=400~
500m segment. In the case of vertical slope, the accident ratio of downhill slope
was higher than the accident ratio of uphill slope. Also, the accident ratio of
tangent segment was higher than the accident ratio of curve segment. In the
curve segment, the accident ratio of the reverse and compound curve was high.
On the base of these research results, the check list for alignment design and unit

program was developed.

© Development of Intersection Type Selection Technique
We developed intersection type selection algorithm by the analysis of
intersection design process. The algorithm flow is below. First, designer input

data on terrain, design condition, traffic volume, etc. Next, intersection possible
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position is searched by terrain condition, criteria, etc. Next, the cost and benefit is
calculated. For the last time, the intersection type is selected by economic
evaluation. The unit program on intersection was developed to base on this

algorithm.

© Development of the Tunnel Design Technique

The tunnel design algorithm serve to go over the economic feasibility through
the selection of tunnel type and the calculation of the construction expenses in
advance. Therefore, a database of the construction can enable us to design the
tunnel efficiently and systematically. The tunnel type was determined to analyze
not a criterion of the tunnel design, but trends of the recent design. The method
of the ventilation and the disaster prevention was decided by the traffic condition.
When selecting forms and the location of the tunnel portal, we considered
geological and topographical condition. After the choice of standard supporting
types and excavation methods, the tunnel construction cost was calculated. The

program of choosing tunnel type was developed to base on this algorithm.

© Development of Bridge Type Selection Technique
The bridge type selection process is as follow. First, constructional condition, such
as alignment, start and end point, span length to be applied, minimum span length,
and clearance etc, should be investigated. Then, considering the total bridge
length, span layout, economical efficiency, functionality etc., the applicable bridge
type is selected. By using these minimum condition of birdge type selection, the

algorithm of bridge type selection and unit program was developed.

O Plan for Highway Alignment Design on Mountainous Area(II-3)

As a design plan research for function improving of road linear design in
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mountain part, this study aims on building linear design standard consistent
with mountain part through analyzing topographical and environmental
properties which domestic mountain part has. For this, we have researched by
dividing as definition of mountain part, plane linear, vertical linear, and the
combination of plane and vertical linear over total 3 years, and by
manufacturing and distributing "Linear Design Specification of Road in
Mountain Part”, ultimate research result, we make actual road designers to

enable to use it positively.

1. Definition of Mountain Part

Our country have input large budget to this section annually by emphasizing
road role as social infrastructure in the meantime. As a result, we secured
significant level of national basic road network system centering on flat site
which can be easily developed. However, it requires continuous road network
construction in future due to traffic needs which is still increased, and has the
problem that when constructing road, it should become an environment—friendly
and efficient development at the topography requiring high costs like mountain
part.

This topography is a significant input variable which should be considered at
the decision step of designing speed of road. Nevertheless, designing speed of
road can be decided unspecifically because at present, clear and object judging
standard for topographical division is not provided.

This study recognizes the needs of topographical needs, groups based on
height and slope, and divides the topography of our country as the plane, the
hill, and the mountain based on analyzing result of driving speed significance
between groups. This research result can be one indicator which can reflect
topographical property of the area where road crosses when constructing road,
and also can be a substandard which can be used when actual road designer

sorts the topography.

= Ixxi —



2. Plane Linear

In our country, we're using the concept of designing speed of road for road
plane linear design. The concept of designing speed has the strong point which
the level of geometry becomes regular because using only one designing speed,
but after finishing to build road, it also has weak point that actual speed of
vehicle which drives this road can be different with the designing speed.

In order to supplement this weakness, this study suggests plane linear
design technique based on expectation model of driving speed which is already
on use at various countries.

This study implemented vehicle speed research by selecting samples
subjected on national highways thorough whole country, suggested vehicle
driving speed model over two-way 2 lane and 4 lane national highway by
selecting road designing component impacting on speed through statistical
analysis, and suggested the procedure of applying this model to road plane
linear design. While in actual case analysis for proving the validation to the
new technique, it i1s proved that this new technique resolves the weak point
which existing technique has. If we apply plane linear design technique
suggested by this study, it is judged that road invest efficiency will be

increased and higher design consistency.

3. Vertical Linear

Maximum vertical slope of road depends on the gradability of wvehicle. As
vehicle performance has improved comparing to the past, maximum vertical
slope will be adjusted. However, though the truck performance of design
standard has improved from 300lb/hp to 200lb/hp in America (AASHTO, 1990,
2004), maximum vertical slope which is applied has little change. Therefore, the
adjusting review of maximum vertical slope considering the performance of
present vehicle is actually needed. In particular, domestic topography has many
mountain sites and steep area, and therefore, the review of maximum vertical

slope 1s urgently needed.
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4. The Combination of Plane Linear and Vertical Linear

The study related to the combination of plane linear and vertical linear is
suggested to "Linear Design Specification of Road in Mountain Part” as the
form of illustration with road design technique in mountain part.

This study aims on reducing negative impact such as noise, vibration,
pollution, and infringement of view at road crossing area as well as on
enhancing the safety through balanced approaches between plan and design of

road in mountain part and on satisfying the taste of population.

5. Linear Design Specification of Road in Mountain Part

In designing the road in mountain part, this specification related to geometry
is used to achieve safe, efficient, environment—friendly mountain part road
design. Therefore, this specification contained the result of sorting domestic
topography based on GIS Data and the result of analyzing topographical,
environmental, traffic properties of mountain part road. Also, because the cases
of curve type design are so many due to the property of road, we suggested
the analysis on plane linear design and the result of reviewing vertical linear
considering vehicle performance. And by suggesting research results such as
combination case suggestion of plane linear and vertical linear, view design
technique, road design of specific conditions(heavy snow, wind, and etc), and
the review of available law when constructing road, we make this specification

to become scholar and actually—usable.

O Technology Development of Advanced Korean Type Rest Stop
(I1-4)

- The plan of improving rest stop facility and specific function
The plan of improving specific function searched the safety section such as

the speed reduction inducing facility of entering vehicles to rest stop and the
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pedestrian safety facility at parking lot, the information section such as vehicle
crowding and parking guidance facility and providing the information of
real-time traffic, and the convenience section considering the using convenience
of the aged.

<The Plan of Improving Rest Stop Facility and its Function>

e The plan of speed reduction in traffic path flow
- Painting the road surface for visual effect
- The facility of speed bump
- The facility of speed signs
- The facility of road roughness in main entrance
e Securing pedestrian pathway within parking lot
Safety - Installment of pedestrian safe pathway
- Installment of sign bottle, colored block, night-light, and
visuality enforcing facility
- Installment of freezing prevent facility on pedestrian
section.
e The facility of emergency
- Dealing with light injury or disease
e Parking Guidance Facility
- Guidance facility of parking situation at rest stop
- Guidance signs of parking space
- Guidance signs of parking area for the disabled
Information e Traffic Information Guidance Facility
- Providing real time traffic situation and information
e Location Guidance Map of Rest Stop Facility
- Raising using rate by installing location guidance map of
rest stop facility
e The Increase of Moving Convenience Facility for the Aged
-Deregulation of blocking vehicles at the entrance pathway
of convenience facility
e The Increase of Parking Area
Narrowness in parking area due to large scale trend of car
- Parking area of general vehicles
Recommending above 2.7m of width, 5.2m of length
- Parking area for the disabled
Recommending above 4.0m of width, 5.2m of length
e (Constructing green space within parking lot
- Providing comfortable and stable spatial element mentally
e Installment of sleeping room
- Prevention of traffic accident due to the fatigue
e Pursuing both side separation type in toilet location
- Reducing the crowd and increasing resting environment of
convenience facility
e Installment of breast-feeding room, washroom, and
children’s room

Convenience
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- Providing convenience to the infants

e Installment of canopy to parking area for the disabled
- Solution of inconvenience in using when it rains or
SNOWS

e Layout of Improving Specific Function

e Layout Considering Traffic Safety at Parking Lot

- Resolving the crowd in using convenience
facility by dispersing users separating
parking area for each vehicle, and
reducing traffic conflict between :
pedestrians and vehicles at parking lot by|
minimizing moving distance of rest place
and outdoor rest space.

- Separating entrance path flow to parking
for each vehicle, locating parking lot for
large sized vehicle to front side of left,
and minimizing traffic conflict between| — £°
pedestrians and vehicles at traffic path|™
flow of small sized vehicle.

- Local Linking Rest Stop
Local linking rest stop means the rest stop which has the function of
exchange between road-users and residents of concerned region by adding gate
role to concerned region through the attendance of local autonomous entity or
local community with the purpose of providing the space which can give the
rest to road-users and resolve the basic desire.
The idea of local linking rest stop is the plan to resolve hollowing of

province which is more increasing, to prepare sightseeing diversification due to
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the increase of leisure revitalization population, and to revitalize it by linking

rest stop with alternative facility of roadside illegal sales facility and the

function for local economic contribution.

e Providing rest place to road-users
-Providing rest place and resolving physiological desire
e Contribution of local development and local economic revitalization
-Playing as a role of exchanging gate between urban and rural districts
-Providing sales place of regional agricultural products and specialties
-Supporting development of regional agricultural products
e Contributing development revitalizing of regional sightseeing by linking local
sightseeing source and providing information
- Linking sightseeing resort facility of natural ecology
- Linking sightseeing resort facility of rural and fishing village
- Advertising local sightseeing facility
e Increasing local exchange based on rest stop by extensively applying local
revitalizing facility and residents common convenience facility to the rest

stop

- Open access facility of village such as village hall

- The law of linking facility installment
In order to revitalize local linking rest stop, supplement of system is needed,
and we looked over using plan by searching recently prepared system because

it is one of the step in constructing research. The laws listed at following

contain linkable facilities with developing rest stop.
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* The Agricultural Land Act * The Special Law of Designation

* The Improvement Act of Agricultural and Maintenance of Development
and Fishing Village Restrict Area

* The Law of Forest, Culture, and * The Natural Environment
Recreation Conservation Act

e The Law of Construction and  The Tour Development Act
Maintenance of Forestal Resources * The Rural Development Act

 The Mountain Maintenance Act

O Analysis of the wind-resistant stability of road safety and
information facilities and the development of engineering
technologies(II-5)

The key results of the study on the wind-resistant stability of the road safety

information facilities and the engineering technology development are as follows.

1. Review and improvement strategies for supporting structures of road signs
(D Improvement by reviewing weld size
@ Improvement by reviewing fatigue stress

@ Improvement by reviewing alloawable stress

2. New technology development of wind-resistant stability related to the supporting structure
of road sign
(D Rotary road information facilities made of shear structure
@ Overturming resistance device of road information facilities

@ Stress dispersion device of road information facilities
3. New technology development of wind-resistant stability related to the supporting structure

of electronic road sign

(D Overhanging supporting structure of electronic road sign by strengthening 4-directional
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horizontal member and cable
@ Measure for Drag coefficient reduction effects of VIMS

4. Improverment of design criteria for Road sign facilities.

O Design Standards and New Technology Development for Median
Barrier(II-6)

The traffic safety and improving the quality of road design outcome can be
improved through the analysis of road environmental factors, facilitating
technological development of the Median Barrier.

With the systematic and safe design of the Median Barrier, the physical
distribution cost of the country can be cut, and the nation’s international clout

will be enhanced.

@® Development of Design Technology for improving Road Safety

and Function(Research III)

O Development of an Algorithm for Safety Evaluation of the Road
Alignment Design(III-1)

The study develops road alignment evaluation method which is expected to
be applied at the road design. The method is using operating speed based
safety evaluation and accident based safety evaluation. Operating speed based
evaluation is assuming that abrupt speed change along the road is vulnerable to
accidents. And accident based model estimated the risk based on the accident
consequences.

The study makes an effort to collect the speed data, and develops the speed
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estimation model corresponding to the combination of road horizontal and
vertical conditions. Road accident estimation model is also developed using
accident data. And, using two model, integrated road alignment evaluation model
is developed. The unique thing in this study is that speed consistency concept
1s melted in the sectioning for accident model development. The final evaluation

algorithm 1s suggested using these two models.

O Research on Improvement of User-centered Road Design

Methodology (III-2)

(D Establishment of human factors related to road facilities

- This research as first stage accomplished basic research for a standard
criteria for human centered road design, establishments of research plan for ITS
road facilities related human factor and basic research for next detailed

researches.

@ Establishment of guideline for numbers of guide name on road sign

- In the experiment of simulation(Flash), The misreading rate was increased
constantly in proportion of the number of road signs. As a result, 4 number of
guide name for road sign could be the ideal standard. In the experiment of
driving simulator, By increasing the number of guide name, statistical
verification in regression analysis has shown a significance level. but Adjusted
R Square is very low. Reading time in the age range with regression analysis
found that the higher the proportion of age, the higher the rate of reading time
by 0.106sec. Finally, a binary logistic model was used to find the main factors.
As the results, 6 number of guide names for road sign have been the best of
them. But In case of aging, 4 number of guide names for road sign have been

proven the best.
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@ Proper distance between road facilities (interchange/tunnel)

- In this research, the proper length between the interchange (the beginning
spot of deceleration’s lane) and the tunnel was set up for guideline. For this
experiment, not only driving simulator was used, but also people with valid
driver's licenses, aged between their twenties to their seventies, took part in
this experiment. Research was carried out the analysis of statistics for legibility
time, lane—changing time and the study of speed—-change by various type of
lengths. As a result, the minimum length between the interchange (the

beginning spot of deceleration 's lane) and the tunnel is 500m long.

@ Proper length of emergency parking area

- This study is on the design guideline of the emergency parking zone. New
guideline that is feasible for the present situation is prepared after reviewing
existing guideline and present facilities. This study is done through literature
survey, field investigation and foreign examples. To study the dimension of
emergency parking zone by design speed, vehicle classification, dynamic
vehicle characteristics are considered and for the spacing and location standard
broad questionnaire survey is conducted and analyzed including road users, road
management employees and road specialists. Major result of research are as
follows,

- The existing standard spacing was 750m for all road types. New standard of
spacing is diversified as 3.0 km for expressways, 2.0 km for national highways
and urban freeways, 1.5 km for other roads and 750 m for long tunnels and

bridges.

® Methods of reducing the driver’s speed through pavement marking

- Speed verification by techniques; the effectiveness of speed reduction on the
district of Peripheral Transverse Linell was the best of them. When it comes
to the 90 percent confidence level. Analysis of the effectiveness of speed

reduction by age groups; the effectiveness of speed reduction on the districts of
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Peripheral Transverse Linell and Dragon’s teeth in only their thirties showed
effective. When it comes to the 90 percent confidence level. Analysis of the
effectiveness of speed reduction in age groups by techniques; the difference of
speed reduction between their twenties and over fifties showed different in

several districts.

® Human centered road design technologies of Positive Guidance method

- In this study, potentially higher hazardous signalized intersection was selected
through site investigation. Field analysis at designated section was conducted
and devised a plan for improvements of road facilities. Subjects drove in driving
simulator in 3-D virtual reality of designated intersection. Based on data from
simulator, statistical analysis (t-verification) was conducted for 'Before and
After effectiveness’ of speed reduction. As a result, it indicates that speed

reduction was effective after improvements at each spot in driving simulator.

(@ Human factors for Positive Guidance methode

- Based on Positive Guidance method related simulator, we have tried to figure
out whether there is influence on the satisfaction of improvement of facilities
and driving load. We have conducted t-test of speed analysis involved with
satisfaction and driving load. As a result of analysis, drivers have been satisfied
with improvement of offering information better than others. And the survey
showed a negative correlation between driving load and satisfaction. Owing to
road of structure and linear, the improvement of facilities in simply road are

more effective than complex load.

Proper distance between road facilities (interchange/rest area)

- In this research, each study for traffic flow's level of service, safety, and
characteristic of driver was evaluated for finding proper distance between rest
area and interchange. Proceeding from what has been alluded above, the

synthetic result of each analysis showed that the advisable distance between
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rest area and interchange was 2.0km.

- Conclusion for proper distance between rest area and interchange was
estimated in general circumstances. Therefor the adequate distance between
highway facilities would be necessary for engineer’'s judgment at peculiar
conditions. In this case, application of positive guidance should be considered by

traffic engineer.

O Development an Efficient Road Operation Technology through
Road Facility Enhancement(I1I-3)

o In this study, we selected highways, four-lane highways and two-lane
highways as the spatial scope of the study, and divided the road sections
containing problems in efficient operation into continuing section, intersection and

corridor in order to extract the alternatives for efficient use of roads.

1. Highways

o It is the geometric structure and increasing demand that causes inefficient use
of highways. As the solution against this problem, we have proposed alternatives
for main lanes of highway, and ramp sections between highways and local roads
and between highways and urban arterial roads.

o For the main lanes of highways, we have reviewed the way to handle traffic on
the junctions (merging sections and diverging sections), road maintenance
sections, short IC sections and temporary use of road shoulders.

o For the ramp sections between highways and local roads, we have proposed
alternatives to highway off-ramps, toll gates, toll gate plazas, intersection type of
junctions to local roads, distance between toll gates and intersections, methods of
operating signals and traffic paths on the intersections of local roads, and new IC
type for intersections of local roads.

o We divided the ramps between highways and urban arterial roads into the main
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lane of highway and ramp section and the ramp and urban arterial road section,

and proposed various alternatives in the aspect of design and operation of road.

2. Four-lane highways

o It is the frequent intersections and ramps, and the inefficient traffic handling at
intersections that deteriorates efficient operation of four-lane highways.

o We have proposed alternatives for centerline and roadside, respectively, for the
continuing sections of four—lane highways. For centerline, we have reviewed the
problems of simple centerline cuts. For road side, we have reviewed the influence
of ramps on the intersections, and proposed the proper distance between
intersections and ramps.

o For intersections on four-lane highway ramps, we have examined applicability
of new types of intersection (superstreet, roundabout, bow-tie, etc.), and proposed
the ways to handle left-turn traffic in an efficient manner. We also have compared
the traffic handling effect on the right-turn lane between the existing design
method and the new slip lane method. We proposed the length of right-turn
deceleration lane on the intersections depending on various levels of traffic
volume. We have also proposed the way to efficiently operate signals on 2-point
diamond interchanges which are common in Korea. Finally, we have suggested
the way to apply designated road marks from access point to the intersection so
that drivers easily find the dedicated turning lane at the intersection in the front.
o For four-lane highway corridors, we have proposed the improved signal
operation in the corridor and the concept of TWLTL adapted to the conditions of

Korea.

3. Two-lane highways

o It is the limited opportunity of passing other cars that obstructs efficient
operation of two-lane highways. There are two factors in relation with
opportunity of overtaking: sight distance and opportunity of passing. These factors

have been examined in this study.
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o The sight distance of not longer than 85m on a two-lane highway is influenced
significantly.

o We have reviewed relationship between demand and supply of passing on
two-lane highways. We have concluded that the passing-allowed section is
recommended for the section of both-way traffic of up to 800vph, and the passing
lane for the traffic of up to 1200vph.

o We have reviewed the effect of low—speed traffic turnout and high-speed traffic
passing lane in the continuing section to provide the passing opportunity on
two-lane highways. In general the low-speed turnout reduces delay by
approximately 10% when compared with 1009 passing restricted section. It was
also found that the high-speed passing lane enhances the traffic from the
low-speed turnout by approximately 2%.

- The appropriate length of auxiliary lane to the continuing section was
examined to be approx. 171.5km unde the traffic of 4,00077,300 cars/day, and the
proper interval to be 5710km (1 auxiliary lane for each direction is required at
every 5-10km for major towns).

o We have proposed a left-turn lane at the intersections of two-lane highways,
and the alternative to reduce delay of straight traffic due to traffic waiting for left
turn.

o For corridors on two-lane highways, we have proposed the plan to handle the

turning traffic in order to root out an illegal left turn and a U-turn.
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V. Utilization Plan for the Result of Study

The result of the study will be utilized for more developed road design
criteria and computerized design by replacing subjective assessment of various
disciplines as to road design with objective standard. Since it is determined to
possibly to carry out environmentally friendly rational and scientific road design.
Therefore we consider that with this sustainable development in good harmony

with development and conservation could be possible.

o vendor of road design project — In phase of planning effective feasibility studies
can be done and as a standard of supervisory tools for the analysis of the results

of contractor by doing objective technological, economical and social analysis.

0 road design contractor - By systemizing various criterias for road design
improve the effectiveness of road design process and more accurate and objective

design results.

This research project is considering and developing the interfaces with
commercial road design s/w. Therefore at the end of this project it's possible to
utilize the result of research. To facilitate the implementation of commercial road
design s/w we will open the structure of database and file to secure the interface.

It will hele us to improve technology which can make applications like 3D
modelling or road plan development through LiDAR data. It would make the cost

down for the spatial information.
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o] e At HAg AT = Zo] Basrh T A4y oA A
7F 20kmXE.th 22 A4 A Yojo etk she A=52 QF7IHS &8sk H4d
3 gAe e Bas) Ao
« sl olAAB S
HAGEA =S HAQEA =S
{145m) {300m)
[Ze|A ol ALEE o|AHARI]
[HE2XIZ2L| AL &5 F4 Z 1]
5 g Case.2(HE2Xt2) =2 0/ZJ12l(km)
= 0.5 0.6 0.7 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Scen.1 744 | 731 |66.0 | 73.1 | 73.3 | 73.3 | 73.1 | 75.0 | 65.8 | 75.7
Scen.? 699 | 70.7 | 71.2 | 71.0 | 69.0 | 77.1 | 59.3 | 80.5 | 81.4 | 83.7
Scen.3 721 | 70.7 | 746 | 746 | 77.0 | 80.1 | 829 | 84.8 | 84.6 | 85.0
ac Scen.4 738 | 69.2 | 793 | 71.2 | 70.2 | 80.7 | 71.4 | 784 | 77.7 | 782
(kﬁ ) Scen.5 716 | 674 | 659 | 748 | 67.3 | 75.7 | 742 | 69.1 | 722 | 76.3
m Scen.6 69.5 | 70.9 | 736 | 73.4 | 746 | 778 | 825 | 788 | 79.1 | 86.7
Scen.7 744 1829 | 856 |81.5 |838 [81.9 | 852 |91.0 |86.9 |852
Scen.8 87.6 | 932 | 91.8 | 924 | 83.6 | 94.0 | 91.7 | 90.5 | 84.1 | 95.1
Scen.9 855 | 91.4 | 78.0 | 865 | 875 | 943 | 926 |91.5 |89.8 | 91.7
Bz £Z(km/h) 75.4 | 766 | 76.2 | 77.6 | 76.3 [ 81.7 | 79.2 | 82.2 | 80.2 | 84.2
[HEAXI2 | AlLIE|2¥ &5 F4 Z 1]
5 Case. 1(BE4X2) &2 01ZHel(km)
- 0.5 0.6 0.7 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Scen.1 73.1 | 787 | 69.8 | 665 | 76.4 | 81.0 | 759 | 67.0 | 829 | 78.3
Scen.? 66.6 | 65.2 | 73.6 | 79.3 | 81.0 | 646 | 86.1 | 81.0 | 74.9 | 72.4
Scen.3 718 | 73.0 | 71.4 | 73,5 | 75.2 | 80.5 | 73.1 | 81.3 | 82.1 | 80.9
ac Scen.4 714 | 711 | 759 |81.0 | 799 [ 852 | 729 | 69.1 | 78.7 | 74.9
(kﬁ h Scen.5 75.4 | 67.3 | 66.9 | 73.9 | 67.9 | 856 |81.7 | 674 |70.9 |76.4
m Scen.6 70.2 | 640 | 749 | 729 | 769 | 723 | 805 | 76.7 | 70.6 | 74.8
Scen.7 95.3 | 924 | 959 | 949 | 954 [ 943 | 944 | 953 | 959 | 949
Scen.8 926 | 95.3 | 945 | 95.7 | 955 [90.4 | 95.1 | 954 | 959 | 956
Scen.9 82.1 | 822 | 863 | 856 [89.9 |[865 |91.8 | 91.8 | 93.0 |94.2
Ha =% (km/h) 776 | 766 | 78.8 | 80.4 | 82.0 [ 823 | 835 |80.6 | 828 | 825
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