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Ozet

Yollar, sosyal faydalarla birlikte, bir toplumda ekonomik kalkinmaya ve biiylimeye katkida bulunmada énemli bir rol oynar. Bu nedenle,
bir iilkenin gelismesinde hayati rolii bulunmaktadir. Diinyada karayolu uzunlugu 16,3 milyon Km olsa da her iilkeye bagli olarak, yeni
ingaat ve bakim ihtiyaci her zaman bir zorunluluktur.

Ote yandan, kiiresel degisimler, asfalt endiistrisinin muaf olmadig, siirdiiriilebilirlik gergevesi i¢inde faaliyet gdstermesi i¢in tiim
sektorleri baski altinda tutuyor. Bu nedenle karar vericiler atmosferi, insan sagligini ve rahatligini korumak i¢in giinliik diizenlemeler
yapiyorlar. Bu kosullar altinda, hiikiimetler ve akademisyenleri de i¢eren karayolu endiistrisinin tiim paydaslari, teknik iyilestirmeler ile
diisiik maliyetli, cevre ve insan sagligi ¢oziimleri arasindaki dengeyi saglayarak, korumayi tesvik eden yeni teknikler ve materyaller
aramaktadir. Herhangi bir "dogru" {irlin, iiretim, teknik, tesis, fon kullaniminin degeri, bu baglamda her paydas i¢in giderek daha dnemli
hale gelmektedir.

Bu ¢aligmada yol kaplamalarindaki yeni teknolojik gelismeler dikkate alinarak, siirdiiriilebilirlik bakimindan degerlendirilmistir.

Anahtar Kelimeler: Asfalt kaplama, dayaniklilik, siirdiiriilebilirlik, teknolojik gelismeler.

A Review on New Technological Advances in Highways

Abstract

Roads, together with social benefits, play an important role in contributing to economic development and growth in a community. For
this reason, they play a vital role in national growth production. Although in the world its length is 16.3 million Km, depending on each
country, the need for new construction and maintenance is always a must.

On the other hand, global changes pressure all sectors to operate within the sustainability framework, where the asphalt industry is not
exempt. Also, decision-makers are issuing day-to-day regulations to protect the atmosphere and human health and relief for this reason.
Under these conditions, all the stakeholders of highway pavement industry including governments and academicians are searching for
new techniques and materials, promoting conservation, indicating that by balancing between technical improvements and cost-effective
environmental and human health care solutions. The value of the use of any "right," product, production, techniques, facility, the fund
is becoming more and more important to each stakeholder in this regard.

In this study, new technological developments in road pavements are taken into consideration and evaluated in terms of sustainability.

Keywords: Asphalt pavement, durability, sustainability, technological developments.

* Sorumlu Yazar: Karamanoglu Mehmetbey Universitesi, Miihendislik Fakiiltesi, ingaat Miihendisligi B&liimii, Karaman, Tiirkiye, ORCID: 0000-
0002-4443-0761, kemalarmagan@kmu.edu.tr

http://dergipark.cov.tr/ejosat 1092



http://dergipark.gov.tr/ejosat

European Journal of Science and Technology

1. Introduction

Demand for fossil fuels is rising rapidly over time; the prospect of non-renewable energy generation needs to be halted. This over-
consumption and related threats are also pressing the climate and the economy. Global energy consumption levels for non-renewable
energy grew to 80 per cent in 2004 and will continue to rise over the next 20-30 years due to population growth as a critical factor
(Giridiyal & Singh, 2017). This level results in a large amount of CO emissions and greenhouse gasses being released into the
atmosphere raising concerns about rising sea levels, rising mean temperatures and extreme weather conditions. Increasing energy
demand would lead to an increase in the price of fossil fuels which leads to tax policies and thus to higher electricity bills for end users.
The main issue is that the fossil fuels used in recent generations are exhaustible, by one definition, by one word, exhaustible (Rojey,
2009). These conditions also require new developments in transportation industry namely using roller compacted concrete, concrete
pavements as an alternative material to asphalt (Calis & Yildizel, 2019).

With the developments in materials, design methods and road construction machinery used in road construction in the world, road
users, road building authorities and all remaining road industry stakeholders must keep up with the new regulations and expectations
that are changing day by day. Developments in batteries, fuel cells and other energy storage technologies used in electric cars come to
the forefront as solutions to reduce the dependence on fossil fuel resources in the future.

In addition, these technologies, such as autonomous vehicle technologies, vehicle-vehicle and vehicle-road communication
technologies, have been added to these technological developments in the coming years. By these technological developments, a safer,
reliable, predictable, controlled, integrated, effective and much more interactive road usage can be realized. In some developed countries
there are some of these technologies in use but projects such as 5th Generation Road Project will combine these technologies together.

In this study, information about new technological advances in highways, the expectations of road users from the road and their
expectations from their journeys are given. Also, an assessment has been made on how much advanced technology usage in new projects
can meet the expectations of road users. Lastly, these technological developments have been evaluated in terms of sustainability concept,
which is used frequently in improving the existing road network in developed countries.

2. Technological Developments

In the last century, technological developments have increased rapidly, and through extensive use of the Internet and quick access
to knowledge, the rate of improvement has risen to a different level. Personal characteristics and attitudes have significantly changed
due to smart technology innovations. Smart software, smartphones, smart homes and smart car technologies are becoming very popular.
Such advances and their widespread use in actual life have also modified human behavior and perceptions. Recently, it is seen that
governments are making technological transformations in their systems for their people, that companies are also renovating and
modernizing their production systems, that the quality and quantity of their goods for the new market are becoming more and more
common and significant, as is the use of capital. On the other side, all these changes should be made in the context of the sustainability
strategy. From this point of view, the use of ' right ' facilities, such as goods, development, funds, techniques, etc., under the sustainability
approach is becoming more and more relevant.

As stated in the IISD report of the G7 countries, a group of finance ministers and central bank governors agreed to phase out the
use of oil, gas and coal by the end of 2100. A sort of agreement to seek sustainable solutions from leading countries offers a green light
to major investment opportunities around the globe (Kour, 2016).

With the spread of information and technology, the role and importance of technology in our lives have started to become more
apparent. Application of software’s have become widely common in all engineering areas (Misir, 2018). It is one of the facts of our day,
where people are used to the ease of technology and always want more, as well as the positive and negative aspects of growing the role
of technology in human life.

The need for economic gain and comfort is growing, as shown in Fig 1. Like many sectors, road industry stakeholders come up
with different solutions and renew themselves in accordance with these innovations. Nonetheless, technological developments often
require several improvements from the road business. Some of these changes are road & signaling will serve the car, new uses & impacts
on the infrastructure have developed, need for energy & connectivity through the infrastructure have constructed, data which is the new
infrastructure actor usage have improved, and intelligent cars & evolution of the value chain have significantly improved (Bastien,
2018).
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Fig.1. Smart car to a fully automatic car (Bastien, 2018).

There are two ongoing projects in Europe named “The Fabric Project” and “5th Generation Road (R5G) Project” to effectively use
the roads for hybrid or electric cars and buses, as seen in Fig 2 and Fig 3(Hauticre, 2018; Perrin, 2014). In Fig 2, the schematic theory
of electrical infrastructure and ICT solutions relevant to the operation of an on-road dynamic inductive charging station has been
demonstrated (Perrin, 2014).
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Fig.2. FABRIC smart electric car charging road EU project (Hautiére, 2018).
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Fig.3. 5th Generation Road (R5G) Project (Hauticre, 2018).

The developments like environment friendly organic resin-based roads such as Eco-Pave, dynamic paints in a pavement that can
change due to whether or temperature, glowing-in-the-dark road markings, wind powered lights, wireless electric vehicle charging,
solar energy roads, piezoelectric roads and wireless intelligent network have developed in past years (Metcalfe, 2012). In addition to all
these developments static and dynamic charging, dynamic signage, porous, depolluting and silent material usage, organic solar cell
usage and solar bicycle lane have developed. Also, modular and permeable pavement, reversible heat exchange usability has found, the
electric energy, valued waters, cooling-heating networks and waste have associated in integrated facilities. Most of the developments
mentioned above have combined in 5th generation roads (Hautiére, 2018).

The Korea Advanced Technology Institute (KAIST) has established another advance which is a wireless powered on-line electric
vehicle (OLEV). The battery in the vehicle can be remotely charged from the wireless power transmitters embedded in the road using
advanced wireless power transmission technology as shown in Fig 4. Since the OLEV is a road-integrated electrical vehicle device that
can remotely pick up power from the wireless power transmitters located under the lane, as can be seen in Fig. 5, the battery life depends
on the distribution of the wireless power transmitter (Jeong, Jang, & Kum, 2014).
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3. Human Needs

In order to developments in technology, road user needs have changed and their expectations from roads have generally increased.

As far as roads and traffic are concerned, they are most likely to be concerned with issues surrounding ease of mobility, accessibility,
and the quality of their journeys (PIARC, 2019). Road users need surfaces without dips, bumps, potholes, undulations or deep ruts; in
other words, consistently flat asphalt surfaces with straight white lines and 'cat eyes'. The Table 1 below can be categorizing the needs
of road users (Khojinian, 2018);

Table 1. The needs of road users (Khojinian, 2018; PIARC, 2019).

No | The categorized need of the road user

1 Improved safety further decreases in road accidents and fatalities,
2 Improved traffic flow and reduced delays generally,
3 Reduced congestion and improved road capacity prediction quality,

4 Better surface quality, signaling and lighting,

5 Better reliability of travel and better interconnecting between modes,
6 Better roadside facilities,

7 Better travel and less disruption in infrastructure and working areas,
8 Better alignment with other roads,

9 Enhanced protection for bicycles and pedestrians,

10 Responding to the needs of bus and coach operators and their customers to improve access to longer distance services,

11 Timely and reliable data in order to be able to make informed travel decisions for road users and the logistics sector,

12 Future-proofing of new investments to ensure that projects are ready to respond to advances in vehicle and navigation

4. Sustainability

Sustainability is described as "Sustainable development is a development that meets the needs of today, without sacrificing the
capacity of future generations to meet their own needs" by the World Commission on Community and Development. The term focuses
on the concept of ' needs ' and the concept of limitations imposed by state-of - the-art technology and social organization on the capacity
of the community to meet current and future needs (Thomas J. Van Dam, et al., 2015).

Economic deductions in investments, exchanges in social expectations, the need to comfort and safety in daily life, improved
understanding of sustainability approach and such things like that have pushed people to produce innovative solutions. So, the road
users, the governments and all the remaining stakeholders such as industry have effected from these technological advances.

Opportunities to increase pavement sustainability occur throughout the pavement life cycle and have the potential to deliver
enormous economic, environmental and social benefits. A few examples of the advantages of being more sustainable on the three pillars
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of sustainability are reduced life-cycle costs, reduced energy usage, reduced noise pollution, improved air quality, improved water
quality, improved safety, improved ride quality, conservation of resources, reduced landfill space (FHWA, 2018).

Technologies in 5th Generation Road Project such as, static recharging, organic solar cells, recharging by the infrastructure for
buses and tramways, solar bicycle lanes, piezoelectric sidewalks, reversible heat exchange modules are very good usage examples of a
sustainable road. When these technologies are used together, they can increase the benefits and the efficiency of energy usage. So, the
energy need for the new technologies in the road can be obtained from the road and the near facilities to the road. Also, wireless
communication systems can help to achieve more fluent traffic flow, so the energy consumption due to traffic congestion can decrease.

5. Conclusions

The place of technology and its benefits in human life is increasing very significantly. Needs from every industry are changing and
this demand leads to new solutions, for example, full autonomy in cars with interactive information systems, ongoing electrical charging
from roads. The RGS5 project aimed to build a road-friendly approach that would encourage road innovation. There are also advances
in pavement materials as well as building techniques. However, building such an eco-road system is not an individual technology. Also,
it is essential to make these roads more durable so that the maintenance and repair costs of these roads are as high as the construction
costs, and that the buried electronic materials can operate more efficiently without deterioration. At this point, it is thought that the
developments in the new road construction techniques are becoming the foreground in the construction of more durable roads. If a
comparative analysis done between human needs and technological advances the obtained results can be like below;

* The increased autonomy in vehicles and communication in car to car and car to road technology usage can decrease the road
accidents and fatalities, so a safer road travel for vehicles, bicycle users and pedestrians can be provided.

* The increased wireless communication of road, vehicle and road operator can provide a fluent traffic flow, reduced congestion,
reduced delays, improved road capacity prediction quality, more reliable travel, better interconnecting between other modes and more
reliable data for travel decisions to road users and logistic sector.

For a sustainable road design and usage, only the road material and design method cannot be enough in the future. To design a more
energy efficient road system, 5th Generation Road Project can be a leading project for future roads. In this context, along with ongoing
and new researches, it is expected that different engineering branches need to work together to produce a sustainable, durable, eco-
friendly road system that meets the expectations of road users. This study is thought to create an awareness about these technologies
and lead to a multidisciplinary study for applied analysis.
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