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Onsoz

Tiirkiye’de simdiye kadar yapilan ¢alismalar ve teknolojik gelismeler dogrultusunda
beton yollarin her yoniiyle degerlendirilecegi “2. Beton Yollar Kongre ve Sergisi” 16-17
Kasim 2022 tarihlerinde gerceklestirilecektir.

“1.Beton Yollar Kongre ve Sergisi” 13-14 Kasim 2019 tarihleri arasinda KGM Halil
Rifat Paga konferans salonunda ilgili kamu kurum ve kuruluslari, belediyeler ve il
ozel idareleri yoneticileri ve teknik yetkililerinden, akademisyenlerden ve 6zel sektor
temsilcilerinden olusan yiiksek bir katilimla gerceklestirilmisti. Ug yil dnce diizenlenen
bu konferansta Belcika’dan ABD’ye, Sili’den Almanya’ya, Polonya’dan Fransa’ya
uzanan bir cografyadan yapilan sunumlar ile uzun omiirlii ve konforlu beton yollarin
diinyanin bir¢cok geligmis iilkesinde bir alternatif olarak degerlendirilmekte oldugu ve
ozellikle de agir tasit trafiginin yogun oldugu yollarda ise tercih edildigi vurgulanmaist.

Ulastirma ve Altyapr Bakanligi himayelerinde, Karayollar1 Genel Miidiirligi (KGM),
Tiirkiye Cimento Sanayicileri Birligi (TURKCIMENTO) ve Yollar Tiirk Milli Komitesi
(YTMK) ile Avrupa Beton Kaplamalar Birligi’nin (EUPAVE) teknik destegi ile
gerceklestirilecek olan “2. Beton Yollar Kongre ve Sergisi” ile sektoriin ilgili paydaglarinin
ii¢ y1l sonra 16-17 Kasim 2022 tarihlerinde yeniden bir araya getirilmesi hedeflenmistir.

“Siirdiiriilebilir Beton Kaplamalarda Kahc1 ve Akiler Coziimler” temas: altinda
gergeklestirilecek bu kongrede;

*  Devlet ve il yollart ile otoyollarda kullanilabilecek derzli donatisiz ve siirekli donatilt
beton yollar

*  Bugiin yapilip yarin hizmete agilabilen ve dolayisiyla da sehir i¢i ve kirsal kesimde
yaygin bir sekilde uygulanabilecek silindirle sikistirilmis beton yollar

»  Parklar, kaldirimlar, millet bahgeleri ve diisiik trafik altindaki yollar icin ¢evreci
¢Oziimler sunan gecirimli beton yollar

e Zemin 1slahi, ¢imento takviyeli temel ve alttemel gibi yol {istyap1 uygulamalari

* Endistriyel yapilar ve intermodal tesislerin gerek icinde ve gerekse disinda
uygulanabilecek rijit {istyap1 uygulamalar

*  Havalimanlari, tiinel yapilar1 ve donel kavsaklar gibi 6zel uygulamalar
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*  Otobiis ve metrobiis gibi lastik tekerlekli sehir i¢i ulasim sistemlerinden, hafif ve agir
rayl sistemlerdeki rijit istyap1 uygulamalari

*  Yerinde dokme veya prefabrik olarak insa edilebilen ve yolkenart smirlama
sistemlerinin bir pargast olan beton bariyerlerinin yanisira bunlara entegre edilebilen
veya ayrica kullanilabilen giiriiltii bariyerleri

konulariyla bir yelpazede biitiinciil ¢imento esasli rijit iistyapit uygulamalarina yer
verilecektir.

Boylece, lilkemizin rekabet giiciine ve toplumun hayat kalitesinin yiikseltilmesine katki
veren giivenli, erisilebilir, ekonomik, konforlu, hizli, ¢evreye duyarli, kesintisiz, dengeli,
cagdas hizmetlerin sunuldugu siirdiiriilebilir bir ulastirma sistemi olusturulmasina
katk1 saglanmasi amaglanmaktadir. Yine etkinlik kapsaminda ulusal-uluslararasi proje
uygulayicilart (projeci, miiteahhit, miisavir) ile beton yol, beton bariyerler, gecirimli
beton vb. yol ve yol yapr elemanlarinin projelendirilmesi, uygulanmasi ve bakim ile
ilgili yerli ve yabanci makine, ekipman, techizat, malzeme iireticileri ile tedarikgilerinin
katilacag: bir sergi diizenlenecektir.

Farkli rijit Gstyap1 uygulamalarini ele alacak “2. Beton Yollar Kongre ve Sergisi’ne;
iniversitelerimizin ilgili anabilim dallarini, kurum ve kuruluslarin konu ile ilgili
birimlerini ve iilkemiz yol sektdriinde yer alan tiim taraflar1 bildiriyle, dinleyici olarak
veya sergide yer almak {izere davet ediyor, katilimlarinizi bekliyoruz.

KONGRE DUZENLEME KURULU
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Abstract

Future climate conditions are not going to resemble the past. Temperatures will be hotter, and
storms will get stronger. However, pavements are still being designed under the assumption
that past conditions are going to resemble the future. This is a bad assumption. Furthermore,
when climate change and pavement resilience are discussed, people often focus on the
immediate and local impacts of the natural disaster, such as a washout during flooding. While
this is important, one also needs to recognize that pavement damage can occur over a broad
area and over a long period of time. That is, while the pavement can be damaged when it is
first exposed to a natural disaster, such as a flood; secondary damage also occurs after the
disaster when rescue, emergency response, recovery and rebuilding activities are taking place
and the pavement, often in a weakened state, is subjected to increased volume of heavier
traffic.

This paper will define how resiliency concepts can be applied to pavements, using pavement
flooding as an example. It will cover the need for resiliency and the events we need to be
resilient against (flood, fire, increased temps, etc.); it will define a resiliency framework to
account for both initial and secondary impacts; it will provide some approaches to mitigate
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pavement damage using concrete and cement-based products; and finally, it will describe a
process that could be used to assess different pavement resilience options.

Keywords: climate change, resilience, flood, sea level rise, inundation,
1 Introduction

Our world is changing. In the most recent United Nations Intergovernmental Panel
on Climate Change (IPCC) report, the five world-wide representative climate
scenarios (Shared Socioeconomic Pathways - SSPs) laid out showed that the
world-wide temperature will increase by as little as 1.2° C to as much as 5.7° C
by the end of the century depending on which scenario occurs (IPCC, 2022). As shown in
Figure 1, these increased temperatures will impact the infrastructure across the globe due
to extreme heat events and droughts, which have already become more frequent since the
1960s; increased frequency and intensity of severe storms and heavy precipitation events; and
expected seal level rise between 0.6 to 1.1 meters by 2100 (relative to 1990).

Along with these extreme events comes additional climate related disasters and costs. Figure
2 shows the worldwide number and economic impact of several different types of climate
related disaster events between 1970 and 2019 (Ritchie & Roser, Natural Disasters, n.d.).
As can be seen, there has been a steady rise of both the number and economic impact of the
disasters, with flooding and extreme weather (hurricanes, typhoons tornadoes and cyclones)
events being the most dominant and most costly.

What is important to understand is that these types of disasters are going to continue to happen
and will increase in frequency moving forward. Severe storms and heavy precipitation events
will happen in both greater intensity and frequency; global mean sea level will rise; and
increased extreme heat events and drought will cause increased incidence of large forest fires.
Such changes will put people at risk. Furthermore, these events will occur as both sudden
shocks and as long-term recurring chronic pressures to the systems; which will increase both
the operating and capital costs of our transportation systems; and will exacerbate the already
wide infrastructure funding gap.

As such, policy makers need to recognize that adapting to climate change is fundamentally a
risk management problem that requires both thoughtful management and a change in how we
make investments to maintain our infrastructure needs. Past practices for determining what
pavement type to build and how to build it will no longer be adequate and a focused response
to climate risk is critical to strengthen our long-term economic and environmental resilience.

Shared Socioeconomic Pathways (SSPs) - SSP1-1.9, SSP1-2.6, SSP2-4.5, SSP3-7.0 and SSP5-8.5 where
scenarios are referred to as SSPx-y. ‘SSPx’ refers to the Shared Socioeconomic Pathway describing the
socioeconomic trends underlying the scenarios, and ‘y’ refers to the level of radiative forcing (in watts per
square meter, or W m-2) resulting from the scenario in the year 2100.

Ranges are 5th and 95th percentiles (very likely) from SSP1-1.9 to SSP5-8.5 WGI CMIP6 ensemble results
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Figure 1: The Expected Impact of Extreme Climate Events on
Infrastructure Assets across the World

While the terms “resilience” and “sustainability” are related and often used together; they are
different. The UN Report of the World Commission on Environment and Development defines
sustainability as “Development that meets the needs of the present without compromising the
ability of future generations to meet their own needs.” (Brundtland, 1987) It typically deals
with meeting the triple bottom line by having a solution that provides a positive societal
benefit, is done in an economically efficient way, and with minimal environmental impacts.
Furthermore, the focus of sustainability is on minimizing quantifiable impacts of “ordinary
events,” often associated with the day-to-day operations that have high probabilities of
occurring. For example, minimizing embodied CO, by improving asphalt and concrete mix
designs; or lowering the use phase impacts by providing a longer lasting, stiffer pavements
that stay smoother longer and have reduced excess fuel consumption.

Number of Climate Related Disasters Economic Impact (US $B)
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Figure 2: Global Reported Number and Economic Damage for Selected Natural Disaster by
Type, 1970-2019 (Ritchie & Roser, Natural Disasters, n.d.)
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Resilience on the other hand is defined as the ability to anticipate, prepare for, and adapt
to changing conditions and withstand, respond to, and recover rapidly from disruptions
(FHWA, 2014). Unlike sustainability, resiliency deals with extraordinary events that have
low probabilities of happening, but when they do occur, they have high impacts (loss due to
flood, earthquake, etc.).

While different, it is important to recognize that sustainability and resiliency are related because
many of the extreme events we are dealing with now are due to not making the appropriate
climate change / sustainability adaptations in the past. Moreover, because infrastructure assets
have high upfront costs, long lifetimes (often 50 years or more), and limited flexibility to
change once constructed; it is critical to embed resilience from the outset. Using non-resilient
systems will make achieving the future sustainability goals much more difficult. There will be
increased economic costs due to increased future rehabilitation and reconstruction activities;
increased environmental burdens due to increased waste and more materials being used; and
increased societal costs due to not being able to use the infrastructure asset during rescue and
recovery activities when resources to rebuild are scarce.

2 Defining A Resilience Framework

To improve a pavement’s resilience, it is important to start with a framework. Fortunately,
resilience is a well-studied field with much work and sound science already completed that can
be built upon and adapted to pavements. The standard framework, shown in Figure 3(a), used
in most applications defines a system (e.g., a building, city, a business, country, etc.) that is in
place and is performing at a given level of service. At some point, an event occurs (e.g., fire,
flood, pandemic, etc.) and the resilience of that system is defined by two parameters:

1. How big the drop in performance induced by the event is.
2. How fast the recovery time to reinstate or improve performance is, after the event.

In Figure 3(a), the system described by the green line is more resilient than orange line be-
cause it has a lower drop in service, a faster recovery time, and is restored to a higher level of
service. The system described by the blue line is a “hardened system” because it has a higher
final performance level so that when the next event happens (and there will always be a next
event), the drop will be lower.

J. Mack, G. Dean, L. Wathne

Pavements, however, are unique because they are part of the rescue and emergency response
system during the disaster and in the recovery activities (clean up and rebuilding) that occur
long after the disaster (Figure 4). This causes damage at two different times and from two
different sources. There are the primary or direct impacts that occur immediately during the
disaster event that alter the pavement’s structural or functional capabilities. Then there are

A

Performance
Event

Green is more resilient
than

* Lower drop in Service
« Faster recovery time
« Higher level of service

1
Drop in
Performance
Blue is a hardened

2) system as it has a higher
Recovery time (full, or partial improvement) final performance level

Time

»

Resilience with respect to an event (eg. Flooding, fire, earthquake, etc ) is characterized by two parameters:
1. Drop in performance, induced by the event (eg. reduced ability to carry load).
2. Recovery time to reinstate or improve performance.

(a) Typical Resilience Framework Applied to Most Systems

A
Performance 3)
Minimal Secondary Damage

———————— Green is more resilient
than

+ Lower drop in Service
+ Faster recovery time

* Higher level of service

1
1) I
Drop in
Performance :
]

— Blue is a hardened 2
2) system as it has a higher
Recovery time (full, or partial improvement) final performance level
Time
—>

Pavement Resilience with respect to an event (eg. Flooding) should be characterized by three parameters:
1. Drop in performance, induced by the event (eg. reduced ability to carry load).
2. Recovery time to reinstate or improve performance.
3. Ability to withstand loading while in a weakened state (emergency & recovery activities)

(b) Modified Resilience Framework for Pavements

Figure 3: Resiliency Frameworks

the secondary or indirect impacts that occur during the emergency response and recovery
activities that load the pavement while it is in a weakened state, which causes it to deteriorate
faster and reduces its life.

Therefore, pavement resiliency must be defined by three characteristics Figure 3(b):

1. How big the drop in performance induced by the event is.

2. How fast the recovery time to reinstate or improve performance is, after the event.

3. How well it withstands loading while in a weakened state during emergency and recovery
activities.
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Hurricane Florence
(2018)

Loading occurs both during the crisis and long after I

Figure 4: Pavement Loading during Emergency Response and After
during Recovery Activities

So again, the system represented by the green line is still more resilient than the orange not
only because it has a lower drop in service, faster recovery time, and a higher level of service;
but it also has slower rate of secondary damage. Likewise, the system represented by the
blue line is even more resilient because it has the highest level of service and the least level
of secondary damage.

One other key aspect that needs to be defined when describing pavement resilience is “what
is considered by “performance?” Basically, performance can and does mean different things
to different people. Most people only consider “Functional Performance” and whether the
roadway / pavement is open to emergency vehicles and / or the general public for use. This
is easy to see and often relatively quick to happen. For pavement engineers “Structural
Performance” is equally important. Structural performance is the ability of the roadway /
pavement to carry its intended traffic for its intended life. Structural Resiliency for pavements
is often hidden and may take years to recover and lack of structural resilience is the reason that
secondary damage occurs.

3 Improving A Pavement’s Resilience

The American Association of State Highway and Transportation Officials (AASHTO) devel-
oped the following five fundamental capabilities to creating a resilient system (AASHTO,
2015) that can be applied to pavements:

1. Prevention: Avoid, prevent, or stop a threatened or actual act of terrorism and manmade
or natural disasters.

2. Protection: Secure against acts of terrorism and manmade or natural disasters.

Mitigation: Reduce loss of life and property by lessening the impact of disasters.

4. Response: Save lives, protect property and the environment, and meet basic human needs
after an incident has occurred.

5. Recovery: Assist communities affected by an incident to recover effectively.

bt
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Ideally, improving pavement resilience should focus on the first three capabilities — prevention,
protection, and mitigation — because they minimize the damage to the pavement system and
allow it to continue to function and provide service after the disaster. When repairs are needed,
there should be fewer of them and at lower costs. While to these authors knowledge there
are no specific studies that define the resilience benefit / cost ratio for pavements, resilience
studies of other infrastructure assets have found that the benefit / cost ratios for prevention,
protection and mitigation range from 2:1 to 9:1. (ICLR, 2020; NIBS, 2019).

While there are some who argue that a pavement resilience program should be built around
rapid repairs in the response and recovery phase, it is important to recognize that this strategy
has additional associated costs that are beyond the pavement material replacement costs.
There are the debris removal and disposal costs; localized failure repairs, lost societal cost of
not being able to use the road, increased secondary damage, etc. There are also the increased
environmental impacts due of the excess waste materials and reconstruction activities that in
themselves feed back into the climate change cycle and make achieving future sustainability
goals even more difficult.

It is also important to recognize that in most cases, it’s not just the pavement and road that is
damaged. Other types of infrastructure assets — homes, buildings, bridges, drainage structures,
communications, etc. — that are in the disaster area are also damaged and in need of repair.
This “demand surge” of repairs needed on so many levels causes construction material and
labor costs to rise disproportionately (up to 20% or more) after a natural disaster just due of
scarcity (Olsen & Porter, 2011). As such, the costs associated with a rapid repair strategy
would be much higher than anticipated.

To apply the fundamentals of prevention, protection, and mitigation to a pavement, we can use
the framework laid out in Figure 3(b) to define the three approaches to improve a pavement’s
resilience (Figure 5(a)). The first approach is to improve the “robustness” of the system so the
drop in performance when extreme event occurs is reduced. An improvement in robustness
can also change the way or how the damage occurs, for example going from an abrupt, large
failure to a slower more contained failure that can be repaired at a lower cost.

The second approach is to increase the redundancies in the system that add extra elements
in case of failure in other elements. Redundancies also increase the rapidity of the recovery
time. An example of redundancies would be a coastal city having five roads into it versus
a coastal city with only one road into it. If one road into the first city floods, there are four
other redundant roads to access the city. There are no such redundancies into the second
city if it’s one and only road floods. The third approach is to improve / use better designs
and design features in the original pavement, and/ or in the repairs to mitigate the secondary
damage. Typically, improving robustness and redundancies mitigate secondary damage, but
improvements can also occur after the event to strengthen the system.
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Figure 5: Adapting Pavement Structures to be More Resilient

While ideally it would be best to make resilience modifications to improve a pavement’s
performance before disruptive events, that is not always possible. There are just too many
roadways and pavements exposed to too many hazards to be able to do this. Instead, agencies
need to use “Adaptive Resilience,” which is the capacity to learn and make decisions to avoid
future loss (Figure 5(b)). To do this, agencies must monitor their road network and make
repairs in thoughtful and prudent manner. Some modifications will and should be made in
anticipation of disruptive events because they are most critical components to the network.
Other repairs can be made either after the disruptive event to restore system functionality
or during the next rehabilitation cycle, which often occur earlier than expected, to minimize
future structural damage. There also needs to be recognition that not all roads require the same
level of treatment. More important roads, such as major motorways, should be “built back
better” and to a higher level of service while other less important secondary, or even tertiary,
roads that will continually be exposed to a climatic threat; may be better off left to deteriorate,
even eventually abandoned, so that those resources can be used elsewhere.

J. Mack, G. Dean, L. Wathne

4 Making Pavement’s More Resilient

Developing a resilient pavement system requires an understanding of the vulnerability caused
by each climate hazard; but unfortunately, no two climate hazards cause the same type of
damage. Each hazard creates a unique risk to the pavement, and one needs to understand
the risks and impacts that could occur due to the specific hazard. Regardless, the process of
evaluation is the same and for this paper, we will use flooding to illustrate how the proposed
framework can be used as a guide to improve a pavement’s resilience.

4.1 Pavements and Flooding

In the USA, approximately 2 million miles of road (25%) are at risk of being flooded, and that
is expected to increase to 2.2 million miles of road (26%) over the next 30 years (First Street
Foundation, 2021). When looking at pavement flooding, one needs to distinguish between
inundation and washout impacts (Figure 6(a)). Washout is the rapid flow of flood water and
high current that scours and washes out the pavement structure. This is one of nature’s most
destructive forces and pavement type has little, if any impact — both asphalt and concrete
pavements are susceptible to washout. Luckily, while washout is dramatic, it is usually
isolated and less frequent.

Inundation is the rise of water that submerges the pavement. There is no rapid flow or current
and pavement is just under water. Typically, it is not dramatic, but it is usually widespread and
covers a much greater area than where washouts occur. For inundation, pavement type does
have a big impact on the severity and extent of resulting damage.

One also needs to recognize that there are 3 different types of flooding events that can impact
pavements (Figure 6(b)). The first is riverine and pluvial flooding. This occurs when streams
and rivers exceed the capacity of their channels and water overflows the banks, spilling out
into adjacent, dry land. Depending on the topography, riverine flooding can be especially
destructive because it can have both inundation over large areas that stay flooded for days or
even weeks and it can have severe washouts due to the flowing of the river, especially in hilly
and mountainous terrain.

The second type of flooding is caused by high rain events such as hurricanes, typhoons and
other storms that occur are very large areas and can cause widespread damage. For example,
Hurricane Harvey that hit Houston in 2017, caused flooding over an area of about 24,038
square miles (62,258 sq km), which is about the size of the State of West Virginia in the USA
or the country of Latvia in Europe. With respect to pavements, the primary flooding damage
is inundation, though pavement washout can also occur with swollen rivers, streams, and with
coastal storm surge.
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Figure 6: Flooding Impacts and Types Flooding Events

The final type of flooding is due to sea level rise. This is also known as tidal flooding, sunny
sky flooding or nuisance flooding. It’s the most benign of the flooding events for pavements
in that it causes only inundation and a rise in the surrounding water table. The primary
issues with this type of flooding, beyond weakening of the pavement structure, are damage to
neighbouring businesses, homes, and storm water systems; and pollution of local waterways
with oil, gasoline, trace metals, nitrogen, and other such contaminants.

4.2 Improving a Pavement’s Resilience to Inundation Flooding

With respect to pavement resiliency, inundation is the major concern because it can impact
hundreds or even thousands of miles of roadway. While washouts are dramatic, they are
usually isolated to smaller areas; and as mentioned pavement type has little, if any impact on
preventing washouts. However, for inundation, pavement type does pay a major role because
of how differently concrete and asphalt pavements transmit their loads to the underlying layers
and how that difference is exacerbated when the system is saturated (Figure 7).
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Figure 7: How Concrete and Asphalt Pavements Transmit Loads to The Subgrade and the
Impacts when the Underlying Support Layers are Saturated.

An asphalt pavement (also called a flexible pavement) has higher deflections and transfers
its load in a concentrated manner to the underlying layers. The strength of the subbase and
base layers, as well as their thicknesses, play an integral part in carrying the load, minimizing
damage in the asphalt layer, and protecting the underlying subgrade. Concrete (also a called
a rigid pavement) is stiffer and the load is carried by the concrete layer itself and distributed
over a large area. This stiffer system has lower deflections and much lower subgrade contact
pressure. The primary function of the subbase and/or subgrade in this system is to provide
uniformity of support rather than strength or structure. While the two pavement systems
are different, both can be designed to work well when the support systems are at optimum
moisture conditions and optimum density.

However, when the pavement is inundated, the support layers (base, subbase, and subgrade)
become supersaturated, and the moisture pushes the base, subbase, and subgrade particles
apart so that they are no longer at optimum moisture or optimum density. This reduces their
modulus values and weakens the entire system. For an asphalt system that relies on the
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Figure 8: Subgrade Resilient Modulus for the Northbound Direction and Southbound
Direction on US 441 in Alachua County, Florida
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strength of these layers, there is a large reduction in the load carrying capacity and any loading
during this time accelerates pavement damage and deterioration, which reduces the pavement
life. For the concrete section, the same process happens in the underlying layers, but the
concrete, which is the load carrying component of the system, maintains its high level of
strength and stiffness. So, while the subgrade is weak, it is still uniform, and concrete’s
rigidity spreads the load over a large area and keeps pressures on the subgrade low. As such,
there is little if any impact on the pavement’s serviceability or life.

4.3 Flooding Case Studies

While this may sound like theory, it is based on research from the performance of flooded
pavements at both a project level and on a wider system level. An example project level review
for an asphalt section is US 441 in Alachua County, Florida (A. Gundla, E. Offei, G. Wang, C.
Holzschuher, & B. Choubane, 2020). This roadway was flooded after Hurricane Irma in 2017
and remained flooded for several weeks. After the water receded, the Florida Department of
Transportation tested the roadway using a Falling Weight Deflectometer (FWD) to measure
the Subgrade Resilient Modulus (Mr) as part of a research project to determine when asphalt
roads could be opened after a flood event. The first FWD testing was done approximately 1
month after the Hurricane and continued for 6 months. Figure 8 shows the results for both the
northbound and southbound lanes along with a comparison to pre-flooding Mr values from 3
years earlier. Overall, there was a reduction of the subgrade layer stiffness by 32% and 36%
in the northbound and southbound outside lanes respectively, which equates to an approximate
40 to 60% reduction in load carrying capacity.

An example of concrete pavement flooding performance is Interstate 10 and State Highway
288 in Houston after Flooding from Hurricane Harvey in 2017. These roads are Continuously

288

- e i,
~ Opened roadway
immediately after
water receded

Figure 9: Concrete Pavements in Houston TX. Top shows the roadways when flooded
and the bottom shows the open roadways after the water receded

* One question often asked is how fast does to the support materials regain strength? While there is not a
lot of research on this, what little there is indicates that it takes is approximately 1 year to recover strength
(Vennapusa, White, & Miller, 2013).
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Reinforced Concrete Pavements (CRCP) with cement treated bases and stabilized subgrades.
Note the high level of redundancy in pavement stiffness from the concrete surface, the cement
treated base, and the stabilized subgrade. Both sections have been flooded at least three times
since original construction and have always been opened to traffic as soon as water receded.
Moreover, they have carried between 2 and 3 times more traffic than for which they were
designed and are well past their design lives. After Hurricane Harvey, these roads were
evaluated using Ground Penetrating Radar (GPR) and it was found they had little, if any
damage and were declared to be resilient to extreme weather events like flooding and extreme
traffic loading conditions.

Two research projects that have looked at the performance of flooded pavements on a systems
level are from Louisiana, United States after Hurricane Katrina in 2005 and from Queensland,
Australia after flooding in January 2011.

In the Louisiana project, the research found that submerged pavements were weaker than non-
submerged pavements. On the asphalt pavements, the overall strength loss was approximately
the same as two inches (50 mm) of new asphalt concrete and that damage occurred regardless
of the length of time the pavement was submerged. Furthermore, the cost to rehabilitate
200 miles (321 km) of submerged asphalt roads was $50 million. However, for the concrete
pavement, there was very little relative damage or loss of strength due to flooded conditions
and there was no information given on repairs or repair costs, which seems to indicate that no
repairs were required (Gaspard, Martinez, & Zhang, 2007).

The research project in Queensland Australia found similar results. This study found that
the rigid pavements performed better, at any probability of flooding, than the composite and
flexible road pavements, which had similar performance to each other after to 2-3 years of
service. The researchers also stated that the flooding effect on rigid pavements is not critical
and that a rigid pavement is the “more flood resilient pavement”. This study also proposed
that to enhance an asphalt pavement’s flooding resiliency, strengthen it with an overlay or
through stabilization of the underlying granular layers to convert it into a rigid or composite
pavement.

Using the proposed pavement resiliency framework, Figure 10 shows how stiffer pavements,
because they are less susceptible to damage when the subgrade / base is inundated, are the
more resilient. They have a 1) lower drop in performance; 2) quicker opening time; 3)
shorter structural recovery time; and 4) less secondary damage.

Based on this, the approach to improve a pavement’s resiliency is to stiffen the pavement
structure in one of the following ways:

1. Modify “design standards” to be based on weakened subgrade condition
2. Stiffen the surface layer by using concrete overlays (or very thick asphalt layers)

“In this study, Composite was defined as an asphalt layers over a lightly stabilized layer that “becomes granular
after some years.”
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Figure 10: Why Stiffer Pavements are More Resilient to Inundation Flooding

3. Stiffen the base system by using stabilization techniques such as Full Depth
Reclamation (FDR) w/ cement

For new construction and reconstruction, modifying the design practices to be based on lower
soaked subgrade condition, such as soaked California Bearing Ratio (CBR), will increase the
pavement’s thickness and thus stiffen the system. The good part is that this practice does not
require any changes to current design practices other than changing the subgrade input for
pavements that are in flood prone areas.

For existing pavements, stiffening the surface layer and / or base layers changes how the
traffic loads are delivered to the underlying base, subbase and subgrade layers (see Figure 11).
In addition to strengthening the pavement system, concrete overlays also raise the elevation
pavement of the pavement surface by the height of the overlay.

A concrete overlay over an existing asphalt pavement (abbreviated COA in the USA vernacular)
can either be a bonded COA (COA-B) or an unbonded COA (COA-U). A COA-B is a 4-to-6-
inch (100 to 150 mm) concrete overlay placed on the prepared surface of an existing asphalt
pavement. They are used when existing asphalt is in good structural condition but has some
surface distress. Bonded overlays of asphalt act as composite pavement system where both
the concrete and asphalt share to the load carrying capability of the pavement system. As
such, they need at least 3 inches (75 mm) of existing asphalt left in place (more is better) to
get composite action. These overlays also often contain fibers to hold small cracks that may
develop tightly together and use shorter joints spacing, typically 6 feet (2 m) to minimize
environmental stresses.

Unbonded concrete overlays of asphalt are 6 inch (150 mm) thick or greater and are used
when an existing pavement is badly deteriorated, or the in-place asphalt is less than 3 inches
(75mm). In this case, the existing asphalt is treated as stabilized base course and the new
overlay is essentially a new concrete pavement on a strong base. While the typical thicknesses
of unbonded overlays of asphalt for low-volume traffic applications and general aviation
airports is between 5 and 7 inches (125 to 175 mm), they can be up to 11 inches (325 mm)
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Figure 11: How Strengthening the Surface and / or Base Layers Improves Resiliency

for high-volume, heavy traffic applications (and even greater for heavy airfield applications).
Full Depth Reclamation (FDR) with cement is an in-situ rehabilitation method for an existing
asphalt pavement that involves recycling the existing asphalt pavement and its underlying
layer(s) into a new base layer. This process strengthens and increases the rigidity of the base so
that both the stresses on subgrade and strains in the asphalt layer are reduced. It also reduces
the permeability and moisture susceptibility of the new, improved base layer.

4.3 Improving a Pavement’s Resilience to Washout

As stated earlier, while pavement surface type has little, if any impact on minimizing washout
damage; stiffening the entire pavement system and embankment can improve performance to
washouts. One such way to stiffen the system is to use Articulated Concrete Block (ACBs).
ACBs are systems that provide erosion protection to underlying soil from the hydraulic forces
of moving water. An ACB system is comprised of a group of concrete blocks placed and
tied together to form an erosion-resistant revetment with a geotextile underlay for subsoil
retention. The term “articulating” is used because the system can conform to minor changes
in the subgrade while remaining interlocked.

While typically used for channel lining and other applications with high water velocities
such as culvert outlets, spillways, and grade control structures; some state Department of
Transportations have started using them along embankments to help minimize washout
impacts. Figure 12 shows an ACB mat being placed along US 98 in Carrabella, FL in 2005
(top picture) and their performance after Hurricane Ida in 2009. As can be seen, the areas
where the ACB mat systems were in place sustained little to no damage whereas sections
without it did not fare as well. It is also important to note that since 2009, the section with
ACB mats has gone through several other storms with little damage (Florida Division of
Emergency Management, 2018).
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Figure 12: Performance of Articulated Concrete Block (ACB) Mat on US 98, Carrabella,
FL after Hurricane Ida (2009)
Photo’s courtesy of Tim Holley, P.E. Florida Department of Transportation

5 Conclusion

Our world is changing, and science clearly indicates that future climate conditions are not
going to resemble the past. Temperatures are going to get hotter, severe storms and heavy
precipitation events are going to get stronger, and the global mean sea level will rise. All this
will put people and our infrastructure assets at risk and will increase both the operating and
capital costs of our transportation systems.

To counter these risks, we need to make our infrastructure more resilient. Resiliency is the
ability to anticipate, prepare for, and adapt to changing conditions and withstand, respond
to, and recover rapidly from disruptions. While often used almost interchangeably with
sustainability; resilience and sustainability are different. Sustainability deals with minimizing
the impacts of “ordinary events” that are often associated with the day-to-day operations.
Resiliency deals with extraordinary events that have low probabilities of happening, but when
they do occur, they have high impacts.

However, while different, sustainability and resilience are related because many of the

extreme events we are dealing with now are due to not making the appropriate climate change
/ sustainability adaptions in the past. Furthermore, it is important to recognize that a resilient
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system is a sustainable system because it provides economic savings through reduced future
rehabilitation and reconstruction activities; has improved environmental savings due to
reduced waste and less materials being used; and provides a societal benefit through continued
use during rescue and recovery activities when resources to rebuild are scarce. It is also
important to recognize that using non-resilient systems makes future sustainability needs more
difficult to achieve due to increased future rehabilitation and reconstruction activities.

This paper illustrates how the existing resilience framework used for many other systems can
be applied to pavements, with a slight modification to account for secondary impacts while
the pavement is being used during emergency response and recovery activities. We then used
that framework and case examples to define how to make pavement system more resilient to
one type of climate risk, flooding, as it is one of the biggest, if not the biggest “climate risk”
to pavement systems.

The outcome of that exercise showed that stiffer pavement systems are more resilient to
flooding because they are less impacted when the support layers (base, subbase and subgrade)
become supersaturated and lose their strength. Finally, we highlighted some specific actions
agencies can take to stiffen an existing pavement structure and increase its flooding resilience.
For new pavements, it was recommended to design pavements using lowered subgrade
strength for those pavements that are in flood prone areas to account for loss of strength when
inundated. For existing roads, concrete overlays and full depth reclamation with cement are
two viable and low-cost strategies that can be used to mitigate the damage of flooding events
and harden the system against future events.
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Kendiliginden Kar/Buz Eritme Kabiliyetine Sahip
Cimento Baglayicih Kompozit Kaplamalar
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Ozet

Ulkemizde ve diinyada kis mevsiminde yogun kar yagislar1 sonucu yollar karla kaplanmakta
ve 0 °C’nin altinda olugan buzlanma, karayolu ve havayollarinda siklikla kazalara sebep
olmaktadir. Yollarda olusan kar birikintisini ve buzu ortadan kaldirmak amaciyla mekanik
yontemler (siipiirme, kiireme gibi) ve buz ¢6ziicii tuz yontemi yaygin olarak uygulanmaktadir.
Mekanik yontemler kapsaminda ekipman, i giicli ve operatdr maliyetleri iilke ekonomisini
olumsuz etkilerken buz ¢o6ziicli tuzlar ise asfalt yollarin parcalanmasmna ve agreganin
bitiimden siyrilmasina sebep olmaktadir. Diger yandan buz ¢oziicii tuzlar donma ¢oziilme
dongiileri ile birlikte beton yol kaplamalarinda da pullanma hasaria neden olmaktadir. Ayrica
tuzlu su ¢ozeltisinin beton yol listyapisinin igerisine sizip donati korozyonuna da yol actig1
bilinmektedir. Mekanik ydntemlerin ve buz ¢6ziicli tuz yonteminin dezavantajlar1 ortadan
kaldirmak amaciyla giines enerjisini depolama ve salma 6zelligi bulunan ve yenilenebilir
enerji kaynagi smifinda olan Faz Degistiren Malzemelerin (FDM) yol kaplamalarinda kar ve
buzu eritebilme potansiyeli son yillarda aragtirilmaya baglanmistir. Bu ¢alismada, igerisinde
FDM bulunan, karbon lifler sayesinde 1s1l iletkenligi gelistirilmis, yiiksek dayanim/durabilite
ozelliklerine sahip ve asfalt/beton yollarin iizerine kaplama seklinde uygulanabilecek
multifonksiyonel ¢imento baglayicili kompozitler gelistirilmesi amaglanmistir. Faz degisim
sicakliginda FDM tarafindan salinacak 1s1 enetjisi, arttirilmig termal iletkenlik sayesinde, diisiik
oranlarda FDM kullaniminda bile kar/buzun bulundugu yiizeye hizli bir sekilde transfer edilip
kar ve buzu hizli ve fazla miktarda eritmesi hedeflenmistir. Calismalar, Hacettepe Universitesi
Ingaat Miihendisligi Béliimii ve Karayollar1 Genel Miidiirliigii Arastirma-Gelistirme Dairesi
Bagkanligi’nin laboratuvar imkanlari kullanilarak yapilmistir.

Anahtar Kelimeler: Buz ¢éziicii tuzlar, Faz Degistiren Malzemeler, Multifonksiyonellik,
letken cimento baglayicili kompozitler, Dayanim ve durabilite
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1 Giris

Yiiksek basing dayanimina sahip olan ¢imento baglayicili kompozitler, iiretim ve kullanim
kolaylig1 birlikte uygun maliyeti sayesinde yaygin olarak tercih edilmektedir. Fakat basing
dayanimina kiyasla ¢ok diisiikk oranda ¢ekme dayanimina sahip olmasi, bu kompozitlerde
¢ekme kuvvetleri etkisi altinda gatlaklara sebep olmakta ve servis omriinii kisaltmaktadir.
Catlak olusumunu engellemek, yiiksek dayamim/durabilite 6zelliklerine sahip olmak
ve yapisal iglevlere yonelik olarak multifonksiyonel ¢imento baglayicili kompozitler
gelistirilmektedir (Yildirim v.d., 2015). Multifonksiyonellik, herhangi bir harici gii¢
kaynagina veya cihaza ihtiyag duymadan yapisal olmayan islevleri yerine getirmek i¢in
yapisal malzemenin kendisinden yararlanmak anlamina gelmektedir (Gomis v.d., 2015).
Karbon bazli malzemeler (karbon fiberler, karbon nanotiipler ve nanofiberler, karbon karasi)
sayesinde iletkenligi gelistirilip multifonksiyonel 6zellik kazandirilan ¢gimentolu kompozitler,
1sitma, anti-statik, anti-korozyon, elektromanyetik koruma uygulamalarinda kullanilmaktadir
(Faneca v.d., 2018). Kimyasal olarak inert olan, korozyana dayanikli ve iletkenligi arttiran
karbon lifler diisiik maliyetiyle birlikte diger karbon bazli malzemelere ve ¢elik liflere gore
daha fazla tercih edilmektedir (Al-Dahawi v.d., 2016, Wu v.d., 2015, Yildirim v.d., 2018).
Karbon lifler ile olusturulan multifonksiyonel iletken kompozitler, yol, kdprii, havalimani gibi
onemli Ustyapilardaki kar/buz eritme uygulamalarinda kullanilmaktadir. Bu uygulamalarda
iletkenligi gelistirmenin amaci, elektrik veya 1s1 enerjisini kaplama yiizeyine hizli transferinin
saglanmasidir (Wu v.d., 2015). Kar yagislarinin etkili oldugu iilkemizin birgok bolgesinde
kar ve buz eritme uygulamalar1 6nemli hale gelmektedir. i¢ Anadolu ve Dogu Anadolu gibi
karasal iklimin hakim oldugu bolgelerde yiiksek kar kalinliklar1 bulunmakta ve kar, uzun siire
yerde kalmaktadir (Giinal, 2013). Bu durum, kdy yollarinda, sehir i¢i yollarda ve otoyollarda
ulagimin aksamasina ve 0 °C’nin altindaki sicaklik degerlerinde buz olusumu sonucunda can
kayipli ve maddi hasarli kazalara sebep olmaktadir. Kar ve buzu eritmek i¢in kullanilan buz
¢oziici tuzlar, uygulama alani buldugu bdlgelerde yol ve havalimani kaplamalartyla birlikte
metal aksamlara, cevreye ve bitkilere de zarar vermektedir (Seferoglu v.d., 2015, KGM, 2018).
Ote yandan beton kaplamalarda buz ¢oziicii tuzlar pullanma hasar1 ve donati korozyonuna
sebep olurken (Neville, 2011) asfalt kaplamalarda bozulma, par¢alanma ve agrega ile
bitiim arasindaki aderansi zayiflatmaktadir (Hassan v.d. 2002, Fay v.d., 2008, Shi v.d.,
2009). Diger yandan geleneksel metodlara (mekanik yontemler ve buz ¢oziicii tuz yontemi)
alternatif olarak 1sitma sistemleri yontemi de (elektrikli 1sitma, sicak sulu 1sitma, karbon fiber
kablolarla 1sitma vb.) yiiksek kurulum ve isletim maliyeti sebebiyle sinirli uygulama alani
bulmaktadir (Anand v.d., 2014). Genellikle ingaat alaninda 1s1 yalittimi i¢in kullanilan Faz
Degistiren Malzemeler (FDM) kar/buz eritme uygulamalarinda bagka bir alternatif olarak
ortaya ¢ikmaktadir. Yenilenebilir enerji kaynagi olan FDM’ler, faz degisim sicakliklarinda
giinesin 1s1 enerjisini salma ve depolama niteligine sahiptir (Savija, 2018). Calismada asfalt
ve beton yol styapilarinin iizerine kaplama seklinde uygulanabilecek, mikrokapsiilli FDM
iceren multifonksiyonel iletken ¢imentolu kompozitlerin iretilmesi amaglanmistir. FDM
tarafindan salinan 1s1 enerjisinin yiikseltilmis termal iletkenlik sayesinde kompozit kaplamanin
iizerine hizl transferinin gerceklestirilerek kar ve buzun siiratli eritilmesi hedeflenmistir. Bu
dogrultuda ilk olarak kendiliginden yerlesebilen/seviyelenebilen ve yeterli dayanima sahip
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¢imento baglayicili kompozitler iiretilmistir. Sonraki asamada karisimlara karbon lif katilarak
iletken 6zellige sahip multifonksiyonel kompozitler elde edilmistir. Multifonksiyonel iletken
kompozitlere ise mikrokapsiillii organik FDM dahil edilerek kendiligin kar/buz eritebilen
kompozitlerin elde edilmesi amaglanmistir.

2 Deneysel Program
2.1 Kullanilan Malzemeler

Caligmada ¢imento olarak EN-197-1 (2012) standardinda belirtilen 6zelliklere sahip olan ve
erken yas yiiksek dayanim saglayan CEM I 52,5 R Beyaz ¢imento kullanilmistir. Ote yandan
kompozitlerin durabilitesini arttirmak ve maliyetlerini diisiirmek amaciyla Ogiitiilmiis Graniile
Yiiksek Firin Ciirufu (OGYFC) ve agirlikga %5,12 oraninda karbon elementi iceren ve
iletkenlik degerini yiikseltme potansiyeline sahip olan F sinifi ugucu kiil (UK) kullanilmistir.
Matris toklugunu azaltmak ve liflerin homojen dagilmasina katki sunmak amaciyla ise kuvars
kumu tercih edilmistir. Karigimlarin islenebilirligini arttirmak ve kendiliginden yerlesebilen/
seviyelenebilen kompozitler iiretmek amaciyla polimer esasli Yiiksek Oranda Su Azaltici
(YOSA) katki kullanilmigtir. Karigimlarin viskozitesini yiikseltmek amaciyla ise viskozite
diizenleyici (VD) katki bileseni karigimlara eklenmistir. Belirtilen malzemelerin hepsi toz
formda kullanilmistir. Termal iletkenligi arttirmak amaciyla ise teknik 6zellikleri Tablo 1°de
verilen Karbon Lif (KL) kullanilmigtir. Calismalarda faz degisim sicakliginda salacagi 1s1
enerjisi ile kar ve buzu eritme amaci bulunan ve kimyasal formiilii n-Tetradekan (C14H30)
olan mikrokapsiillenmis organik FDM kullanilmigtir. DSC analizinden elde edilen verilerle
olustrulan Tablo 2°de FDM’nin donma faz degisim sicaklik aralig1 2°C ile -14,0 ° C olarak
belirlenmistir.

Tablo 1. Karbon lif teknik 6zellikleri

Ozellikler Deger
Cap 7.5 pm
Uzunluk 12 mm
En / Boy Orani 1600
Elastik Modiilii 240 GPa
Yogunluk 1.7-2.0 g/cm?
Uzama Orani % 1.8
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Tablo 2. FDM’nin 1s1 enerjisi depolama/salma sicakliklari ve entalpileri

Erime Erime Donma Donma
Noktasi Noktas: Bitis Erlme.e . Noktasi Noktas: Biti Donm.a.
Baslangic - Entalpisi  Baslangic - Entalpisi
> Sicakhgi > Sicakhg
Sicakhigi ©0) J/g) Sicakhg ©C) J/g)
°0) (°C)
1,3 11,0 150,9 2,0 -14,0 -155,5

2.2 Uygulanan Deneyler
2.2.1 Kompozitlerin iletkenliginin Gelistirilmesi

Caligmanin ilk boliimiinde yeterli dayanima sahip ve kendiliginden yerlesebilen/
seviyelenebilen kompozitlerin iiretilmesi hedeflenmistir. Bu kapsamda Su/Baglayic1t Malzeme
orani 0.23, Su/Cimento oran1 0.36, Kum/Cimento orani 0.73 olan ve Tablo 3’de verilen karigim
icerigine sahip Referans Matris olusturulmustur. Olusturulan referans matrisin mini yayilma
¢ap1 360 mm (Sekil 1) ve 24.saat dayanimi 42,8 MPa ¢ikmustir.

Tablo 3. Referans matris icerigi

Malzemeler (kg/m?®)
Su 300
CEMI152,5R 819
Kum 598
Ciiruf 493
YOSA Katki 10,0

Viskozite Diizenleyici 1

Mini Yayilma Capi (mm) 360
24 Saat (MPa) 42,8

Sekil 1. Referans matrise ait mini yayilma capu testi
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Calisma kapsaminda yeterli islenebilirlige ve yeterli dayanima sahip referans matris
iiretildikten sonra karbon lif kullanilarak iletkenligi gelistirilmis multifonksiyonel kompozitler
uretilmistir. Karbon liflerin referans matrise hacimce katilim oranlar1 Tablo 4’de verilmistir.
Karbon lifli karisimlarda iletkenligi daha fazla gelistirmek adina mineral katki olarak ciiruf
yerine ucucu kiil kullanilmistir. Olusturulan iletken kompozitlere elektriksel direng ve termal
iletkenlik testleri uygulanmistir. Elektriksel direng testinde ti¢ adet @100x50 mm boyutlarinda
silindir numuneler, termal iletkenlik dlglimlerinde ise ii¢ adet @50%25 mm boyutlarinda silindir
numuneler kullanilmigstir. Elektriksel direng testi, GIATEC markali RCONTM cihaziyla ve
AC empedans teknigiyle yapilmistir. Termal iletkenlik 6l¢imlerinde 0.1 W/mK - 10 W/mK
araliginda ve kararl1 hal yontemi (Steady-State Method) ile ¢alisan Lasercomp Fox-50 Is1 Akis
Olger cihaz1 kullanilmistar.

Tablo 4. Karbon liflerin karigimlara katilim oranlari (hacimce)

Karbon Lif (%) Kod
1.Karigim 0,0 K(0)
2.Karigim 0,1 K(0.1)
3.Karigim 0,2 K(0.2)
4 Karigim 0,3 K(0.3)
5.Karisim 0,4 K(0.4)
6.Karigim 0,5 K(0.5)

2.2.2 Buz Eritme Performansi Deneyi

Tletken 6zelligi gelistirilen multifonksiyonel ¢imentolu kompozitlere mikrokapsiillii FDM’ler
eklenip Buz Eritme Performansi deneyi yapilmistir. Bu testte ¢imento kiitlesinin %0, 2, 4, 6
ve 8’1 oranlarinda FDM miktari, iletken olmayan KL(0)’a, orta diizeyde iletken KL(0.1)’e
ve yliksek diizeyde iletken KL(0.3)’e katilmistir. Deneyler, Tablo 5’de verilen 15 karigima
uygulanmistir. Karigimlar ilk olarak 150x150%40 mm boyutlarindaki kaliplara dokiilmiis, %95
nemdeki kiir odasinda bekletilmis ve 24 saat sonra kaliplarindan ¢ikarilmistir. 28.giine kadar
laboratuvar sartlarinda bekletilen numuneler daha sonra hazir donma ¢oziilme kaliplarina
yerlestirilerek kenar bosluklari silikonlanmistir. Silikonlar kuruduktan sonra numuneler, donma
¢oziilme kabinine yerlestirilmistir. 2,5 °C sabit sicakliga ayarlanan kabinde numuneler kabinle
esdeger sicakliga gelmesi i¢in 24 saat beklenmistir. Daha sonra numunelerin iizerine 100x100
mm boyutlarinda ve 15 mm kalinliginda 100 gr agirliga sahip buz pargast koyulmustur. Su
formuna doniisen buzu kalibin kdsesinde biriktirip enjektor ile almak i¢in {izerinde buz olan
numuneler kabin igerisinde hafif egimli konuma getirilmistir. 8 saatlik araliklarla numunelerin
lizerinde eriyen buz miktar tartilmis ve test 72 saat siirdiirlilmiistiir.
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Tablo 5. FDM ve karbon lif i¢eren iletken kompozitler

FDM (%) Karbon Lif

st (e COaram gyl
oranla) oranla)
1.Karigim 0 0 F(0)KL(0)
2.Karisim 2 0 F(2)KL(0)
3 Karigim 4 0 F(4)KL(0) Disiik
4 Karigim 6 0 F(6)KL(0)
5.Karisim 8 0 F(8)KL(0)
6.Karisim 0 0,1 F(0)KL(0.1)
7.Karisim 2 0,1 F(2)KL(0.1)
8.Karigim 4 0,1 F(4)KL(0.1) Orta
9.Karigim 6 0,1 F(6)KL(0.1)
10.Karigim 8 0,1 F(8)KL(0.1)
11.Karigim 0 0,3 F(0)KL(0.3)
12 Karigim 2 0,3 F(2)KL(0.3)
13.Karigim 4 0,3 F(4)KL(0.3) Yiiksek
14 Karigim 6 0,3 F(6)KL(0.3)
15.Karigim 8 0,3 F(8)KL(0.3)

2.2.3 FDM ilaveli Kompozitlerin Alt Tabakayla Olusturacagi Bag Dayammm
Performansimin Olgiilmesi- Direk Cekme Bag Mukavemeti Deneyi

Calismalar neticesinde kendiliginden kar/buz eritme potansiyeline sahip olarak iiretilen
c¢imentolu kompozitler, asfalt/beton yollar iizerine kaplama olarak uygulanmasi
distiniilmektedir. Bu dogrultuda g¢alisma kapsaminda iiretilen ve buz eritme deneyinde
uygun performans gosteren F(6)KL(0.1) kodlu kompozit, 1, 2, 3, 4 ve 5 cm kalinliklarda
olmak iizere ayr1 ayr alt tabaka asfalt ve beton numuneler iizerine dokiilmiis ve iki tabaka
arasindaki aderansin dlgmek amaciyla ASTM D 4541 standardinda tarif edilen Direk Cekme
Bag Mukavemeti deneyi uygulanmistir. Alt tabaka betonu C30/37 dayanim sinifina sahip
olarak KGM Beton Yol Kaplamalari Teknik Sartnamesine bagli kalinarak iiretilmistir.
Uretilen alt tabaka betonlar1 kaliplardan cikarildiktan sonra 27 giin boyunca kiir havuzunda
tutulduktan sonra 5 ay boyunca 23+2 oC, % 50+5 bagil nemdeki kiir odasinda bekletilmistir.
Asfalt alt tabaka numunesi ise KGM Bitiimlii Karigimlar Laboratuvarinda Karayollar1 Teknik
Sartnamesi’ne (2013) uygun olarak %5,52 bitiim oranina sahip, %4,17 bosluk oranina sahip,
Marshall Stabilitesi 920 kg olarak iiretilmistir. Alt tabaka beton/asfalt numuneleri, 320 x 260 x
50 mm boyutlarinda tiretimi ger¢eklesmistir. Dokiimler tamamlandiktan sonra elde edilen iki
tabakali numuneler (Sekil 2-a), deney giinlerine kadar ¢evresel kosullardan izole edilmistir.
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Numunelerden 15+5 mm alt tabaka betonu/asfalti delme derinligine kadar 50 mm g¢apa
sahip karotlar alinmigtir ve test kapsaminda metal halkalar karot {izerine epoksi vasitasiyla
yapistirilmustir (Sekil 2-b). 1, 7 ve 28.giinde ayr1 ayri 3 adet karota direk ¢ekme bag dayanimi
testi uygulanmistir. Deney, Sekil 2-c’de verilen bag dayanimi cihazi ile gergeklestirilmistir.

a) b) <)
Sekil 2. a) 1 cm kalinliga sahip F(6)KL(0.1) kodlu kompozit ile alt tabaka asfalt numunesi b)
Karot alinmis ve metal halka yapistiritlmis numune c)Bag dayanimi cihazi

3 Deney Sonuclari
3.1 Elektriksel Diren¢ ve Termal iletkenlik

Karbon lif eklenerek olusturulan multifonksiyonel kompozitlerin elektriksel direng ve termal
iletkenlik degerleri Tablo 6’da verilmistir. Sonuglar incelendiginde karbon lif orani arttikga
elektriksel iletkenligin arttig1 ve 1s1l iletkenligin de yilikselme egilminde oldugu goriilmektedir.
Hidratasyon yas1 ilerledikge bazi varyasyonlara ragmen elektriksel direncin arttigi ve 1sil
iletkenligin azaldig1 tespit edilmistir. Bu durumun sebebi, hidratasyon reaksiyonlarmnim
devam etmesi sonucunda kompozit icerisindeki serbest suyun jel ve adsorpsiyon suyuna
doniismesi sonucu karbon lif-matris arayiiziindeki kat1 bélgenin kalinlagmasidir. Bu durum
neticesinde iletken yol engellenmektedir (Chuang v.d., 2017). Fakat hidratasyon yasi, esik
degerinin iizerinde karbon life sahip kompozitleri daha az etkilemektedir. Ornegin 1. giin
305 Q elektriksel dirence sahip K(0.1) kodlu kompozit, 28. giinde 1670 Q direng seviyesine
cikmugtir. Ote yandan 1. giin elektriksel direng degeri 233 Q olan K(0.5) kodlu kompozitin
28. giinde direnci 440 Q olmustur. Belirtilen bu durumun sebebi, yiiksek karbon oranlarinda
fiber iletim hattinin ana mod haline geldigi i¢in hidratasyon iiriinlerinin etkisinin azalmasidir.

Bununla birlikte termal iletkenlik sonuglari incelendiginde K(0.1) kodlu kompozitin 7. giin
degeri 28. gline gore 164 mW/m.K daha fazla iken K(0.5) kodlu kompozitin hidratasyon
yasindan etkilenmediginin tespit edilmesi belirtilen durumu desteklemektedir. Diger yandan
karbon lifli kompozitlerin 1s1l iletkenlik degerlerine bakildiginda 7.giinde 28.giine kiyasla
K(0) kodlu kompozit 30 mW/m.K, K(0.1) kodlu kompozit 164 mW/m.K, K(0.2) kodlu
kompozit 60 mW/m.K, K(0.3) kodlu kompozit 50 mW/m.K, K(0.4) kodlu kompozitin ise 89
mW/m.K daha yiiksek termal iletkenlik sonuglarma sahiptir. Bununla birlikte K(0.5) kodlu
kompozit 7.glinde oranla 28.giinde 10 mW/m.K artmigtir. Olusan sonuglar, karbon lif oraninin
yiikseldikge dl¢iim giinleri arasinda olusan 1s1l iletkenlik farkinin azalma egilimde oldugunu
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gostermektedir. Bu durumun sebebi, iletim hattinin 1if oranina artmasina bagli olarak yiiksek
oranda olusmasindan dolay1 hidratasyon iirlinlerinin etkisinin azalmasidir.

Tablo 6. Karbon lifli numunelerin elektriksel direng ve termal iletkenlik sonuglari

Karisim Elektriksel Direnc (£2) Terznn:l‘lVI/l:Ialtl;;:)n lik
Kodu

1.giin 3.giin 7.giin  28.giin  7.giin 28.giin
1530 3085 4555 50655 1150 1100
K(0) 1225 2675 3945 47800 1160 1130
1145 2140 4730 52295 1050 1040
Ort. 1400 2500 4410 50250 1120 1090
287 373 522 1685 1180 1050
K(0.1) 316 381 537 1705 1120 973
312 326 573 1620 1150 935
Ort. 305 360 544 1670 1150 986
245 325 438 1152 1220 1180
K(0.2) 266 273 522 1023 1190 1150
188 293 423 1017 1220 1120
Ort. 233 297 461 1064 1210 1150
256 447 405 794 1050 990
K(0.3) 351 422 356 807 1210 1150
224 304 409 787 1190 1160
Ort. 277 391 390 796 1150 1100
323 323 326 526 1020 974
K(0.4) 291 302 296 698 1120 993
208 296 311 678 1070 976
Ort. 274 307 311 634 1070 981
247 306 324 504 1230 1220
K(0.5) 204 222 241 384 1190 1190
248 285 308 432 1180 1220
Ort. 233 271 291 440 1200 1210
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3.1 Buz Eritme Performansi

Sekil 3’de FDM igeren biitiin kompozitlerin 72 saat sonunda ortalama buz eritme hizlari
gram/saat cinsinden verilmistir. Sekil incelendiginde en iistiin kar/buz eritme performanslari
orta diizeyde termal iletkenlige sahip hacimce %0,1 karbon lif ve FDM igeren numuneler
gostermistir. Numuneler arasinda en verimli performansa sahip %8 FDM igeren kompozitlerin
ve referans kompozitin kiimiilatif olarak buz eritme miktarlar1 Sekil 4’de ¢izgi grafik ile bildiri
kapsaminda verilmistir.

1,2 0,97 1,04

1 0,78
03 . 0,76

06 (,350,360,33%42 0,440,46 520 42 0,39
0,4 0,22

Buz Eritme Hizi (g/s)

Karisimlar

Sekil 3. Farkli oranlarda FDM igeren iletken karisimlarin buz eritme hizlari

Sekil 4 incelendiginde 72 saate 75,06 gram buz eriten F(8)KL(0.1) kodlu kompozit, en fazla
buz eriten numune olmustur. Bu kompozitin ortalama buz eritme hiz1 1,04 g/s olurken, referans
F(0)KL(0) kodlu kompozitin 0,35 g/s, karbon lif igermeyen F(8)KL(0) kodlu kompozitin 0,39
g/s ve F(8)KL(0.3) kodlu kompozitin ise 0,22 g/s olmustur. Igerdigi karbon lif sayasinde 1s1l
iletkenligi gelistirilen F(8)KL(0.1) kodlu kompozit, diger ii¢ kompozite kiyasla st diizey
bir performans gostermistir. Buz tabakasinin sahip oldugu soguk 1s1 enerjisi, karbon lifler
vasitastyla F(8)KL(0.1) kodlu kompozitte F(0)KL(0) ve F(8)KL(0) kodlu kompozitlere
kiyasla numunenin tamamina siiratli olarak iletilmektedir. Bu durumun sonucunda F(8)
KL(0.1) kodlu kompozit, FDM’nin 1s1 enerjisini serbest biraktigi 2 oC ile -14 oC arasindaki
sicaklik degerlerine daha hizli ulagmaktadir. Béylece olarak F(8)KL(0.1) kodlu numunede
mevcut olan mikrokapsiiller igerisindeki FDM kat1 faza gecerek 1sty1 F(O)KL(0) ve F(8)
KL(0) kodlu kompozitlere oranla daha 6nce salmaya baglamaktadir. Salinan 1s1 enerjisi yine
arttirtlmis 1s1l iletkenlik sayesinde kompozitin yiizeyine ulasip buzu daha gabuk eritmektedir.
Neticede F(8)KL(0.1) kodlu kompozitte ¢ift yonlii bir termal akis meydana gelmektedir.
Belirtilen bu durumun F(8)KL(0.3) kodlu numunede olugsmamasi buzun olusturdugu soguk 1s1
enerjisinin bu numuneyi yiiksek diizeyde iletkenligi nedeniyle F(8)KL(0.1) kodlu kompozite
gore daha fazla sogutmasi oldugu tahmin edilmektedir. FDM’nin olusturdugu 1s1 enerjisinin
diisiik sicakliklara inen F(8)KL(0.3) kodlu numuneyi isitmaya yetmedigi i¢in F(0)KL(0)
ve F(8)KL(0) kodlu numunelerden bile daha buz eritmesine sebep olmustur. Sonuglar goz
oniine alindiginda kar ve buzu eritmek amaciyla optimum karbon lif oraninin tespit edilmesi
gerektigi anlasiimistir. Ote yandan referans F(0)KL(0) kodlu kompozit ile karbon lif icermeyip
FDM igeren F(8)KL(0) kodlu kompozitin buz eritme hizlar1 birbirine yakin olmustur. 0,35 g/s
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eritme hizina sahip referans numunede eriyen buz tamamen kabin sicaklig1 sayesinde olurken,
0,39 g/s eritme hizina sahip F(8)KL(0) kodlu numune iletken olmadigi i¢in % 8 FDM oraninin
buz eritmeye katkisi diisiik seviyede olmustur.

——F(0)KL(0) F(8)KL(0) F(8)KL(0.1) F(8)KL(0.3)
80
o
=z 60
=
£ 40
E /
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Sekil 4. Cimento kiitlesinin %8’1 kadar FDM igeren iletken numuneler ile referans
numunenin buz eritme miktarlar

3.3 Direk Cekme Bag Mukavemeti Deneyi

Alt tabaka asfati ile FDM iceren kompozitlerin farkli kalinliklarinin 1,7 ve 28. giinde yapilan
direk ¢ekme bag dayanimi test degerleri ve 28.giin kopma tipleri Tablo 7’de verilmistir.
Belirtilen test giinleri i¢in 3 adet numune teste tabi tutulmus ve tabloda ortalama degerler
sunulmustur. Sonuglar incelendiginde farkli kalinlik tiplerinin iki tabaka arasinda aderansi
gelistirmeye yonelik belirgin bir katkis1 olmamustir. Fakat biitiin kalinlik tiplerinde hidratasyon
yasi ilerledikge 1.giine kiyasla 7. ve 28.giin bag mukavemetinin yaklasik 1,5 katina ¢iktig1
goriilmektedir. Islenebilirligi yiiksek kivamdaki FDM’li kompozitler asfalt bosluklarina
kolayca niifuz etmis ve hidratasyon yasinin ilerlemesiyle olusan hidratasyon {iriinlerinin
aderansi arttirdigi goriilmistiir. 1.giindeki degerler incelendiginde farkli kalinliklarin 0,9 MPa
ila 1 MPa arasinda oldugu goriilmiistiir. Kalinlik tipleri igerisinde en iyi performans: 1 ve 3
cm kalinliga sahip numuneler gostermistir. Bu numunelerde 28.giin kopmalarinin tamamu alt
tabakadan olurken 1 cm kalinliga sahip numune 28.giinde 1,54 MPa, 3 cm kalinliga sahip
numune ise 1,52 MPa degerlerine ulagmistir.

Benzer sekilde alt tabaka betonu ve FDM igeren kompozitler arasindaki bag dayaniminda
farkl1 kalinlik tiplerinin belirgin etkisi goriilmemistir (Tablo 8). Fakat soguk derz bolgesinde
hidratasyon yas1 gegtikge olusan C-S-H jeli ve Ca(OH), iki tabaka arasinda aderansi
gelistirmistir. Kalinlik tipleri igerisinde en olumlu performansi 1 cm ve 3 cm kalinlikli
numuneler gostermistir. 28.giinde 1 cm’lik numune 1,55 MPa, 3 ecm’lik numune 1,57 MPa
degerlerine ulasmistir ve kopma tipleri alt tabakadan olmustur. Sprinkel ve Ozyildirim’m
(2000) ¢alismasinda belirledigi 1,4 MPa bag dayanim degeri, 28.glinde 5 cm hari¢ diger
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kalinliklar1 ile alt tabaka betonu arasinda ve biitiin kalinliklar ile alt tabaka asfalt numunesi
arasinda agilmigtir.

Tablo 7. FDM ilaveli kompozitler ile alt tabaka asfat1 arasinda direk ¢gekme bag mukavemeti
deney sonuglar1 ve kopma sekilleri

FDM Bag Dayanimi (MPa) Kopma Sekli
ilaveli
Kompozit 1.giin 7.giin 28.giin 28.giin
Kalinhg
1cm 0,99 1,45 1,54 Tamamu alt tabakadan
2 em 0.96 1,40 1,44 2’si alt tal?'akadan 1’1
araylizden
3cm 0,97 1,54 1,52 Tamamu alt tabakadan
4em 0.94 1,47 1,42 2’si alt tal?'akadan 1’1
araylizden
5cm 0,91 1,39 1,41 Tamanu arayiizden

Tablo 8. FDM ilaveli kompozit ile alt tabaka betonu arasinda direk ¢ekme bag mukavemeti
deney sonuglari

FDM ilave- Bag Dayanimi (MPa) Kopma Sekli
li Kompozit . . . .
Kalinhg 1.giin 7.giin 28.giin 28.giin
1cm 1,37 1,45 1,55 Tamamu alt tabakadan
2 em 0.92 1.46 152 2’si alt tal?.akadan 1’1
arayiizden
3 cm 0,86 1,43 1,57 Tamamu alt tabakadan
4em 1.07 134 147 2’si alt tal?.akadan 1’1
arayiizden
5 cm 118 138 133 1’1 alt tabz.i.kadanZ si
arayiizden

29



2. Beton Yollar Kongresi ve Sergisi, 16-17 Kasim 2022
KGM Halil Rifat Pasa Konferans Salonu, Ankara

4 Sonuglar ve Degerlendirme

Bu arastirma kapsaminda kendiliginden kar/buz eritme potansiyeli bulanan, mikrokapsiillii
FDM igeren, karbon lifler sayesinde multifonksiyonel iletken 6zellige sahip ¢cimento baglayicili
kompozitler Gretilmistir. Calismada optimum karbon lif oranmna (karigimin hacminin %0,1)
sahip ve farkli oranlarda FDM igeren kompozitler buz eritme anlaminda {istiin bir performans
sergilemistir. Bununla birlikte kendiliginden kar/buz eritme potansiyeline sahip olarak iiretilen
bu kompozit, alt tabaka betonu ve asfalti ile yeterli aderans saglayacak sekilde tasarlanmig
ve islenebilirlik agisinda kendiginden yerlesebilme/seviyelenebilme, yeterli dayanima
ve durabiliteye sahip olarak iiretilmistir. Sonug olarak bu c¢alisma ile gelistirilen ¢imento
baglayicilt kompozit kaplama gosterdigi performans ile tilkemizde kar ve buzu eritmek i¢in
siklikla kullanilan mekanik kiireme ve buz ¢oziicli tuz yontemlerine alternatif bir yontem
vadetmis olmaktadir.
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Use of Third Generation Rapid Hardening Concrete for
Airport Pavement Rehabilitation - A Case Study
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Abstract

Over the last couple of years, new generations of rapid hardening concretes were developed.
These new generation of rapid hardening concretes are do not only stand out by their high early
strength, reaches over 20 N/mm?2 already 90 minutes after setting but are also adjustable to
the needs of the construction site in regard to fresh concrete properties and setting behaviour.
Improved long term durability properties are giving superiority over older generations and
makes them stand alone candidate for airport pavement renewal as a permanent solution.
After many years of service, airport runways, taxiways and parking positions are in need of
large scale renewals due to severe damages in the high wear areas. Due to high number of
passengers and air traffic, repairs for the damaged areas of the infrastructures have to be done
without interrupting the air traffic. During very short nightly closure windows where air traffic
is at its least, is enough to perform these essential renewals. This article presents renewals at
Zurich International Airport, Istanbul Sabiha Gokgen Airport which is the largest project ever
performed involving rapid hardening concrete and Paris Charles De Gaulle Airport with using
third generation rapid hardening concrete. Such large scale applications without affecting
regular airport operations are possible thanks to the third generation rapid hardening concrete
and this article shows these possibilities.

Keywords: rapid, hardening, concrete, airport, rehabilitation
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1 Introduction

Airports operate 24/7 with or without active air traffic. Deformations occur on the surfaces
of airport runways, taxiways and parking position pavements as a result of time-dependent
effects and/or exceeding its design capacity. Due to increased number of passengers and air
traffic, repairs needed for the damages to airport infrastructures have to be done without inter-
rupting this high demand of traffic load. Any negative impact on air traffic during the repair
of these deformations may cause great economic losses to the airport. In these repairs, where
traditional methods are insufficient, the necessity of fast and durable innovative methods has
emerged. Air traffic safety should be ensured without causing economic losses by repairs to be
made in short time intervals. In these time sensitive situations, the effects of repairs on long-
term durability remain among priorities.

It has been experienced that these difficulties can be overcome by using rapid hardening con-
crete. For such high early strength and long term durability demanding projects, an eligible
rapid hardening material search has emerged. Traditional and new generation rapid hardening
concretes can be grouped under three different generations. The first generation of rapid hard-
ening concrete relies on Portland cement as the binding material and uses physical properties,
mainly the grinding fineness, to accelerate the hydration reaction. Later, accelerators are added
to the concrete to act as crystallization seeds and speed up the reaction. While this increases
the early strength it also leads to problems due to excessive hydration-heat development and
handling problems due to short and difficult to control open time. Second generation rapid
hardening concrete mostly contains calcium aluminate (CA) and replaces Portland cement,
partly or fully, with other mineral binders, which rely on different reaction mechanisms to
create the high early strength while facing some durability issues. Finally, the third generation
rapid hardening concrete cements are containing fully mineral and mainly based on a mixture
of calcium sulfoaluminate (CSA) and Portland cements with additional mineral phases to im-
prove the speed of strength development as well as the long-term durability. Third generation
rapid hardening concrete with high durability gains its strength as a result of different mecha-
nisms with respect to older generation fast setting concrete.

Almost in all cases for the airports, conventional fast-setting concrete is insufficient to meet
the standards and durability requirements. Suitability of the use of third generation rapid hard-
ening concrete is proven by its active use with more than 15 years of experience in various
airports around the world. Low heat of hydration of third generation rapid hardening cements
and long term durability improvements are taking them up on the first place as replacements
product for the airports. Great advantage and improvements of third generation rapid hard-
ening concrete are adjustable open time, low heat of hydration, long term superior durability
and possibility to produce in bigger amounts while using traditional concrete casting methods.

Third generation rapid hardening concrete products were specifically engineered for the re-
pairs of airport infrastructure in short time intervals. Its long-term durability is ensured as the
strength gaining mechanism takes place as a result of hydration reaction of its mineral based
content, calcium sulfoaluminate (CSA) and Portland cement phases. The setting time, which
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can be adjusted for the operation at different time intervals, is another innovative and unique
aspect of the third generation rapid hardening concrete. With its low heat of hydration and
high early strength, third generation rapid hardening concrete is ready to use within an hour
after placing.
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Figure 1. Compressive strength development (cubes with an edge length of 15 cm) com-
parison between first (CEM I HPC), second (CSA rapid C) and third (V rapid C) generation
rapid hardening concrete at an age of 28 days (Martinola et al., 2006).

Figure 1 taken from the work of Martinola et al., shows that third generation rapid hardening
concrete reaches a strength of more than 20 N/mm?2 within only 30 minutes after initial setting,
while the conventional rapid hardening concrete reacts more slowly, even though its intitial
setting starts earlier (Martinola et al., 2006).
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Figure 2. Slump flow comparison as a function of time between V rapid C (third-gen) and
CSA C (second-gen) shows easier workability for third generation rapid hardening concrete
(Martinola et al., 2006).
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Figure 3. Adiabatic temperature development comparison between V rapid C (third-gen),
CEM III C (blastfournace CEM IIT) and CEM I C (Portland CEM I) (Martinola et al., 2006).

Third generation rapid hardening concrete can be produced using traditional concrete
production methods without the need of extra investment. It can be easily applied by a team
experienced in traditional concrete casting methods. It has the flexibility to offer various
solutions depending on the requirements thanks to its multiple application methods. This
innovative technology is in use continually since 2004 all around the world for various airports
and helps to ensure safety of airport operations. Main limitations of second generation rapid
hardening concrete containing CSA-based admixture, is early loss of workability (stiffening),
the strong temperature dependence of hardening (strengths development) and the difficult
control of expansion has been overcame by development of third generation of rapid hardening
concrete (Repette et al., 2003)

In addition to the flexibility of achieving different concrete properties (consistency, open time,
strength, exposure classes), third generation rapid hardening concrete is suitable for all kinds of
production methods. The size of the repair to be made, physical infrastructure and the amount
of daily repairs aimed for are important parameters to determine the production method.
Alternatives such as conventional concrete batching plant production, mobile batching plant
production allow flexibility according to desired requirements. On-site mixing with the help
of a transmixer and using a portable mixer for patching applications are ideal back-up plans
for attentively designed projects.
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2 Repair Work with Third Generation Rapid Hardening Concrete at Zurich
International Airport

Third generation rapid hardening concrete was first applied at the Zurich International Airport
on taxiway Bravo in 2004. Almost 18 years old area where the application was made, is still in
use and maintains its original form and first day quality. Ever since 2004, Zurich International
Airport’s demand on third generation rapid hardening concrete has risen yearly. In this period of
time, approximately 30’000 square meter have been repaired with the help of third generation
rapid hardening concrete. Different methods of concrete placing, both manual and with a
paver, took place. As this long period of time required different assistance and production
methods in order to get the work done, the main way of production remained using concrete
batch plants. All batch plants located near the airport were suitable for such production and
three were already in use for the projects over the years by different contractors. Transportation
was done by tipper trucks and transit mixers. Most of the work was done between 23.00 hrs
and 06.00 hrs in order to minimize the impact on the air traffic. Importance of these repairs
are raised as a consequence of increased number of aircraft movement and limited space at the
airport. During the work night, our engineers were present both on site and at the batch plant
to support production closely with every step.

Figure 4. Photo of the slab repaired in 2004 after 11 years (2015).

Zurich Airport requires high demands on fresh properties, fast strength development as well
as high durability on the rapid hardening concrete. The specification requires a minimum
compressive strength of 16 N/mm2(fc,cube) before the runway is opened back to air traffic.
Third generation rapid hardening concrete provides 20 N/mm2(fc,cube) in a maximum of two
hours following its setting time. Depending on the project requirements and paving method,
third generation rapid hardening concrete allows us to customize the consistency of the
concrete. The flexibility concerning setting time of third generation rapid hardening concrete
allows us to adjust the open time as short as 45 minutes to a long workability window of 120
minutes precisely. This unique property allows us to calculate the amount of time needed for
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overnight production to produce and lay the concrete. Small concrete pours are done swiftly
with shorter open times as well as large concrete laying with longer open time with much
bigger amounts. As long-term durability is assured by the experience, third generation rapid
hardening concrete is an ideal solution for damaged pavement repairs during short closures.

Table 1. Concrete properties for nightly work at Zurich International Airport

exposure class XC4, XD3, XF4
strength class C50/60
consistency class S1/S2

max. aggregate size 32 mm (round)
ASR resistance resistant

3 Runway Renewal Project of Istanbul Sabiha Gokcen International Airport

Sabiha Gokgen International Airport was built in 2001 as a secondary airport in Istanbul.
It was originally designed for a capacity of 3.5 million passengers but short after the grand
opening, passenger numbers started to ascend rapidly. The terminal capacity was increased to
25 million in 2008 yet no work was done on its only runway infrastructure. The 25 million
passenger capacity was exceeded in 2015 and the airport started to operate over its design
capacity (Bduml et al., 2020). Today the airport serves 41 million passengers yearly. This
fast growth brought some negative impacts on Sabiha Gokgen’s only runway, especially on
the center line region where planes are using it the most. Still today, Sabiha Gokgen is the
busiest airport with one runway and one terminal in the world. Having this busy air traffic and
staying without alternative runway options ties the hands of the airport management in regard
to runway maintenance.

Figure 5. Defects on the runway.
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Without having the option of shutting the operation down for a long time, it was decided to
carry out the repair works on the runway during nightly closures between 00.50 hrs until 05.50
hrs for five days a week in 2018. Therefore, a rapid-hardening concrete product with high
durability was required to get the work done. With the amounts planned for the year 2018, the
project has become the largest project ever where rapid-hardening concrete was being used
in one go.

Sabiha Gokgen International Airport’s demand on the runway to be operational again was
having a minimum of 16 N/mm2 (fc,cube) compressive strength. The concrete consistency
expectancy was similar to that of regular pavement concrete to allow the concrete to be mixed
and handled with the same equipment and training. The concrete was produced in a batch
plant, which was set up right next to the airport within a 15 minute driving distance just for
the execution of this project. For transportation, tipper trucks were used in order to allow for
fast loading and discharging of the concrete at the batch plant and on site. Further benefits of
the tipper trucks are the ability to visually check the concrete consistency and easily measured
fresh concrete temperature at any time during production. An additional advantage is that the
tipper trucks can also be used for the transport of the excavated slabs. Presence of support
engineers at the batch plant allows an immediate possibility to react with any change on those
parameters. Open times of the concrete are kept between 45 minutes to 120 minutes under the
demands of the site for the night.
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Figure 6. Nightly construction schedule for Sabiha Gékgen International Airport (Bduml et
al., 2020).
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Compressive strength measurements of rapid-hardening concrete at Sabiha Gokcen airport
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Figure 7. Compressive strength values after the setting (fc,cube).

Third generation rapid hardening concrete used in Sabiha Goékgen International Airport is
a composite made by using fully cementitious third generation rapid hardening cement,
superplasticizer and retarder which keeps open time under control. Aggregates used for the
concrete are local aggregates from Istanbul with a maximum grain size of 38 mm diameter and
water-cement ratio kept in between 0.31 - 0.35. Compressive strength values of 1 hour after
setting, 2 hours after setting 1 day and 28 day age are shown on Figure 7 and a detailed mix
design can be seen in Table 2 (Bduml et al., 2020). Preliminary tests are showing that designed
concrete is compatible to XC4, XD3 and XF4 exposure classes.

Table 2. Concrete mix design at Sabiha Gokgen International Airport (Béduml et al., 2020)

Third generation rapid hardening cement 390 kg/m?

Aggregates (0/5, 5/12, 12/22 and 22/38 mm) | 1950 kg/m?

water/cement ratio 0.31-0.35

Superplasticizer 2.2 - 6.8 kg/m?

Retarder 0.8 - 5.3 kg/m?
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1. Breaking and removing the old slabs 2. Reinforcement placement

5. Concrete compaction and vibration 6. Broom finish

I

7. Concrete curing 8. Cutting of the joints

Figure 8. Construction steps (Bauml et al., 2020).
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The project has started in 2018 and until today around 20’000 m? area of runway, taxiway
and parking positions have been renewed with third generation rapid hardening concrete.
During the project, all nights were handled without any incident impacts on air traffic and
at the end of each night operation handed back to air traffic control safely. Repairs in Sabiha
Gokeen International Airport are still ongoing in 2022 with the help of third generation rapid
hardening concrete At the start of the project in 2018, an area of 75 m? (4 slabs) were repaired
each night and as the work continued, this amount was increased to 130 m? (7 slabs) nightly.
All amounts produced were placed manually during the project. This project shows that using
third generation rapid hardening concrete allows such large scale concrete replacements during
short night closure periods using the same equipment and method of conventional concrete
production. As the air traffic loads are expected to grow continuously over the following years,
it becomes easier to see the importance of such projects and methods. Easy application of the
third generation rapid hardening concrete technology and proven durability are making this
technology a favourable solution for the aviation industry. Flexibility and sustainability are
two key factors of this product and projects where third generation rapid hardening concrete
is in use (Bauml et al., 2020).

4 Stand Repair at Paris Charles De Gaulle

Paris’ largest airport Charles de Gaulle carries 65 million passengers throughout the year. This
busy air traffic makes it almost impossible to find any repair time under full closure. By the
help of third generation rapid hardening concrete, repair works can be done on slabs without
damaging adjacent slabs. Repair works are carried out with the help of a mobile concrete
batching plant which gives flexibility on repairing relatively small areas. Under a tight sched-
ule, the repaired slabs are ready to be loaded only after 30 minutes following its placing. After
4 hours of mixing the concrete, splitting tensile strength reaches the required value of 3.3 N/

mm?>.

The fully loaded mobile batching plant has a capacity to produce 9 m* of concrete. In case of
need, this amount can be increased by loading the mobile batching plant with material whilst
using it for mixing. In this way, it is possible to achieve short open times (30 minutes) due to
the gained time which results from not having to transport the freshly produced concrete to
site.
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Figure 9. Mobile batching plant and night time renewal.

With this method over 5’000 m? have been replaced with third generation rapid hardening
concrete. High durability and required standards are achieved as in all projects. The flexibility
of'this concrete system gives the possibility to act swiftly in urgent repair works while assuring
very high quality.
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5 Conclusion

The unique nature of third generation rapid hardening concrete solutions are providing fast
and durable repair work possibilities for the airports. Flexibility and reliability of the products
are playing a key role in these successful replacements. Third generation rapid hardening
concrete is a product which numerous airports have done their repair work with and kept as
an urgent repair solution in reserve. Pure cementitious content is giving its superior durability
properties in the long term. High early strength values are meeting and exceeding the required
values for airports to continue their operations without extra waiting periods. Alterable open
time duration makes the product suitable for various types of repair work and amount of
replacement. Exceptional quality of both fresh and hardened states of the concrete appears
right at the start of the production process and lasts its economic life long. Third generation
rapid hardening concrete is a product specially designed for airport infrastructure repair work
under limited time periods, thus it becomes the most suitable replacement product for such
projects. Applications done at different airports are showing the capability of the product even
on the most critical areas of the operation. Third generation rapid hardening concrete solution
is reliable to use at busiest airports with one runway without interrupting their planned air
traffic as part of their years-long maintenance programs. Project long lasting support by the
team of qualified engineers concerning mix designs, laboratory trials and on-site support,
carefully prepared replacement programs and backup plans provide guarantee of high quality
work. Years of experience and economical calculations are revealing the benefits of the repair
work done by third generation rapid hardening concrete solutions. Feedback from airlines,
pilots and engineers regarding quality of work and its positive effects on their operations and
keeping the air traffic alive by successfully completing the repair work of great amounts of
surfaces for the airport without interrupting the air traffic shows that this delicate job is being
handled properly without exception.
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Two-Layer Concrete Pavements
L. Rens!

'FEBELCEM/EUPAVE, Brussels, Belgium
Abstract

Today, modern road construction makes many high demands. Not only must road surfaces be
safe, comfortable and quiet, but they must also meet various sustainability requirements. In
particular, the longevity of the pavement has a positive impact on the cost price but also on the
environmental impact, and this throughout the life of the pavement. It is a fact that pavements
need to become ‘greener’ and fit in with the philosophy of the circular economy, all with a
limited social cost.

Today’s concrete roads meet many of these requirements, but it is not always easy to meet all
criteria. The two-layer concrete pavement concept allows many of the criteria to be optimised.
For example, low-grade materials such as artificial aggregates or recycled aggregates can be
used in the lower layer. In the top layer of the pavement, which is visible on the surface, high
quality components can be used to improve the surface characteristics (evenness - braking
distance - noise) or to provide a decorative appearance.

This paper provides several details on the characteristics and benefits of two-layer concrete
pavements and provides recommendations for their design and construction. Various road and
highway applications will be reviewed - both for jointed plain and continuously reinforced
concrete - as well as aesthetic concrete pavements for public spaces and urban areas.

Keywords: exposed aggregate concrete; two-layer concrete pavements; two-lift concrete
pavement
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1. How and why should a two-layer concrete pavement be prescribed?

A two-layer concrete pavement consists of a lower layer and an upper layer (also known as
the wearing course). The pavement is laid in two phases, where the fresh concrete of the upper
layer is poured onto the fresh, uncured concrete of the lower layer. The time between laying
the two layers should therefore be limited to 30 minutes and max 1 hour in order to guarantee a
perfect mix between the two layers. The result after curing is a monolithic concrete pavement
where both layers fully adhere to each other. The lower layer is usually the thicker (15 to 23
cm), while the upper layer is usually limited in thickness (4 to 10 cm).

In principle, different concrete compositions are used for the top and bottom layers. The top
layer contains high quality and/or expensive materials such as wear resistant or coloured
aggregates and colour pigments. Lower quality materials can then be used in the lower layer,
typically those that do not meet the surface requirements of a road surface - such as artificial
aggregates or recycled concrete aggregates.

In some cases, the same concrete mix can be used for the top and bottom layers. In these cases,
the method of finishing and compaction differs, e.g. vibrating the lower layer and smoothing
the upper layer without vibration.

The advantages of two-layer concrete pavements are measurable in the quality of the road
surface, but also from an economic and ecological point of view.

In terms of surface quality, the following characteristics can be highlighted:

e evenness, which ensures good driving comfort. This characteristic is easier to achieve
with two-layer concrete, as the top layer is thinner and only smoothed, which is easier to
achieve than the full thickness of a single-layer concrete;

«  skid resistance, which guarantees a short braking distance and thus the safety of the
road user. The use of quality aggregates in the concrete mix that are not susceptible to
polishing is crucial;

*  the quietness of the surface: the low rolling noise caused by the interaction between the
tyres and the road surface. The presence of small, uniform aggregates evenly distributed
over the surface is essential;

» aesthetic aspects such as colour, texture, incorporated patterns, ... A wide range of possible
aspects is thus available;

« the light colour of the surface and its corresponding albedo (light reflection) creates a
cooler surface. In addition, the reflection of the sun’s rays counteracts global warming;

«  special properties such as air purification using photocatalytic surfaces to remove nitrogen
gases from the air;

» the durability and wear resistance of the surface, e.g. the resistance to scaling under the
influence of freeze-thaw cycles in the presence of de-icing salts.
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The obvious economic advantage over single-layer concrete is that expensive materials can
only be used in the top layer and therefore in a limited thickness. The lower layer can then
contain fewer valuable materials. However, it is possible that the implementation of two-layer
concrete pavements is ultimately more expensive due to the greater logistical effort required
by the need for two machines and two concrete plants. However, if the volume is high enough,
the use of cheaper materials for the top layer can compensate for this extra cost in many cases.

For the benefit of the environment and the circular economy, recycled materials can be used
in the bottom layer, preferably high-quality concrete aggregates from old road infrastructure.
As already mentioned, it is also possible to apply certain environmentally friendly technologies,

such as surfaces with a de-polluting effect, in the top layer.

2. Applications for aesthetic concrete surfaces and special compositions

In the construction of streets and public spaces, coloured and/or exposed aggregate concrete
is often used for the design of qualitative and decorative environments. The great advantage is
that the aesthetic appearance is combined with good resistance to heavy traffic. The appearance
of exposed aggregate (coloured) concrete is determined by the stones that appear on the
surface in combination with the visible mortar. The mortar can be simply grey concrete in
colour or it can be coloured by adding dye or pigment to the mixture. For even more variation,
coloured stones can also be used. The combination of stone and mortar can be homogeneous
or contrasting, according to the taste of the designer.

Figure 1. Exposed aggregate concrete surfaces — homogeneous and contrasting combination
of stones and mortar
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In terms of aesthetics, it is possible to choose expensive materials. In order to obtain
variations, the designer can vary, for example, the type of stones, the colouring or the use of
white cement. In these cases, the two-layer concrete technique can be an interesting way of
making the project affordable. This is because expensive raw materials are only used in the

thinner pavement layer.

3. Special compositions for the top layer

In addition to aesthetics, other functions can be assigned to the top layer. This is the case, for
example, with concrete pavements with a pollution control effect, in which photocatalytic
materials are incorporated into the concrete of the top layer. This is titanium dioxide (TiO, ),
this time not as a dye, but as a catalyst in the photocatalytic process. This is activated by the
influence of sunlight and causes the harmful particles from air emissions, i.e., nitrogen oxides
(NO_: NO and NO,), to be converted into nitrate (NO,), which is then washed away by rain.
In Belgium, this technology was applied in 2011 in two pilot projects, monitored by the
Belgian Road Research Centre, where two-layer concrete was laid on the industrial sites
“Den Hoek 3” in Wijnegem and “Duwyckpark” in Lier. In the top layer (thickness 50 mm), a
cement with 4% TiO2 was used. In Wijnegem the surface is an exposed aggregate concrete,
in Lier a brushed concrete to obtain a more active cement surface. The underlayer (180 mm
thick), which consists of 57% recycled concrete aggregates, was therefore also designed with
environmental criteria in mind.

Figure 2. Laying of the white top layer titanium dioxide of the two-layer pavement in
Wijnegem

4. Application for low-noise road surfaces

One of the primary advantages of the two-layer construction of a concrete pavement is the
possibility of optimising the surface texture in terms of skid resistance, evenness and rolling
noise by means of a suitable composition of the top layer. In particular, the traffic noise
reduction effect has allowed two-layer concrete pavements to gain ground in Europe over the
last threedecades. Dense (non-porous) low-noise road surfaces are, quite simply, characterised
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by the presence of small aggregates on the surface. These aggregates should be distributed on
the surface in a dense and random (not periodically ordered) but homogeneous manner. This
can be achieved by incorporating small aggregates (Dmax < 10 mm or even 6.3 mm) into the
concrete composition of the top layer.

4.1. Two-layer JPCP
AUSTRIA

In 1990, Austria, a country with a long tradition of concrete pavements, was faced with two
challenges: on the one hand, the renovation of a number of existing old concrete motorways
and, on the other hand, the problem of excessive rolling noise. The solution proposed was the
two-layer exposed aggregate concrete technique. The concept was based upon the Belgian
system, but the reduction of the aggregate size to 8 or 11 m made it possible to drastically
reduce the rolling noise. In addition, the concrete from the old motorways was reused in the
sub-base of the new construction. For this purpose, the demolished concrete was processed in
a crushing and screening plant into a new crushed aggregate of different fractions. The 4/32
fraction was used in the concrete of the bottom layer: the 0/4 fraction in the cement-bound
base layer.

transverse contraction joint
} N

longitudial joint
TRt

1 $6,00m

25 cm

4 em exposed
dowel aggregate concrete
28/ 500 MA 8 or 11
5 cm asphalt
20 - 25 cm

cement-stabilized 21 cm recycled

concreta MA 32

The typical cross-section of an Austrian motorway and the recycling concept are shown below:

Figure 3. A typical Austrian motorway since 1990

Note also the presence of an asphalt layer between the hydraulically bound foundation and
the concrete pavement, which is similar to the contemporary Belgian concept of jointed plain
concrete pavements (JPCP) or continuously reinforced concrete pavements (CRCP) for heavy
traffic. In Austria, the initial reason for thischoice was to allow temporary traffic on the road
so that any settling in mountainous areas could still take place before the concrete was laid.
Later, this layer also served as a foundationprotection. In addition, we now know that it makes
an important positive contribution to the long-term behaviour of the pavement.

49



2. Beton Yollar Kongresi ve Sergisi, 16-17 Kasim 2022
KGM Halil Rifat Pasa Konferans Salonu, Ankara

Often the old asphalt interlayer was also incorporated (stabilised and immobilised) into the
new cement treated base, in some cases using special cements.
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The first Austrian experiences proved to be technically and economically successful. Between
1990 and 2000, approximately 240 km of motorways were rehabilitated.

Figure 4. Concept for reconstruction and recycling of old motorways in Austria

GERMANY

In Germany, the Austrian example was quickly followed: the surface finish historically
achieved with burlap was replaced by two-layer exposed aggregate concrete. As in Austria,
two-layer technology has now become the standard. In addition to noise reduction, another
advantage has been the preservation of the quality of the dowels when they are mechanically
inserted into the fresh concrete. In Germany, the use of metal cradles is not allowed on
motorways because the correct position of the dowels is better ensured when they are inserted
mechanically. However, another problem was detected in the single-layer version: the presence
of air cavities above the dowels, which resulted in reflection cracks on the surface. The fresh-
on- fresh application of the top layer fills these cavities and avoids these problems. It also
avoids any irregularities above the vibrated dowels in the case of single-layer concrete.Even if
the surface texture is not exposed aggregate concrete, it may still be worthwhile to work with
two- layer concrete. Indeed, a lower quality concrete composition in the underlayer can, in
some cases, save money on the project.

CZECH REPUBLIC - POLAND

These developments in two-layer concrete technology have been adopted in other Eastern
European countries, including the Czech Republic and Poland. In Poland, 650 km of
motorways and express roads have already been built in concrete in recent years and a further
800 km are planned by 2025.

50

Luc Rens

UNITED STATES

In the United States, two-layer concrete was used between 1950 and 1970 for the construction
of reinforced concrete slabs in several states (Illinois, lowa, Wisconsin, Michigan, ...).
The initial objective was to be able to manually place the reinforcement mesh between the
transverse joints on the still uncured lower layer. The same concrete mix was used for the
top and bottom layers. Later, having switched to unreinforced concrete slabs, the two-layer
concrete was no longer necessary.

During the years 1970 and 2004, 5 experimental road sections were built with two-layer
concrete, mainly with the interest of using a different quality concrete composition in both
layers.

Some characteristics of the different projects:

*  Use of concrete of different strengths in the upper and lower layers;

*  Use of local natural aggregates of inferior quality (not resistant to polishing, higher
coefficient of thermal expansion) in the lower layer;

* Use of a recycled asphalt fraction in the lower layer, e.g. from the demolition of a
composite pavement (concrete + upper asphalt layer).

In 2006, an American delegation went on a study tour to Europe (AT, DE, BE, NL) on the
subject of “Long-life concrete pavements”. The conclusions of this visit encouraged the
Americans to continue using two-layer concrete pavements. With the help of Austrian experts,
a study project was carried out in Kansas, i.e. a two-layer pavement with a exposed aggregate
surface made of small aggregates. In 2014 and 2017, three other successful study projects
were conducted in Tennessee, California and Texas.

A notable project, completed from 2013 to 2016, is the widening and reconstruction of the I-
90 toll road, 124 km northwest of Chicago, Illinois, towards Wisconsin. The structure chosen
is a doweled two-layer JPCP. The total thickness of the concrete pavement is 33 cm. Special
efforts were made to address the environmental impact of the project. The bottom layer
contains up to 50% recycled concrete aggregates and/or recycled asphalt aggregates (“FRAP
= Fractionated Recycled Asphalt Pavement”). Another special feature is that the lower layer
was laid without additional compaction, which may imply the risk of quality loss. This choice
is explained by the current tax system, which provides for an additional payment if a second
compaction machine is used. For the top layer, however, a conventional slipform paver was
used. The surface finish was a fine tining in the longitudinal direction.

4.2. Double-layer continuously reinforced concrete pavement (CRCP)
Together with some American states, Belgium is undoubtedly one of the pioneers in the field of

continuously reinforced concrete for road construction. It is therefore not surprising that most
of the applications of two-layer continuously reinforced concrete are also found in Belgium.
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HERENTALS, A13/E313, 2012

After the severe damage caused by the winter of 2009/2010 to the open asphalt of the E313
motorway, it was decided to renew part of the surface from Herentals to Grobbendonk in
the direction of Antwerp. For noise reasons, a two-layer CRCP was chosen. In view of the
problems on an earlier worksite on the N49/E34, certain adjustments were made to the

technical specifications:

*  Recycled aggregates were no longer permitted for the composition of the underlay, but
the requirements were adapted so that limestone could be used (adapted requirements for
crushed aggregate: LA25; PSVNR and MDE20).

*  No air entrainers were allowed for the concrete in the lower layer. The aim was to achieve
the best possible bond between the concrete and the longitudinal reinforcement (although
this causal link was not demonstrated by the research).

e The longitudinal reinforcement was placed lower: the distance and tolerance between the
upper edge of the longitudinal reinforcement and the surface of the two-layer pavement
should be 95 + 10 mm. As the thickness of the top layer was 50 mm, the longitudinal
reinforcement was 45 mm from the surface of the bottom layer. The aim was therefore
to avoid the possibility of vibration of the reinforcement during the compaction of the
lower layer.

e The technique of crack initiation was introduced, i.e. making short saw cuts of 40 cm in
length, 4 cm in depth and with a spacing of 1.20 m at the edge of each concrete strip. These
cracking starts must be made within 24 hours of pouring the concrete. The intention is to
better control the cracking pattern of the IBC. In the meantime, observations and research
have shown that this is a very effective technique that can, in fact, avoid both too small
and too large cracks.

Work on the E313 was successfully completed, again with excellent results in terms of skid
resistance, evenness and road noise.

Figure 5. Construction and finished project of the E213, Herentals, 2012
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GEEL - KASTERLEE, N19g, 2013

The new link road between Geel and Kasterlee was part of the PPP project for the North-
South Kempen link. Here too, the reduction of traffic noise was an important requirement of
the project. This was achieved by applying a two-layer CRCP and/or installing noise barriers
in sensitive areas.

Figure 6. Construction and finished project of the North-South Kempen Link, Geel-
Kasterlee, 2013

BRUGGE - ZEEBRUGGE, A11, 2014-2018

To improve access to the port of Zeebrugge, the A11 (E34) south of Westkapelle was linked to
the N31 north of Bruges, which then connects to the E40. In this way, heavy port traffic could
be diverted from local traffic and at the same time traffic safety could be improved. For most
of the roads in this PPP project, asphalt was chosen. For the various sections of the tunnel,
however, a two-layer CRCP was chosen. Not only because of its higher fire resistance, but also
because of its durability, low maintenance requirements and higher light reflection.

K4 dmwasecn T et - 15100

Figure 7. Tunnel cross section at the A11. ©Willemen
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The typical tunnel cross-section is as follows:
*  Top layer of 50 cm in exposed aggregate concrete 0/6.3 mm ;

*  Bottom layer 170 mm; position of longitudinal reinforcement approx. 50 mm below the
surface of the bottom layer;

* 50 mm asphalt sandwich layer ;

* 50 mm open asphalt drainage layer;
¢ 1000 mm thick concrete tunnel deck;
¢ 100 mm of lean concrete

*  Foundation piles.

COUVIN, N5/E320, 2018-2019

The decongestion of the municipality of Couvin, in the south of the province of Namur, has
become a reality with the construction of a new 14 km long road. This ring road is part of
the E320 and connects the N5 at Frasnes-les-Couvin to the French border at Brily-Gué-
d’Hossus (A304). The first phase of 5.1 km constituted the effective opening up of the centre
of Couvin and was put into service in October 2017. The second phase, 8.7 km long, forms the
connection with the French border and was inaugurated in 2019. The pavement is a two-layer
CRCP consisting of a lower layer of 170 mm (0/32) and an upper layer of 60 mm (0/6.3). In
the first phase, the 2 lanes and the hard shoulder were concreted in two widths; in the second
phase, the pavement was poured in a single width of 10 m.

Figure 8. Construction of the 2nd phase of the Couvin bypass (photos @ Cimbéton)
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Figure 9. Concreting over the entire width with two slipform pavers (photos @ Cimbéton)

5. Points of attention when laying two-layer concrete pavements

5.1. Concrete production

Two-layer concrete requires two concrete mixes that can be supplied by two different concrete
plants. Alternatively, a single mobile plant can be installed on site. It then produces both
mixes. This means that, in any case, this type of implementation requires an adapted logistical
and operational deployment at the plant(s). This is because it is imperative to ensure that the
right raw materials and dosages are available in the right concrete mix, without contamination
of one with the other.

5.2. Supply of concrete

The bottom layer is normally supplied by tipper trucks capable of transporting large quantities
of concrete. The top layer can also be supplied by tipper trucks, but it is also possible to use
mixer trucks. The precise coordination of the supply of the two concrete compositions is of
course crucial. Due to the specific thicknesses of the two layers, approximately 4 loads of
concrete are required for the sub-base for 1 load of concrete for the top layer, for a pavement
thicknessof 25 cm. Thus, the signage on the trucks and on the construction site must be optimal
so that the layer concerned can be clearly identified by the people on the construction site.
For example, a system of coloured flags or markings on the truck windscreen can be used for
this purpose. Typically, each of the compositions can be recognised by its consistency: the
composition for the sub-layer has a rather wet earthy appearance and a coarse structure, while
that for the top layer can be a bit more fluid and fine-structured. Even if a mobile plant is used
for the production of the concrete, once the concrete has been poured for laying, no mistakes
can be made.
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Figure 10. The designation “SUP” refers to concrete for the top layer (SUP layer).

Figure 11. Lommel Kristalpark - placing dowels in the slots in the bottom layer

5.3 Space and time management on site

Anyone who wants to work needs space. On Belgian territory, the space available next to roads
is generally limited, especially when existing roads are being rebuilt. Space is an important
factor in coordinating the supply of different types of concrete. The top layer must be applied
to the sub-layer within 30 minutes (fresh-on-fresh method). Two slipform pavers are therefore
recommended for the construction of high-gauge roads. The average speed of advance is
approximately 1 metre per minute, which means that there is a maximum distance of 30
metres between the machines. However, there is also an alternative: in Austria and Germany,
road builders use an integrated version of the two machines, so that the two operations follow
each other automatically.
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5.4 Compaction and finishing of the layers

The concrete of the sub-base is compacted with vibrating needles, either by machines or by
manually operated slipforms. No surface finish or protection against drying out is required for
the sub-base. Smoother or “supersmoother” is also not permitted for the underlayment. In the
case of doweled concrete, the dowels are driven into the subgrade by vibration. Sometimes
they are also placed manually in pre-formed slots. The top layer must also be well compacted,
but it is essential to avoid the aggregates of the lower layer penetrating through the top layer
to the surface. A slight mixing of the two layers is permissible and even recommended, as this
ensures the monolithic character of the structure. Some slipform pavers are equipped with
T-shaped flat vibrators for this purpose.

Figure 12. Vibrating needle and a T-shaped vibrating needle for the upper layer (photos@
Wirtgen)

6. Conclusions

Two-layer concrete pavements are increasingly used because of the economic and
environmental benefits they offer. The cost of expensive materials in the top layer is reduced,
while the bottom layer is more environmentally friendly due to the use of recycled aggregates
and a reduced cement content. Improved surface characteristics are also an important benefit:
skid resistance due to the use of high-quality aggregates; improved evenness due to the thinner
top layer; reduced road noise due to an optimally graded exposed aggregate concrete texture
and, if desired, a decorative appearance due to the use of mortar and/or coloured aggregates
on the surface.

In most European countries, two-layer exposed aggregate dowelled JPCP is used for the
construction of concrete motorways. Belgium, on the other hand, has a great deal of know-
how in the field of two-layer CRCP. In the context of the European policy for a climate-neutral
environment by 2050 and the need for a circular economy, two-layer concrete pavements offer
many possibilities for the future.
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Makro Sentetik ve Celik Liflerin Beton Yol Imalatinda
Fiziksel ve Mekanik Ozelliklere Olan Etkileri

Fatih Acikok, Ayhan Comert, Nilgiin Giingor

Karayollar1 Genel Miidiirliigii Ar-Ge Dairesi Bagkanligi, Ankara, Tiirkiye

Ozet

Bu ¢alismada makro sentetik ve celik liflerin betonun mekanik 6zelikleri {izerindeki etkisi
incelenmistir. Beton karigimlarinda en biiyiik tane boyutu 22mm olan ii¢ farkli agrega
kullanilmigtir. Cimento dozaji 340 kg/m?, su/¢cimento orani 0,45 olarak sabit tutulmustur.
Karigimlarda referans beton ve narinlik oranlar1 77 olan 4,5 kg/m® oraninda iki farkli makro
sentetik 1if ve narinlik oran1 80 olan 25kg/m? oraninda ¢elik lif kullanilarak 4 farkli tip beton
hazirlanmistir. Uretilen bu betonlara 7 ve 28 giinliik basing, yarma ve egilme dayanimlari,
enerji depolama kapasiteleri ile durabilitesinin degerlendirilmesi amaciyla da donma ¢6ziilme
deneyleri yapilarak karsilastirilmistir. Karayollart Genel Miidiirliigii Beton Yol Kaplamalari
Teknik Sartnamesi’ne (2016) bagh kalinarak yapilmistir.

Anahtar kelimeler: Beton yol, makro sentetik lif, ¢elik lif, donma-¢oziinme dayanimi, basing
dayanmimi, egilme dayanimi, yarma dayanimi

1.Giris

Lifli beton; betonlarin egilme dayanimi, tokluk, darbe dayanimi gibi 6zelliklerinin artirilmasi
amactyla; ¢imento, agrega ve liflerin su ile karistirilmastyla olusturulan beton tipi olarak
tanimlanmaktadir. Lifler (fiber) taze beton i¢ine katilan belirli boy/cap (narinlik) oranina sahip
metal, polimerik, mineral veya dogal yapidaki malzemelerdir.

Bilindigi lizere betonlar basing yiikii altinda gevrek davranis gostermektedirler. Lifli betonlarda
saglanmasi gereken en 6nemli 6zellik liflerin beton igerisinde homojen olarak dagilmasi ve
bu dagilimm beton karistirildiktan sonra da bozulmamasidir. Cekme dayanimi yoniinden
zayif olan betonlarin i¢cinde homojen olarak yayilan liflerle betonun enerji yutma kapasitesi
artirilarak betona siinek bir davranis kazandirmak amaglanmaktadir.
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Betona lif katkisinin taze betonun akiciligini ve iglenebilirligini olumsuz etkiledigi de
bilinmektedir. Liflerin beton 0zelliklerine etkileri liflerin kullanim oranma, boy/cap
oranina, uzunluguna, ¢apina, su/¢imento oranina, agrega maksimum tane boyutuna, agrega
kompozisyonuna bagli olarak degismektedir.

Bu ¢aligmada; lif kullanilmayan bir beton yol karisim dizayni ile farkl: lifler katilarak iiretilen
beton karisimlarinin taze ve sertlesmis haldeki 6zelliklerinin karsilastirilmasi amaglanmustir.

2. Deneysel Calisma
2.1 Kullamilan Malzemeler
2.1.1 Agrega

Beton karigimlarinda kalker agregast kullanilmigtir. Agregalar 3 grup (0-5 mm, 5-12 mm, 12-
25 mm) halinde temin edilmistir. TS 706 EN 12620 (Beton Agregalari) standardina uygundur.

Dmax 22 4 mm. Gradasyon Edrisi
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Sekil 1. Agrega Graniilometri Egrisi

60

Fatih Acikok, Ayhan Comert, Nilgiin Glingor

Tablo 1. Segilen Karigim Yiizdeleri

% 40 % 30 % 30
Elek 0-5 kirma 5-12mm 12-22 mm
(mm) % y18151mh gecen Karisim
40 100,0 100,0 100,0 100
31,5 100,0 100,0 100,0 100
22,4 100,0 100,0 98,8 100
16 100,0 100,0 59,0 88
11,2 100,0 99,7 22,2 72
8 100,0 78,5 3,7 65
4 99,1 17,1 3,2 46
2 72,6 5,2 32 32
1 46,7 34 32 21
0,5 30,8 2,9 32 14
0,25 21,3 2,6 32 10
0,15 14,1 2,4 32 7
0,063 8,0 2,1 1,8
2.1.2 Cimento

Beton karisimlart ve deneyler i¢in kullanilan ¢imento, CEM II /A-LL 42.5 R Oyak Cimento
Fabrikasina ait Portland ¢imentosudur. TS EN 197-1 standardina uygundur.

Tablo 2. Karakteristik Deger Olarak Tanimlanan Kimyasal Gerekler

Potasyum Sodyum Siilfat Miktari Kloriir Muhtevas: Puzolonik
Oksit Oksit (SO, olarak) Ozellik
% 0,62 % 0,15 % 2,87 % 0,02 UYGUN
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Tablo 3. Karakteristik Degerler Olarak Verilen Mekanik ve Fiziksel Gerekler

Priz Baslama (dakika) Genlesme (mm)
Dayamim Istenen Deney Uygunluk Istenen Deney Uygunluk
Sinifi Deger Sonucu  Durumu  Deger Sonucu  Durumu
42,5R >60 185 UYGUN <10 1,0 UYGUN

2 Giinliik Basin¢ Dayanimi 28 Giinliik Basin¢ Dayanim

(MPa) (MPa)
Dayammm Istenen Deney Uygunluk Istenen Deney Uygunluk
Siifi Deger Sonucu  Durumu  Deger Sonucu  Durumu

£25R  >20 264 UYGUN 3‘22255 457  UYGUN

2.1.3 Lifler

Karigimda kullanilan ve Sekil 2’de goriilen sentetik ve ¢elik liflerin 6zellikleri Tablo.4’de
verilmektedir.

Sekil 2. Karisimda Kullanilan Lifler
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Tablo 4. Kullanilan Liflerin Ozellikleri

Cekme Boyutlar
Boy/Cap Dayanimi (boyxcap)
(MPa)
(mm)
1 Nolu Makro Sentetik Lif 77 550 54 x 0,70
2 Nolu Makro Sentetik Lif 77 550 54 x 0,70
Celik Lif 80 1300 60 x 0,75

2.1.4 Kimyasal Katkilar

Karisimda kullanilan kimyasal katkilar TS EN 934-1 standardina uygun olup katkilara ait
ozellikler Tablo 5 ‘de verilmektedir.

Tablo 5. Kullanilan Kimyasal Katkilarin Ozellikleri

H iriiklevici Katk
Su azaltic1 / Akiskanlastirici ava Sirritkleyici Katki

Beton Katkisi
Malzemenin Yapisi Lignin Siilfonat Esash Yag All;(l)llzﬁuv]ssz:srﬂonyum
pH 5-7 9-11
Ozgiil Agirlik (kg/It) 1,136 - 1,196 0,98 - 1,03
Klor iyon icerigi (%) <0,10 <0,10

2.2 Karisim Bilgileri ve Numune Alim

2.2.1 Beton Karisim bilgileri;

Cimento : 340 kg/m?
Su/¢imento orani 10,45

(0-5)mm Agrega  (%40) : 742 kg/m®
(5-12)mm Agrega (%30) : 555 kg/m?
(12-22)mm Agrega (%30) : 556 kg/m?
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Akigkanlagtirict Kimyasal Katki = : % 1,1

Hava Siiriikleyici Katk1 1% 0,14
Makro Sentetik Lif (% 0,19) 14,5 kg/m?
Celik Lif (% 1,05) : 25 kg/m?

Beton karisimlar1 yukaridaki bilgilere gore; Referans Beton (RB), Makro Sentetik Lifli Beton
1 (MSLB1), Makro Sentetik Lifli Beton 2 (MSLB2), Celik Lifli Beton (CLB) olarak 4 farkli
dokiim yapilarak TS EN 12350-1 standardina uygun bir sekilde numuneler alinmigtir.

Referans betonun sicakligi yaklasik 25°C 6l¢iilmiistiir. Numuneler sicakligi 20+5 °C olan

kiir odasinda 24 saat bekletildikten sonra kaliplardan ¢ikarilarak 7 ve 28 giin boyunca 20+2
°C’deki kiir havuzunda kiire tabi tutulmustur.

3. Deney Sonuglari

3.1 Taze Beton Deneyleri

Tablo 6. Taze Beton Karigimlarinim Slump ve Hava Igerigi Degerleri

Taze Beton
. RB MSLB1 MSLB2 CLB
Deneyleri
Slump (mm) 5 2 3 2
Hava Muhtevasi (%) 5,6 5,7 6,0 5,9
Birim H. Agirlik (kg/m?) 2375 2362 2365 2385

3.2 Basin¢ Dayanimi Deneyi

Deneyler TS EN 12390-3 standardina uygun olarak yapilmis ve her karisim i¢in 7 ve 28 giinliik
3’er adet 150x150x150 mm’lik kiip numuneler basing dayanimi deneyi i¢in kullanilmugtir. 4
karisim igin ayri1 ayri liger adet 7 ve 28 giinliik numunelerin ortalama kirim sonuglari agagida
verilmistir.
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Tablo 7. Basing Dayanimi Sonuglar1

Basin¢ Dayanim

RB MSLB1 MSLB2 CLB

(MPa)
7 giinliik 38,2 38,0 37,8 39,1
28 giinliik 49,5 48,7 49,0 50,1

Deney sonuglart 3 adet numunenin ortalamasidir.

Sentetik lifler beton basing dayanimini 7 ve 28 giinliiklerde %0,5 %0,6 azalttig1 gorilmektedir.
Celif lifli betonda ise basing dayaniminda %0,8 lik bir artis sagladig1 goriilmiistiir. Makro
sentetik ve ¢elik liflerin beton basing dayanimina 6nemli 6lgiide etkilemedigi goriilmiistiir.

3.3 Egilme Dayanimi Deneyi

Deneyler TS EN 12390-5 standardina uygun olarak yapilmis ve her karigim igin 7 ve 28
giinliik 3’er adet 150x150%600 mm’lik kiris numuneler kullanilmistir. Kirim sonuglari agagida
verilmistir.

Sekil 3. Egilme Dayanimi Tayini Deneyi
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Tablo 8. Egilme Dayanimi Sonuglari

Egilme Dayanimi

RB MSLB1 MSLB2 CLB
(MPa)
7 giinliik 3.8 43 42 4.6
28 giinliik 5.1 6,0 5,9 6,4

Deney sonuglart 3 adet numunenin ortalamasidir.

Sentetik lifler beton egilme dayanimini 7 giinliiklerde %10 - %13, 28 giinliiklerde %16 - %18
artirdig1 goriilmektedir. Celif lifli betonda ise egilme dayaniminda 7 ve 28 giinliikk sonuglarda
sirastyla %20 ve %25°lik bir artis sagladigi goriilmiistiir.

3.4 Yarma Dayanim Deneyi

Deneyler TS EN 12390-6 standardina uygun olarak yapilmis ve her karigim i¢in 7 ve 28 giinliik
3’er adet 150 mm’lik kiip numuneler kullaniimigtir. Kirim sonuglar agagida verilmistir.

Tablo 9. Yarma Dayanim: Sonuglari

Yarma Dayanimi

RB MSLB1 MSLB2 CLB
(MPa)
7 giinliik 2.3 2,9 2,5 2,7
28 giinliik 3,0 3,6 33 3,6

Deney sonuglari 3 adet numunenin ortalamasidir.

Sentetik lifler beton yarma dayanimini 7 ve 28 giinliiklerde %10 - %20 artirdig1 goriilmektedir.
Celif lifli betonda ise yarma dayaniminda 7 ve 28 giinliik sonuglarda sirasiyla %17 ve %20°lik
bir artis sagladigi goriilmiistiir.

3.5 Enerji Yutma Kapasitesinin Tayini

Her karigim i¢in 3’er adet 600x600x100 mm’lik plaka numuneler enerji yutma kapasitesinin
tayini deneyi i¢in kullanilmistir. Kirim sonuglari asagida verilmistir.
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Tablo 10. Enerji Yutma Kapasitesini Tayini Deney Sonuglari

Enerji Yutma Kapasitesi

(Joule) RB MSLB1 MSLB2 CLB

1 Nolu Num. 195 846 820 842
2 Nolu Num. 210 810 832 870
3 Nolu Num. 205 852 868 844
Ortalama : 203 818 840 862

Lifli betonlarin mekanik 6zellikleri i¢indeki dnemli parametrelerden bir tanesi de enerji yutma
kapasitesidir. Lifli betonlarin toklugu lifsiz betonlarin toklugundan ¢ok daha iistiin oldugu ve
betonda ilk ¢atlagin meydana gelmesinden sonrada yiik tasimaya devam edebilmesi liflerin
betona kazandirdig1 avantaj olarak goriilmektedir.

Sekil 4. Enerji Yutma Kapasitesinin Tayini Deneyi
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25 mm'lik Deplasmanda Enerji Depolama Kapasitesi (Joule)

1000
900
800 818 840 862
700
600
500
400
300
200
100 203
RB MSLB1 MSLB2 CLB

Sekil 5. Enerji Yutma Kapasitesi Grafigi

3.6 Donma Coziilme Dayanimi Deneyi
Deneyde her karigim igin 150%150x 150 mm’lik 2 adet kiip numune olmak iizere toplam 8 adet
numune kullanilmigtir. Donma Cdziilme dongiileri Tablo 11°de gosterildigi gibi ayarlanarak

toplam 28 dongii uygulanmustr.

Tablo 11. Donma Coziilme Dongiileri

Siire (t), saat Sicaklik (T), °C
Ust Smir Anma Degeri Alt Smir
0 +24,0 +20,0 +16,0
5 -2,0 -3,0 -4,0
12 -14,0 -17,0 -20,0
16 -16,0 -18,0 -20,0
18 0,0 0,0 0,0
22 24,0 20,0 16,0
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Sekil 6. Buz Coziicii Tuzlarla Donma Co6ziilme Deney Numuneleri

Tablo 12. Donma Coziilme Deneyi Kiitle Kaybi Sonuglari

Buz Coziicii Tuz
Etkisinde Donma

. . . RB MSLB1 MSLB2 CLB
Coziilme Direnci
Kiitle Kayb1 (kg/m?)
28 Dongii 1,1 0,5 0,3 0,4

Deney sonuglari 3 adet numunenin ortalamasidir.

Buz ¢oziicii tuzlarla yapilan donma ¢dziilme deney sonuglarina gore olarak sahit betona oranla
kiitle kayiplarinda; 1 numarali makro sentetik lifli betonda % 55, 2 numarali makrosentetik
lifli betonda %73, ¢elik lifli betonda % 64 azalma goriilmiistiir.

4. Sonuc¢

Taze beton deneylerinden elde edilen sonuglara incelendiginde lif kullanilarak yapilan
karigimlarda lifsiz betona gore islenebilirligin azaldigi, taze beton igerindeki hava muhtevasinin
az miktarda artt1§1 ve birim hacim agirliklarinda azalma goriilmiistiir. Beton yollarda ¢ok kuru
kivamli betonlar kullanilmasi sebebiyle ¢esitli kimyasal katkilar kullanilarak iglenebilirlik
artirilabilir. Ayrica tagima, karistirma ve yerlestirme ekipmanlarinin 6zellikleriyle de
islenebilirlik artirilabilir.

Makro Sentetik liflerin ve gelik liflerin lifsiz referans betona gore egilme dayanimlarini
artirdig1 gorilmiistiir. Celik 1ifli betonda sentetik lifli betonlara nazaran daha yiiksek egilme
dayanim sonuglar1 elde edilmistir.
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Makro Sentetik liflerin ve gelik liflerin lifsiz referans betona goére yarma dayanimlarini
artirdig1 gorilmistiir.

7 ve 28 giinliik basing dayanimi yoniinden lifli betonlarin lifsiz referans beton gore basing
dayanimlari az miktarda diisiis gostermistir. Bu sonuglar ihmal edilebilir seviyelerdedir.

Makro sentetik liflerin ve ¢elik liflerin donma-¢oziilme kayb verileri incelendiginde referans
betona gore kiitle kayiplarinda azalmalar goriilmiistiir. Celik lifli betonlarda agik hava
tesirlerine maruz kalacag: diistiniildiiglinde korozyon riski yiiksektir ve buna bagli olarak
gecirimliligin artarak yolun durabilitesine olumsuz etki yaratacagi dngdriilebilir.

Yapilan c¢aligmalarda makro sentetik ve gelik lifli betonlarin lifsiz referans betonlara goére
enerji yutma kapasitelerini dnemli oranda artirdig1 goriilmiis ve dzellikle agir trafik yiikleri
altindaki yiliksek dayanimli betonlarda istenilen bir 6zellik olan siinekliligin elde edilmesinde
tyilestirme saglayacagi goriilmektedir.

Yapilan ¢aligmalarda lifsiz beton yol karisimlarina ilave edilen makro sentetik ve gelik lifler
sayesinde betonun yiik ve egilme altindaki dayanim artigina bagh sekil degistirme yetenegi
ile enerji yutma kapasitesi, egilme dayanimi ve egilme altindaki davramsi lifsiz betonun
Ozelliklerinden daha fazla olacagi goriilmektedir. Lif katilarak betonun iyilestirilen bu
ozellikleri sayesinde rijit iistyap1 yol kaplamalarinin daha uzun dmiirlii olmasi 6ngoriilmektedir.
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Derzli Donatisiz Beton Yollarin Derzlerinde Polipropilen
(PP) Liflerin Performasinin Arastirilmasi

Taha Kadioglu!, Muhammet Vefa Akpinar?
!Trabzon Biiyiiksehir Belediyesi, Trabzon, Tiirkiye
2 Karadeniz Teknik Universitesi, ingaat Miih. Boliimii, Trabzon, Tiirkiye

Ozet

Uluslararasi yollardan kirsal yollara kadar ihtiyaglara gore beton yollar inga edilmektedir.
Beton yollar yiiksek dayanimi, diisiik bakim-onarim maliyetleri ile 6nemli bir kaplama tipidir.
Ancak gevrek yapist nedeniyle uzun siireli yorulmalar karsisinda deformasyonlar (¢atlak,
yer degistirme v.b) olugmaktadir. Bu kapsamda Tiirkiye’nin en uzun kirsal yol agina sahip
olan Trabzon ilinde en yaygin olan derzli donatisiz beton yollar baz alnnmustir. Ozellikle
derz bolgelerinde plak kalinligi boyunca catlaklarin olustugu ve plaklar arasinda diisey
deplasmanlarin olustugu goériillmiistiir.

Bu caligmada C25/30 sinif beton ile insa edilen 6x16x0,2 mt. kesitlerine sahip derzli
donatisiz beton yolun derz bolgelerindeki polipropilen liflerin performans: arastirilmstir.
Bunun igin polipropilen lifler beton plaklara 3 kg/m*, 4 kg/m® ve 7 kg/m?® olarak farkli
oranlarda uygulanmig, devaminda ise lifsiz bir sahit beton plak yapilmustir. Yapilan deneme
caligmalarinda 28 giinliik basing deneyleri sirasi ile 33,8 MPa sahit numunede, polipropilen
liflerde ise 34,7 MPa, 35,1 MPa ve 34,9 MPa hesaplanmistir. Yarmada ¢ekme dayanimi sahit
numunede 2,84 MPa, polipropilen liflerde ise sirasiyla 3,32 MPa, 3,48 MPa ve 3,85 MPa olarak
hesaplanmigtir. Egilmede ¢ekme dayaniminda da yarmada ¢ekme dayanimina benzer katki
oranlari elde edilmistir. Derzli donatisiz beton yollarda polipropilen liflerin beton dayanimini
kayda deger miktarda degistirmedigi ancak tokluk ve enerji soniimleme kapasitesi ile
yoldaki deformasyonlar1 6nemli 6l¢iide engelledigi ve engelleyecegi goriilmiistiir. Bu amagla
Karadeniz Teknik Universitesi (KTU) biinyesinde bulunan HY T tesisi kullanilarak gercek trafik
yiikleri altinda 20 yillik etkiyi 12 aya indirgeyerek deformasyon derecesi belirlenmektedir.
Beton karigiminda kullanilacak polipropilen liflerin miktarinin optimizasyonu, derzlerdeki
deformasyonlarin minimize edilmesi ile 6ngoriilebilir ve siirdiiriilebilir bir tasarim ortaya
konmaktadir. Bdylece teknik sartnamedeki eksikliklerin giderilmesi beklenmekte ve bu
konudaki ¢alismalar hizla devam etmektedir.

Anahtar Kelimeler: Hizlandirilmig Yol Testi, Derzli Donatisiz Beton Yollar, Polipropilen Lif,
Stirdiiriilebilirlik.
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1- Giris ve Literatiir

Beton yollarin olumlu ydnleri olmasmnin yaninda gevrek yapiya sahip olmasi nedeniyle,
yapisinda olusan ¢atlaklardan dolay1 yorulma dayanimi, aginmaya karsi olan direnci, egilme
dayanimi ve iizerine gelen yiikleri tagima performansi diismektedir (Monteiro & Mehta,
1993; Neville, 1995). Tekerlek yiikleri gibi hareketli yiikler, betonun 6zellikle kenar ve kose
noktalarinda gatlaklar olugturmakta, daha sonra bu catlaklar beton yola rahatca yayilmaktadir.
Beton yollarda yillardir demir donatilar dayanikli bir kaplama igin kullanilmaktadir. Ancak
gerek demirin maliyeti, paslanmaya yatkinlig1 ve is¢ilik zorluklar alternatif seceneklerin
ortaya ¢ikmasini 6nemli hale getirmistir. Bu nedenle lif takviyeli betonlarin yol kaplama
betonu olarak kullanimina 1970°li yillarda baslanmistir. Lifli beton yol uygulamalar ile
ilgili yapilamis olan arastirmalar oldukca fazladir. (ACI Committee 544, 1993). Bu kaplama
uygulamalari; koprii plak kaplamalari, karayolu kaplama ve kaplama takviye tabakalari,
havaalanlari, taksi yollari, havayolu apronlar1 ve endiistriyel zemin kaplamalarini da
icermektedir. 1984’ten beri, Avrupa’da endiistriyel alanlarda 1 milyon m? lif igerikli beton

kaplama uygulamalar1 yapilmistir (ASTM C 1018, 1992)

Beton karisimina belirli oranlarda fiberler katilarak, betonun enerji soniimleme seviyesi ve
siinekligi artirllmaktadir. (Lee v.d., 2017). Rastgele ve esit dagilimli gelik lifler, betonda
catlak olusumunu 6nemli 6l¢iide azaltir. Amerikan Beton Enstitiisii (ACI ) beton matrisi i¢ine
celik lif eklenmesinin, betonun tim mekanik 6zelliklerini, 6zellikle de dayanikliligi, cekme
mukavemetini ve toklugu arttirdigini bildirmistir (Institute, 1986). Boylece, betonun siinme ve
enerji yutma kapasitesi artarak siineklik diizeyi yiiksek beton elde edilir.

Tasarim1 ve isciligi iyi olan rijit kaplamalar uzun yillar, bakim onarim ihtiyaci duymadan
hizmet verebilmektedir (plaklar arasindaki derzlere koyulan derz dolgu malzemelerinin
yenilenmesi hari¢) (Tung, 2004; Agar vd., 1998). Rijit kaplamalarin mukavemet degerleri
her ne kadar esnek kaplamalarin mukavemet degerlerine gore yiiksek olsa da yapildig:
andan itibaren ¢esitli nedenlerden dolayi hasar olusturabilecek gerilmeler ve deformasyonlar
olusabilmektedir (Tung, 2004; Kozak, 2011; Ecevit, 2007). Bu deformasyonlarin ve
gerilmelerin temel kaynaklar1 sunlardir;

L Kotii tasarim, kotii imalat (is¢ilik)

1. Kullanilan malzemelerde teknik yetersizlikler
II1. Kullanilan malzemelerin 6zelliklerinin iyi bilinmemesi
Iv. Trafik Yiikleri (Tekerlek yiikleri ve lastik basinglar)
V. Tekerler aras1 mesafe
VL Teker yliklerinin plak tizerindeki konumu
VIL Zemin reaksiyonu

VIII.  Cevresel etkenler, donma ¢oziilme bozulmalar1

IX. Kimyasal bozulmalar, tuzlama caligmalar1 ve diger etkenler (Puyan, 2003; Bolat vd.,
2010; FHWA, 2007).
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St

Beton Plaklar

Temel Katman

Sekil 1. Biikiilme ve kivrilma durumlarinin sematik gosterimi (FEBELCEM,2020).

Sekil 1’de kivrilma ve biikiilme olaylar1 goriilmekte olup, beton plaklarin bu tip hareketleri dis
ortamdaki gece-giindiiz sicaklik degisiminden kaynakli sicaklik gradyaninin etkisiyle ortaya
¢itkmaktadir. Bu durum sicaklik ve riizgar etkisine kars1 6nlemlerin alinmasindaki yetersizlik,
betonun uzunlugu ve kalinligr arasindaki orandaki sorunlar, yiik aktarim yapamayan plak
koseleri ve derz bolgesi vb. nedenlerle kivrilma durumunu iyice artiran nedenler olarak
karsimiza ¢ikmaktadir. (URL-1).

Stfir (0) Yik Aktarum Durumu I'am Yiik Aktarim Durumu

Hareket y&ni

Hareket yani
» >

Sekil 2. Tekerleklerin derzlerden gegerken aldigi durumlar.(FEBELCEM, 2020).

Sekil 2°de beton plaklar aras1 baglantisiz olarak (tam derz) iki beton plak arasinda tasit hareket
ederken beton yolun derz bolgelerinde gelen etki nedeniyle aldigi durum gosterilmektedir.
Bu gosterimde iki plak arasinda higbir baglanti olmadifindan dis etkilere karsi beraber
caligmamaktadir. Zamanla derzler arasinda soyulma, kopma, catlaklar ve c¢okmeler
olusacaktir. Diger gosterimde ise tamamen birbirine entegre olmus ve birlikte ¢alisan beton
plaklar goriilmektedir. Bu gosterimde ise derz bolgeleriyle baglantili olan plaklar birlikte
calistigindan deformasyonlarin olusumu son derece az gergeklesecektir. Bu durumda da beton
yolun yol konforu saglanacak, servis dmrii artmis olacaktir.
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Sekil 3. Trabzon Tonya ilgesi Cayirigi Mahallesi derzli donatisiz beton yolda derzlerde
olusan deformasyonlar

Sekil 3°de 2007 yilinda Trabzon 11 Ozel Idaresince ihale edilen ve kontrolliigii tarafimizca
yapilan beton yol ve son hali goriinmektedir. HYT’de yaptigimiz modellemeye altlik olarak
ele aldigimiz bu calisma derzli donatisiz olarak inga edilen bir beton yoldur. Bu yolda her
4 metrede bir derz kesim islemi yarim derzli olarak yapilmistir. Yapilan gézlemlerde yillar
igerisinde trafik ve sicaklik kaynakli gerilmelere maruz kalmis olan yolun plaklarinda lokal
minimal ¢atlaklar diginda sorun olusmamis, higbir bakim-onarim yapilmaksizin giiniimiizde
de hizmet vermektedir. Ancak derz bolgelerinde 6zellikle yatay ve diisey yer degistirmeler
gozlemlenmektedir. Ozellikle diisey diizlemde 1-1,5 cm araliginda kot farklar1 olusmustur.
Laboratuvar ¢alismalari ile arazide olusan bu soruna ¢6ziim getirilmesi ile gerek derzlerdeki
olusmast muhtemel sorunlar engellenmis olacaktir. Beton yol plaklarindaki polipropilen
liflerin gerilmeleri kargilayict etkisi ile beton plaklarinin derz bolgelerindeki performansi
gosterilecektir

Yapilan bir ¢alismada 12,5 mm ve 19 mm uzunlugundaki polipropilen liflerin % 0.1, % 0.3,
% 0.5 hacimsel oranlarda kullanildiginda basing dayanimina 6nemli bir etkisi olmadigini
belirtmislerdir. Polipropilen liflerin egilme davranisinin, tepe sonrasi egilme direnci ile
karakterize edilebilecegini ileri siirmiislerdir. % 0,3 ve daha az hacimsel oranli ve 19 mm
uzunlugundaki liflerin, tepe sonrasi direncini arttirmak igin daha uygun oldugu saptanmistir.
% 0,5 hacimsel oranda 12 mm uzunlugundaki liflerin daha etkili oldugu gdzlemlenmistir
(Bayasi ve Zeng, 1993)

“Beton Yollarin Yapisal Liflerle Dizaym Igin Basitlestirilmis Metot” baslikli makalede;
Donatisiz betona parcali makro liflerin eklenmesi yol betonlarinin egilme kapasitesini
artiracagi belirtilmistir. (Salah vd. 2006)

Genis yollarda yeterli boyuna derz yapilmamas: veya boyuna derzlerin donat: ile asir1 giiclii
yapilmasi boyuna catlaklara neden olabilir (Tung, 2004; FHWA, 2007). Boyuna catlaklara
benzer nedenlerden dolay1 enine ¢atlaklar da olusabilir. Enine catlaklar genellikle derz
bolgelerine yakin yerlerde, doseme kalinliginin lokal azaldigi veya ¢esitli nedenlerden dolay1
beton altinda temel malzemesinin eksildigi yerlerde goriilebilir.

74

Taha Kadioglu, Muhammet Vefa Akpinar

Dahaénce KTU Insaat Miihendisligi Boliimii HY T tesisinde yapilan beton yol modellemelerinde
dingil yiikleri etkittirilen plaklarda yarim derzli, yarim derz ve tek sira hasir donatili ve de tam
derzli olarak yapilmistir. Sonuglar incelendiginde 64 kN cift tekerlekli ylikleme altinda, yarim
derzlerdeki deplasman degerlerinin 0,843 mm ile ,yarim derzli ve hasir donatili olan (0,402
mm) modele gore 2 kat daha fazla deplasman olusturdugu goriilmiistiir. Tam derzli modelde
ise 1,8247 mm ile yarim derzli modele gore 2 katindan daha fazla diisey deplasman olustugu
ortaya koyulmustur.(Celik, 2019)
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Sekil 4. Fiberli betonun yiik-yer degistirme grafigi (URL-1)

Sekil 4’deki grafikte donatisiz beton ile fiber donatili betona ait tipik bir yiikk-deformasyon
egrisi asagida gosterilmektedir. Fiberlerin esas katkisinin betonun kirtlma yiikiine ulastiktan
sonra yani ¢ekme kuvvetinin en yiiksek diizeye erismesinden sonra oldugu gériilmektedir.

Fiberler beton karisimina 3 kg/m? - 4 kg/m? ve 7 kg/m?® araliginda eklenmektedir. Burada fiberin
tiirii kadar 6nemli bir diger etken fiberlerin boy/cap (L/d) oranidir. Boy/¢ap arasindaki oran
yiikseldik¢e betondaki ¢ekme ve egilme dayanimi yiikselir. Ancak belirli bir orana eristikten
sonra dayanim degerleri azalmaya baglamaktadir. Bu nedenle optimum oranin tespit edilmesi
yapilacak olan uygulamalarin maliyetlerine pozitif katkilar sunmus olacaktir. Bir baska
karakteristik 6zellik ise esdeger egilme dayanimi orani (Equiva-lent Flexural Strength Ratio)
olarak karsimiza ¢ikmaktadir. Bu oran kullanilarak fiberin ¢esidi ve miktar tespit edilecek,
dolayisiyla beton yol boyutlandirmalarinda dogru ve giivenilir ¢oziimlemeler yapilabilecektir.

Temel prensiplerin ayni olmasina karsin, demir donatili ve fiber donatili beton arasinda bir
takim farkliliklar bulunmaktadir. Fiberler beton kesitin her yerine homojen olarak dagilirken;
demir donatilar ise yapilan hesaplamalara gore ve belirli yerlere yerlestirilirler. Fiberlerin
araliklar1 ¢ok az ve minimal boyutlara sahiplerdir. Diger taraftan ise demir donatilar daha
diisiik yogunluklu olarak ve biiylik araliklarla beton yol kesiti boyunca yerlestirilirler.
Fiberlerin betona olan en énemli katkisi, betonun toklugunu (enerji yutma kapasitesi) dnemli
miktarda arttirmasidir. Fiberler betona diisiik dozajlarda eklenir ve betonda meydana gelen
plastik rotre ¢atlaklarnin azaltilmasinda oldukga etkilidir.
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Sekil 5. Derzli donatisiz beton yolda derz bdlgesinde olusan yer degistirmeler ve ¢atlak
yayilimi

Sekil 5’de derzli donatisiz beton yolda derz bolgelerinde dis yiikler ve iklim kosullarindan
kaynakli olarak derzlerde catlagin kesit boyunca olustugu goriilmektedir. Bu ¢atlak olusumu
tamamlandiginda plaklar arasi yiik aktarimi ortadan kalkmaktadir. Bundan kaynakli olarak
beton plaklar arasinda 0,75 cm ve 0,82 cm kot farklar1 Gergek Zamanli Ulusal Sabit GNSS
Aglar1 veya Siirekli Calisan Referans Istasyonlar1 (Continuously Operating Reference Stations
(CORY)) cihaz1 ile odlgiilmistiir. Dolayisiyla trafik ve sicaklik kaynakli olarak zamanla
plaklar ayr1 ayri galisacaklari igin derzlerde yatay ve diisey deplasmanlar, catlak ve kopmalar
olusmaktadir. Bu da yol stabilitesini bozarak yolun konforunu bozmaktadir. Ayrica zamanla
yolun kullanimu ile ilgili problemler bakim-onarim maliyetlerini kisa bir zaman igerisinde
ortaya cikaracaktir. Iste tam bu noktada plaklarin birlikte calismaya devam etmesi, iizerine
gelen etkilerden kaynakli olugan gerilmeler karsilanmasi, olusan enerjinin soniimlenmesi
onem arzetmektedir.

Yapilan beton yol uygulamalarinda, beton yollardaki catlaklarin engellenmesi i¢in kiirleme,
birtakim kimyasal katki materyallerinin beton karigimina belirli oranlarda eklenmesi gibi
yontemlerin kullanildigi goriilmektedir. Cokme tipi deformasyonlarin en fazla derz kesim
bolgelerinde oldugu ve derz bolgelerinde (1/4 ) oraninda kesilen beton plagin daha sonra tiim
kesit kalinlig1 boyunca olustugu gézlemlenmektedir. Zamanla derz bdlgelerindeki diisey yer
degistirmelerin yol konforunu da olumsuz yonde etkilemesi kacinilmaz hale gelmektedir.
Bununla birlikte fiber malzemelerin beton yollarda hangi oranlarda kullanilmasinin ¢ékme
(diisey deplasman) ve catlaklar1 Oniine gecilmesine yeterli olacagi konusu belirsizlikler
barindirmaktadir. Buradan hareketle deformasyonlarin (gatlak, ¢cokme vb.) 6niine gegebilmek
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icin optimum fiber katki miktarinin belirlenmesi, derzlerin kesim araliklar1 ve kalinliklarinin
optimize edilmesi ile ilgili Amerikan Devlet Karayollar1 ve Ulastirma Gorevlileri Birligi
(AASHTO) ve Karayollar1 Genel Miidiirliigii (KGM) Beton Yollar Teknik Sartnamelerinde
yeterli bilgi bulunmamaktadir. Bu tip deformasyonlarin engellenmesi i¢in yapilacak tasarimin
Ongoriilebilir olmas1 zaman ve maliyet kayiplarinin Oniine gegilmesinin saglanmasi ve
uzun servis omiirlii yollarin yapilmasi son derece dnemlidir. Bununla birlikte beton plagin
tasarimi yapilirken yolun maruz kalacag trafik yiikii, hava kosullar1 da gdz 6nilinde tutulmak
durumundadir.

Yapilan bir ¢alismada, 1ifli beton ile lifsiz betonu dogrudan ¢ekme testine tabi tutulmus ve test
sonuglari irdelenildiginde ise lifli numunelerin tagima giiciinii lifler siyrilincaya kadar devam
ettirdigi, lifsiz numunelerin ise gevrek davranis gésterdigi sonucuna varilmistir. Dolayisiyla
lif kullanimini ile betonun ¢gekme dayanimini biiyiik oranlarda artirdig1 ortaya konulmustur
(Karatag & Giines, 2015)

Diger bir ¢calismada ise, EN 14488-5 standarti dogrultusunda (Celik telli beton) CTB ve
Polipropilen telli beton(PPTB)’lar lizerinde plak testleri yapilmis olup tel uzunluklar1 30 mm,
betonda C tel miktar1 35 (%0,45) ve 50 (%0,64) kg/m?, yiiksek performansli PP miktarini ise
7 (%0,78) ve 10 (%]1,1) kg/m? olarak belirlenilmistir. Buna gore 35 kg/m? miktarinda C tele
sahip betonun ilk kirilma yiikii 65 kN ve 25 mm deformasyondaki enerji yutma degeri 664
joule olarak belirlenmis. 50 kg/m?® miktarinda tele sahip betonun ilk kirilma yiikii 75 kN ve 25
mm deformasyondaki enerji yutma degeri 846 joule olarak belirlenmis. 7 kg/m? miktarinda PP
tele sahip betonun ilk kirilma yiikii 70 kN ve 25 mm deformasyondaki enerji yutma degeri 716
joule olarak belirlenmis. 10 kg/mm miktarinda C tele sahip betonun ilk kirilma yiikii SOKN
ve 25 mm deformasyondaki enerji yutma degeri 751 joule olarak belirlenmistir. Sonug olarak
tel oranin artmasi plak betonlarda kirtlma yiikiinii ve enerji yutma miktarini arttirdigi, PP tel
oraninin artirilmasi durumunda ise betonun ilk kirilma yiik direncini diisiirmekte, ancak enerji
yutma miktarini arttirdigi sonuglarina ulagilmistir (Karatag & Giines, 2015)

Polipropilen telli beton (PPTB) ve Celik lifli beton (CLB)’lar iizerinde yapilan ¢alismalarda
Schmidt ¢ekici ile yiiksek sertlige sahip ylizey ve basing dayaniminin ise lifsiz betona goére
sirastyla CLB ve PP lifli betonlarda daha yiiksek dayanimlar gosterdigi ortaya konulmustur.
Ayni galismada yapilan asinma deneyinde ise CLB’nun daha disiikk asinma kayiplarina
ulagilmigtir (Roesler vd., 2015)

Beton igerisinde %0,5-0,75-1 oranlarinda kullanilan gelik lif ve %0,1 PP lif ile yapilan bir
arastirmada; baz alman iceriginde lif bulunmayan betona gore ¢elik lifin oran: yiikseldikge
sikigik birim agirlik artmakta oldugu, kapiler su emme orani ile gériinen boslugun ise azaldigi
gOriilmiistiir. Bununla birlikte basing dayanimi diisiik lif oraninda artiglar olusmakta ve
lif orani arttik¢a da basing dayanimu ile ters bir orantili degisimler gostermektedir. PP lifli
betonda lifsiz betona gore sikigik birim hacim agirlikta degisme olmamakta, kapiler su emme
degerinde ise yaklasik olarak %12, bosluk oraninda ise yaklasik %9 diisiik olmakta ve basing
dayaniminda da yaklasik %6 diisiis goriilmiistiir. Ayrica ¢aligma kapsaminda lifli betonlarda
¢elik 1if oraninin ya da lif tiiriiniin ultrasonik ses gec¢is hiz1 mertebesindeki etkisinin kayda
deger olmadig: ortaya konulmustur (Yildirim & Ekinci, 2006).
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Tablo 1. Celik ve polipropilen lif karsilagtirmas1 (URL-2, URL-3)

Celik Fiber Polipropilen Fiber

Kullanilanlif tiir CRETEFIBER STL 5035/ MACRO 40 mm/Makro
Ege Crete Beton

1 m3 kullanim miktar1 15-60 kg 1-10 kg

Cekme gerilmesi 1100 Mpa 550-750 MPa

Uzunluk 35 mm 40 mm

Elastisite modiilii 26500 MPa 3500 MPa

Maliyet (1m? betonda) 120 $ 30%

Tablo 1’de betonlarin igeriginde kullanilan ¢elik ve polipropilen liflerin teknik 6zellikleri
goriilmektedir. Tabloya gére 1 m?® betonda ortalama 40 kg ¢elik lifin (120 $) ve yine 1 m?
betonda ortalama 5,5 kg ( 30 $) polipropilen lif kullanildig1 diistiniildigiinde m* bagina 4
katina ulagsan maliyet farklar1 olusmaktadir. Bu nedenle polipropilen lifler yapilan ¢aligmada
kullanilmaktadir. Ayrica ¢elik liflerin beton yilizeyinde kalmasi, liflerin zamanla paslanarak
yiizeyde leke birakmasina ve eger beton igerisinde demir varsa ona da korozyonun yiiriimesine
neden olabilmektedir. Polipropilen liflerde ise paslanma etkisi hicbir sartta olugsmayacagi i¢in
daha kullanisl hale gelmektedir.

Genel olarak yapilan yol projelerinde servis dmrii boyunca olusacak olan deformasyonlari
gorebilmek i¢in 20 yil gibi uzun yillar boyunca beklemek gerekmektedir. Bu nedenle bu
siireci daha kisa zamanlara indirgemek i¢in KTU Insaat Miihendisligi Boliimiindeki HYT
(Hizlandirilmis Yol Testi) laboratuvarindan faydalanilmaktadir.

2. Yontem ve Materyal

Bu kapsamda Tiirkiye nin en uzun kirsal yol agina sahip olan Trabzon ilindeki derzli donatisiz
beton yollarin derz bdlgelerindeki catlaklarin olusum ve gelisimleri ele alinmaktadir. Yapilan
calismalardan betonlarda kullanilan polipropilen liflerin sertlesmis beton karisimindaki
basing, yarmada-cekme ve egilme dayammlar oblciilmiistiir. Ozellikle enerji yutma
kabiliyetini yani beton karisiminin tokluk degerini yiikseltmesi dolayisiyla beton yolda
olusabilecek deformasyonlar1 engelleyici etkileri oldugu irdelenmistir. Buradan hareketle
en ¢ok gerilmenin olustugu derz birlesimlerinde diisey deplasmanlar1 da engelleyici etkisi
olacag diigiiniilmektedir. Bu kapsamda 6 x 16 x 0,2 mt. ebatlarinda C25/30 sinifi beton plak
imalat1 yapilacaktir. Bu asamada polipropilen lifli olarak yaygin olarak kullanilan 3kg/m?, 4
kg/m? ve 7 kg/m?® oranlarinda beton plaklarin iiretilmesi, devaminda ise sahit bir kontrol plak
tasarlanmigtir ve bu beton kaplamasinin derzleri 4 metrede bir ve h/4 oraninda (5 cm) derinlikte
kesilmistir. Beton plaklarin tam bag yapmasi igin betonun priz almasini beklemeden birbiri
ardinca beton yol uygulamasi yapilmaktadir. Daha sonra ¢ift dingil yiikiiniin yol diizlemine
istline etkittirilmesi ve HYT (Hizlandirilmis Yol Testi) laboratuvarinda kayit altina alinmasi
saglanmasi ile kay1t altina alinan beton yol plaklarinin derz bolgelerin olusan deformasyonlarin
(¢c6kme, catlama, yorulma v.b) 6lgiilmesi ve incelenmesi saglanacaktir.
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Derzli donatisiz beton yollarin C25/30 sinifi betonun belirlenmesinin amaci, idarelerin
(Belediyeler, Yatirim Izleme ve Koordinasyon Baskanlhigi (YIKOB), Karayollar(KGM))
ihalelerinde yaygin olarak kullanmalarindandir.

Cimento olarak TS EN 197-1 (2012) “Genel ¢imentolar-bilesim, ozellikler ve uygunluk
kriterleri” ne uygun olarak CEM I 42,5 R tipi Portland ¢imentosu kullanilmigtir.

Biitiin beton karigimlarinda Dmax = 22 mm kalker agregasi kullanilmistir. Agregalarin
TS EN 1097-6 standardimna, agregalarin elek analizleri ise TS EN 206 standardina gore
gerceklestirilmistir. Beton karisimlarinda toplam agrega icerisinde 0-5 mm araliginda %52,
5-12 mm aralifinda %26 ve 12-22 mm araliginda ise %22 oraninda kalker agrega olarak
kullanilmigtir. Trafik yiikii olarak HYT laboratuvarindaki ¢ift dingilli kamyon tekerleri
kullanilmaktadir.

Sekil 6. Derzli donatisiz beton yol modellemesi (PP lifli ve lifsiz)

Sekil 6’de polipropilen lifli ve lifsiz beton yol kesiti goriilmektedir. Beton plak 5 cm kalinlikta
ve her 4 metrede bir derz kesilerek yapilacaktir. Kesit boyunca 3 farkli oranda polipropilen fiber
kullanilacak olup, hareketli dis yiikler ile sicakliktan kaynaklanan deformasyonlar (¢atlak,
¢Okme v.b.) analiz edilecektir. Elde edilen deneysel ve gozlemsel sonuglar irdelenecektir.
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Sekil 7. Derzli donatisiz beton yolda tekerleklerin hareket dogrultusu.

Sekil 7°de derzli donatisiz beton yol modelinini kesitleri (kalinlik, uzunluk ve derz kesim
kalmliklar1) ile Hizlandirilmis Yol Testi (HYT) laboratuvarindaki ¢ift dingil yiikiiniin beton
plaklarin ve derzlerin iizerinden gecerken hareket etme sekli gosterilmektedir.

2.1 Beton Kaplamanin Olusturulmasi

Kamu ihalelerinde yaygin olarak tercih edilen C25/30 sinifi beton ile lifli ve lifsiz olmak
lizere beton plak 6 mt. x 16 mt. x 0,2 mt boyutlarinda insa edilmektedir. Beton yol sistemi
her pargaya farkli miktarlarda olacak sekilde (3 kg/m?, 4 kg/m? ve 7 kg/m?) EN 14889-2 Sinif
2 ve ASTM C 1116 standartlarina uygun polipropilenden iiretilen fiberlerler kullanilmistir.
Devamindaki sahit parcada ise lifsiz olarak insa edilmistir. Betonlarin tam bag yapmasi i¢in
priz almasini beklemeden birbiri ardinca uygulanmistir. Beton yol kaplamasinin derzleri
yapilan uygulamalara uyumlu olarak her 4 metrede bir 5 cm kalinlikta kesilmistir.

2.2 Hizlandirilmis Yol Testi (HYT) ile Analiz Edilmesi

Bu asamada Tiirkiye’ de bir ilk olan Karadeniz Teknik Universitesi Insaat Mithendisligi Ulasim
Ana Bilim Dalina ait Hizlandirilmis yol testi labaratuvart (HYT) kullanilmistir. Beton yol
kaplamasi tizerinde sahit bolge ve fiberli bolge lizerinde belirli bir diizlem boyunca ¢ift dingil
yiikii tekerleklerle etkittirilmektedir. Bilindigi iizere beton yol kaplamalarinin en ¢ok gerilme
olusan yerleri derz bélgeleridir. Ozellikle bu bdlgelerde olusan gerilmeler sonucu plaklarin
yatay ve diisey stabilizasyonunu saglamasi énem arzetmektedir. Trabzon bolgesinde yapilan
birgok derzli donatisiz beton yollarda sicaklik, trafik yiikii v.b. nedenlerle derz bolgelerinde
kesit boyunca catlak, ¢dkme v.b. deformasyonlar olusmustur. Iste tam bu noktada derz
bolgelerinde gerilmeleri karsilamak dolayisiyla deformasyonlarin 6niine gegerek yol konforu
ve servis Omriinii uzatmak i¢in bu ¢aligma yapilmaktadir. Bu modellemelerle gerek sahit plak
gerekse de fiberli bolgede olusan tiim sonuglar: kayit altina alinmaktadir. Bunu yapmak icin
yolun hareket diizlemindeki ilerleyisini, yatay ve diisey hareketlerini straingagellerle sensorleri
vasitasi ile kayit altina alinmakta ve bilgisayar ortamia aktarilmaktadir. Yol plaklarindaki
ozellikle derz bolgelerindeki uzun doénemli (20 yil) gerilmelerden kaynakli degisimleri
gorebilmek i¢in 12 ay boyunca bu hareketli dingil etkisi siirdiiriilecektir.
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Ayrica 12 ay sonunda beton plak boyunca 1siticilarla sicaklik etkisi de eklenerek gerilmelerin
daha yiiksek seviyelere ulagtirilmasi ve daha yiiksek gerilmeler altindaki davranislar1 da
incelenmesi diistiniilmektedir.

Sekil 8. Hizlandirilmis Yol Testi Labaratuvar1 (HYT)’den bir gériinim

Sekil 8’de Karadeniz Teknik Universitesi Insaat Miihendisligi Ulastirma Ana Bilim Dalina
ait olan Hizlandirilmis Yol Testi diizenegi goriilmektedir. Ulkemizde benzeri olmayan bu test
cihazi ile her tipteki kaplamalarda gergek yiiklemeler altinda uzun yillar boyunca olusacak
olan yapisal davranislar gerekli modellemeler yapilmak suretiyle kisa bir zaman diliminde elde
edilebilmektedir. O nedenle yapilmakta olan ¢alismada derzli donatisiz beton yollarda trafik
yiikii ve sicaklik etkisinden kaynakli olarak gerilmelerin derz bolgelerindeki deformasyonlari
gozlemlemek icin Snemlidir. Bu modellemede (fiberli ve fibersiz) beton plakta trafik ve
sicaklik etikisi ile olugan gerilmelerin en yiiksek mertebelerde olustugu derz bolgelerindeki
deformasyonlar1 engelleyici 6zelliklerinin ortaya konulmasi ile performansi aragtirilmaktadir.

3. Bulgular

Yapilan polipropilen lifli beton numunelerinin egilme dayanimi ve kirilma enerjileri
irdelendiginde Tablo 2’deki bulgulara erisilmistir. Polipropilen liflerin beton igerisindeki orant
arttikca kirilma enerjisinin ve egilme dayaniminn artig gosterdigi goriilmiistiir. Buna paralel
olarak KTU Insaat Miihendisligi Boliimii Hizlandirilmis Yol Testi (HYT) laboratuvarinda
yapilan derzli donatisiz beton yol modellemesinde polipropilen liflerin optimum kullanilmasi
ile ¢ift dingil yiikii ile yapilan yiiklemelerden kaynakli olarak beton yol plaki iizerindeki
soniimlenen enerjinin, maksimum gerilme bélgeleri olan derzlerdeki deformasyonlar:
kargilayarak ¢aligma sonunda beklenilen sonuglari ulagacagi 6ngoriilmektedir.
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Tablo 2. Egilme deney sonuglari

Sahit PP-1 PP-2 PP-3
Kirilma Enerjisi (J/m?) 44 1327 2249 3895
Egilme Dayanimi (MPa) 4,24 4,39 4,53 4,84

Tablo 3. 28 giinliik basing ve yarmada ¢ekme dayanimlari

Sahit PP-1 PP-2 PP-3
Basin¢ Dayanimi (MPa) 33,8 34,7 35,1 34,9
Y. Cekme Dayanimi (MPa) 2,84 3,32 3,48 3,85

Tablo 3’de ise basing dayanim sonuglarinin sahit ile polipropilen lifli numunelerdeki bulgular
goriilmektedir. Beton numunelerinin basing dayanimi énemli oranda degismezken, yarmada
¢ekme dayanimi sahit numuneye gore 7 kg/m? lifli beton numunesine gore yaklasik olarak
%35 oraninda artis goriilmektedir.

a-Kontrol (sahit) numune b- 3 kg/m? PP lifli numune
———— = - ; \ it i 255
c¢- 4 kg/m® PP lifli numune d- 7 kg/m? PP 1ifli numune

Sekil 9. Alinan PP lifli kiris numunelerindeki ¢atlak yayilimi

Sekil 9’da polipropilen liflerin Hizlandirilmis Yol Testi (HYT) de yapilan tasarimlara gore
alinan numunelerin yapilan deneylerle etkittirilen yiiklemelerde yapisinda olusan catlaklar
gozlemlenmektedir. Catlaklarin olusumuna bakildiginda polipropilen lif miktar1 arttikga
catlak yayiliminin ters orantili olarak biiyiik oranda engellendigi (azaldig1) goriilmektedir.
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4. Sonuclar ve Oneriler

Yapilan deneylerde 28 giinliik basing deneyleri sirasi ile 33,8 MPa sahit numunede,
polipropilen lifli numunelerde ise 34,7 MPa, 35,1 MPa ve 34,9 MPa hesaplanmistir. Yarmada
¢ekme dayanimi sahit numunede 2,84 MPa, polipropilen liflerde ise sirasiyla 3,32 MPa, 3,48
MPa ve 3,85 MPa olarak hesaplanmistir. Egilmede ¢ekme dayaniminda da yarmada ¢ekme
dayanimina benzer katki oranlar elde edilmistir. Derzli donatisiz beton yollarda polipropilen
liflerin beton dayanimini kayda deger miktarda degistirmedigi ancak tokluk ve enerji
sontimleme kapasitesi ile yoldaki deformasyonlar1 6nemli 6l¢lide engelledigi gosterilmistir.
Ozellikle giiniimiizde yayginlasmaya baslayan fiber teknolojisi ile betonun egilmede ¢ekme
ve tokluk degerlerinin artirlmistir. Uzerine gelen trafik yiikleri, sicaklik etkileri vb. gerilmeyi
artiran faktdrlerin absorbe edilmesi noktasinda 6ne cikmaktadir. Ozellikle plak boyunca
en ¢ok gerilme olusan derz birlesim yerlerinde yatay ve diisey deplasmanlarin, ¢atlaklarin
yayiliminin 6niine gegilmesi saglanabilecektir.

Derzli donatisiz beton yollarda derz birlesim bolgelerinde kullanilan fiberlerin kullanima,
miktarlari, derzlerin kalinlik, genislik ve araliklarinin optimize edilmesi saglanmis olacaktir.
Yapilan laboratuvar calismalarinin tamamlanmasi ile polipropilen liflerin optimizasyonu
saglanacaktir. Boylece Beton Yollar Teknik Sartnamesindekikatkisaglanmasihedeflenmektedir.
Bu nedenle HYT tesisinde daha fazla deney yapilmasinin ger¢ek uygulamalarin sonuglarini
dogru bir sekilde analiz edebilme noktasinda 6nemli oldugu goriilmektedir. Bu ¢alismalar
betonla aderansi ve genlesmesi iyi seviyelerde olan liflerle (cam, bazalt, paslanmaz ¢elik v.b.)
yapilarak cesitlendirilebilir. Bu nedenle bu ve buna benzer ¢aligmalarin daha yogun yapilmasi
ongoriilebilirligi, verimliligi ve siirdiiriilebilirligi artiracagi i¢in dnerilmektedir.
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Beton Otoyol Bariyerlerinin Cok Agir Hizmet
Seviyesinde (H4b) Carpisma Test Performansi

A.O. Atahan!, E.Karaduman?, E.Ortemiz?, H.D. Yilmaz?

! {stanbul Teknik Universitesi, Insaat Fakiiltesi, Istanbul, Tiirkiye
2ISTON Istanbul Beton Elemanlar1 ve Hazir Beton Fabrikalari, Istanbul, Tiirkiye

Ozet

Ulkemizde en yaygm ulasim tiirii karayolu ulasimudir. Yiik tasimaciiginm % 70’i, yolcu
tasimaciliginin % 90’1 karayolu ile yapilmaktadir. 1950’den sonra karayolu yapimi artmus,
ulagim araglar1 gogalmugtir. Ulkemizde 2022 yili itibari ile karayolu uzunlugu toplam 65 bin
km’yi agmistir. Karayollarinin ¢ok yaygin kullanilmasi beraberinde trafik kazalarinin artigini
da getirmektedir. Karayollarindaki trafik kazalarini 6nleyebilmek igin ¢ok ¢esitli alanlarda
caligmalar yapilmaktadir. Bu c¢alismalardan bir tanesi de yol kenarlarinda ve refiijlerde
kullanilan beton bariyerlerdir.

Bu calismada boliinmiis ve agir vasita trafigi olan yollarin refiij boéliimiinde kullanilmak
iizere H4b ¢ok agir hizmet performans seviyesine sahip beton bariyer tasarimi yapilmistir.
Calismanimn ilk kisminda beton bariyer yiiksekligi, uzunlugu, taban genisligi ve baglant:
geometrisi Karayollar1 Genel Miidiirliigii tarafindan belirlenen standartlara uygun sekilde
olusturulmusgtur. Geometrisi ve yapisal biitiinligii olusturulan beton bariyerin ¢arpisma
simiilasyonlar1 yapilmigtir. Bu kisimda ilk olarak beton bariyerin sonlu elemanlar modeli
detayli sekilde olusturulmus, sinir sartlari, mesnetlenmesi belirlenmistir. Beton bariyer TS
EN 1317 Carpigsma Test Standardi’nda belirtilen 900 kg agirligindaki araba (TB11 testi) ve
38.000 kg agirhigindaki TIR (TBS8I testi) carpmasina simiilasyon ile maruz birakilmistir.
Calismanin ikinci kisminda, Ttalya’nin Milano kentinde TS EN 1317-2’¢ uygun olarak yapilan
carpisma test sonuclari sunulmustur. Yapilan carpisma testleri ISTON beton bariyerinin
karayollarinda kullanim i¢in yeterli performansta oldugunu gostermistir. Tasarlanan bu beton
bariyerinin diisiik maliyet, yiikksek performans, uzun 6miir, sifir bakim ve tamirat masraflart
gibi avantajlarinin {ilkemiz trafik giivenligi ve ekonomisine katki sunmasi beklenmektedir.

Anahtar Kelimeler: Beton bariyer, ¢carpigma testi, giivenlik, ulasim, servis omrii
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1. Giris

Beton bariyerler ilk kez 1940’larda ABD Kaliforniya’da kullanildi. Amag, bariyere ¢arpan
hatal1 araglarin kaza sonrasi hasar durumunu en aza indirgemek ve bariyerlerin bakim ihtiyacini
ortadan kaldirmakti. Yaygin olarak kullanilan New Jersey beton bariyeri ilk olarak 1955 yilinda
New Jersey’de uygulanmis ve 1959 yilinda ise su anda kullanilan tasarima yiikseltilmis, ancak
New Jersey bariyerinin gelistirilmesinde herhangi bir ¢arpigsma testi yapilmamigtir. Tasarimda
yapilan degisikliklerde ger¢ek kaza deneyimlerinden yola ¢ikilmistir (Ray v.d., 1997).

1950’lerin basindan itibaren trafik hacmi ve hiz1 degismeye basladiginda, araglarin koprii
raylarindan gegmesini 6nlemek i¢in beton koprii bariyerleri kullanilmaya baslanmistir. Beaton
(1956), tarafindan Kaliforniya Eyaleti’nde 1955’te beton koprii bariyer tasarimlarini optimize
etmek i¢in bir dizi tam 06lgekli ¢arpigsma testi gerceklestirilmistir. O zamandan giiniimiize,
bariyerin penetrasyonunu Onleyebilecek ve bir araci miimkiin oldugunca az yolcu 6lim-
yaralanma riski ve arag hasari ile yonlendirebilecek beton yol veya koprii bariyerleri gelistirmek
icin birgok tam Slcekli carpigsma testi yapilmistir. Sonug olarak, bazi beton bariyerlerin New
Jersey bariyeri, F-gekilli bariyer (1976) ve tek egimli bariyer (1989) gibi bariyerlerin tatmin
edici etki performansina sahip oldugu kanitlanirken, bazi beton bariyerlerin ise uygun olmayan
etki performansina sahip oldugu gosterilmistir.

Avrupa’da, 1960’larda Alman DAV beton medyan bariyer, Belgika Trief beton korkuluk,
Fransiz Sabla beton korkuluk, Italyan Sergad beton korkuluk ve Italyan Vianini beton medyan
bariyeri gibi ¢esitli beton bariyerler gelistirilmistir (Michie, 1971), ancak, bu somut engellerin
cogunun testler yapildiktan sonra ve gercek carpisma deneyiminden sonra tatmin edici
olmadig1 goriilmistiir. Avrupa lilkeleri de su anda standart beton bariyerleri i¢cin New Jersey
seklini kullanmaktadir (FEMA,2000).

Avrupa’da yol giivenligini saglama ve trafik kazalarinin sosyal boyutunu kontrol etme amagli,
2011-2020 yillar1 arasin1 kapsayan Avrupa Yol Giivenlik Programi ile dliimleri yari yariya
azaltma plani olusturulmustur (Diamandouros, 2014). 2011-2020 Karayolu Giivenligi On
Yillik Eylem Plani adi altinda, Mart 2010°da Birlesmis Milletler Genel Kurulu A/RES/64/255
kararin1 almig, bu on yil igerisinde, liye devletlerin, trafik kazalarinda Glenlerin sayisini
azaltmak i¢in, ulusal planlar gelistirmesi ve dnlemler almasi gerektigi belirtilmistir (Kadioglu,
2014). Belgika’da yapilan aragtirmaya gore tiim karayollarini kapsama alan trafik kazalarinin
istatistikleri degerlendirildiginde, yolun ¢evresindeki bir bariyere ¢arpma nedeniyle oliimle
sonuclanma oran1 %40’tir (Kadioglu, 2014).

Ulkemiz karayollarinda 2021 yilinda toplam 1 milyon 186 bin 353 adet trafik kazasi meydana
geldi. Bu kazalarin 998 bin 390 adedi maddi hasarli, 187 bin 963 adedi ise 6liimlii yaralanmali
trafik kazasidir. Y1l icerisinde meydana gelen 6liimlii yaralanmali trafik kazalarinin %78,6’s1
yerlesim yeri icinde %21,4’ii ise yerlesim yeri disinda meydana geldi. Ulkemiz karayolu
aginda 2021 yilinda 6limlii yaralanmal trafik kazasina karigan toplam 308 bin 442 tasitin
%49,4>ii otomobil, %20,9>u motosiklet, %15,1>1 kamyonet, %2,3>li ¢ekici, %2,3>ii minibiis,
%2,2>si kamyon, %1,6ys1 otobiis, %0,9u traktdr ve %>5,3>ii diger tasitlardan olustu (TUIK,
2022).
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Ulkemizde beton bariyerlerde ilk uygulama 1988 yilinda Istanbul, Izmir ve Iskenderun’da
gergeklestirilmistir. Gliniimiizde, Tiirkiye ve Avrupa’da prefabrik beton bariyerler EN 1317
serisi standartlarda belirtilen ¢arpigsma testlerine tabi tutularak performansinin belirlenmesi
ve Yapt Malzemeleri Yonetmeligi kapsaminda CE isareti tasimas1 gerekmektedir. Carpigma
testleri esnasinda farkli araglar farkli hiz ve agilarla bariyerlere captirilmakta ve bunun
sonucunda bariyer performansi belirlenmektedir. Bariyerlerden beklenen performans gerekleri
arasinda; ¢arpan aracin bariyer tarafinda tutulabilmesi, bariyerin yanal hareketi, carpan aracin
stabilitesi, ¢carpismadan sonra aracin hareket dogrultusu ve yolculara gelen darbe etkilerini
(ivmeleri) kisitlamak sayilabilir (Sengiin v.d., 2017).

2. TS EN 1317-2 Yol Giivenlik Sistemleri Standardi

Karayolu giivenligini arttirma amact ile yolcular ve diger yol kullanicilarint korumak, yoldan
¢ikan tagitlar1 giivenli sekilde yolda tutmak icin giivenlik bariyerleri kullanilir. Genellikle
celik, halat ve beton yap: malzemesi kullanilarak imal edilen bariyerler yol kenarinda veya
refiijde bulunur. Thtiya¢ duyulan performansa gére tasarimi yapilir. Bu performans smiflar ve
gerekleri TS EN 1317-2 Standardi’nda tanimlanmustir (TS EN 1317-2, 2011).

Tablo 1. EN 1317-2 Standard1 Hizmet Seviyesi ve Kabul Testleri

Hizmet Seviyesi Kabul Testi

T1 TB21

En Hafif Hizmet T2 TB22
T3 TB41 ve TB21

) N1 TB31

Normal Hizmet
N2 TB11 ve TB31
HI TB11 ve TB42
Agir Hizmet H2 TB11 ve TB51
H3 TB11 ve TB61
. H4a TBI11 ve TB71
Cok Agir Hizmet

H4b TB11 ve TB81

Avrupa Carpisma Test Standard1 EN1317, yol giivenlik sistemlerinin ¢arpigsma standartlarini
icermektedir ve Avrupa Standardizasyon Komitesi tarafindan diizenlenmektedir (TS EN
1317-2, 2011). EN1317 temel olarak sekiz ayri kisimdan olusmaktadir fakat bu caligma
otokorkuluklarin test metotlari, garpma testi kabul kriterleri ve sistemin performans siniflarinin
bulundugu 2. kisim ile ilgilidir. Tiirkiye’de TS EN1317 olarak kabul edilen bu standardin
icerisinde bir otokorkuluk sisteminin hizmet seviyesine bagli olarak yapilmasi gereken
carpisma testleri Tablo 1’de verilmistir (TS EN 1317-2, 2011).

Bariyer siniflari, araglar1 yolda tutma seviyelerine gore, gegici (T), normal (N) ve agir (H)

olmak iizere 3 farkli sinifta tanimlanmistir. N sinifi sistem normal araglar1 (otomobil), H sinifi
sistem agir vasitalar1 (kamyonet, otobiis, tir vb.) kapsamaktadir (Tablo 1).
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Ornek olarak, bir otokorkuluk sisteminin H4b hizmet seviyesini saglayabilmesi i¢in EN 1317-
2’de belirlenen kosullarda TB11 ve TB81 ¢arpisma testlerinde bagarili olmasi gerekmektedir.
TBI11 testinde 900 kg. agirligindaki arag, 100 km/saat hizla ve 20 derecelik bir aciyla, TB81
testinde ise 38 tonluk TIR, 65 km/saat hizla ve 20 derecelik agtyla bariyere carptirilmaktadir.
Tiim ¢arpisma testlerinin detaylar1 Tablo 2’de gosterilmektedir (TS EN 1317-2, 2011).

Tablo 2. EN1317 Standard1 Carpigsma Testi Kriterleri

Kabul Testi Arag Agirhg ve Tipi Carpma Agisi ve Hizi
TB11 900 kg Otomobil 20 Derece 100 km/saat
TB21 1300 kg Otomobil 8 Derece 80 km/saat
TB22 1300 kg Otomobil 15 Derece 80 km/saat
TB31 1500 kg Otomobil 20 Derece 80 km/saat
TB32 1500 kg Otomobil 20 Derece 110 km/saat
TB41 10000 kg Kamyon 8 Derece 70 km/saat
TB42 10000 kg Kamyon 15 Derece 70 km/saat
TB51 13000 kg Otobiis 20 Derece 70 km/saat
TB61 16000 kg Kamyon 20 Derece 80 km/saat
TB71 30000 kg Kamyon 20 Derece 65 km/saat
TBS81 38000 kg Tir 20 Derece 65 km/saat

Yapilan TB11 ve TB81 testleri sonucunda bir bariyerin TS EN1317-2 Standardi’na goére
yeterli sayilabilmesi igin bazi sartlari yerine getirmesi beklenir. Bunlar: Test esnasinda veya
sonrasinda aracin devrilmemesi, aracin igerisine bariyer parcasi saplanmamasi, bariyeri
olusturan uzunlamasina dogrultudaki elemanlarda kopma olmamasi veya bariyerin tamamen
ayrilmamasi ve aracin bariyeri asarak karsi tarafa gegmemesidir. TB11 testi hafif aracla
yapildigindan bariyerler fazla hasar gérmemektedir. TB11 testinin temel yapilma amaci
aracin igerisinde bulunan yolcularin yaralanma risklerinin belirlenmesidir. Bu sebeple
carpisma esnasinda arag igerisinde olusan darbe siddetleri x, y ve z yonlerindeki ivmelenmeler
kullanilarak hesaplanir ve bu deger ¢arpisma siddeti endeksi (ASI) olarak kaydedilir. ASI
degerine karsilik gelen darbe siddeti diizeyleri Tablo 3’te sunulmustur. TS EN1317-2 Stan-
dardi’na gore bir kaza esnasinda ciddi yaralanmalarin ASI=1,9 seviyesinden sonra meydana
gelecegi kabul edilir ve ASI degerinin olabildigince kiigiik deger almasi istenir (TS EN 1317-
2,2011).

Tablo 3. EN1317 Standardi1 Darbe Siddeti Diizeyleri

Darbe Siddeti Diizeyi Endeks Degeri
A ASI<1,0
B 1,0<ASI<14
C 1,4<ASI<1,9
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TBS1 testi ¢arpisma testleri icerisinde en yiliksek darbe enerjisine sahip test oldugu i¢in bu
testte bariyerlerin yapisal yeterligi incelenir. Test esnasinda bariyerlerde kalici hasarlar ve sekil
degisimleri meydana gelir. TS EN 1317 Standardi’nda bariyerin ara¢ ¢arpmasi durumunda
yapacagl hareket miktar1 ¢alisma genisligi (W) olarak tanmimlanmistir. Caligma genisligi
Olgiiliirken sistemin carpigma testinden Onceki trafige bakan tarafi ile ¢arpisma aninda
sistemin herhangi bir kismi arasinda olusan maksimum mesafe Slgiiliir. Aracin herhangi bir
kismu sistemden daha fazla yanal olarak hareket edebilir. Bu durumda ¢aligma genisligi olarak
bu mesafe alinmaktadir. Caligma genisligi degerine gore belirlenen ¢alisma genisligi siniflart
Tablo 4’te verilmistir (TS EN 1317-2, 2011).

Tablo 4. EN1317 Standard1 Caligma Genisligi Siniflari

Calisma Genisgligi Sinifi Kodu | Calisma Genisligi Mesafesi (m)
Wi W<0,6
W2 w<0,8
W3 wW<1,0
W4 wW<13
W5 w<1,7
W6 wW<2,1
w7 W<2,5
W8 W<35

3. Cok Agir Hizmet Seviyesinde Beton Bariyer Tasarimi

ISTON H4b beton bariyeri ¢ift yonlii arag trafigine gore iiretilmis 6.000 mm uzunlugunda, 680
mm taban genisliginde ve 1.200 mm yiiksekligindedir (Sekil 1). Beton bariyerlerin iiretiminde
C40/50 dayanim simifinda beton kullanilmistir.

Bloklarin arag¢ darbelerine dayanikliligini artirmak ve siirekli bir zincir olugturabilmesi igin
hem birbirlerine gii¢li sekilde baglanmis hem de taban zeminine ¢iviler ile sabitlenmistir.
Bloklar aras1 baglanti, bloklarmn icerisinde gomiilii olarak bir ugtan diger uca kadar uzanan
6.000 mm uzunlugundaki gergi elemaninin ucunda bulunan Y sekilli dékiim pargalarinin I
sekilli bir ¢elik profil ile birlestirilmesi ile saglanmaktadir (Sekil 2).
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Sekil 1. ISTON H4b beton bariyer &l¢iileri

Bloklar yerine yerlestirildiginde beton bloklarin uglarinda bulunan Y sekilli ¢elik yuvalar
yan yana gelmektedir. Sag ve sol yuvalarin igerisine oturacak sekilde yerlestirilen 200 mm
yiikseklige sahip I profiller bloklarin siirekliligini saglamakta ve dolayisiyla yiik aktarimini
saglamaktadir. Bloklarin zemin ile baglantis1 da oldukga saglam olarak tasarlanmistir. 6.000
mm uzunlugundaki her blokta standart olarak 4 adet 6n tarafta ve 2 adet arka tarafta olmak
iizere toplamda 6 adet 750 mm uzunlugunda ve 42x80 mm NPI profil celikten 6zel imal
edilmig zemin ¢ivileri kullanilmis ve beton bariyerlerin zemin ile saglam sekilde baglantisi
saglanmistir (Sekil 2). Beton bloklar igerisinde ayrica hasir ¢elik ve diiz donatilar kullanilmak
suretiyle ara¢ darbelerine kars1 mukavemeti artirilmisgtir.

o

PERSPEKTIF

Sekil 2. ISTON H4b beton bariyer montaj ve birlestirme tasarimi
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4. H4b Beton Bariyeri Simiilasyon Calismasi

Carpigma testleri sadece Avrupa’da yapilmakta olan olduk¢a maliyetli ve zaman gerektiren
testlerdir. Son yillarda, bilgisayar programlari ve teknolojideki ilerlemeler sayesinde tasarlanan
karayolu giivenlik tertibatlarinin dinamik davranislarinin bilgisayar simiilasyonlar1 yardimiyla
da belirlenmesi miimkiin olmustur. Gergek testlerden Once sistemin ¢arpisma davranigini
tahmin etmek, sistemdeki olas1 yetersizlikleri belirleyebilmek ve gerekirse iyilestirmeler
yapmak i¢in bu programlar giinimiizde yaygin olarak kullanilmaktadir (Atahan, 2018),
(LSTC, 2017), (Marzougui, 2002). Sonlu elemanlar yontemi ile gerceklestirilecek ¢arpigma
simiilasyonlarinda, birgok oOnemli faktoriin gdz Oniinde bulundurulmasi gerekir. Beton
bariyerlerin geometrisinin ger¢ek¢i olarak olusturulmasi, ¢carpigsma sonuglarinin hassasiyetinde
onemli bir etkiye sahip olacaktir. Ayrica beton bloklarin malzeme, baglanti, agirlik, siirtiinme,
sinir sartlart gibi 6zelliklerinin de sonuca direkt etkisinin olacagi agiktir (Marzougei, 2002).

ISTON H4b beton bariyerinin carpisma test analizleri nonlineer dinamik etkilesimleri
modelleyebilen sonlu elemanlar tabanli analiz programi LS-DYNA kullanilarak yapilmistir
(LSTC, 2017). LS-DYNA niimerik bir analiz yontemi oldugundan beton bariyerin sayisal
model dosyasinin hazirlanmasi gerekmektedir. Beton bariyere ait model dosyas1 LS-DYNA’nin
yardimct programi olan LS-PrePost kullanilarak hazirlanmaktadir. Ayrica LS-PrePost
programu ile her tiirlii sayisal ve gorsel sonuglar alinabilmektedir. TB11 ve TB81 simiilasyon
caligmasinda kullanilacak 900 kg ve 38.000 kg agirligindaki araglar, Amerikan National
Crash Analysis Center (NCAC) tarafindan kullanilan ara¢ modelleri arasindan secilmistir
(Marzougui, 1996), (NCAC, 2008). Hazir olarak alinan ara¢ modelleri ile olusturulan beton
bariyer modeli ayn1 ortamda acilabilmektedir. Ozet olarak sonlu elemanlar simiilasyonlarinmn
yapilmasinda asagidaki adimlar kullanilmistir:

1. ISTON H4b ¢ok agir hizmet cift tarafli prefabrik beton bariyer ¢izimleri kullanilarak
tasarimin kati modeli, geometrisi ve baglantilart olusturulmustur.

2. Olusturan bariyer geometrisi sonlu elemanlar yontemi kullanilarak eleman agina
doniistiirilmistiir. Tamamlanmig beton bariyerin sonlu elemanlar ag1 Sekil 3’te
sunulmaktadir.

3. Beton bariyerin imalatinda kullanilacak ¢elik ve beton malzemelerin laboratuvar
sartlarinda belirlenen karakteristik malzeme O6zellikleri modele tanimlanmistir. Bu
degerlerin dogru olarak kullanilmas1 analizden elde edilecek davranis ile yapilacak
gercek carpigma testinin uyumu i¢in 6nemlidir.

4. Model hazirlandiktan sonra dinamik etkilesim programi LS-DYNA kullanilarak
beton otokorkuluga ara¢ carpmasi durumu incelenmistir. Sekil 4’te TBI11 testinde
kullanilacak arag ve TB81 testinde kullanilacak TIR’in sonlu elemanlar modelleri
gosterilmistir.

5. Eleman tipi, elemanlarin kalinliklari, malzeme &zellikleri, sinir sartlari, ara¢ hizi
ve analiz siiresi gibi degiskenler LS-DYNA girdi dosyasina tanimlandiktan sonra
analizleri Sekil 5’te gosterildigi gibi baglatilmaya hazir duruma getirilmistir.
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900 ke arac modeli 38.000 kg TIR modeli

Sekil 4. Carpigsma Simiilasyonunda Kullanilan Arag Modelleri

L ]

Sekil 5. TB11 ve TB81 Simiilasyonlar1 Oncesinde Modellerin Son Hali

Sekil 6’da gosterilen TB11 simiilasyonunda 900 kg agirligindaki arag¢ 20 derece ve 100 km/sa
hizla beton bariyere ¢arpmasiyla birlikte bariyer yilizey geometrisini takip ederek yiikselmeye
baslamistir. Arag bariyer ile paralel héle geldikten sonra ilk ¢arpismadan yaklasik 0,4 saniye
sonra bariyeri giivenli bir sekilde terk etmigtir. Simiilasyon sonucuna gére 900 kg arag
carpigma sirasinda igerisindeki yolculara ciddi yaralanma riskleri olusturmamuistir.
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Sekil 6. ISTON H4b Bariyeri TB11 Simiilasyonu Sonuglar

Sekil 7°de TB11 simiilasyonu sonucunda elde edilen elde edilen ASI grafigi sunulmaktadir
Buradan goriilecegi gibi carpisma indeksi ASI degeri 1,4 civarinda hesaplanmistir ve TS
EN1317-2 Standardi’na gore kabul edilebilir olan B sinifi igerisinde oldugu belirlenmistir.

iSTON H4b Tasarimi - ASI=1.40
1.40

1.20
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Sekil 7. TB11 Simiilasyonundan Elde Edilen ASI Grafigi

95



2. Beton Yollar Kongresi ve Sergisi, 16-17 Kasim 2022
KGM Halil Rifat Pasa Konferans Salonu, Ankara

TBI11 simiilasyonu sonrasinda beton bariyerin bu hafif carpigmadan dolay1 hasar gormeyecegi
belirlenmistir. TB11 simiilasyonundan sonra Sekil 8’de gosterilen TB81 simiilasyonu
baslatilmistir. Bu goriintiilerden de goriilebilecegi gibi 38.000 kg agirligindaki TIR standartta
belirtildigi gibi 20 derece ag1 ve 65 km/sa hizla bariyere ¢arpmistir. TIR ¢arpmasiyla birlikte
tam ¢arpma bolgesindeki bloklar geriye dogru hafifce esnemistir. Bloklar yere 6 adet celik
civiyle sabitlendigi ve birbirlerine olduk¢a saglam baglandiklar1 i¢in darbe kisa bir alan
icerinde soniimlenmis ve Sekil 8’de gosterildigi gibi sistem yerinde kalmigtir. TB81 testi
sonrasinda 38.000 kg agirligindaki TIR’da ciddi hasar olugsmamis aracin dengesi bozulmadan
giivenlik seridine dogru yonlenmistir. Sistemin ¢alisma genisliginin yaklasik 800 mm, diger
bir deyisle W2 seviyesinde oldugu belirlenmistir. 800 mm ¢alisma genisligi beton bariyerin
680 mm taban genisligi ve TIR ¢arptiginda meydana gelen 120 mm esneme miktar1 toplanarak
elde edilmistir. Beton bariyerlerde sistemin rijit olmas: sebebiyle arkaya dogru kayma
gbzlemlenmemistir.

| 0.025¢

|
\

1.350s

Arka Goriinti Ust Gorunm

Sekil 8. ISTON H4b Beton Bariyeri TB81 Carpisma Test Simiilasyonu Sonucu
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Tablo 5’te ISTON H4b beton bariyeri igin yapilmig TB11 ve TB81 simiilasyonlarina ait veriler
sunulmaktadir. Tablodan goriilecegi gibi Italya’da yapilmasi planlanan gergek carpisma
testlerinin tek seferde olumlu sonuglanacagi tahmin edilmistir.

Tablo 5. TB11 ve TB81 Simiilasyon Calismasindan Elde Edilen Sayisal Degerler

Kriterler TB11 Simiilasyonu | TB81 Simiilasyonu
Carpigma Hizi (km/sa) 100 65
Carpisma Agisi (derece) 20 20
Aracin Bariyere Paralel Olmast (sn) 0,175 0,745
Deforme Olan Kisim Uzunlugu (mm) - 4535
Hasar Alan Blok Sayisi (adet) - 2
Aracin Sistemden Ayrilmasi (sn) 0,410 1,350
Aracim Cikis Hizi (km/sa) 82 54,3
Aracin Bariyerden Cikis Agisi (derece) 13 5
Yaralanma Indeksi (ASI) 1,4 (B) -
Calisma Genisligi — W (mm) - 800 (W2)

ISTON tarafindan gelistirilen ve agir vasitalarin yogun sekilde bulundugu béliinmiis yollarda
kullanilmak {izere tasarlanan H4b ¢ok agir performans seviyesine sahip ve Karayollari Genel
Miidiirliigii tarafindan belirlenen standartlara uygun ¢ift tarafli 6.000 mm uzunluk, 1.200
mm ylikseklik ve 680 mm taban genisligine sahip beton bariyer tasarimi gelistirilmistir. Bu
tasarimda, tasarim geometrisi, donat1 detaylari, baglant1 6zellikleri gibi dnemli karakteristikler
TIR ¢arpmasi durumunda yeterli mukavemet gosterebilecek sekilde secilmistir. Ayni zamanda
tasarimin kiiglik ara¢ ¢arpmasi durumunda yaralanma risklerini belirli sinirlarin altinda
tutmasi saglanmistir. Tasarlanan H4b bariyerinin yeterligi LS-DYNA programi kullanilarak
bilgisayar ortaminda incelenmistir. TB11 kiiciik ara¢ ¢arpmasi durumunda ASI=B ve TBS§1
TIR darbesinde W2 calisma genisligi performans degerlerine ulastigi belirlenen tasarimin
iretilmesi ve gegek carpisma testine gotiiriilmesi planlanmustir.

5. H4b Beton Bariyeri Ger¢ek Carpisma Testleri

Carpigma testleri, hizmet sinifi ve kullanim amacina gore beton bariyerlerin yeterliliklerini
belirlemek igin yapilan testlerdir. ISTON beton bariyerleri sirastyla TB11 ve TB81 testleri
yapilmak iizere Italya’nin Milano kentine CSI carpisma test merkezine gotiiriilmiistiir. Test
sonuglarina gore tasarimin yeterliligi hakkinda kesin sonuglara ulagilmistir.

TB11 ve TB 81 carpisma testlerinin amaci giivenlik bariyerlerini ger¢ek saha kosullarinda

carpigsma testlerine tabi tutarak davranislarini degerlendirmektir. Testler, TB 11 ¢arpisma testi
icin 900 kg kiitleli otomobil ve TB 81 ¢arpigma testi i¢in 38.000 kg kiitleli tir ile yapilmustir.
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TB 11 garpigma testinde otomobil 100 km/saat ve 20 derece ac1 ile bariyere carpmistir. TB81
testinde tir 65 km/saat hizla ve 20 derece a1 ile bariyere ¢arpmistir. Carpmadan sonra giivenlik
bariyeri ve araglarin davranigi kaydedilmistir.

TBI1 testinde carpigsma indeksi ASI degeri 1,4 6l¢iilmiistiir. TB 81 testinde ara¢ bariyere
fazla zarar vermeden W2 seviyesi olacak sekilde ¢aligma genisligi 800 mm’dir. Otomobilin
diisiik kiitlesi nedeniyle bariyer hareketi oldukca kiiciiktiir. Otomobil 20 derecelik a¢1 ile
giivenlik bariyerine garparak hareket yonii bariyer ekseninde olacak sekilde uzaklagmistir.
Test sirasinda 900 kg kiitleli otomobil ve 38.000 kg kiitleli tir standartta tanimlanan kabul
edilebilir alandan ¢ikmamigtir. Tablo 6’da ¢arpisma testlerinin sonuglarina, Sekil 9 ve Sekil
10°da test gorsellerine yer verilmistir.

Tablo 6. TB11 ve TBS81 test sonuglari

TB11 TB81
gzri?;igfstirilmis Calisma 0.7m gzr?;igfstirilmis Calisma 0.8m
Calisma Genigligi Sinifi W2 Calisma Genisligi Smifi W2
ASI 1,4 Normallestirilmis Arag Thlali | 2,9 m
Teorik Bag Carpma Hiz1 (THIV) | 24 km/sa Arag Thlal Simifi VI8
Siddet Seviyesi B

Sekil 9. TB11 testi gorselleri
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Sekil 10. TB81 testi gorselleri

6. Sonuc ve Degerlendirme

Bu ¢aligma kapsaminda H4b sinifi beton bariyerine yapilan ¢arpigma test sonuglari verilmistir.
Carpisma test standard1 TS EN 1317’ye gore beton bariyerine H4b ¢ok agir hizmet seviyesine
gore TB11 ve TB81 testleri yapilmistir. Ayrica, gergek carpigsma testi oncesinde, LS-DYNA
programi kullanilarak beton bariyerlere ara¢ carpmasi durumu incelenmistir. Gergek carpigma
testlerinin sonuglar1 benzetimler ile kiyaslandiginda birbirine olduk¢a yakin sonuglar elde
edilmistir. TB 11 testinde ¢arpigma endeksi degeri (ASI) 1,4 civarinda olup, TB 81 testine
gore calisma genisligi (W) 800 mm W2 seviyesindedir. Her iki ¢arpigsma testi sonuglarina
gore beton bariyeri TS EN 1317 Standardi’na gére H4b ¢ok agir hizmet seviyesine gore kabul
edilebilir sinirlar igerisinde kalmistir ve test sonuglarina gore iirlin yeterliligini kanitlamigtir.
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Silindirle Sikistirilmis Beton (SSB) ve asfalt takviye ta-
bakasindan olusan kompozit bir ustyapinin saha per-
formansinin irdelenmesi

A. Giirl, Y. Abut?

! Kocaeli Biiyiiksehir Belediyesi, Kocaeli, Tiirkiye
2Yalova Universitesi, Ulastirma Miihendisligi Boliimii, Yalova, Tiirkiye

Ozet

Silindirle Sikistirilmig Beton (SSB) yol tiirii, tiim diinyada 6nemli bir kaplama alternatifi
olarak kullanilmaktadir. Ozellikle kirsal kesimlerde ve ikinci derece servis yollarinda yaygin
olarak kullanilan SSB, kolay tiretilebilirligi, erken trafige agma ve asfalt ekipmanlar1 ile serme
sikigtirma yapilabilmesinin yaninda, biinyesinde geri doniisiimlii malzemeler kullanilabildigi
i¢in, bircok projede ekonomi saglayabilmektedir. Bunun yani sira asfalt takviye tabakasi
(overlay), iistyap: yiizeyi i¢in tagima kapasitesinin artirilmasi veya farkli islevsel hedefler
icin tasarlanabilmektedir. Bu g¢aligmada, Kocaeli Biiyiiksehir Belediyesi’nin denetiminde
bulunan “Kocaeli 1li Golciik Tlgesi Hisar (Asar) Deresi Yan Yollar1 ve Kavsaklar1 Yapim Isi”
kapsaminda 2017 yilinda insaat1 biten kompozit bir iistyapmnim (SSB {izerine asfalt takviye
tabakasi) 5 yillik performansi irdelenmistir. 2022 yili itibariyle yolun trafige ac¢ilmasinin
ardindan gecen 5 yillik siire igerisinde, kaplamada olusan yiizey &zelliklerinin degisimi, derz
catlagi gelisimi ve dagilimi, asfalt kaplamada meydana gelen birim hacim agirlik ve sikisma
diizeyi kayiplari ve son olarak SSB kaplamadaki basing dayanimi degisimleri incelenmistir.

Anahtar Kelimeler: Silindirle Sikistirilmig Beton, Asfalt Takviye Tabakasi, Kompozit Kaplama,
Yansima Catlaklar

1. Giris

Silindirle Sikistirilmig Beton (SSB) yol tiirii, tiim diinyada 6nemli bir kaplama alternatifi
olarak kullanilmaktadir (Rahmani v.d., 2020, Abut v.d., 2022, Sheikh v.d., 2022). Ozellikle
kirsal kesimlerde ve ikinci derece servis yollarinda yaygin olarak kullanilan SSB, kolay
iretilebilirligi, erken trafie agma ve asfalt ekipmanlari ile serme sikistirma yapilabilmesinin
yaninda, biinyesinde geri doniisiimlii malzemeler kullanilabildigi i¢in, birgok projede
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ekonomi saglayabilmektedir (Selvam v.d., 2022). Bununla birlikte, SSB kaplamasinda,
mevsim sartlar ve trafik yiikii etkisiyle zamanla bozulmalar gézlemlenebilmektedir. Ozellikle
termal genlesmeler nedeniyle yapisal biitiinliik bozulabilmekte ve tekrarli yiikler altinda
yiizey dokusu asmabilmektedir. Rehabilite edilmedigi takdirde ise SSB kaplama, yapisal ve
islevsel yeteneklerini hizla kaybedecek ve kullanicilar i¢in rahatsizlik ve hatta tehlikeye neden
olacaktir. Yiizey tabakadaki bu rehabilitasyon yontemleri arasinda, rijit kaplama {izerine
asfalt takviye tabakasi (overlay) yapimi, yol idareleri tarafindan benimsenen yaygin bir
uygulamadir (Chen, 2008, Zhou v.d., 2012, Li ve Wen, 2014, Zhao v.d., 2020). Asfalt takviye
tabakasi, iistyap1 yiizeyi i¢in tagima kapasitesinin artirilmasi veya farkli islevsel hedefler
igin tasarlanabilmektedir. Ornegin yeni bir kompozit kaplama igin asfalt takviye tabakasinin
birincil islevi, alttaki beton kaplama i¢in diisey sicaklik ve nem farkliliklarini azaltmak ve bu
farkliliklarin neden oldugu beton plakalarm kivrilma (curling) ve egilmesinin (warping) neden
oldugu deformasyonlari azaltmada bir nevi termal ve nem siltesi gorevi saglamaktir (Manual
H.D, 2020). Arastirmacilar ve yerel yonetimler, saha tecriibelerini bir araya getirirken tasarim
kilavuzlarina atifta bulunarak, vaka analizlerine dayali asfalt takviye tabakasi igin tipik
kaplama kalinliklar1 6nermislerdir (Finn ve Monismith, 1984, Thompson, 1989, Schutzbach,
1989, Li v.d., 2011, Hajj v.d., 2019).

Bu calismada, Kocaeli Biiyiiksehir Belediyesi’nin denetiminde bulunan “Kocaeli ili Golciik
Ilgesi Hisar (Asar) Deresi Yan Yollar1 ve Kavsaklari Yapim Isi” kapsaminda 2017 yilinda
ingaat1 biten kompozit bir {istyapinin (SSB iizerine asfalt takviye tabakasi) bes yillik
performansi irdelenmistir. Projenin baslangic asamasinda soguk iklim sartlari nedeniyle,
esnek listyapr ingaatt miimkiin olamamis, bolge igerisinde hizmet veren sanayi kurum ve
kuruluslarindan {istyapinin ncelikli olarak tamamlanmasina dair ciddi talepler olusmustur.
Ayrica bolge igerisinde ilgili kurumlar tarafindan yapilan alt yapi hatlarinin kirmizi kota yakin
olmasi (Plentmiks Alttemel kotunda), hem esnek iistyap: hem de alt yapilarin ingaat esnasinda
zarar gdrme ihtimalinin yiiksek olmasi ve yeni kurulacak organize sanayi bolgesinden gelecek
agir trafik yiikii ile yeni imar plani nedeniyle iptal edilecek mevcut arterlerden aktarilacak
olan trafik yiikii toplaminin, proje dmrii siirecinde hesaplanandan daha fazla olmasi nedeniyle
esnek istyap: tasarimi revize edilerek kompozit iistyap: seklinde yeniden analiz edilmistir.
Tasarim ve yapim agamalarinin Giir ve Abut (2017)’de verilen bu projede, kompozit {istyap1
tasarimi kisminda taban zemini SSB olarak ¢6ziilmiis ve kesit tahkikinde AASHTO, 1993
metodu kullanilmigtir. Bu tarz yapilarda rijit kaplamada derz bolgelerinden iiste dogru
zamanla “yansima ¢atlagi” denilen bir ¢atlak hareketinin gelistigi ve bu catlak olusumunun
engellenmesi i¢in de geotekstiller, geogridler, geokompozitler, ¢elik gridler veya ara tabaka
insaat1 yontemlerinin kullanilabilecegi bildirilmistir (Gilingdr ve Saglik, 2009). Bu ¢aligmada
ayrica yansima catlaklarinin gelisiminin gézlemlenebilmesi i¢in derz bolgelerinde geogrid
uygulamasi yapilmistir. Bu sayede zamana bagli ¢atlak gelisiminin gézlenmesi hedeflenmis,
iilkemiz kosullarinda bitiimlii sicak karigimlarin rijit iistyapilarla beraber kullanilmasi
durumunda ortaya ¢ikabilecek performans gostergeleri irdelenmistir.
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2. Asfalt Takviye Tabakasi icin Yansima Catlagimin Modellenmesi

Rijitkaplamalarda yiizeysel bozulmalar ingaat tamamlandiktan hemen sonra baslar ve dongiisel
dingil yiikleri, kaplamanin gogme anina kadar tagiyabilecegi yiik kapasitesini azaltirlar. Rijit
bir kaplamanin iyi hizmet veremeyecek kadar hasar gordiigii bir noktada, mevcut kaplamay1
rehabilite etmek icin, esnek bir kaplama yapilmasi performansi iyilestirebilmektedir. Sekil
1’de, tipik bir yol kaplamasinda takviye tabakasi kullanilmas: durumunda, servis kabiliyeti ve
yapisal kapasite baglaminda olusacak iyilesmeler gosterilmektedir (AASHTO, 1993).
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Sekil 1. Takviye tabakasi ile ortaya ¢ikan iyilesmeler (AASHTO, 1993).

Yansima ¢atlaklari, biiyiik dl¢lide asfalt kaplama altindaki siireksizliklerden (¢atlak veya
derzler) kaynaklanmaktadir. Catlak gelisimi, katmanlar arasindaki termal genlesme
farkliliklar ve trafik yiikleri ile agagidan yukart dogru ilerler. Yogun ¢atlaklarin oldugu eski
bir kaplama iizerine yapilacak olan yeni bir asfalt kaplamada ara yiizeyde ¢atlak soniimleyici
bir yap1 (geosentetik, geogrid, celik tel, vb.) kullanilmamis ise mevcut kaplamadaki catlaklar,
genellikle kaplama kalinliginin bir fonksiyonu olan bir siirenin sonunda yiizeye dogru hareket
eder. Lytton, 1989’a gore, tekerlek yiikiiniin mevcut kaplamada bir ¢atlaktan gegmesi o kesitte
bir maksimum egilme ve iki maksimum kayma gerilmesi olmak tiizere ii¢ kritik kesit tesirine
neden olur. Catlak hareketi arttik¢a, ¢atlagin yiizeye dogru ilerlemesi hizlanir. Katmanlar
arasindaki sicaklik farkliliklarinin rijit kaplamalarda meydana getirecegi biiziilme (contraction)
veya kivrilma (curling) hareketi ise, asfalt kaplamada ekstra yatay gerilmelere neden olur ve
mevcut ¢atlaklarin agilma siireci hizlanir. Dolayist ile bir yansima ¢atlaginin dogru bir sekilde
modellenebilmesi igin trafik yiikleri ve sicaklik etkileri bir arada diisiiniilmelidir (Abut,
2019). Yansima catlagi mekanizmasi sirasinda kesitlerde olusan kesit tesirleri ise Sekil 2’de
gosterilmistir (Nunn, 1989 ve Lytton, 1989).
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Sekil 2. Sicaklik farkliliklari ve trafik yiikiiniin neden oldugu kesit tesirleri (Nunn, 1989 ve
Lytton, 1989).

Paris’in gatlak biiylime yasasi, asfalt gibi dogrusal olmayan visko-elastik malzemelerdeki
catlak yayilimi ve gerilme yogunlugu faktorleri ile malzeme yorulma 6zelliklerini arasindaki
iliskiyi modellemek i¢in kullanilabilmektedir. Paris’in yasas1 matematiksel olarak soyle ifade
edilir (Anderson, 1995):

dc
an = 4K W
Burada,

dc/dN: Yik dongiisii bagina catlak ilerlemesi
K: Gerilme yogunlugu faktori
A, n: Deneysel olarak tespit edilen malzeme sabitleri

3. Kompozit Kaplama icin Saha Uygulamasi

Saha uygulamasi, Sekil 3’te plani verilen ve Kocaeli Biiyiiksehir Belediyesi’nin denetiminde
bulunan “Kocaeli 1li Gdlciik ilgesi Hisar (Asar) Deresi Yan Yollar1 ve Kavsaklar1 Yapim Isi”
kapsaminda 2017 yilinda insaat1 biten kompozit bir {istyapiy1 (SSB iizerine asfalt takviye
tabakasi) kapsamaktadir.

Sekil 3. Kompozit kaplama plan goriintiisii
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3.1 Kaplamanin Yapisal Tasarim

Kompozit iistyap1 tasarimi, Karayollar1 Beton Yol Ustyapilar Projelendirme Rehberi (2019)
direktifleri dogrultusunda, %85 giivenilirlik diizeyinde ve 20 yil hizmet dmrii dikkate alinarak
yapilmistir. Proje i¢in hesap seridine diisen giinliik standart dingil yiikii tekerriir sayis1 3073
olarak Ongdriilmiistiir. 20 yillik siire¢ igerisinde ise yaklasik 22,5 milyon tekerriir sayisi
beklenmektedir. Bélge i¢in yapilan standart dingil yiikii analizi Tablo 1°de verilmistir. Projede
taban zemini tagima kapasitesi deneysel yolla tespit edilmistir (CBR = %7). Taban zemininin
zayif oldugu bdlgelerde yer yer kaya dolgu ve bu tabakanmn iizerine de 20 cm kalinliginda
ariyet ocagindan temin edilen Segme Malzeme tabakasi yapilmigtir. Zemin ve dingil yiikii
parametrelerinin projesinden alindigi tasarimda 20 cm kaliligindaki Kirmatas Alttemel ve 20
cm kalinligindaki PMT iizerine serilecek olan SSB plak kalinligi, asagidaki AASHTO 1993
deney yolu denklemi kullanilarak hesaplanmistir.

APSI
log,, |57
L1624 x 107

(2)
@ 215,63 [0 1242
ll-‘cs -
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8.Cq(d"-1,132)

]ugmwts = ZRS‘,+7,3510gIU(d+1}—0,06+ +(4,22-0,32P¢) Ioglu

Burada,

Wig: Esdeger Dingil Yiikii Tekerriir Sayisi (EDYTS)
d: Kaplama Kalinhg (inc)

S¢: Beton Egilme Dayamimi (psi)

E.: Betonun Elastisite Modiilii (psi)
k: Zemin Reaksiyon Modiilit (Ib/inc’)
R: Giivenilirlik (%)

Zg: Normal Standart Sapma

Sg: Toplam Standart Sapma

A PSI: Servis Yetenegi Kayh

Py: ilk Servis Yetenegi

Pr: Son Servis Yeteneg

Cq: Drenaj Katsayisi

J: Yiik Transfer Katsayis
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Tablo 1. YOGT verileri

=g
YOGT s =& = =

- . = 5 B g < <

(YILLIK ORTALAMA GUNLUK TRAFIK) 2 =~z =2 g =
e 5§ EE : = B

= ¥ Ok O S =

470 500 600 150 2000

Trafik Artis Katsayis1 4 4 5 5 5
1 (%)
ilk Trafik 489 520 630 158 2100
t0
Son Trafik 1071 1139 1672 418 5572
T =t x (1+r)
Proje Trafigi 742 790 1067 267 3558
Tp=0,434(T5-T0)/10g(TS/T0)
Tasit Esdegerlik Faktorii (TEF) 4,1 2,9 0,6 3,2 0,0006
Hesap Seridine Diisen Giinliik Ortalama 1369 1030 288 384 1 3073

Standart Dingil Yiikii Tekerriir Sayisi
(Wg):(TP/i)X(TEF)x(n)
W Esdeger Dingil Yiikii Tekerriir Sayist
(EDYTS)
T,,=Wgx 365x20 22.435.361

SSB karigim tasariminda PCA (2004) metodu kullanilmistir. Beton i¢in maksimum dane
¢apt 19 mm, s/¢ oram 0,38-0,40 araliginda ve minimum 300 kg/m® diizeyinde ¢imento
dozaj1 belirlenerek, C30 diizeyinde bir beton siifi hedeflenmistir. Proje tip kesiti Sekil 4’te
verilmistir.

(6 cm) Asinma
(16 cm) SSB

(20 cm) Plentmiks Alttemel

Sekil 4. Kompozit iistyap proje kesiti
3.2 Kaplamanin Yapim ve izlenmesi
Kaplama yapimina baglamadan once yiikleniciden KGM, Beton Yol Kaplamalar1 Teknik
Sartnamesi (BYS, 2016) ‘ne uygun iiretim yapabilecek bir beton santrali ile anlagmasi

istenmistir. Beton santrali Onerilerinden proje sahasina en yakin (13 km) ve SSB imalati
tecriibesi olan bir firma tercih edilmistir. Santral tespitinden sonra, firmadan uygun bir
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dizayn raporu ve bu dizayna uygun test {iretimi yapilmasi istenmis, dayanim testlerinin
uygunlugundan sonra iiretime onay verilmistir. Uygun malzeme iiretiminin ardindan Ocak
2017 itibariyle proje kapsamindaki yol imalatlarina baslanilmistir.

Yiizey konforunun yaninda proje kot ve kalinliklarina uygun imalat yapabilmesi i¢in Plentmiks
Alttemel serimi dahil biitiin tabakalar miiltipleks duyargaya sahip finiser ile teskil edilmistir.
Finigerin tek seferde serim yapamadigi kisimlarda ek yeri veya soguk derz olugsmamasi
i¢in iki finiger ile ayn1 anda serim yapilmistir. Kamyonlar ile santiye sahasina gelen SSB
irsaliyeleri kontrol edilerek, nakliye siiresinin yarim saati agmasi durumunda malzemelerin
kullamlmas1 engellenmistir. Ornegin, finiserdeki arizadan dolay1 yaklasik bir saat bekleyen
ii¢ tir SSB mamulii, deneme amaciyla santiye sahasinda uygun bir kesime serilmis, 24 saat
sonra bu kisimlar kontrol edildiginde kaplamanin istenilen dayamima ulasamadifi tespit
edilmis ve akabinde bu kisimlar kaldirilarak sahadan uzaklastirilmistir. Imalatin biitiin
asamalarinda finiser ile serimin ardindan 30 dk icerisinde silindirajin bitirilmesi saglanmistir.
Saha gozlemlemeleri ve sikigsma testleri ile (niikleer test cihaziyla) uygun silindir tipi ve pas
sayisi tespit edilmistir.

Niikleer test cihaziyla yapilan testlerde; birinci silindirajdan sonra %88-90, ikinci silindirajdan
sonra %92-94, iiciinci silindirajdan sonra %95-97 ve dordiincii silindirajdan sonra da %97-100
diizeyinde sikigsma seviyeleri elde edilmis, sikigma diizeyinin %98 ve yukarisini saglamasinin
ardindan silindiraja son verilmistir. Silindiraj isleminin tamamlanmasinin ardindan sisleme
yontemi ile yol yiizeyi kiirlenmis, 24 saat sonra 30 m araliklar ile derz kesimi yapilmus, alt1
giin siireyle kaplama trafige kapatilarak kiirleme iglemine devam edilmistir. Altinci giiniin
sonunda kaplama govdesinden her 50 m’de 1 ve sasirtmali olacak sekilde karot numuneler
(90 x 90 mm) alinmig, alinan numunelerin tek sayili olanlar1 7. giinde, ¢ift sayili olanlar
28. glinde basing dayanimi testine tabi tutulmustur. 28 giinliik basing dayanimi degerlerinin
normal dagilim grafigi Sekil 5°te verilmistir. Numune sayisinin 53 oldugu bu deney setinin
ortalamasi 32,7 MPa ve standart sapmas1 3,05 MPa olarak tespit edilmistir. 28 giinliik hedef
dayanimlarin elde edilmesinin ardindan tretuvar ve diger imalatlara baglanilmustir.

50

. Numune Sayisi= 53

45 @ Ortalama = 32.7 MPa
® Std. Sapma = 3.05 MPa

8 Giinliik Basing
Dayanim (MPa)
®

.'
®

0 10 20 30 40 50 60
Karot Numune Sayis:

Sekil 5. SSB karotlar igin basing dayanimi degisimi (2017)
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Derz bolgelerinde yansima c¢atlaklarinin yukariya dogru ilerlemesini engellemek adina,
baz1 bolgelerde geogrid uygulamas: yapilmistir. Ayrica aym trafik yiikiinde kompozit ve
esnek iistyap1 tabakalarinin performanslarini gézlemeyebilmek igin, Sol Yan Yol-2 sol serit
km:0+000 ile 0+600 arasi kompozit tstyapi, km: 0+600 ile 1+000 arasi esnek iistyapi,
km:1+000 ile 1+150 aras1 kompozit {istyap1 olarak insa edilmistir. Yine Sol Yan Yol-2 sag
serit ve kopriilii kavsak kollarinin tamami (5800 m x 7 m boyutundaki giizergdh) kompozit
iistyapi olarak inga edilmistir.

Son agamada ise beton yol ylizeyindeki imalat hatalarinin giderilmesi, giivenli ve konforlu
bir siiriisiin saglanabilmesi i¢in 6 cm kalinliginda Asimma tabakasi yapilmistir. Bu tabakanin
yapimindan 6nce ylizeye CRS-1 (su bazli bitiim emiilsiyonu) tatbik edilmistir. Uygulamalara
ait gorseller Sekil 6 ve Sekil 7°de verilmistir.

| a)l6 em SSB Illli.l.lijll (Serme + Sikistima) ] b) Sisleme {le Kiirleme

€) 6 cm Asinma Yapilmast J

Sekil 6. Kompozit kaplama yapim asamalari (2017)
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Sekil 7. Kaplamanin bitmig hali (2017)

3.3 Kaplama Performansinin Degerlendirilmesi

Bu boéliimde, 2022 yili itibariyle yolun trafige agilmasmin ardindan gegen 5 yillik siire
igerisinde, kaplamada olusan yiizey 6zelliklerinin degisimi, derz catlag: gelisimi ve dagilima,
asfalt kaplamada meydana gelen birim hacim agirlik ve sikisma diizeyi kayiplari ve son olarak
SSB kaplamadaki basing dayanimi degisimleri irdelenmistir.

Ilk etapta projede detayli bir saha incelemesi yapilmistir. Asfalt kaplama yiizeyinde yogun trafik
altinda zamanla gelisen piriizlilik kayiplar1 disinda ciddi bir problem gézlemlenmemistir.
SSB kaplamada yapim esnasinda olusturulan yarim derz bélgelerinde Boliim 2°de detaylar
verilen yansima ¢atlaklar irdelenerek yonelim, dogrultu ve genislikleri belirlenmistir (Sekil
8, Tablo 2).
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Sekil 8. Yansima ¢atlaklarinin yerinde incelenmesi (2022)

Tablo 2. Yansima catlaklarinin belirlenen 6zellikleri (2022)

Catlak Onleyici Catlak
Derz km (veya koordi- Kullan}ldl rf"? Catlak Diizgiin tam derz Ca.tla'lf'
(Rabis teli, . genisligi
No natlar) . . mii? noktasinda
geotekstil, ¢elik r? (mm)
gabion vb.) .
1 1+195 Kullanilmadi Evet Evet 4-6
2 1+200 Kullanilmadi Evet Evet 2-3
3 1+300 Kullanilmadi Evet Evet 5-6
4 1+500 Kullanilmadi Evet Evet 34
5 0+100 Kullanilmadi Evet Evet 3-4
6 0+950 Kullanilmadi Evet Evet 1-2
7 0+100 Kullanilmadi Evet Evet 2-3
8 0+200 Kullanilmadi Evet Evet 2-3
Baglant1 yolu-1
9 0+150 Rabis Teli Evet Evet 4-5
Baglant1 yolu-1 Yol eksenine
10 0+180 Geotekstil kadar Evet 2-4
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Kaplama govdesindeki yansima ¢atlagi degisimi 2 mm ile 6 mm arasinda seyretmektedir.
Catlak genisligi ortalamasi 4 mm civarinda (Ortalama = 3,8 mm, Standart Sapma = 1,2
mm) tespit edilmistir. Yansima gatlaklarinin tamaminin tam derinlikli ve diizgiin yonelimli
olduklari, yer yer ¢ok genis olmamakla birlikte dallanma yaptiklari ve Geotekstil kullanilan 10
numarali derzde catlagin sadece yol eksenine kadar ortaya ¢iktig1 gdzlenmistir.

Caligmanin ikinci etabinda ise derz bolgesine yakin noktalardan 100 mm ¢apinda karotlar
alinarak, asfalt kaplama igin birim hacim agirlik ve sikisma diizeyi, SSB kaplama igin ise
basing dayanimi ve ¢atlak icerikleri tayin edilmistir. Ayrica yarim derzlerin zamanla tam derze
doniisiip doniismedikleri karotlar iizerinde yapilan gorsel muayeneler ile irdelenmistir (Sekil
9).

b) SSB karot {Yarim derz zamanla
tam derze dénigmis)

a) Derz blgesinden karot kesimi

Sekil 9. Kaplama govdesinden alinan karot numuneler (2022)
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Numune sayisinin 8 oldugu SSB karotlarda basing dayanimi degisimi 30,1 MPa ile 46,9
MPa arasinda seyretmektedir. Ortalama basing dayanim: 39,4 MPa (Standart Sapma = 6,5
MPa) olarak tespit edilmistir. Béliim 3.2°de verilen 28 giinliik basing dayanimi ortalamasi
32,7 MPa (Standart Sapma = 3,05 MPa) oldugu diisiiniildiigiinde, gegen 5 yillik siirede SSB
kaplamanin tasima kapasitesinde %20 ‘lik bir artis oldugu sdylenebilir. Numune sayisinin 7
oldugu asfalt karotlarda ise sikigma diizeyi degisimi %97 ile %100 arasinda seyretmektedir.
Ortalama sikigma diizeyi %98,1 (Standart Sapma = %1,2) olarak belirlenmistir. Karayollar1
Teknik Sartnamesi, Bitiimli Sicak Karigimlar (Asinma Tabakasi) kriterlerine gore tek deger
ve ortalamada ilgili kaplamanin sikisma diizeyinin yeterli oldugu tespit edilmistir.

4. Sonuc ve Oneriler

Bu calismada, Kocaeli Biiyiiksehir Belediyesi’nin denetiminde bulunan “Kocaeli Ili Gélciik
Tlgesi Hisar (Asar) Deresi Yan Yollar1 ve Kavsaklar1 Yapim Isi” kapsamida 2017 yilinda insaat
biten kompozit bir listyapmin (SSB iizerine asfalt takviye tabakasi) bes yillik performansi
irdelenmistir. Bu ¢alisma sonucunda;

*  Kaplama govdesindeki yansima ¢atlagi degisimi 2 mm ile 6 mm arasinda seyretmektedir.
Yansima ¢atlaklarinin tamaminin tam derinlikli ve diizglin yonelimli olduklari, yer yer
cok genis olmamakla birlikte dallanma yaptiklar1 gézlenmistir.

e 5 yil sonra aliman SSB karotlarda basing dayanimi degisimi 30,1 MPa ile 46,9 MPa
arasinda seyretmektedir. Ortalama basing dayanimi 39,4 MPa (Standart Sapma = 6,5
MPa) olarak tespit edilmistir. 28 giinliik basing dayanimi ortalamasi1 32,7 MPa (Standart
Sapma = 3,05 MPa) oldugu diisiiniildiigiinde, gecen 5 yillik siirede SSB kaplamanin
tasima kapasitesinde %20 ‘lik bir atig oldugu sdylenebilir.

*  Asfalt karotlarda ise sikisma diizeyi degisimi %97 ile %100 arasinda seyretmektedir.
Ortalama sikisma diizeyi %98,1 (Standart Sapma = %]1,2) olarak belirlenmistir.
Karayollar1 Teknik Sartnamesi, Bitiimlii Sicak Karigimlar (Asinma Tabakasi) kriterlerine
gore tek deger ve ortalamada ilgili kaplamanin sikigma diizeyinin yeterli oldugu tespit
edilmistir

*  Mevsim sartlarindan &tiirii bitiimlii sicak karigim imalatlarmm yapilamadigi dénemlerde,
yol ingaatlarina devam edilebilmesi taahhiit islerinin siiresini kisaltabilmektedir. Bu
calisma ile SSB kaplama iizerine yapilacak bitiimlii sicak karigim uygulamalarinin bu
tarz problemleri ortadan kaldirabilecegi gdzlenmistir.

+  Ulkemizde kompozit iistyapilarla ilgili tecriibe diizeyi sinirlidir. Yansima catlaklaria kars
koruyucu onlemlerin alinmasi, takviye tabakasi ile alternatif ¢oziimlerin gelistirilmesi,
kaplamalarda yagam dongiisii maliyet analizlerinin yapilmasi gibi konularda teknik
sartname ve yapim esaslarii igerir saha ¢aligmalarinin yapilmasi, bu konudaki tecriibe
havuzunu genisletecektir. Yapilan bu saha uygulamasiyla bu alandaki ¢alismalara katki
saglamasi hedeflenmistir.

Tesekkiir

Yazarlar, saha uygulamasi ve deneysel ¢aligmalar i¢in verdigi desteginden &tiirii Kocaeli Bii-
yiiksehir Belediyesi’ne tesekkiir eder.
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Abstract

Roller Compacted Concrete (RCC) is a no slump concrete that is placed by an asphalt paver
and compacted with vibratory rollers similar to asphalt pavement construction. RCC has long
history of good performance as a pavement for ports, container yards, and manufacturing
plants. This paper will summarize a recent survey of uses of RCC, types of paving equipment
and final surface through 2021 with a focus on the past 3 years in the United States as well
as provide a few case studies on recent projects. The paper documents many of the benefits
of using RCC on these types of projects such as speed of installation and traffic opening.
Recent advances in mix design with admixtures, aggregate selection, as well as utilization of
trowelling for a more aesthetically pleasing finish are also documented.

Key Words: Roller Compacted Concrete / High Density Asphalt Paving Machine / Pavement
/ Construction / Admixtures / Trowelled Rcc.

1. Introduction

Roller Compacted Concrete (RCC) is defined as a negative slump concrete mix which usually
has been made up of aggregate, sand, cement, and water. The material has traditionally been
produced in twin shaft horizontal pug mills located on the jobsite and delivered to the paver
in dump trucks. The paving machines are large asphalt pavers which are equipped with high
density screeds that compact the RCC material with tamper bars, pressure bars and vibration
typically achieving greater than 90% compaction behind the screed. An average density
achieved behind the screed is usually greater than 95% and while recently many projects have
achieved near or greater than 98% behind the screed, we still recommend using rollers for
at least 1 pass for additional compaction to ensure uniform compaction across the pavement
surface. The material is then compacted to 98% density using dual steel drum rollers,
pneumatic rollers or combination rollers, and final compaction is provided with a smaller dual
steel drum roller or combination roller. While the RCC Pavement is still fresh, the surface is
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sprayed with an admixture to facilitate power trowelling and brooming of the surface to give it
the final texture. The RCC pavement is then cured using traditional concrete pavement curing
compounds and saw cut using early entry saw technology or left to crack naturally.

As documented by Pittman and Anderton, this pavement construction process began in 1975
with test sections at the Army Corp of Engineers Waterways Experiment Station in Vicksburg,
Mississippi and was followed by the first large scale project in 1984 at Fort Hood, Texas for a
tank hardstand military application (Pittman 2009). By 1990, 51 projects and over 2.5 million
SY (2.09 million SM) of RCC pavements had been constructed for military and industrial
type facilities, with only a few roadway projects. During the 1990’s, RCC construction came
to a near standstill with only 22 projects and roughly 500,000 SY (418,063 SM) of RCC
pavements constructed (Pittman 2009). During the first decade of 2000 (2000 —2010), RCC
use began to expand into various applications such as highway shoulders, however the major
user remained industrial, military, and port applications with over 70 projects and 8.9 million
SY (7.4 million SM) placed (Pittman 2012). Since the beginning of 2011, RCC utilization
expanded into many other applications such as hike and bike trails, local streets and roads,
commercial parking lots, while continuing to be used in traditional industrial type applications.
According to a previous surveys conducted by the Author and updated recently, table 1 was
developed to compare the growth of RCC over various time periods (Zollinger 2014 & 2019).

Table 1. Summary of RCC Pavement Area by Year Range

1975- 1999 2000-2010 2011-2015 2016-2020 2021
#of Projects 71 101 369 506 106
Sy 2,999,771 8,933,250 8,596,454 12,023,499 3,078,982
SM 2,508,191 7,469,335 7,187,731 10,053,177 2,574,421
Avg Annual SM 100,327.63 746,933.51 |  1,437,546.13 | 2,010,635.39 | 2,574,421.21

RCC utilization continues to grow each year and over each time period by the total number of
projects as well as the total area of RCC paved by an average annual rate of 11% since 2010.
This can also be seen in the average annual square meters paved during each time period.
RCC is continuing to be used on local streets and roads with an increase in residential roads
and DOT highway applications such as asphalt shoulder replacements, as well as increased
utilization by industrial sectors such as trucking logistics facilities, distribution warehouses for
retailers, and container yards .

The Engineering and construction professions as well as the owners and developers continue
to become more familiar with this pavement type especially related to the speed of installation
and low cost. In addition, the contractors are developing the technology for mix design, mix
production, and placement, as well the final surface texture continues to advance RCC growth
into more pavement applications. This paper details a survey that was conducted by the author
on the recent uses of RCC pavements, and is followed by a few of the case studies to highlight
the advancements and uses.
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2. RCC Projects From 2017 To 2021 Survey Summary

In 2022, the author conducted a survey of owners, contractors, material suppliers and
consultants regarding RCC projects constructed across the United States. The survey was able
to gather 519 projects covering over 13.4 million SY (11.2 million SM) covering 2017 - 2021.
While this survey does not represent 100% of the RCC paved, it is estimated to represent 90%
or higher based on the author’s knowledge of the RCC market. The survey collected data
for each RCC project on the market segment, application type, owner type, location, year of
construction, paving area, thickness, final surface type, mixing plant type, and type of paving
machine.

RCC utilization around the United States is clearly increasing in terms of area placed per year,
types of applications, and number of projects per year. When combining the data collected
in this survey, along with the other surveys conducted by Zollinger and Pittman, over 35.4
million SY (29.6 million SM) of RCC has been placed since 1975, and over 1,153 projects
have been completed in that time. Since 2000, 32.6 million SY (27.3 million SM) have been
placed in 1082 projects. Figure 1 combines the data with Zollinger and Pittman’s previous
studies and illustrates the growth of RCC over this time period in terms of cumulative and
individual square yards of RCC per year.
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Figure 1. Summary of RCC SY Placed in the United States

Figure 2 combines the data with the previous studies and illustrates that as the number of RCC
projects around the United States grows per year, the average size of the projects has steadied
around 20,000 — 25,000 SY (16,000 — 20,900 SM). The project size stabilizing around that
amount is due to the type of applications where RCC is being used. While large projects
continue to utilize the pavement type, smaller projects such as roadways, and parking lots are
becoming more common, however there is a minimum size that is economical and feasible
due to logistics of the paver equipment and plant size and setup.

117



2. Beton Yollar Kongresi ve Sergisi, 16-17 Kasim 2022
KGM Halil Rifat Pasa Konferans Salonu, Ankara

RCC PROJECT SUMMARY
_i 200 — Y [ Project b
H o of Projects

2 250 TON

200 7 =0
=
£ 2
o 150 il ;;u
e [}
> B

100 an

20

i LTI
EEEEEEEEEEEEEBREREREERAEEREBER

Figure 2. Summary of RCC Projects in the United States

One key aspect of determining if RCC is the right solution for a project, is the total size as
well as the shape of the paving area. Due to the nature of the market dynamics, most of the
contractors are mobilizing plants and paving equipment to the project site, which requires the
size of the project to be large enough to justify the mobilization. However, the local market in
Columbus, OH has become established where a typical pavement design includes RCC topped
with asphalt. In mature markets like Columbus, the demand for RCC has allowed concrete
suppliers to supply RCC from fixed locations, and smaller projects have become feasible. In
that particular market, the average project size is 13,000 SY (10,870 SM). In other markets,
certain concrete suppliers have partnered with paving contractors to produce RCC for specific
projects through the use of ready mix trucks. The survey data shows the large majority of the
projects (50-60%) are between 1,000 and 10,000 SY (836-8,361 SM) followed by 27-50%
projects between 10,000 and 100,000 SY (8,361 — 83,612 SM). While larger projects are
typically a good fit for RCC, there are not as many of those projects every year as only 4-5%
of the projects are that size. While 0 - 8 % of the projects are smaller than 1,000 SY (836 SM)

Between 2018 and 2021, RCC was paved by 28 different contractors, with 5 contractors
paving over 1 million SY (836,127 SM) each, and 7 contractors paving more than 100,000
SY (83,612 SM) each. The contractors who are paving the larger volumes have become
“on-purpose” RCC installers where RCC paving is everything they do. They are investing
significant time conducting business development activities for the purpose of introducing
future owners to the paving solution.
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For this survey, the projects were classified as commercial, industrial, intermodal, port, and
roadways. For clarification, industrial projects are classified as distribution centers, equipment
yards, etc. While Intermodal yards and ports could also be classified as industrial, the large
amount of RCC being paved in these types of projects historically justified separating them.
Figure 3 summarizes the statistics for the different applications. As can be seen, the industrial,
intermodal and port applications have historically been the largest market segments using
RCC, however in recent years, the roadway segment is rapidly increasing. Over the past
10 years, significant progress has been made in better understanding the design criteria as
well as the construction considerations that are necessary for a successful RCC project on
the industrial pavements as detailed in the paper presented by Fares Abdo (Abdo 2022). The
primary reason for the roadway growth is private developers using RCC for construction of
residential neighborhoods, as well more public agencies are looking for long term durable
pavement alternative to asphalt. The two key areas of the country where RCC residential
neighborhoods are being paved with RCC is Columbus, OH and Houston, TX. They are
using RCC due to the lower cost of installation, faster speed of construction combined with
long-term proven durability. The state Departments of Transportation continue to grow in use
with a number of them using RCC to replace failed asphalt shoulders. The first RCC shoulder
application was 1-285 on the west side of Atlanta, GA in 2005. Those shoulders are still in
perfect condition 17 years later.
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Figure 3. Summary of RCC Projects By Segment 2011-2021

As has been the case since 2000, the primary user of RCC is the private industry, followed by
public agencies, while military use has become significantly smaller even though it was the
first user of RCC in the United States. The private owners are using RCC specifically for the
lower cost of installation compared to alternatives as well as the speed of construction. In the
past 4 years, we have really seen the public use of RCC increase dramatically, predominantly
by residential neighborhoods. While the residential neighborhood projects are funded
privately, they are required to obtain public approval of the pavement type, hence the reason
for categorizing them as public sector. Figure 4 summarizes the data by owner type.
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Owner Type by Area
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Figure 4. RCC Summary by Owner Type 2011 — 2021

While RCC has historically been paved with high density paving machines which utilize
tamper bars or pressure bars to achieve greater than 90 percent density behind the paver,
the use of standard asphalt paving machines had been used on smaller projects with thinner
pavements. However, the recent survey indicates after 2019 as shown in Figure 5, only
high-density paving machines are being used to pave RCC. The reason for this evolution is
largely due to the recognition of the improved construction quality by both the specifiers and
the contractors. We have seen some contractors enter the market with intentions of using a
standard density machine and soon realizing their need to use high density paving equipment.
This evolution demonstrates the RCC market is maturing. The biggest challenge to RCC
growth is the high-density machines are very large and are not typically used on smaller
projects or areas that have tight radius.

3. Mix Design and Aggregate Selection

The traditional RCC mix has only included the basic ingredients of aggregate, sand,
cement, and water. The RCC pavement mix design is developed in such a way to ensure
the highest possible density, stability under the heavy screed and rollers during placement,
achieve acceptable strength for the future loading, and provide surface durability during
service. Traditionally, highest density has been achieved through selecting a combination
of well graded aggregate with a maximum size of 3/4 inch (19 mm) and a local sand source.
Using this approach, it usually results in higher sand percentage and lower coarse aggregate
percentage than conventional concrete. Due to the use of pug mills for on-site production,
the contractor usually only has two aggregate bins which are attached to the pug mill to
work with and achieve the needed combined gradation. The water content is then determined
through an optimum moisture / maximum density proctor test (ASTM D 1557) using a mid —
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range cement content such as 14% by weight of dry materials. Finally, compressive strength
specimens are fabricated using a range of cement contents (typically 12 to 15%) according to
ASTM C 1435. The design cement content is determined by plotting the compressive strength
versus cement content and identifying the amount of cement needed to achieve the design
compressive strength with the appropriate amount of over-design.
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Figure 5. RCC Summary by Paver Type 2011 — 2021

A recent development on RCC projects is to achieve very high densities with the paving
machine. Often the density behind the paver is greater than 96% and routinely over 98%
thereby meeting the density specification with the paving machine alone. While a few years
ago there was tremendous debate whether or not a roller is still required to provide a long-term
durable pavement under these conditions, the consensus has become that a roller must be used
for at least 1 roller pass in order to ensure consistent compaction across the width and length
of the pavement. Regardless of that requirement, the ability to achieve this extremely high
density with the paver alone has been determined to be influenced by many factors including
the paver screed setup and operation, stiffness of the underlying support layer, as well as the
mix characteristics such as moisture content, aggregate properties, and cement content. While
most of the aggregate selection criteria has historically focused on the combined gradation
or durability properties such as abrasion, a recent development is consideration of aggregate
and sand shape, specifically focusing on the angularity. The angularity of the coarse and fine
portions of the mix predominantly affect the workability of the mix in terms of compaction
and stability. For example, when using rounded coarse aggregates and natural sands, it is
well known the contractor will experience mix stability problems under the screed making it
very difficult to achieve final grade. On the other side of the spectrum, when using crushed
coarse aggregate and manufactured sands with highly angular aggregates, the contractor may
struggle to achieve 98% compaction even with heavy rollers and the pavement structure will
not be uniformly compacted throughout the full depth of the pavement. The RCC Pavement
Council funded research at The University of Illinois for the purpose of understanding this
concept further. In the paper titled Aggregate Source Effects on RCC Green Properties
(Ouellet, Scott & Roesler 2021) detailed the impact of crushed versus rounded aggregates with
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varying void contents filled with paste. They showed how RCC mixtures containing crushed
aggregates achieved maximum green strength and stability with underfilled voids, while RCC
with rounded aggregates required overfilling the voids. This work is continuing to include
field verification and calibration.

Admixtures are also continuing to see growth in RCC mix designs, however due to the nature
of RCC pugmills being set up near projects, contractors have not implemented them on a
broad basis. There continues to be great debate as to the value of the admixtures and what
can be accomplished with them. There have been admixtures introduced into the market for
the purpose of enhancing compaction, or holding moisture content during hot, windy, and dry
conditions or to extend the haul time.

4. Production Advancements

Historically RCC has been produced in continuous mixing, twin shaft - pugmill type mixers
that are easily transported from one site to another and set up in one day with two to three
workers. The operation of these plants is also very simple with only 1 plant operator and 1
loader typically required. These plants operate in a continuous mode thereby allowing for
very high production rates, ranging from a rating of 400 to 1000 short tons (363 to 909 metric
tons) per hour. During the 2014 to 2016 time period, pugmill plants that operate by weigh
batching were introduced to the market, however they are still not very common, and have
had some operational challenges keeping up with the demands of high production and are not
likely to increase in use as the volumetric plants do a very good job in terms of consistency,
high quality production, and performance. The mobile pugmill plants come with 2 aggregate
hoppers, so when additional aggregates are needed, a common practice is to include auxiliary
3 or 4 bin hoppers to the plant set up as shown in Figure 10.

Figure 6. Pugmill Mixing Plant
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Figure 7 illustrates that while the pugmill plant historically was the dominant plant type used
in RCC production, the Central mix tilt drum and traditional dry batch plants were being used
on smaller projects where slower production is appropriate. However, recently the pugmill
plant is the only plant type that has been used for RCC production. The central batch twin
shaft mixing plants and spiral shaft mixing plants, while are efficient at producing high quality
RCC, they have not gained the market share that was anticipated a few years ago. The reason
for this the growth in availability of pugmill plants, their efficiency and high production, while
being done at low operational costs.

5. Final Surface Types

As was stated in the introduction, RCC is placed by asphalt type paving equipment and is
finished with heavy dual steel drum rollers, which leaves a final surface appearance similar to
asphalt, except the color is gray, this is typically referred to as a “Natural” Finish. Historically,
the final surface provided by this equipment is what was used by the owner, however in the
past 10 years RCC pavements are beginning to utilize other surface finishes such as diamond
grinding and asphalt. While the natural surface finish has proved to be durable when properly
placed, owners are now requesting an improved surface appearance like conventional
concrete. The trowelling of RCC surfaces with the use of water has been tried as far back as
the early 1980’s in Spain, however, however around 2014 contractors began to experiment
with applying admixtures to the surface and applying power trowels to provide an enhanced
surface finish. Those admixtures appear to make the trowelling process easier, even providing
enough paste workability to broom or tine the finished surface, and remain durable over time.
The development of the process took a few years to gain market share as the contractors and
specifiers evaluated the technique for durability, skid resistance, and smoothness.
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Figure 7. Mixing Plant Type used between 2014 - 2021
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A summary of the surface type by areas is provided in Figure 7. As the survey shows, based
on the surface area of RCC placed, the trowelled finish is now the most used surface type as
compared to natural and asphalt surfaces since 2019. This is largely due to trowelled finishes
making the surface appearance more palatable to the owner, easier to provide an acceptable
finish for the contractor, and overall makes RCC easier to construct. The RCC Pavement
Council has conducted recent laboratory research at Middle Tennessee State University into
the durability of this solution as well as comparing the different admixtures that have been
used. The laboratory study did not indicate statistical significance between the different
admixtures, including water or the natural finish. It should be noted that additional research
is needed on this topic, and field validation is being discussed as a follow up study to this
laboratory evaluation.
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Figure 8. RCC Surface Types by Pavement Area

6. Project Applications

As was stated above in the paper, RCC continues to be utilized in many different applications
and project types, as well as find new uses. Below are some of the projects detailing those
applications.

In the spring of 2014, the Public Works Department of Liberty County, TX approved the use
of Roller Compacted Concrete pavements for the construction of residential roadways by a
local developer. The project consisted of 122,000 SY (102 K SM) of 5 inch thick (12.7 cm)
RCC placed on 6 inches (15.2 cm) of cement stabilized subgrade. The pavement is 22 ft (6.7
M) wide and has been saw cut at 11 ft (3.3M) wide by 12 ft (3.6 M) long. This same developer
has continued to use RCC for subdivision paving ever since the first initial project as shown
in Figure 9.
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Overall, the developer has now constructed over 232 miles of RCC pavement. Through the
years, the project has evolved due to developer and contractor experience. As an example,
the RCC pavement is now 6, 7, or 8 inches (15, 17.5, or 20 cm) and the subgrade is being
stabilized 6 inches (15 cm) with cement rather than fly ash as the traffic loading has increased.
The contractor has also observed significant volumetric change in the concrete paving due to
temperature swings. The RCC Pavement Council has observed these volumetric changes and
funded research at Texas A&M University focused on volumetric change of RCC pavements.
The contractor has implemented best practices from the conclusions made in the paper. It has
been noted that roadway applications in the shape of a ribbon of RCC are behaving slightly
different than large more square shaped applications such as distribution warehouse paving. As
an example of the improved solutions, expansion joints are being placed approximately every
500 ft (152 m), as well as at intersections. We have even seen instances where a conventional
concrete slab is placed at the “T” intersection for the purpose of improved construction joints.
These solutions appear to have had a positive impact on performance of the pavements.

In 2007, The Port of Houston began a major plan to expand their cargo and container storage
capacity in preparation for the Panama Canal Expansion. During their planning stages,
they evaluated RCC Pavements and decided to allow contractors to turn in alternate bids to
conventionally reinforced concrete pavements on their first project at the Bayport Container
Terminal Phase 1. Due to the significant cost savings as well as being able to reduce
construction time by 4 months, that project used RCC pavements of 14 and 18 inches (35.5
and 45.7 cm) thick for approximately 50 acres (202 K SM). Since 2007, the Port of Houston
has completed over 300 acres (1.5 M SM) of RCC paving with over 10 projects completed as
shown in Figure 10.

Figure 9. RCC Paving Area in Liberty County, TX
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Figure 10. RCC Paving Area at Port of Houston, TX

The reconstruction of East 45th Street North located in Wichita, Kansas is the first major
arterial roadway reconstructed with the full depth reclamation with cement and trowelled RCC
finish in Kansas. The exiting asphalt pavement suffered from thermal cracks, rutting, and
potholes as shown in Figure 11. The project was 0.5 mile long (800 m) and included milling
up the top 3 inches (7.5 cm) of asphalt, and then stabilizing with slurry cement the bottom 10
inches (25.4 cm) of remaining asphalt and aggregate base to create a durable, water resistance
base material. The RCC pavement was 7 inches (18 cm) was placed full width 24 ft wide (7.3
m) on top of the stabilized base, and saw cuts were installed at skewed angles. After 6 years
old, the RCC is performing very well with limited cracks as shown in Figure 12.

Figure 11. Pre-existing condition of Asphalt on East 45th Street, Wichita, KS
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Figure 12. Completed RCC Paving at East 45th Street, Wichita, KS

In 2016, Alabama DOT decided to use RCC for the first time as the final riding surface on one
of their travel lanes on McAshan Road in Bessemer, AL. As the existing hot mix asphalt and
aggregate base was in very bad conditions with rutting, potholes, and fatigue cracking, they
were looking for a more durable solution. However, the construction technique required the
roadway to be kept open for traffic at all times. The RCC pavement design required 10 inches
(25.4 cm) thick to be placed over 9,000 SY (7500 SM). The RCC was placed in 20 ft (6 m)
widths which included both the travel lane and shoulder. The RCC was later diamond ground
for smoothness on the higher speed roadway.

e 4 :r_, e
b

Figure 13. Installation of RCC Paving at McAshan Road in Bessemer, AL
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7. Conclusions

RCC continues to increase in utilization around the United States into many different project
types. The past five years has seen over 13.3 million SY (11 million SM) of RCC placed.
As RCC continues to grow in utilization, the technology is developing along with it. Recent
advances have occurred related to mix design such as understanding aggregate shape as well
as size distribution, as well as admixtures to improve the finished surface appearance. With
an expected increase in the use of RCC, advancements are expected to continue and likely
increase in the rate of development.
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Ozet

Tiirkiye genelinde ve Van 6zelinde kirsal kdy yollarinda yapilan yolkaplamalariuygulamalardaki
teknik aksakliklar sebebiyle ¢ok kisa dmiirlii olmaktadir. Gegmis deneyimlerden elde edilen
bilgilere gore kirsal kdy yollarinda yapilan sathi kaplamalarin birgok kdyde birkag yil i¢inde
hizmet dis1 kaldigi bilinmektedir. Bitiimlii sicak karisim yontemiyle yapilan kirsal koy
yollarinda ise sathi kaplama yollara gore hizmet siiresinin arttig1 fakat uygulamalardaki teknik
aksakliklar sebebiyle yol servis dmriiniin beton yollara gore goreceli olarak ¢ok daha az oldugu
bilinmektedir. Bolgenin getin kis kosullar1 dikkate alinarak minimum bakim onarim maliyeti
gerektiren ve uzun yillar bozulmadan hizmet verebilecek beton yol uygulamalarinin en efektif
¢6ziim oldugu diisiiniilerek 2021 yilinda Van genelinde Tiirkiye nin en soguk bolgesinin de
iginde bulundugu toplam 58.7 km uzunlugunda kdy yolu silindirle sikistirilmis beton yol
uygulamasi ile yapilmistir. Bu bildiride, Van’da ilk defa yapilan silindirle sikistirilmis beton
yol uygulamalarinda karsilasilan sorunlar, yapilan ¢alismalar neticesinde elde edilen tecriibe
ve bilginin paylasilmasi amaglanmistir.

Keywords: silindirle sikistirilmis beton yol, kirsal koy yollari, SSB yol yapimi, SSB yol
tasarimi, kalite kontrol

1 Giris

Beton yol uygulamalar1 20. yiizyil ortalarina dogru Amerika Birlesik Devletleri, Fransa,
Belcika ve Almanya gibi gelismis iilkelerde yayginlasarak yapilmaya baslanmistir (Cetin,
2009). Beton yol yapimi son 50 yil igerisinde Avusturya, Ispanya, Ingiltere, Kanada ve Giiney
Afrika gibi iilkelerde de tercih edilmistir. Diinya niifusunun ¢ok biiyiik bir kismini baridiran
Hindistan ve Cin gibi iilkelerde de son yillarda biiylik beton yol projeleri baslatilmigtir (Darter,
1993). Rijit kaplama olarak da bilinen beton yollarin servis performansinin zayif taban
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zeminleri iizerinde esnek {ist yapilara gore daha iyi oldugu, yapilan bir¢ok bilimsel ¢alisma ve
sektorel deneyimlerle ortaya konmustur (Sekil 1).

Sekil 1. Sathi kaplama kdy yolu (solda), silindirle sikigtirtlmis beton kdy yolu (sagda)

Giin i¢inde ve mevsimler arasi sicaklik farkliliklarinin fazla oldugu karasal iklimli bolgelerde
tekerlek izi ve ¢atlak olusumunu engelleyebilecek asfalt kaplamalarin tasarlanmasi oldukga
giictlir. Gegmis yillarda yapilan bilimsel ¢aligmalar ve pratik deneyimler bu tip bolgelerdeki
yol uygulamalarinda beton yol kaplamasi kullaniminin daha uygun bir segenek oldugunu
gostermektedir (Celik ve Akpinar, 2015).

Ozellikle son yillarda, Tiirkiye’nin birgok ilinde (Denizli, Samsun, Antalya, Kocaeli, Afyon
v.s.) yerel idareler tarafindan ozellikle kirsal yollarda yol kaplamasmin gerek yas beton
kaplamalara ve gerekse esnek asfalt kaplamalarina kiyasla ¢ok daha ekonomik olarak insa
edilebilen silindirle sikistirilmig beton kaplama olarak yapildig: goriilmektedir.

2021 yili Mayis aymda Van Biiyiiksehir Belediyesi tarafindan ilk pilot uygulamasi yapilan
SSB yol uygulamasi (Sekil 2) sonras1 SSB ile kirsal kdy ve grup kdy yollarinin bir kisminin
SSB yontemiyle yapilmasina karar vermistir.

2021 yili igerisinde Bagkale, Saray, Muradiye ve Tiirkiye’nin en soguk bolgesi olarak bilinen
Caldiran ilgelerinde yol platform genisligi 6 m olan toplam 58.7 km silindirle sikigtirilmis beton
yol imalat1 ger¢eklestirilmistir. Bu ¢caligmada, 2021 yili igerisinde Van Biiyiiksehir Belediyesi
Fen Isleri Dairesi Baskanlig1 tarafindan yapilan silindirle sikistirilmis beton yol uygulamalarina
ait tasarim, imalat ve kalite kontrol ¢aligmalarinda karsilasilan sorunlar ve elde edilen tecriibe
ve bilgi paylasilarak, yollarin zaman igerisindeki performanslarinin belirlenmesine yonelik
yapilan ¢alismalar hakkinda da kisa bilgi verilerek gelecekte yol performansinin belirlenmesi
amaciyla yapilabilecek bakim/onarim stratejileri hakkinda bilgiler verilmektedir.
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iLK BETON YOL YAPIMINI

RCEKLESTiRDi..

Sekil 2. 8 Mayis 2021 yilinda Van Biiyiiksehir Belediyesi tarafindan yapilan ilk silindirle
sikigtirilmig beton yol uygulamasi

2. Van’da Yapilan Silindirle Sikistirilmis Beton Yollarin Tasarimi

SSB yollarin kalitesi, hem beton bilesenlerinin malzeme kalitesine hem de bunlarin dogru
kullanimma baglhidir. SSB yollarin yapisal davranisi esdeger beton yollarin davranisi ile
benzerdir (Yaman ve Ceylan, 2015). SSB kaplamalarin en az 10 cm kalinlikta olmasi
belirtildiginden Van’daki uygulamalarda diigiik trafik yiiklerinin bulundugu kirsal yollarda
sikigtirilmis kaplama kalinligir 12 cm olarak belirlenmistir. Sadece deneme amagh Caldiran
ilgesinde bir kdy yolu sikigmig beton kalinligi 15 cm olacak sekilde imal edilmistir. Asagida,
Van’daki SSB yol imalatlarinin tasariminda dikkate alinan hususlar ve yol imalatinda
kullanilan beton tasarimlar1 hakkinda kisa bilgi verilmektedir.

2.1 SSB Uygulamalarinda Kullanilan Betonun Tasarimi

Silindirle sikigtirilmig yollarda kullanilan beton geleneksel beton kaplamada kullanilan ayni
malzemelerin (baglayict malzemeler (¢imento, ugucu kiil, cliruf vb.), iri ve ince agrega, su
ve gerekirse kimyasal katki) farkli oranlarda karistirilmasiyla elde edilmektedir. Silindirle
sikistirilmig beton yolun kalitesi igin, geleneksel beton kaplama yollarda oldugu gibi betonu
olusturan bilesenlerin dogru se¢imi olduk¢a énemlidir.

Silindirle sikistirilmis beton yollarda beton karisimimin agirlikga %85’ini iri ve ince agrega
olusturdugundan agregalarin neme karsi hassas olmast, betonun rahat islenebilirligi, yogunlugu,
mekanik dayanimlari, 1s1l 6zellikleri, dayanikliligi ve yiizey diizglinliigii gibi farkli faktorler
nedeniyle, uygun agrega gradasyonunu segmek, basarili bir SSB yolun dnemli bir pargasidir.
Dolayisiyla, 2021 yilinda Van’da yapilan SSB yol imalatlarinda kullanilacak agregalarin tane
boyu dagilimi, su emme miktari, 6zgiil agirligi, plastiklik indisi, asinma dayanimi, alkali-
silika reaktivite ozellikleri ve dayanikliliklar1 Tiirkiye Cimento Miistahsilleri Birligi Beton
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Laboratuvarinda yapilan deneylerle tespit edildi. Sekil 3’de SSB beton karisiminda kullanilan
toplam agrega karigiminin agrega gradasyon egrisi ve sartnamelerde belirtilen alt ve iist
limitleri gosterilmektedir.

Van’daki SSB yol kaplama imalatinda betonun islenebilirligini arttirarak ayristirmalar1 azaltip
ylizey diizglinliigiini arttirmak amaciyla maksimum dane boyutu 19 ile 25 mm arasinda
agregalar secilmistir.

. N
SSB IMALATINDA KULLANILAN AGREGA KARISIM
EGRISI
100
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Sekil 3. Van’daki SSB yol imalatinda kullanilan agrega gradasyon egrisi ve sartnamelerde
belirtilen limitler

SSB yol imalatinda kullanilacak betona ait karigim tasarimi Tiirkiye Cimento Miistahsilleri
Birligi Yap1 Malzemeleri Laboratuvarinda zemin sikistirma yontemi kullanilarak belirlenmistir
(Sekil 4).

Beton tasarimi yapilirken ilk olarak SSB yolun maksimum sikigma orani i¢in gerekli olan su
miktar1 belirlenmis ve bu su miktari kullanildiginda betonun istenilen mithendislik 6zelliklerine
sahip olmasi igin gereken baglayici miktari belirlenmistir. Cizelge 1°’de Van’da 2021 yilinda
yapilan 1 m® SSB i¢in tasarim karigim oranlari ve basing dayanimlari verilmektedir.
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Sekil 4. TCMB Yap: Laboratuvarinda yapilan SSB yol imalatinda kullanilacak beton deneme
karisimlari

Silindirle sikigtirilmis beton yol imalati i¢in kullanilacak hazir beton santralinde deneme
iretimleri yapilmugtir (Sekil 5). Hazir beton santralinde yapilan deneme iiretiminden numuneler
almmig, 7 giinliik numune basing deneyleri yapildiktan sonra SSB imalatina baglanmustir.
Yapilan bu deneme iretimlerinde laboratuvarda yapilan testler neticesinde belirlenen su
miktarinin arttirilmasinin gerekliligi goriilmiistiir. Ornegin Saray ilgesinde yapilacak SSB yol
uygulamasi i¢in belirlenen 138 kg su 145 kg’a ¢ikartilmistir.

Sekil 5. Hazir beton santralinde hazirlanan deneme beton iiretimi ve numune alimi
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Cizelge 1. Van’daki SSB yol imalatinda kullanilan 1 m3 SSB i¢in tasarim karigim oranlart ve
basing dayanimlari.

5 2 .
- >\‘ —
o = =] < S
SSB yolun yapildig1 yer 3 ) 5 =
< =] N o
o = M
Baglayici Cem-142.5 R (kg) 320 320 320 320
Agrega 19-25 mm (kg) 180 - - -
15-22 mm (kg) - 347 413 232
12-19 mm (kg) 360 - - 380
5-12 mm (kg) 280 591 411 317
0-5 mm (kg) 1187 1090 1202 1179
Su Sebeke Suyu (kg) 101 124 138 112
Basing 7 giinliik (MPa) 39.32 34.53 38.85 35.62
Dayanimi
28 giinliik (MPa) 48.13 47.87 42.76 40.87

2.2. Zemin, Temel Alt1 ve Temel Tasarimi

Van’da yapilan SSB yollarin tamami daha 6nce sathi kaplama olarak yapilip hizmet veren
kirsal kdy yollart oldugundan sathi kaplama siyrilarak yol reglaji yapilip sonrasinda sikis-
mis kalinlig1 15 cm olan plent-miks temel (PMT) tabakasi tasarlanarak imal edilmistir (Sekil
6). Yapilan temel imalatinin %97’in {izerinde sikisma oranina sahip olacak sekilde sikisma
Olciimleri yapilmistir. Yapilan kontroller sonucunda gerekli sikismanin saglanmadigi goriildii-
glinde %98 sikismay1 saglayacak sekilde sikistirmaya devam edilmistir.
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Sekil 6. Plent-miks temel imalati

3. Van’da Silindirle Sikistirilmis Beton Yol Yapimi

Laboratuvarda yapilan beton karigim tasarimi ile hazir beton santralinde deneme {retimi
yapildiktan sonra taban zemini hazirlanan ve temeli yapilan yollarda SSB imalatina baslanmistir
(Sekil 4). Beton nakli damperli kamyonlarla gerceklestirilmis, beton da kesikli iiretim olarak
tabir edilen tesislerden tedarik edilmistir. Tiim yollarda SSB herhangi bir modifikasyon
yapilmadan asfalt sericilerle yerlestirilmistir (Sekil 7). Asfalt sericilerin tamamu serit boyunca
betonun referans yas yogunlugunun %80’ine kadar sikistirdiktan sonra kaplamanin dayanimi
ve dayanikliligi agisindan oldukga dnemli olan silindirle sikistirma iglemi gergeklestirilmistir.
Ik sikistirma 10 tonluk ¢ift tamburlu titresimli, gelik bandajli silindirle yapilmis sonrasinda
20 tonluk lastik tekerlekli silindirle sikistirma islemine devam edilmistir. Son olarak da gelik
bandajli silindirle sikigtirma iglemi tamamlanmustir (4-6 gegis) (Sekil 7).

SSB imalatinda kullanilan betonun istenilen mukavemet ve dayanikliliga sahip olmasi igin
oldukca biiyiik 6neme sahip olan SSB kiirii sikistirma islemi tamamlandiktan hemen sonra
geleneksel sulama yontemiyle yapilmistir (Sekil 8). SSB yollarda, 6 m araliklarla enine
kontrollii derz kesimi SSB plak kalinliginin 1/3’1 oraninda derinlikte yapilmistir.
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Sekil 7. Asfalt serici ile betonun yerlestirilmesi ve ¢elik bandaj ve tekerlekli silindirlerle
sikigtirilmasi

Sekil 8. SSB’nin geleneksel sulama yontemiyle kiirlenmesi
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4 Van’da Silindirle Sikistirilmis Beton Yol Yapim isi Kapsaminda Karsilasi-
lan Sorunlar

Van Biiyiiksehir Belediyesi yol ag1 kapsaminda, Caldiran, Muradiye, Saray ve Bagskale
ilgelerinde yapilan yol yapim c¢aligmalar1 esnasinda yerinde yapilan incelemelerde tespit
edilen aksakliklar asagida maddeler halinde belirtilmektedir.

Beton santralinde yapilan incelemelerde, karigim siiresinin 15-35 sn arasinda oldugu
gozlemlenmistir. Cimento hamuruyla agreganin kaplanmasinin saglanabilmesi igin
karigim siiresinin asgari 50 sn olarak ayarlanmasi gerekmektedir. Ulkemizde yapilan SSB
yollarda bu hususa 6zen gosterilmesi ve hazir beton tesislerinin beton yol i¢in iiretime
baslamadan dnce bu konularda bilgilendirilmesinin saglanmasi gerekmektedir.

Yolda lokal bdlgelerde yetersiz kiir uygulamasi kaynakli tozumalar olustugu
gbzlemlenmistir. Ayrica, imalat sirasinda beton santralinin piyasaya yas beton verdigi

bu nedenle baz1 kesimlerde SSB kivaminin degistigi gdzlemlenmistir. Kaliteli beton yol
imalati i¢in hazir beton tesislerinin bu hususlara dikkat etmesini saglamak gerekmektedir.

SSB seriminde lastik tekerlekli silindirin prizi tamamlanmamig SSB plak iizerinde uzun
stire duraksamalar yaptigi, bu kesimde ondiilasyonlarin olusacagi belirtilmistir.

Yolun boyuna ve enine yiizey diizgiinliik kontrollerinin yapilmadigi, sartname geregince
mastar getirilip, kontrollerin yapilmadig1 ve derz yapiminda ge¢ kalindiginda dogal derz
olusumunun bagladig: tespit edilmistir. Dogal derzlerin olusumunu engellemek i¢in derz
kesiminin zamaninda yapilmasi gerekmektedir

Hazirbeton santralinde SSB iiretimi esnasinda ¢cimento ve suyun ayni anda miksere verildigi
ve bu sebeple beton igerisinde topaklanma sorunlarinin yasandigi gézlemlenmistir.

Beton naklinde kullanilan kamyonlarin damper temizliginin yapilmasi ve nakliye
sirasinda SSB’nin hidratasyonu icin gerekli karigim suyunu kaybetmemesi i¢in kamyon
brandalarinin kullanilmadig1 goriilmistiir.

SSB yol imalati i¢in beton tasiyan kamyon damperlerinin yikandiktan hemen sonra
tagima yaptig1 tespit edilmistir. SSB yol i¢in uygun olmayan kivamda beton olugmasina
ve SSB yolda yapisal bozulmalara neden olacak damper i¢inde kalmasi muhtemel su
birikintisine dikkat edilmedigi goriilmiistiir.

Hazir beton santralinde, SSB {iretimi sirasinda geleneksel beton iiretimi de yapildig:
gorillmiistiir. SSB’nin kivaminin degismesine ve yapisal bozukluklara sebep olabilecek
bu durumun engellenmesi i¢in SSB iiretiminin siireklilik arz edecek sekilde olmasi
gerekmektedir.

5. Van’da Silindirle Sikistirilmis Beton Yollarin Performansi

2021 yilinda imalati tamamlanan SSB yollar 2022 y1l1 Mart ayinda gézlemsel olarak incelenmis
ve yollarin performansi belirlenmistir. Yapilan incelemede yollarin performansinin ¢ok iyi
oldugu fakat yukarida yazilan ve yol yapim asamasinda da fark edilen bazi aksakliklardan

137



2. Beton Yollar Kongresi ve Sergisi, 16-17 Kasim 2022
KGM Halil Rifat Pasa Konferans Salonu, Ankara

dolay1 yollarin belirli kisimlarinda bazi yapisal hasarlarin meydana geldigi tespit edilmistir
(Sekil 9). Yarma-dolgu gegislerinde yeterli sikistirmanin yapilmadigi 100 metrelik bir kesimde
beton yolda zeminden kaynaklanan ¢atlama oldugu tespit edilmistir (Sekil 10).

Sekil 10. 2021 yilinda imalati tamamlanan beton yollarda zemin problemlerinden kaynakli
catlamalar

2021 yilinda Van’da imalati tamamlanan yollarda platformdan veya sevlerden gelen yiizeysel
sulart toplayip uygun yerlere desarj eden yiizeysel drenaj yapisi olan hendeklerinin bazi
yollarda yapilmadig1 bazi yollarda ise beton kaplamasinin tamamlanmadig1 tespit edilmistir
(Sekil 11). SSB yollarin 6ngdriilen servis Omiirleri boyunca hizmet verebilmesi i¢in yol
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giizergah1 boyunca yagistan kaynakli ve yiizey sularmin yoldan uzaklastirilmasi igin bu
hendeklerin yapimi ve sonrasinda da bakimi ¢ok dnemlidir.

Sekil 11. Hendek imalati yapilmamis yollar

6. Sonuclar

Sathi kaplama ve asfalt kaplama yontemleriyle imal edilen kirsal kdy yollarmnin, servis
Omiirlerinin beton yollara gore goreceli olarak ¢ok daha az olmasi sebebiyle, 2021 yilinda Van
genelinde Tiirkiye’nin en soguk bdlgesinin de i¢inde bulundugu toplam 58.7 km uzunlugunda
koy yolu, silindirle sikistirilmis beton yol uygulamasi ile yapilmstir. Siirdiiriilebilir ulagtirma
politikalar1 kapsaminda yerli ve milli kaynaklar kullanilarak, Van’da ilk defa yapilan silindirle
sikigtirilmis beton yol uygulamalarinda karsilasilan sorunlar, yapilan ¢aligmalar neticesinde
elde edilen tecriibe ve bilgi paylasilarak iilkemizde son zamanlarda birgok belediyenin
uygulamaya koydugu SSB yollarin daha kaliteli insa edilmesine katki saglayacaktir. Yapilan
gozlemsel incelemelerde, soguk iklimlerde beton yolun performansinin ¢ok yiiksek oldugu
yiiksek sicaklik farkliliklarina ve ¢etin kis kosullarina maruz kalan beton yollarda herhangi
bir deformasyon olmadigi ve beton yollarin herhangi bir bakim onarim ihtiyacina gerek
kalmaksizin serviste oldugu goriilmiistiir. Bildiri kapsaminda belirtilen yerlerdeki kismi
olarak goriilen ¢atlak ve deformasyonlar ise taban zeminindeki kayma ve oturmalardan
kaynaklanmaktadir. Van’da yapilan SSB yol imalatlarinda tespit edilen kusurlarin géz 6niine
almarak yapilmasi durumunda bu sekilde kismi deformasyon ve c¢atlaklarin olusmayacagi
diistiniilmektedir.
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Silindirle Sikistirilmis Beton (SSB) Yol
Uygulamalarinda Yogunluk Sikisma-Dayanmim iliskisi
ve Stabilite Coziimleri

Ali Sahin GUNGOR!, Mustafa DALYAN?, Erhan TURKER?
'Canakkale i1 Ozel Idaresi Yol ve Ulagim Hizmetleri Miidiirliigii, Canakkale, Tiirkiye

Ozet

Tiirkiyede i1 ve Koy yollarinda yol iistyapisi olarak genel olarak Bitiimlii Sicak
Karisim (BSK), Sathi Kaplama, Klasik Beton ve Silindirle Sikistirilmis Beton (SSB)
kullanilmaktadir. Genel olarak esnek {istyapilar tercih edilmekle beraber, petrolde disa
bagimlilik ve maliyetlerin yiliksek olmasi bir¢ok idareyi alterrnatif arayislara sevketmistir.
Bu arayisin sonucu olarak {iilkemizin kirsal bolgelerinde koy yollarinda Silindirle
Sikistirtlmis Beton (SSB) yollar tercih edilmeye baslanmustir. Silindirle Sikistirilmis
Beton (SSB) kdy yollarinda beklenen siiriis konforunu saglamakta, asfalt finisheri ile
imalat1 yapildigindan hizli bir sekilde tamamlanmakta, uzun omiirlii ekonomik ¢oziim
sunmaktadir. Tiim bu 6zellikleri Silindirle Sikigtirilmis Beton (SSB) Yollarin kirsalda hizla
yayginlasmasini saglamistir. Canakkale 11 Ozel Idaresi de 2020 yilinda 78 km Silindirle
Sikistirtlmis Beton (SSB) yol yaparak doniisiimiinii giiglii bir sekilde baglatmistir. Basarili
uygulamalarinin neticesinde 2021 yili itibariyle de esnek iistyap1 imalatini birakarak rijit
iistyap1 olan Silindirle Sikigtirilmis Beton (SSB) yollara agirlik vermis ve yol agini 250
km’ ye ¢ikarmistir. Canakkale i1 Ozel Idaresi Silindirle Sikistirilmis Beton (SSB) Yollarm
stabilitesini artiran bir¢ok ¢oziimii getirmekle beraber, yayginlasmasini politika olarak
benimsemistir. Bu yayimn kapsaminda 2022 yilinda imalati yapilan Silindirle Sikistirtlmis
Beton (SSB) Yollardan alinan karotlarin 28 giinliik basing dayanimlari ve yogunluklarinin
karsilagtirmasi yapilarak sikigsmanin stabilite i¢in 6nemi arastirilmistir. Bunun yaninda
seriiven igerisinde stabilite problemleri i¢in sundugumuz ¢oziimler anlatilmstir.

Anahtar Kelimeler: Silindirle Stkigtirtimis Beton, Stabilite
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1. Giris

Canakkale ili kdy yollar1 11 Ozel idaresi sorumlulugunda olup; yol iist yapilar1 Bitiimlii
Sicak Karisim(BSK), Sathi Kaplama, Stabilize, Donatili ve Donatisiz Geleneksel Beton
ve Silindirle Sikigtririlmis Beton (SSB)’ dan olusmaktadir. Toplam 4850 km olan yol
agmin 50 km’ sini Geleneksel beton yollar ve 250 km’ sini Silindirle Sikistirilmis Beton
Yollar (SSB) olusturmaktadir.

Silindirle sikigtirtlmis beton (SSB) uzun yillardir tim diinyada yollarda ve barajlarda
kullanilan bir tekniktir. Bu teknikle iiretilen beton kivam, uygulama teknikleri vb. kosullar
g0z Oniine alindiginda geleneksel (yas) betondan bir takim farklar ile ayrilmaktadir.
1940’11 yillardan itibaren basta ABD olmak iizere bazi iilkelerde ilk denemeleri yapilan
silindirle sikistirilmig beton (SSB) yol, iri ve ince agreganin siirekli gradasyon verecek
sekilde, uygun oranda su ve ¢imento ile karistirilmasiyla iiretilen betonun finigerle serilip,
silindirlerle sikigtirllmasiyla yapilan iistyapt kaplama tabakasidir. [TCMB, SSB Yollar
Teknik Sartnamesi, 2018]

Bu bildirinin amaci sikismanin beton basing dayanimina ve yolun yillar ic¢indeki
stabilitesine etkisini ortaya koymak, ondiilasyonlara sebebiyet vermeden yeterli sikismanin
nasil yapilacagini gézlem ve tecriibelerle aktarmaktir. Bunun yani sira stabiliteye katki sunan
diger ¢oziimleri paylagmaktir.

2. Karot Numunesi Alinmasi ve Siiflandirilmasi

Bu caligma kapsaminda Canakkale’ nin farkli ilgelerinde 2022 yilinda yapilan 8 fakli yoldan
karot alinmistir. Her giiniin imalatindan 1 takim (3 adet) olacak sekilde toplam 45 takim(135
adet) 73 mm ¢apinda karotlar laboratuvara tasinmistir. Karotlar ¢ap ve yiiksekligi yaklagik
olarak esit olacak sekilde bagliklanmis, yiikseklik ve agirliklar 6lgiilmiis, gérsel muayene
yapilarak yogunluklar gézlemlenmistir. Tiim veriler kayit altina alindiktan sonra beton
presinde basing dayanimi testine tabi tutulmustur. Elde edilen sonuglar Tablo 1, Tablo 2, Tablo
3 ve Tablo 4’ de siniflandirilmustir.

142

Ali Sahin Gilingdr, Mustafa Dalyan, Erhan Tiirker

Tablo 1. Sinir Deger Uzerindeki Bazi Karot Dayanimlari

Numune Karot Karot Karot Basing
Yol Ad: No Capi Yiiksekligi Agirhigi Hacim Yogunluk Dayanimi
(mm) (mm) (9 (cm3) (glcm3) (MPa)
Daloba 4-1 73.00 74.00 752.00 309.56 243 41.84
Daloba 4-2 73.00 75.00 778.00 313.74 248 43.13
Daloba 4-3 73.00 73.00 740.00 305.38 242 39.94
Daloba 8-1 73.00 75.00 763.00 313.74 243 33.09
Daloba 8-2 73.00 74.00 752.00 309.56 243 39.23
Daloba 8-3 73.00 75.00 767.00 313.74 244 33.98
Ulukoy 6-1 73.00 74.00 755.00 309.56 2.44 36.72
Ulukoy 6-2 73.00 72.00 743.00 301.20 247 39.40
Ulukoy 6-3 73.00 76.00 790.00 317.93 2.48 28.86
Bogaz 2-2 73.00 73.00 744.00 305.38 2.44 31.40
Bogaz 31 73.00 74.00 745.00 309.56 2.4 39.11
Hidirlar 21 73.00 73.00 740.00 305.38 2.42 34.41
Hidirlar 2-2 73.00 73.00 743.00 305.38 243 35.84
Hidirlar 2-3 73.00 73.00 735.00 305.38 2.4 31.95
Yagdiran 241 73.00 72.00 736.00 301.20 2.44 37.87
Yagdiran 2-2 73.00 72.00 724.00 301.20 2.40 4717
Yagdiran 2-3 73.00 74.00 758.00 309.56 2.45 45.61
Yagdiran 31 73.00 72.00 714.00 301.20 2.37 34.60
Yagdiran 3-2 73.00 72.00 710.00 301.20 2.36 31.18
Yagdiran 3-3 73.00 72.00 727.00 301.20 2.4 31.54
Yenikdy 2-1 73.00 72.00 720.00 301.20 2.39 30.23
Yenikoy 2-2 73.00 72.00 715.00 301.20 2.37 28.41
Yenikoy 2-3 73.00 72.00 724.00 301.20 2.40 36.22
Orencik 31 73.00 73.00 749.00 305.38 245 39.83
Orencik 3-2 73.00 72.00 747.00 301.20 248 37.89
Orencik 3-3 73.00 74.00 750.00 309.56 242 35.74
Dalyan 11 73.00 75.00 773.00 313.74 2.46 51.92
Dalyan 1-2 73.00 72.00 741.00 301.20 2.46 51.66
Dalyan 1-3 73.00 73.00 733.00 305.38 240 39.02
Dalyan 4-1 73.00 75.00 780.00 313.74 249 42.60
Dalyan 4-2 73.00 75.00 762.00 313.74 243 46.42
Dalyan 4-3 73.00 76.00 776.00 317.93 244 40.09
Ort. 38,02
Tablo 2. Tablo 1 Yogunluk Gruplari
Yogunluk(g/cm?®) Basing Dayanimi(MPa)

2.45-2.49 42,32

2.40-2.44 37,45

2.36-2.39 31,10
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Tablo 3. Sinir Deger Altinda Kalan Karot Dayanimlari

Nu Karot | Karot | Karot Basing
mu Capi | Yuks | Agirhg Hacim | Yogunluk (g/| Dayanimi
YolAdi  |ne (mm) | ekligi | (g) (cm3) | cm3) (MPa)

No (mm)
Daloba 2-2 73.00 | 72.00 713.00 301.20 2.37 23.42
Daloba 7-1 73.00 76.00 773.00 317.93 2.43 23.92
Daloba 10-1 73.00 | 75.00 755.00 313.74 241 22.63
Ulukoy 1-3 73.00 | 73.00 730.00 305.38 2.39 19.76
Ulukoy 2-1 73.00 | 73.00 727.00 305.38 2.38 24.87
Ulukoy 2-3 73.00 | 72.00 702.00 301.20 2.33 13.48
Ulukoy 3-3 73.00 | 72.00 727.00 301.20 241 22.94
Ulukoy 4-1 73.00 72.00 715.00 301.20 2.37 10.85
Ulukoy 4-2 73.00 | 74.00 725.00 309.56 2.34 9.32
Ulukoy 5-1 73.00 | 71.00 711.00 297.01 2.39 20.93
Bogaz 1-1 73.00 | 73.00 723.00 305.38 2.37 17.80
Bogaz 1-2 73.00 | 74.00 730.00 309.56 2.36 25.45
Bogaz 1-3 73.00 | 74.00 721.00 309.56 2.33 14.46
Bogaz 2-1 73.00 | 74.00 743.00 309.56 2.40 18.73
Bogaz 3-2 73.00 | 73.00 720.00 305.38 2.36 14.22
Bogaz 3-3 73.00 | 72.00 718.00 301.20 2.38 21.05
Hidirlar 3-2 73.00 | 73.00 695.00 305.38 2.28 24.08
Yagdiran 1-2 73.00 | 73.00 700.00 305.38 2.29 13.55
Yenikoy 1-2 73.00 | 73.00 704.00 305.38 231 16.53
Orencik 1-1 73.00 | 72.00 710.00 301.20 2.36 20.62
Orencik 2-1 73.00 | 73.00 720.00 305.38 2.36 21.07
Dalyan 2-3 73.00 | 74.00 753.00 309.56 2.43 25.45

Ort. 19,32

Tablo 4. Tablo 3 Yogunluk Gruplari

Yogunluk(g/cm3) Basing Dayanimi(MPa)
2.40-2.43 22.73
2.38-2.39 21.65
2.28-2.37 17.30

Koy yollar1 imalatinda idaremizin birinci dnceligi yol iistyap: stabilitesinin korunmasi
ve buna bagli ekonomik Omriiniin uzun olmasidir. Silindirle sikistirilmis beton yol
stabilitesini etkileyen; Alttemel ve Temel imalati, Beton imalat regetesi, Sikigsma orani,
Kiirleme ve Iklim kosullar1 gibi pek ¢ok faktor vardir. Calismamizda ayni iklim kosullarinda
ortak regeteyle imalati yapilan yollarda stabiliteyi korumak icin yeterli sikigmanin énemi
deneysel ve gozlemsel olarak irdelenmistir.
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Tablo 5. C30/37 Beton Regetesi Karigim Miktarlart

Malzeme Miktar
0-5 mm Agrega 850 kg
5-15 mm Agrega 550 kg
15-22 mm Agrega 650 kg
Cimento(Ceml 42.5) 300 kg
Su 95 It

Toplam 2.445

3. Karotlarda Yogunluk-Basin¢ Dayanim iliskisi

Beton yol kaplamalar1 teknik sartnamesi geregi C30/37 betondan alinan her bir karot
numunesinin 28 giinliikk basing dayanimi fi>fck-4, yani 26 N/mm2’ ye esit veya daha biiyilik
olmalidir. Herbir takimin ortalama basing degeri ise fm>fck+4, yani 34 N/mm?’ ye esit veya
daha biiyiik olmalidir. [KGM, Beton Yol Kaplamalar1 Teknik Sartnamesi, 2016]

Yapilan 8 farkli yoldan alman 45 takim ve 135 adet karot numunesinin basing testleri
neticesinde, 113 adet karot degerinin sinir deger tizerinde kalan 22 adet numunenin ise sinir
deger altinda oldugu tespit edilmistir. Sinir deger {izerindeki numunlerden segilen 32 adet
numne Tablo 1’ de verilmis ve bu numuneler Tablo 2’ de 3 farkli yogunluk araliklarinda
gruplandirilmigtir. Snir deger altindaki numuneler ise Tablo3’ de verilmis ve Tablo4’de farkli
yogunluk araliklarinda gruplandirilmistir.

Yogunlugu 2,36 g/cm3’ iin altindaki tiim numelerin sinir deger altinda, 2,43 g/cm® {in
iizerindeki tiim numunelerin ise sinir deger iizerinde oldugu goriilmiistiir. Yogunluk degeri
2,36 g/cm3-2,43 g/cm3 arasinda kalan numunelerin basing dayanimlarindaki farkliliklar ise
bir diger 6nemli faktdr olan kiirlemenin yeterliligi ile alakali oldugu degerlendirilmistir.

28 giinliik karot basing dayanimi sinir deger altinda kalan yol kisimlari Sekil 1’de ve siir
deger lizerindeki yol kisimlarina ait fotograflar Sekil 2° de verilmistir. Fotograflar yollar trafige
acildiktan bir siire sonra, karot sonuglarinin stabiliteyle karsilagtirilmasi maksadiyla ¢ekilmis
ve incelenmistir.
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Sekil 2. Stabilitesini Koruyan Yol Kisimlari
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Sekil 3. Stabilite Coziimleri

4. Degerlendirme, Sonu¢ ve Oneriler

Bu bildiri kapsaminda ayn1 mevsimsel sartlar altinda imalati yapilan 8 adet yolun karotlari
iizerinden yogunluk-basing dayanimu iligkisi irdelenmistir Bunun yani sira SSB’ nin bazi
stabilite sorunlarina ¢éziim Onerileri getirilmistir. Calisma sonuclar1 agagida maddeler halinde
verilmektedir.

Betonun sikisma orant ve buna bagli yogunlugu arttikca beton basing dayanimi
artmaktadir. Yeterli kiirlemenin mukavemete ve stabiliteye etkisinin de olmazsa olmaz
oldugu goriilmiistiir.

Basing dayanimi smir degerin altinda olan yol kisimlarinin kisa siire igerisinde
bozulmaya basladig1 ve diger kisimlarin ise stabilitesini ilk giin gibi korumaya devam
ettigi gorilmiistiir.

Bir stabilite sorunu olan yol kenar1 sevlerinin serbest birakilmasi neticesinde dagilarak
bozulmasi, imalat esnasinda el kompaktorii ile sikigtirtlarak ¢éziime kavusturulmustur.
Sekil 3’ de sol iistte goriinen uygulama 2020 yilinda ilk kez idaremizce uygulanmistir.

Bir diger stabilite sorunu, betondaki igsel gerilmeler sebebiyle ilk 1 yillik donemde
boyuna catlaklarin olusmasidir. Bu problemi SSB uygulamas: yapan tiim kurumlarm
yasadiginin yerinde tespiti neticesinde idaremiz tarafindan boyuna derz kesme
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caligmalarina baglanmistir. Sekil 3’ de yer alan gorsellerde yeterli boyuna derz derinligine
sahip olan ve olmayan yol kisimlar1 gosterilmistir. En az 1/4h derinliginde derz kesilen
kisimlarda catlak derz bolgesinde olusurken sig kisimlarda derz kanalindan disariya
cikarak platforma yayildig1 goriilmektedir. S6z konusu yeterli derinlikte enine ve boyuna
derz kesilerek betonun ¢atlamasinin biiyiik dl¢iide 6niine gegilebilmektedir.

e SSB imalatinda birinci dncelik yol stabilitesini korumak ve ekonomik dmrii uzatmaktir.
Bunun yaninda yol standardim yiikseltmek i¢in ondiilasyonlarin 6niine ge¢gmek ve yol
konforunu artirmak da 6nem arz etmektedir. Bunun i¢in dogru bir sikisma gerekir. Asfalt
finiseri ile serilen betonun silindir altinda hareket etmemesi i¢in sikigtirma islemi lastik
tekerlekli silindir ile baglar ve ardindan demir bandajli silindir ile devam eder. Demir
bandajli silindir lastik tekerlekli silindirin gittigi son ¢izgiyi asla gegcmemeli ve silindir
onlinde malzeme yigilmasina izin verilmemelidir. Demir bandajli silindir ilk olarak
kiiciik vibrasyon uygulamali ve farkli sikismalara sebebiyet verilmemelidir. Daha sonra
biiyiik vibrasyon ile davam etmeli ve yeterli sikisma saglanana kadar devam edilmelidir.
Yapilan deneysel ve gozlemsel caligmalar neticesinde yeterli sikisma ve yol konforunun
bu uygulama yontemiyle saglanabildigi goriilmustiir.
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Design and Construction Considerations to maximize
the Benefits of RCC Pavements
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Abstract

Since the 1970’s, roller compacted concrete (RCC) pavements have been gaining recognition
steadily in North America (Pitman and Anderson, 2009; Harrington, Abdo, Adaska, and
Hazaree, 2010; Zollinger, 2022). The RCC pavement design procedures, material handling,
and construction means and methods have improved greatly and continue evolving. Today,
RCC is one of the most accepted pavement methods used in the United States for commercial
and industrial applications, and for streets and roads in some regions of the country. Much
needed research sponsored by the RCC Pavement Council and other stakeholders is ongoing to
continue improving the design and construction methods. While RCC mixtures and construction
techniques have improved significantly, very few projects implemented adjustments in the site
civil and structural designs to optimise the overall project site development and maximize the
benefits of RCC pavements, especially for commercial and industrial facilities. This paper
focuses on key design and construction elements that site civil designers, pavement designers,
owners, and construction contractors should consider not only to capitalize on what RCC
pavements have to offer but also to reduce the maintenance cost over the service life of the
pavement.

Keywords: concrete pavement, roller compacted concrete, rcc, design, construction, rcc
equipment

1. Introduction

Since the 1970’s, roller compacted concrete (RCC) pavements have been gaining recognition
steadily in North America (The RCC pavement design procedures, material handling, and
construction means and methods continue evolving. Today, RCC is one of the most accepted
pavement methods used in the United States for commercial and industrial applications, and
for streets and roads in some localities. Much needed research sponsored by the RCC Pavement
Council and other stakeholders is ongoing to continue improving the design and construction
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methods. While RCC mixtures and construction techniques have improved significantly, very
few projects implemented adjustments in the site civil and structural designs to optimise the
overall project site development and maximize the benefits of RCC pavements, especially for
commercial and industrial facilities.

The following is a list of some of the major RCC pavement advancements over the past few
decades:

a. Harsh RCC mixes gave way to more workable yet stable mixes producing tighter
surfaces with better appearance;

b.  Very conservative thickness design methods have been replaced with newer methods
to better align the pavement structural design with field performance;

c. No saw-cuts for crack control or very wide crack control joint spacing used on older
projects have been replaced with much shorter joint spacing on newer projects;

No joint seals for the most part have been replaced by joint seals or joint fillers;

e. No mix admixtures were used for most older projects but now many projects utilize
hydration retarding admixtures and sometimes other additives to facilitate better
compaction;

f.  Older traditional surface finishing has been limited to what the pavers and rollers
could produce but now many projects utilize sprayed-applied finishing aid products
and ride on trowel machines to produce trowelled RCC surface; and

g.  Most experienced RCC contractors have modified the paving equipment to avoid the
need to cut and waste the edge of the paving run after rolling (Figure 1).

Fuy v
"= Gourtesy/of PCA andf_‘.-‘:
# C.P\Tech/Center ‘

Figure 1: (a) Older cold longitudinal joint method of RCC pavement construction requiring
saw-cutting and removal of 6 to 12 inches (150 to 300 mm) at the edge. (b) Advanced screed
with end gates, edge shoes, and additional edge compaction devices capable of compacting
the RCC at the edge of the paving lane, thereby eliminating saw-cutting and waste.

In the remainder of this paper, the author provides a brief synopsis of the latest trends related
to mixture and thickness designs, and highlights in more details what it would take to have
successful RCC pavement installations starting with appropriate site civil designs, followed
by planning proper sequence of construction, and describing useful construction means and
methods techniques.
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2. RCC Pavements Latest Design Trends in the United States
2.1. Mixture Optimization

When RCC pavements began gaining recognition in the 1980’s, most mixtures utilized a
single aggregate stockpile such as dense graded aggregate base products, or two stockpiles,
one for coarse aggregate and the other for fine aggregate. Surface appearance was not a major
concern. As such, coarse aggregates having a maximum aggregate size of 1.5 inches were
commonly used. Over time, it became clear that mixes containing larger aggregates not only
produce rougher surface texture but also tend to segregate more and are more difficult to
compact to a high density as compared to mixes containing well graded combined aggregates
with maximum size of aggregates of 1.0 inch or smaller. To reduce segregation, improve
surface appearance, and achieve high density with less compaction efforts, current mixes
utilize:

a. Three or four aggregate sizes blended to produce a well-graded combined gradation
Maximum size of aggregate of 3/4 or 1/2 inches

c. Hydration inhibitors or retarding admixtures are now used on some projects
depending on the quality of aggregates used, prevailing environmental conditions of
temperature, wind and humidity, haul time, etc.

For more information on latest trends of mixture design, readers are encouraged to review
the “Specification for Roller-Compacted Concrete Pavements as Exposed Wearing Surface”
published by the RCC Pavement Council in 2021 and the “Guide Specification, Roller-
Compacted Concrete Pavements as Exposed Surface” published by the American Concrete
Pavement Association in 2014. Furthermore, ongoing research at the University of Illinois,
Urbana Champaign, USA, sponsored by the RCC Pavement Council, is revealing promising
innovative technology, which may in the future lead to adopting a new mixture design method
based on optimized paste content for the combined aggregates available for specific projects
(Ouellet, Scott & Roesler, 2021).

2.2. Structural Design Methods

Structural design methods used to determine the required thickness for RCC pavements are
the same that are used for plain undowelled conventional concrete pavements. Designers and
material specifiers should be familiar with the aggregates readily available for, and acceptable
to use in, the RCC mix for the project. To optimize the design, specified strength used in
the structural design should consider the potential strength gain using the locally available
aggregates and reasonable cementitious contents. Designing based on a higher strength then
is typically achieved or a much lower strength as compared to the potential of the aggregates
should be avoided.

To determine the required thickness, RCC Pave was the first computer program specifically

developed for RCC pavements in the United States. The Portland Cement Association
produced and released the software in 1987. The software was primarily developed for
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industrial applications and heavy loads with less than 700,000 total repetitions (Harrington,
Abdo, Adaska, and Hazaree, 2010). The design method followed the PCA design method for
conventional concrete but with a higher level of conservatism. The maximum stress ratio was
set at about 0.38. As RCC mixtures and construction equipment and techniques improved, the
higher level of conservatism ceased to be justified. The software is no longer supported by the
PCA or the RCC industry in the United States.

The United States Army Corps of Engineers (USACE) procedure for RCC was released in
1992!. Tt is similar to the USACE’s method for conventional concrete, but it assumes zero
load transfer at joints.

Several additional design methods have been used including StreetPave by the American
Concrete Pavement Association (ACPA) and design procedures for streets, local roads, and
parking lot developed by the American Concrete Institute (ACI).

Currently, most RCC pavement designers use www.PavementDesigner.org, a free web-
based pavement design tool for streets, local roads, parking lots, and intermodal/industrial
facilities. The software was developed by the ACPA, PCA, the National Ready Mix Concrete
Association, and the RCC Pavement Council.

Recent research at the Louisiana Transportation Research Center (Wu, Z., Rupnow, Mahdi,
2017) and (Mahdi, M., et. al, 2022) concluded that most RCC fatigue models currently being
used may be very conservative.

The RCCPC members recognized that none of the current design methods is adequate to
design RCC pavements supporting stacked containers at intermodal and port facilities. These
loaded containers are typically stacked up to 6 high, imposing heavy concentrated loads at the
castings located at the hour corners of the bottom container (Figure 2). Current design methods
typically produce pavement thicknesses thicker than what has been verified to work well in the
field. To understand what design method is most suitable to predict the RCC thickness needed
at these facilities, the RCCPC is sponsoring a research fellowship at lowa State University. Dr.
Halil Ceylan and Dr. Emin Sengun commenced this research recently in 2022.
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Figure 2: (a)General view of RCC pavement at a container handling facility, and (b) a close-
up view of a container corner casting bearing on RCC pavement

2.3 Site Civil Design Considerations

Even with extensive promotion and technical support services provided by the RCC and
cement industries over the past 20 years or so, most site civil designers remain unfamiliar with
the advantages and limitations of RCC pavements method of construction. Consequently, most
of the industrial and commercial projects are designed with either conventional concrete or
asphalt methods of construction in mind. Many projects, where RCC offers valuable solutions,
continue to be designed without an RCC option being considered. In these situations, the RCC
contractors often provide value engineered RCC proposals and convert the original designs to
RCC during the bid process or after award of contract.

RCC’s cost savings and speed of construction are reduced if the design and construction
sequence do not allow for fast construction. Ideally, determining during the civil design phase
if RCC would be a good choice for the project, and designing the project accordingly will
add value. With this approach, owners and users can benefit from higher quality pavements
at reduced initial cost and less cost of ownership over the entire service life of the pavement.

Where possible, site grading plans are typically prepared to balance the cut and fill earthwork,
thereby eliminating additional cost of hauling materials offsite or bringing in borrowed soil.
On commercial sites like large warehouses surrounded by mostly rectangular-shaped paving
areas, the designers should consider, and when possible incorporate, the following:

a. If the in-situ subgrade soils react normally with cement, a cement stabilized soil
base layer should be evaluated and compared with a base layer using virgin aggre-
gates. Other options to consider for the base layer include beneficiating the in-situ
soil with borrowed granular materials or recycled materials. If in-situ soil is selected
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to be incorporated in the base layer, the grading plan should account for the needed
soil to meet the finish grade requirements for the project while to the extent possible
balancing the cut and fill quantities.

b. Itisdesired to grade the site following mostly unidirectional slope from the building
wall to the edge of the pavement. The slope should be not less than 0.75 percent, or
preferably not less than 1 percent. When compared with multidirectional grading,

iy -

Open drainage Paved over culverts
channels for access

unidirectional grading would not only save time and cost on placing the RCC layer, -.;; = ‘
but also on grading the subgrade and the base layer supporting the RCC surface R 1’ N
layer (Figure 3). , |

c. Pavement designs would require drainage structures to be in the field of the ~ N

pavement when (1) the distance from the building wall to the edge of pavement is
too long for adequate drainage, and/or (2) balancing the cut and fill earthwork and
maintaining the desired finish elevations do not work with one continuous slope
from the building wall to the pavement edge. In these situations, designers should
consider incorporating open channel drainage systems, parallel to the parking
drive isles, with paved over culverts at selected locations for positive drainage
and vehicle crossings. This grading and drainage approach eliminates the need
to have numerous underground drainage structures in the field of the pavement,
thereby avoiding possible distresses at numerous locations. It also reduces initial
cost and long-term pavement maintenance cost. As an example, Bohler Engineering drainage system
of Raleigh, North Carolina used this approach for a large distribution center in

Figure 4: Example where open drainage channels were used in lieu of underground storm

the United States. Morgan Corp. of Spartanburg, South Carolina, working as a
subcontractor to Caddell Construction, completed the site development and RCC
paving successfully in 2021 (Figure 4).

Cotriesylofj\iorganiCorpy

Figure 3: Example of an ideal layout for RCC paving with drainage structures located
at the outer edges of the pavement and the pavement on each side of the building has a
unidirectional slope from the building wall to the edge of the pavement.
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Where the underground structures must be built within the field of the pavement,
designers should have the structures lined up in straight lines. In addition, where
possible the lines of drainage structures on multiple sides of the building should
be at equidistance from the building exterior walls (Figure 5) to allow pavers with
fixed-width screeds to transition from one side of the building to another side
without downtime to modify the width of the screed. This alignment will help the
RCC paving equipment to produce better pavements at a faster rate of production.

[CourtesylVorganlCorps

Typical underground structure extended
above surface before placing RCC, PCC
infill is aboul 30° X 30° (9.1 m X 9.1 m)

7
When possitile,
01 should be
equal to D2

Typical underground structure capped and paved <
lﬂve«. PCCinfillis about 7' X 7" {21 m X 2.1 m)

s " N

Underground structures should he‘.a!ig-nzﬁ

Figure 5: Recommended details when the structures must be within the field of the RCC

pavement. PCC denotes Portland cement concrete or conventional concrete.
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3. RCC Pavements Construction Means and Methods Trends
3.1 Mixing Equipment

The two methods of mixing RCC are described in detail in the Guide for Roller-Compacted
Concrete Pavements 2010. These methods utilize continuous and batch-type mixers.

Continuous pugmill mixers are the most used for projects in the United States. These mixers
can produce consistent product at a rate generally ranging from 200 to 600 tons per hour,
and a few plants in RCC paving service are rated up to 900 tons per hour. For large sized
projects, three or four bins blending hoppers are typically used when more than 2 aggregate
sizes are used in the mix. The blending hopper is calibrated to blend the aggregates at the
proportions required per the approved mix design, and the combined aggregates are conveyed
to the hopper of the mixing plant (Figure 6). These plants are equipped with a silo to feed
Portland cement or blended cement. An auxiliary silo can be positioned adjacent to the mixing
machine to augment the cement feed to maximize the plant output or to feed a supplementary
cementitious product. Water and sometimes admixtures are introduced at the mixing chamber.
A surge hopper is sometimes utilized to permit non-stop mixing while changing haul trucks.
This plant set up is also recommended when the RCC pavement compacted thickness is more
than 10 or 11 inches (250 or 275 mm), requiring dual lift method of construction. The plant
set up shown in Figure 6 maximizes the output of the plant in order to feed two paving trains
operating back-to back for dual-lift construction.

For smaller-sized projects where high production rate is not needed, contractors may elect to
use much less cement storage and may not use a surge hopper. Also, for small projects where
only 2 aggregates are used in the mix, contractors may elect inserting a buffer plate in the
hopper of the pugmill mixer and feed the aggregates directly to the mixer hopper (Figure 7).
This would eliminate the need to use a blending hopper and would reduce the size site needed
to set up the mixing operation.

|| Continwous mixing
pugmill with
ement feed sile

(| Phatos courtesy Mosgan Corp.

Figure 6: Aerial and elevation views of continuous pugmill mixing operation for large-sized
RCC paving projects
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CourtesyMorgan|Corp.

Figure 7: RCC mixing plant set-up preferred for smaller-sized projects or projects that do
not require very high production rate

Batch-type mixers are also used for smaller-sized projects. These projects generally require
less than 200 tons per hour production rate. The mixers generally consist of tilt drum mixers or
horizontal shaft mixers or pugmill batch mixers. They produce one batch at a time.

3.2 RCC Paving Machines

Achieving proper strength and durability requirements of RCC require the use of paving
machines capable of spreading the material without excessive segregation and paving screeds
and rollers capable of compacting the RCC to a high density. Paving machines and density
requirements can be found in the Specification for Roller-Compacted Concrete Pavements as
Exposed Wearing Course, published by the RCC Pavement Council. RCC pavers should have
suitable weight and stability, and be equipped to spread, compact, and place the RCC mixture
to the required thickness, cross slope, edge, and surface texture. Equipment that does not
provide compaction during paving should not be used.

Achieving high density is also a function of the aggregate shapes and textures, mixture design,
paving machine compaction effort, and the rolling operation. The RCCPC recommends using
paving machines capable of placing RCC material to a minimum of 90 percent of the wet
reference density, with the RCC moisture content being close to the optimum moisture content
of the mix as determined by the Modified Proctor method (ASTM D1557).

The vast majority of RCC pavements in the United States have been constructed using
pavers equipped with high-density screeds that have two or more compaction devices such
as: dual tamper bars, a tamper bar and pressure bar, or a tamper bar and dual pressure bars.
Additional paving machines with screeds having a single tamper bar and a pressure plate are

157



2. Beton Yollar Kongresi ve Sergisi, 16-17 Kasim 2022
KGM Halil Rifat Pasa Konferans Salonu, Ankara

being evaluated and may prove to be adequate for RCC lifts up to 10 inches thick. However,
the author does not have sufficient data to render an opinion on this type of screed as of this
writing.

Most contractors continue to pave RCC using the cold joints method of construction.
Generally, cold joints develop when the time lapse between two successive placement runs
is more than an hour. However, most longitudinal cold joints are planned where one paving
run is placed on one day and the adjacent run is placed the following day or later. For this
method of construction, experienced contractors have modified the paving screeds with end
gates, placement shoes, and sometimes compactions devices mounted to provide additional
compaction at the edges of the run (Figure 1b). These modifications have been proven to
provide adequate RCC density at the edges of the pavement run without the need to use a
roller in vibratory mode. Prior to implementing these modifications, contractors needed to
roll the edge to achieve the required density. But doing so damages the edge, which requires
saw-cutting and wasting 6 to 12 inches of RCC from the leading edge of each run. The screed
modifications and added edge compactors were major developments not only to save cost but
also to reduce waste and improve the RCC sustainability attributes.

For uncommon applications where the ride quality and smoothness of the pavement are not
of concern, non-high density asphalt type pavers may be used for pavements 6 inches thick or
less, provided that rolling equipment will be adequate to compact the full depth of the RCC
to the required density. It is highly recommended to construct a demonstration strip, confirm
that the RCC engineering properties are met, and obtain the approval of the engineer and the
owner prior to production placement.

3.3 Construction Planning and Coordination for Successful Installations

To maximize the cost savings and place the pavement at a fast rate, it is of utmost importance to
plan the sequence of construction to avoid delays due to obstacles in the field of the pavement
or construction of other trades.

For large-sized projects, construction planning starts with the selection of a site to set up
the mixing plant. Where possible, the haul distance from the mixing plant to all placement
locations should be kept as short as possible. This saves cost as the number of haul trucks
needed to feed the paver is directly related to the haul distance and time.

A placement plan for the project should be prepared identifying each day’s placement. Close
coordination with the subgrade preparation, underground utilities installation, and base layer
installation is required to avoid delays. In addition, a joint layout plan should be superimposed
on the placement plan to ensure the final RCC panels are properly sized and shaped to avoid
RCC cracking.

For pavements surrounding building exterior walls such as tilt-up walls, coordination must
take place to keep the pavement operations at a safe distance away from the building walls
being erected.
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In regions where rain is expected during the construction timeframe, the sequence of paving
should be planned to avoid trapping water at the edge of the paved RCC after rain events.

As stated earlier, it is advantageous to locate the underground utility structures outside the
field of the pavement. Where this is not possible or feasible, the construction sequence should
be planned to avoid creating obstacles in front of the paving equipment. RCC contractors
paving high-quality RCC at a fast rate require the underground structures to be brought to
the surface of the pavement’s base layer, then the structures to be temporarily covered with
rigid plates and paved over with RCC. Subsequently, the RCC contractors saw-cut the RCC
full depth and remove the RCC and the cover plate to allow the utility contractor to bring the
structure up to the design finish elevation. The RCC contractor will then install isolation joints
and infills the space with conventional concrete. This sequence of construction as illustrated in
Figure 8 provides for the highest quality of RCC paving and at the most efficient production,
especially when pavers with fixed screeds are being utilized.

s E =

Figure 8: Four step illustration of sequence of construction at underground utilities.
Note reinforcement and/or dowels may be required by the engineer prior to infilling with
conventional concrete

3.4 Jointing Trends

Many of the early RCC projects paved in the 1980s and 1990s did not incorporate saw-cut
joints. The RCC was allowed to crack on its own. Generally, the RCC cracks were spaced
at 30 to 60 feet apart and sometimes at shorter spacing. During the 2,000s, most projects
incorporated crack control joints spaced at about 25 to 30 feet apart. Lessons learned from
these projects included:

1. Without saw-cutting, the widely spaced cracks were sometimes too wide to maintain
good aggregate interlock for shear-load transfer at the self-forming cracks.
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2. Crack-control saw-cut joints spaced at more than 15 feet apart sometimes developed
cracks that were also too wide for effective shear load transfer.

3. Some projects experienced excessive curling and warping. This was more evident
on a few ports and intermodal facilities where the RCC pavements were more than
10-inches thick paved using the dual lift method of construction. Curling may have
caused de-bonding of the two lifts at the corners of the RCC panels, which may have
led to corner cracking on some projects.

Over the past 10 years or so, the RCC industry in the United States started using shorter crack
control joint spacing to reduce mid-panel cracking, reduce curling and warping, keep the cracks
tight, and provide better joint efficiency from aggregate interlock. Generally, current jointing
trends utilize about 15 feet (4.5 m) maximum joint spacing for pavements 7 inches (175 mm)
thick or thicker, and about 24 to 30 times the pavement thickness for thinner pavements.

Current trends for incorporating isolation joints in RCC pavements are similar to what is
typically done for plain conventional concrete. Because RCC contains less cementitious
materials and lower water content as compared to conventional concrete, it typically contracts
less during curing. The reduced drying shrinkage provides less room for the RCC to expand
during hot weather conditions. For this reason, pavement buckling due to thermal expansion
have been reported to have taken place on a few projects. Generally, these pavements were
7 inches (175 mm) thick or less. To mitigate the potential for thermal distress, current trends
are to use wider or more frequent expansion joints in RCC pavements, especially when
the pavement is constructed during the cold season of the year in geographical areas that
experiences extended hot weather conditions during the summer months, and for streets and
roads and long parking areas.

3.5 Finishing Trends

Up to mid to late 2010s, RCC finishing was limited to what could be achieved using the paver
screed followed by the compaction rollers. Over the past five years or so, new sprayed applied
finishing aid products became available, which proved to be effective to trowel RCC. More
and more projects are being constructed where the RCC is trowelled using ride-on trowel
machines. Some projects receive light broom finish or burlap finish. When performed soon
after rolling and before the RCC surface dries, the trowel finish improves appearance and
tightens the surface, which may also produce better abrasion or ravelling resistance. Trowel-
finished RCC is expected to continue evolving and more finishing aid products are expected
to become available. The technology at this time can produce a finished RCC surface that is
close to trowelled conventional concrete, but with less paste generated at the surface. Good
quality RCC mix, placement, and compaction are pre-requisite to successful trowelled RCC
pavement. Trowelling RCC to improve the appearance of otherwise unacceptable RCC must
be avoided.
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4 Conclusions

RCC pavements in the United States have come a long way over the past five decades and
continue evolving. Equipment modifications and improved mixture designs have been proven
to produce better and more durable pavements, which helped the RCC market to continue
growing not only for heavy duty industrial and commercial applications but also for city
streets and roads and highway shoulders. Recent developments using admixtures in the mix
and finishing aids on the surface may advance RCC further by reducing waste, improving
appearance, and reducing wear and tear on the equipment.

Structural and layout improvements have been the results of limited research and field
performance. Ongoing research to improve mixture design and to better predict the performance
of RCC in the field based on laboratory testing is very promising. It is envisioned that new
mixture design methods will be developed, which will help to predict the performance of the
green RCC, as it is placed with pavers and rolled with rollers, without having to wait until a
field test strip is constructed. Further research is essential to gain better understanding of RCC
pavements volumetric behavior, and to improve mixture and thickness design methods and
construction techniques.
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Ozet

Yakin tarihteki artan uygulamalart ile silindirle sikistirilmis beton yollar, ekonomik olmasinin
yani sira uzun proje Omrii ve yiiksek dayanim giicli konusunda sagladig1 avantajlar ile 6n
plana ¢ikmaktadir. Sagladigi avantajlar sikistirma yiizdesi birgok faktére bagli olmasina
kargin bu ¢aligmada yiiksek dayanim ve dayaniklilik hususlarinda kritik rol oynayan kaplama
basing dayanimi {izerinde odaklanilmistir. Arazide ayni ¢alisma sahasindaki iki farkli imalat
kalitesinde kaplama bdlgesi lizerinden birebir ultrasonik yontem (ultrasonic pulse velocity-
UPV) Olglimler alinarak testler yapilmistir. Bu kapsamda yapilan g¢alismanin silindirle
sikigtirilmis beton yollar hususunda olusturulacak gilincel yonetmelikler i¢in katki saglamasi
amaclanmaktadir.

Anahtar Kelimeler: Silindirle Sikigtirilmis Beton Yol, Ultrasonic Pulse Velocity Test, Basing
Dayanim

1. Giris

Yollarin yapimi ve siirdiiriilebilirliginin son yillarda 6nemli bir problem olarak karsimiza
¢tkmasina karsin SSB yollarin kullanimi bu durumu gidermek i¢in yayginlasmaktadir (Zdiri
v.d., 2008). Ulkemiz iginse genelinde yeni sayilabilecek uygulamalar olmasina ragmen esnek
kaplamalar ile karsilastirildiginda goriilen 6zellikle ekonomik avantaji sayesinde silindirle
sikigtirilmis beton (SSB) yollar ileri donemde 6nemli ulagim hedefleri arasinda yer almaktadir
(TCMB, 2018). Sagladig1 ekonomik olma avantajiyla beraber diger esnek yol kaplamalarina
kiyasla yiiksek dayanim ve dayaniklik konusunda da bagarili sonuglar vermektedir (Harrington
v.d., 2010).
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SSB; su, ¢imento ve agrega igerdigi i¢in su/¢cimento orani diigiik geleneksel betona fazlasiyla
benzese de bazi prosediirler, uygulama metodlari hususlarda 6nemli farkliliklar gostermektedir
(Choi ve Hansen, 2005). Karisim, titresimli silindirler tarafindan sikistirilabilecek kivamda
olmalidir (Burns ve Saucier, 1978; ACI 327R, 2014). Ozellikle SSB kaplama 28 giinliik
beton basing dayanimi ile karakterize edilmesine ragmen geleneksel betondan farkli olarak
kaplamanin daha erken yaglarda toplam yiikleri tagimasi vaat ettii avantajlar1 saglamasi
hususunda nem arzetmektedir (Zdiri v.d.).

SSB yollar igin beton basing dayanimi kabullerinde farkliliklar bulunmaktadir. Amerikan Beton
Enstitiisii’ne gore 21-35 MPa tasarim basing dayanimina sahip betonlar i¢in 28 giinliik basing
dayanimim 8.3 MPa’dan fazla olmasim istemektedir(ACI 214R, 2011). Ulkemiz silindirle
sikigtirilmig beton yollar sartnamesi ise alinan art arda alinan herhangi 4 karot numunelerinin
sonuglarina bagli iki esitsizlik kosulu sunmaktadir(TCMB, 2018).

Beton basing dayanimimin gozlenmesinde geleneksel yontemlerin 6zellikle rastgele diizende
karot numuneler alinmasinin kaplama kalitesi degerlendirmesinde eksiklikler olusturabilir.
Tahribatsiz yontemlerin kullanimi ile imalat sonrast beton malzemenin kalitesi kontroliiniin
daha verimli izlenebilecegi ve ayrica mekanik testler ile baglantilar kurulabilecegi de
belirtilmelidir(Hannachi ve Guetteche 2012). Kalite kontrol siire¢lerinde malzemenin
yogunluk ve diger 6zelliklerinin gézlenmesi hususunda da tahribatsiz yontemler siirece katki
saglayacaktir. Elektromanyetik dl¢limler, statik ve dinamik yogunluk cihazlari da tahribatsiz
olarak ilgili hususta kullanilmaktadir. Bu ¢alismada sadece malzemenin basing dayanim
degerleri dl¢iilmiis ve ultrasonik yontem tercih edilmistir (IAEA, 2002). Kullanilan tahribatsiz
ultrasonik pulse velocity (UPV) yontemi bazi hassasiyetlere sahip olsa da 6zellikle da gerek
tek basina gerekse de diger tahribatsiz yontemlerle kombine sekilde siklikla ve basariyla
kullanilmaktadir (Hannachi ve Guetteche, 2012; Mahure v.d., 2011; Cristofaro v.d., 2019;
Nobile, 2015). Calisma kapsaminda UPV 6lgiimler icin Karadeniz Teknik Universitesi
biinyesinde bulunan Pundit PL200-PE cihaz1 kullanilmistir.

2. Materyal ve Yontem

Caligmalar Dogu Karadeniz bolgesinde sifirdan SSB yol g¢alismasi yapilan bir kesimde
yiriitiilmistiir. Daha genis kapsamli bir ¢aligmanin pargasi olarak belirlenen 2 ayr1 kaplama
bolgesinde dlgiimler alinmistir. Olgiimler 5 farkli tarihte alinmis olup ilgili tarihlerdeki hava
ve kaplama yiizey sicakliklart Tablo-1’de sunulmugtur. Kullanilan 6lgiim cihazindan daha
saglikli veriler elde edilebilmesi i¢in yagmur olmayan kuru havalarda ¢alisma yiirGtilmiistiir
(Corbett, 2016). Ol¢iim yapilan tarihlere iliskin hava ve kaplama yiizey sicaklaria ait bilgiler
Tablo 1°de verilmistir.
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Tablo 1. Ol¢iim yapilan tarihteki hava ve kaplama yiizey sicaklig1 degerleri

Olgiim Numaras: Hava Sicaldhin lCa]le.'una_ ‘:m
Blciim Tarihi =0 ‘?3("_‘_"‘“‘
1. Olgiim 33 17

29.09.2021 e

2. Olclim =

04.10.2021 s 39
3. Dlgiim

11.10.2021 15 i
4. Olgiim -

15.10.2021 i u
5. Olyiim

26.10.2021 2 0

Calismanin yapildigi sahada 20 cm kaplama kalinligi sikistirma sonrasi 18 cm kalinlik
Olciilmiistlir. Saha boyunca 300 doz C30/37 beton kullanilmistir. Serit genisligi 3 m ve enine
derzler mesafe 4 m’dir. Secilen iki farkli kaplama bdlgesi A ve B olarak isimlendirilmistir. Tki
6l¢lim bolgesinin de imalat tarih 25.09.2021°dir. Ayrica her iki dl¢iim yeri boyuna ve enine
derzler arasinda kalan kaplama alaninin tam ortas1 olarak secilmistir. {lgili 6l¢iim diizeni Sekil
1’de yer almaktadir.

Enine Derz Imalat Tarihi
) ! 25.09.2021

1.5m

Enine Derz

Sekil 1. A ve B bolgeleri i¢in belirlenen dl¢iim diizeni

Calisma Giimiishane 11 Ozel Idaresi ve yiiklenici firma biinyesinde yiiriitiilmiistiir. A bolgesinde
silindirle sikistirma asamas1 beklenenden 25 dk gec gerceklesmistir. Imalat sonrasinda yiizeyin
kolaylikla agindig1 ve agregalarin segregasyona ugradigi gdzlenmistir. B bolgesi i¢in ise ideale
yakin imalat asamasi ger¢eklesmistir. Segregasyon goriilmeyen daha piiriizsiiz bir kaplama
elde edilmigtir. Her iki bolge i¢in imalat sonrasi kiirleme ¢aligmasi ayni diizeyde ve sikintisiz
gerceklestirilmistir. Imalat asamasina ait goriintiiler Sekil 2°de ve ilgili bdlgeler i¢in kaplama
ylizeylerine ait goriintiiler Sekil 3’de sunulmustur.
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Sekil 3. Sirastyla A ve B bolgeleri i¢in kaplama yiizeyleri

Laboratuvar ortami yerine sahadan birebir 6l¢iim yapilmasi amaglandigi i¢in UPV cihazi
problar ile sadece kaplama yiizeyinden Pundit PL200-PE cihaziyla dl¢iim alinmistir. Bu
sebeple problar, dolayli 6l¢iim sekline uygun kullanilmigtir. Dolayli ultrasonik 6lgiimlerde
Olciim yapilan yiizeyde dig maddelerin bulunmasi ve ylizeyin piiriizlii olmasi sonuglari ve
sonuglarn giivenirligini etkileyebilmektedir (Yaman v.d., 2001). Olgiimlerin dogrulugunun
etkilenmesi icin dolayl 6l¢iime uygun prosediirler yerine getirilmistir. Olgiim oncesi yiizey
temizlenmis ve problarin kaplamaya temas ettigi noktada jel tlirevi malzeme kullanilarak
Olciimler alimmistir.  Sikistirma sonrast kaplama kalinligi 18 cm gozlendigi igin Slglim
yaparken iki prob arasi mesafe yine 18 cm tercihen alinmistir. Tiim dlgiimler Tablo 1’°de
belirtilen tarihlerde ve saat 10:00 ile 12:00 arasinda yapilmistir. Sekil 4’te 6l¢glim yontemlerine
bagl prob diizenleri gosterilmis olup Sekil 5’te ise 6l¢iim agsamasina ait resimler sunulmustur.
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Sekil 4. Olgiim yontemleri ve ilgili prob diizenleri

Sekil 5. Olciim asamalarina ait resimler

3. Bulgular ve Tartisma

Pundit PL200-PE cihaz1 yazilimi sayesinde darbe/ses hizi ve geri doniis siiresine bagl ola-
rak bulunan basing dayanimi degerlerini gesitli uluslararasi yonetmeliklere bagli olarak ko-
relasyon veya SONREB egrileri ile otomatik ve hizli bir sekilde sunabilmektedir(Corbett,
2016; S.E.T., 2016). Bu &l¢iimlerde British Standardina uygun hiz ve déniis siiresine baglh
otomatik yazilim ile 6l¢iim sonuglar1 elde edilmistir(BS EN 12504-4., 2004). Imalat sonrasi
malzemenin yasina bagli A ve B bolgelerine ait ilgili sonuglar Tablo 2’de sunulmustur. Ayri-
ca verilerin gorsellestirilmesi ve karsilastirmalar yapmak amaciyla veriler Sekil 6’da grafik
halinde sunulmustur. Sekil 7°de drnek bir dl¢lim degeri verilmistir.
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Tablo 2. A ve B bolgelerinde dlgiimler sonucu elde edilen basing dayanimlart degerleri Cihaz kalibrasyon ofseti 3,9us olarak goriilmektedir. Elde edilen veriler ACI 214R’ye
= — S gore degerlendirildiginde A ve B bolgelerindeki basing degerleri ilgili standartin altinda
Olciim Beton Yagt Olgiim Blgesi Basing Dayammlan kalmaktadir(ACI 214R, 2011). Ulusal olarak standarta gére basing dayanim verileri

_ Numaras: (giin) 1L incelendiginde ise A bdlgesi yine standartin altinda kalmaktadir. B bolgesi hem tiim dl¢timlerde
Olgiim Tarihi A B hem de ortalama basing dayanimi degeri olarak standartin kosullarim saglamaktadir. Buradan
1. Olciim _ . .. oy e .. . . .
20.00.2021 4 17 35 yola ¢ikarak sikistirma iglemi ideal 6lgiide gergeklestirilememis ve kaplama yiizeyi segrege
3. Olciim olmus A bdlgesi beklendigi tizere diisiik basing dayanimlart sunmustur. B bolgesi ise sundugu
4.10.2021 9 16 28 degerler agisinda yeterli kalitede imalat yapildigint gostermektedir. Bu hususta ideal sikigtirma
3. Olgiim zamaninin 6nemi goriilmektedir. Ek olarak Sekil 6’dan net olarak goriilecegi lizere basing
11.10.2021 16 18 33 dayanimi degerleri ortalama olarak beklenen diizeyde olmasina karsin 6zellikte iki 6lgiim
4. Olgiim 23 21 33 degerinde dengesizlikler goriilebilmektedir.
13.1__0.2 021
5. Olgiim
26.10.2021 31 21 33 4. Sonug¢
Gilimiighane Organize Sanayi Bolgesi’nde imalati tamamlanan SSB yolun iki farkli bolgede
yapilan bu ¢aligma ile en 6nemli faktorlerden biri olan basing dayanim gelisimi incelenmistir.
an Calismanin 6zgiin degerini arttirmak ve konuya giincel bir bakis agis1 getirebilmek gayesiyle
—4—A Bolgesi ——B Bolgesi UPV yontemi kullanilarak basing dayanimi verileri elde edilmistir. Elde edilen veriler 15181inda
- yapilan ¢alismanin kapsadigi hususlar su bagliklar ile degerlendirilebilir;

" " - 1Ideal sikisirma zamam biiyiik 6nem arz etmektedir. Bu durum saglanamadigi
=" takdirde imalat kalitesinde Onemli diisiis goriilmektedir. Kaplama yiizeyinde
% goriilen segregasyon ile beraber elde edilen basing dayanimi verileri bu durumu
E % desteklemektedir.

E S e + - Elde edilen verilere bakildiginda iyi kalitede yapilan imalat ile disiik kaliteli
a " imalat arasindaki basing dayanimi farkinin yaklasik 1,5-2 kat mertebesinde oldugu
Bl i ] goriilebilmektedir. Imalat kalitesi beklenildigi iizere kritik bir rol oynamaktadir.

E . Thava.: 22°C 17°C 16°C 0°C 17°C

Toptamat17°C 13°%¢ 10°C 11°¢ . - SSB yol kaplamalarn i¢in ¢ok 6nemli bir faktér olan erken yasta beton basing

10 ) - - dayanimi konusu yapilan ultrasonik yontemle yaklasik olarak gozlenebilmektedir.

Be!on’:aﬂ (gan) = = Ayrica bu calisma 6zelinde diisiik kalitedeki imalat bolgesindeki 1 giinliik beton
basing dayanimi degerinin 16-17 MPa seviyelerinde oldugu goriilebilmektedir.

Sekil 6. A ve B bolgelerine ait basing dayanimlari grafigi - Yapilan calismada beton basing gelisimi egrisinin geng yasta ¢ok hizli yiikseltme
kaydettigi hemen sonrasinda neredeyse sabit ilerledigi goriilmektedir.

@
an
=1
0w
=1

Signal Curve LS Settings & Results
Tirrse Dffget 19 s

Pundi Kaynaklar

5 R 0040143
40%Hz  Software Vessio: 3011
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Rijit Kaplamalarin Birim Fiyatlarinin Olusturulmasi
ve Turkiye Devlet Yollar1 Aginda Esnek ve

Rijit Kaplamalarin Ik Yapim Maliyetlerinin
Karsilastirilmasi

B. Akbelen', 1.0. Yaman?

'TURKCIMENTO, Ankara, Tiirkiye
2Orta Dogu Teknik Universitesi, Ankara, Tiirkiye

Ozet

Yol iistyapr tipleri genel olarak esnek (asfalt) ve rijit (beton) kaplamalar olarak ikiye ayrilir.
Bu iki yol iistyap: tipi, kullanilan baglayici malzemeler, yapim yontemleri ve yilik aktarim
mekanizmasi gibi faktorlere bagli olarak birbirinden farklilagmaktadir. Bu nedenle uzun dmiirlii
ve ekonomik yol {istyap1 yapim projelerinde ilk 6nemli adim teknik ve ekonomik parametrelere
gore dogru tip se¢imidir. Diinyada beton ve asfalt yollarin maliyetini karsilagtirmay1 amaglayan
bir¢ok ¢alisma olmasinaragmen Tiirkiye’de beton yol uygulamalarinin ¢ok yaygin olmamasi ve
beton yollarin resmi birim fiyatlarinin eksikligi bu ¢aligmalarin iilkemizde heniiz yapilamamig
olmasina neden olmaktadir. Bu ¢alisma, literatiirdeki eksikligi gidermek amaciyla KGM devlet
yolu aginda beton ve asfalt yollarin ilk yapim maliyetlerini karsilagtirmay1 amaglamaktadir.
Calisma kapsaminda ayni yol sifi, proje omrii, trafik yiikii, zemin ve ¢evre/iklim kosullar
altinda resmi yerel rehberler kullanilarak beton ve asfalt yollar tasarlanmigtir. Sonrasinda
Derzli Donatisiz Beton Yollara (JPCP) ait birim fiyat, analiz ve tarifler hazirlanmistir. Son
olarak, KGM karayolu aginin devlet yollarinda kullanilacak beton ve asfalt kaplamalarin ilk
yapim maliyetleri esdeger yillik maliyet yontemi kullanilarak karsilastiriimistir.

Sonug olarak, iyimser bir senaryo olarak faiz orani %5 olarak alindiginda JPCP’nin yiiksek,
orta ve diisiik hacimli yollar igin BSK’ya gore yaklasik %32, %25 ve %20 oranlarinda
ekonomik olarak verimli oldugu tespit edilmistir. %15°lik olas1 bir faiz oram senaryosu igin,
JPCP, ozellikle diisiik dayanimli zeminler igin yiiksek ila orta trafik hacimli yollarda uygun
goriinmektedir.
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Yukarida belirtilen bulgular, ABD’nin eyaletler arasi/sehirler arasi yollar gibi trafigin yogun
oldugu yollarda neden beton yollarin yaygin olarak kullanildigini agiklamaktadr.

Anahtar Kelimeler: beton yollar, asfalt yollar, beton yol birim fiyat analiz ve tarifler, yillik
esdeger maliyet karsilastirmasi

1. Giris

Esnek malzemeler, yiik altinda daha biiyiik deformasyonlar sergilemektedir.. Rijit malzemeler
ise bu tiir deformasyonlar gostermezler ve yiike daha fazla direng gosterirler. Ustyapilarda bu
iki farkli malzeme tiirii, esnek ve rijit tistyapilarin tanimlanmasina yol agmigtir. Ayrica esnek ve
rijit kaplamalarin bir arada kullanilmasindan olusan kompozit kaplamalar da bulunmaktadir.

Genel olarak asfalt yollar olarak bilinen esnek kaplamalarin ana baglayicis1 ham petrol
isleme tesisinin bir yan {irlinii olan bitiimdiir. Trafik yiikii etkisi altinda, yiikii alt tabakalara
aktarirken, yiikii kiiciik alanlara dagitarak oldukg¢a esnek bir davranis sergilerler. Asfalt yollar,
esnek davranislarindan dolayi altlarinda ¢esitli kalinliklarda cesitli tabakalarla birlikte insa
edilmektedir.

Rijit (beton) yollar, trafik yiikiine kars1 daha rijit bir davranis sergiler. Bu kaplamalarda ana
baglayici olarak portland ¢imentosu ve diger bazi ek ¢imentolu malzemeler kullanilir. Beton
yollar, rijit davranislari nedeniyle yiikii daha genis bir alana dagittiklari i¢in daha az sayida ve
daha ince tabakalarla insa edilirler.

Her iki yol istyap: tipinin de farkli avantaj ve dezavantajlari vardir. Bu nedenle proje
gereksinimleri, bolgesel kosullar, tasarim parametreleri ve ekonomik kaygilar gbz oniinde
bulundurularak her bir iistyapi projesi i¢in dogru iistyap1 tipinin se¢ilmesi gerekmektedir.

Ornegin, asfalt yollar genellikle siiriis esnasindaki sessizligi ve konforu ile n plana ¢ikarken,
nispeten daha kisa servis omriine sahip olmalar1 ve sik bakim-onarim gereksinimleri dikkat
¢ekicidir.

Ote yandan, beton yollarin kullanim émrii daha uzundur ve bakim-onarim gereksinimi
diistiktiir. Bu nedenle trafigin yogun oldugu yollarda tercih edilirler. Ayrica beton yollarin
inorganik bilesenlerden olusmalar1 nedeniyle yanict olmayan yapisi tiinellerde yangin
giivenligini artirdig1 i¢in bir tercih sebebi olmaktadir.

Beton yollar JPCP, JRCP, CRCP, SSB olmak iizere dort farkli kategoride incelenebilir (Yoder
ve Witczak, 1975).

Derzli donatisiz beton yollar (JPCP), enine ve boyuna donatilarin kullanilmadigi, sadece
derzlerde kayma demiri ve bag demirlerinin kullanildig1 beton yol tipidir. Kayitlarda farkli
ornekler bulunsa da, diinyanin en eski beton yolunun (¢iinkii hala kullanilabilir durumda)
1891 yilinda Ohio, ABD’de insa edilen JPCP tipi kaplama oldugu diisiiniilmektedir (Rao vd.,
2013). Bu nedenle diinyada 130 y1l1 agkin bir siiredir beton yollarin kullani1ldig: sdylenebilir.
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Derzli donatili beton yollar (JRCP), kayma ve baglanti demirlerine ek olarak, derz araligini
artirmak i¢in bir miktar boyuna donatinin kullanildig1 yol kaplama tipidir.

Son yillarda hizla gelisme gosteren siirekli donatili beton yollar (CRCP) enine ve boyuna derz
icermeyen yol kaplama tipidir ve bu nedenle tiim kaplama kesiti i¢in siirekli enine ve boyuna
donat1 kullanimi vardir.

Bu ii¢ temel tipin yam sira bagka beton kaplama tipleri de mevcuttur. Ornegin, silindirle
sikigtirilmis beton (SSB) yollar, son 70 yildir diinyada 6zellikle limanlarda, depo alanlarinda,
askeri iislerde ve yerel yollarda siklikla kullanilan beton yol tipidir.

Ik {i¢ kaplama benzer tekniklerle iiretilse de SSB kaplamalar farklidir. SSB yollar, asfalt
yollarin yapim teknigi ile betonun mukavemet ve dayanikliligini birlestiren bir beton kaplama
tipidir. SSB yollar daha hizli yapim ve kisa siirede trafige agilabilmeleriyle diger tiplerden
ayrilmaktadir.

Tirkiye’de yol agi genel olarak ikiye ayrilabilir; i) belediyeler ve il 6zel idarelerin
sorumlulugunda olan yerel yollar ve ii) Karayollar1 Genel Miidiirligi'niin (KGM)
sorumlulugunda olan ulusal yollar.

01.01.2022 tarihi itibariyle KGM’nin 68.526 km’lik bir yol ag1 bulunmaktadir ve bu yol
agmn yaklasik %40°1 asfalt yollardan, yaklasik %55’ ise sathi kaplamadan olusmaktadir
(KGM, 2022). KGM yol aginda sadece 4 farkli pilot projede toplam 8.1 km beton yol oldugu
bilinmektedir (Komut vd., 2019). KGM yol aginda beton yol uygulamalari heniiz bu deneme
kesimlerinin 6tesine gegmemistir.

Yerel yollara iligkin resmi olarak agiklanmig bir veri bulunmamakla birlikte, yaklasik 400.000
km’lik bir yol agmin oldugu tahmin edilmektedir. Ote yandan yerel ydnetimlerin yol aginda
15.000 km’den fazla beton yol oldugu tahmin edilmektedir. Ayrica yerel yol aginda SSB yol
uzunlugunun 1.000 km’yi astig1 bilinmektedir (Abut, 2017). Ozellikle yerel yol aginda beton
yol uygulamalar1 hizla gelismesine ragmen yol yapimi icin gerekli kilavuzlarin hazirlanmasi
devam etmektedir. Yerel yol aginda siklikla kullanilan SSB yollarin teknik &zellikleri ve birim
fiyat kilavuzlar1 Cevre, Sehircilik ve Tklim Degisikligi Bakanlig1 tarafindan Mart 2020°de
resmi olarak yaymlanmistir.

Ote yandan, KGM yol aginda kullamilan beton yol tiplerine (JPCP ve CRCP) iliskin teknik
sartnamelerin ve tasarim kilavuzlarinin resmi olarak yayinlanmasi son derece sevindirici olsa
da beton yollar igin resmi birim fiyatlarin bulunmamasi énemli bir eksiklik olarak kargimiza
¢ikmaktadir.

Bu nedenle KGM yol ag1 iizerine yapilmasi planlanan bir beton yol {istyapisinin ilk yapim
maliyetinin gergekei bir analizini yapmak oldukga giictiir. Bu ¢aligma, KGM yol ag1 i¢in beton
yollarin birim fiyatlari i¢in bir model 6nererek yukarida belirtilen ger¢ekleri ortadan kaldirmay1
amaglamaktadir. Bu kapsamda ¢aligmanin ilk asamasinda KGM yol aginda kullanilacak beton
yollarin (sadece JPCP i¢in) birim fiyatlar1 ve yapim agsamalarinin agiklamalari olusturulmustur.
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Daha sonra aym trafik yiikii, ayn1 ¢evre ve iklim kosullari, ayni malzeme ve zemin
ozellikleri dikkate almarak, beton ve asfalt yollar yapisal olarak tasarlanmis ve resmi tasarim
kilavuzlarinda kullanilan yontemle tabaka kalinliklari elde edilmistir. Daha sonra ayni1 yontem
ve parametrelerle tasarlanan her iki yol {istyapi tipi igin resmi birim fiyatlar dikkate alinarak
esdeger yillik maliyet yontemi kullanilarak ilk yapim maliyetine dayali objektif bir maliyet
karsilagtirmasi hazirlanmistir.

2. Esnek ve Rijit Kaplamalarin Yapisal Tasarimi

Daha dnce de belirtildigi iizere, KGM 68.526 km’lik yol agina sahiptir. Bu yol ag, otoyollar,
devlet yollar ve il yollari olarak ayrilmaktadir. Otoyollar, yayalarin, hayvanlarin ve motorsuz
araglarin giremeyecegi, siiriiciilerin girip ¢ikabilecegi sinirh sayida yer ile sadece izin verilen
motorlu araglarin kullanabilecegi hizli akan trafik i¢in genis yollar olarak tanimlanabilir. Devlet
yollar, illeri birbirine baglayan yollar olarak tanimlanabilir. Son olarak il yollary, ilgeleri illere
baglayan yollar olarak tanimlanabilir. Calisma kapsaminda KGM yol ag1 kapsaminda devlet
yollar1 esas alinmustir.

Cahsma kapsaminda tiim tasarim parametreleri KGM’nin resmi rehberlerine (KGM,
2008, 2019) uygun olarak se¢ilmistir.

Genel olarak ele alinan parametreler trafik yiikleri, zemin siiflar1 ve malzeme 6zellikleri
kapsaminda degerlendirilebilir. Asfalt ve beton yollarin yapisal tasarimlarinda kullanilan

trafik hesap parametreleri farkl arag tiplerine bagli olarak Tablo 1° de verilmektedir.

Tablo 1. Trafik Parametreleri

Arag Tipi Trafik Artis Katsayis1 | Tasit Esdegerlik Faktorii
Treyler 4 4,10
Kamyon 4 2,90
Otobiis 4 3,20
Orta Ykl Ticari Tagit 5 0,60
Otomobil 5 0,0006

Ayrica, ¢alisma kapsaminda sadece Devlet Yolu dikkate alindigr igin ilgili serit dagitma
faktorii serit sayisina bagli olarak Tablo 2°de belirtildigi gibi alinmustir.

Tablo 2. Serit Dagitma Faktorii

Yol Sinifi iki Yéndeki Serit Sayisi Serit Dagitma Faktorti
Devlet Yolu 4 0,90

Her iki yol iistyap tipini yapisal tasarimlarinda yedi farkli zemin sinifi dikkate alinmstir.
Zemin siniflar temelde ii¢ ana gruba (zay1f, orta ve yiiksek dayanimli zeminler) ayrilmis olup
ayrica zay1f dayanimli zeminler kendi igerisinde bes farkli sinifta ele alinmistir.
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Zemin siniflarina bagli olarak beton yollarin tasariminda kullanilmak iizere zemin yatak
katsayilar1 ilgili KGM rehberi esas almarak belirlenmistir. Benzer sekilde asfalt yollarin
tasariminda kullanilan Esneklik Modiilii degerleri temsili CBR degerlerine gore KGM
rehberlerinden faydalanilarak belirlenmistir. Zemin smiflarina bagl olarak belirlenen
parametreler Tablo 3’de verilmektedir.

Tablo 3. Zemin Siniflari

Zemin Simifi Ty | e Moduld sy (9 b
Degeri (%) (MR) (psi) Katsayist (k) (psi)
Zayif Dayanimh 1 1800 48
Zemin-1
Zayif Dayanimh 5 3100 76
Zemin-2
Zayif Da'yammh 4 4750 120
Zemin-3
Zayif Da.yammh 6 6750 154
Zemin-4
Zayif Da.yammh 3 8300 180
Zemin-5
Orta Da}’fmlmh 15 12600 234
Zemin
Yiiksek Da.yammll 50 28000 501
Zemin

Trafik ve zemin parametrelerinin yani sira tasarimlarda her iki yol iistyap1 tipi i¢in kullanilan
malzeme 6zellikleri Tablo 4 ve Tablo 5 ‘de verilmektedir.

Tablo 4. Beton Yollar i¢in Malzeme Ozellikleri

Ozellik Birim Deger
Basing dayanim sinifi - C 35/45
Karakteristik silindir dayanimi (f ) MPa 35
Karakteristik kiip dayanimi (f ) MPa 45
TS 500 stzil}dardlna gore ortalama MPa 42
egilme dayanimi
TS 500 standardina gére ortalama .
(e psi 610
kopma modiilii
AASHTO standardina gore ortalama .
e pst 709
kopma modiilii
Ortalama kopma modiili psi 660
Elastisite modiilii MPa 33.000
Elastisite modiilii psi 4.783.244
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Tablo 5. Asfalt Yollar i¢in Malzeme Ozellikleri

oaf Tablo 7. Beton Yollar i¢in Tabaka Kalliklari
zal
Tabaka Ad1 ZI( S) C(‘BI; SBC?HE;( ¢/ Mukavemet Esdeser Dingil Zemin Beton Plak Plent-miks | Koruyucu
& ’ Katsayisi scleg & CBR Yatak - Temel Tabaka
Yiikii Tekerriir o Kahnhg: - .
Tas mastik asfalt (TMA) _ _ _ 0,44 Sayisi (T. ) (%) Katsayisi (cm) Kalinhg Kalinhg
5 (pci) (cm) (cm)
Asfalt betonu agmmma tabakasi >900 - - 0,42
- 1 48 43 20 60
Asfalt betonu binder tabakasi >750 - - 0,40
- 2 76 42 20 40
Bitiimlii temel > 600 - - 0,36
4 120 42 20 30
Temel tabakalart
G = bagl " - 468.631.612 6 154 42 20 20
imento baglayicili graniiler
Bae - - 35-55 023 8 180 42 20 0
Pletn-miks temel - > 120 - 0,15 15 234 41 20 -
Graniiler temel - >100 - 0,14 30 501 40 20 -
Alttemel tabakalar1 1 48 36 20 60
Kirmatas alttemel - >50 - 0,13 2 76 35 20 40
Kum-gakil alttemel - >30 - 0,11 4 120 35 20 30
129.789.263 6 154 35 20 20
Belirtilen parametrelerin disinda ayrica her iki yol iistyapi tipi icin giivenilirlik degerleri ilgili 8 180 34 20 0
KGM rehberlerinden elde edilmistir. Ayrica, servis 6mrii KGM rehberleriyle uyumlu olarak 15 234 34 20 -
beton yollar i¢in 30 y1l ve asfalt yollar i¢in 20 y1l alinmistir. 50 501 33 20 _
Tablo 6. Diger Parametreler ! 48 25 20 3>
2 76 25 20 35
Parametre Beton Yollar Asfalt Yollar
— 4 120 24 20 25
Giivenilirlik (%) 95 85
11.736.392 6 154 24 20 20
Standart sapma (Z,) -1,645 -1,037
8 180 24 20 0
Toplam standart sapma (S ) 0,35 0,45
: i 15 234 23 20 -
Baslangig scfrws yeten.e.gl mde.ks1 P, 4,5 42 %0 501 ) 2 i
Son servis yetenegi indeksi (P) 2,5 2,5
Servis omrii (y1l) 30 20

Belirlenen parametreler 1s181nda yedi farkli zemin smnifi ve ¢ farkl: trafik kategorisi i¢in elde
edilen tabaka kalinliklar1 Tablo 7 ve Tablo 8’de verilmektedir.
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Tablo 8. Asfalt Yollar igin Tabaka Kalinliklari

Esdeger Tabaka Kalinhklar: (cm)
Dingil
Yiikii CBR| MR TMA Koru-
Tekerriir | (%) | @si) | Asm- | Binder | % | Temet | AU | yuen
Sayisi ma Tabaka
(T,,)
1 | 180 | 4 14 18 | 20 20 85
2 [3100] 4 14 17 | 20 15 60
g 4 4750 | 4 13 16 | 20 15 40
2 6 [6750 | 4 11 16 | 20 15 25
§ g8 [ 8300 4 10 16 | 20 15 20
15 (12600 4 11 14 | 20 15 -
50 [28.000[ 4 10 14 | 20 15 -
1 | 180 | 4 12 14 | 20 15 80
2 [3100] 4 10 13 20 15 55
2 4 (4750 | 4 s | 14 | 20 15 35
2 6 | 6750 | 4 8 13 | 20 15 20
2 8 |8300] 4 7 12 | 20 15 20
15 (12600 4 7 12 | 20 15 -
50 [28.000[ 4 7 12 | 20 15 -
1 | 180 4 12 0 15 15 75
2 [3100] 4 11 0 15 15 50
) 4 | 4750 4 10 0 15 15 35
5 6 |6750 | 4 10 0 15 15 20
= 8 |[s8300]| 4 10 0 15 15 20
15 (12600 4 10 0 15 15 -
50 [28.000[ 4 10 0 15 0 -
178
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2. Rijit Kaplamalarin Birim Fiyatlarinin Olusturulmasi

Bu c¢alisma, iilkemizde derzli donatisiz beton yollarla (JPCP) ilgili birim fiyatlarin
bulunmamasi eksikligini gidermeyi amaglamaktadir. Bu amagla, JPCP yapimi i¢in malzeme,
ekipman tipleri ve ekip ihtiyaglarini belirlemek i¢in tiim yapim asamalar incelenmistir. Daha
sonra bu ihtiyaglara yonelik kullanim miktarlari belirlenmis ve analizlerde kullanilabilirligi
acisindan mevceut birim fiyatlar incelenmistir.

Bilindigi {izere beton yol yapiminin ilk adim1 malzeme, ekipman ve ekibin temini ve santiyeye
nakliyesidir. Daha sonra donatilar (kayma ve bag demiri) hazirlanir ve yerlestirilir. Akabinde
beton iretilir, santiyeye tasinir ve serilir. Sonraki adimlar, kaplamanin yiizey bitirme ve
kiirleme islemleridir. Yapimda son adim derz kesimidir. Bu nedenle, maliyet karsilastirma
¢aligmalari i¢in ilgili tim maliyet kalemlerinin resmi olarak mevcut olmasi gerekir. Caligma
kapsaminda yapimin her agamasi i¢in tiim mevcut resmi birim fiyatlar incelenmistir. Birgok
yapim asamasi i¢in kullanilabilecek resmi birim maliyet kalemleri mevcut olmakla birlikte
onemli bir eksik vardir.

Beton serimi asamasinda kullanilan kayar kalipli finiserin rayi¢ fiyati resmi olarak mevcut
degildir. Bu nedenle beton yollarin birim fiyat analizlerinin olusturulabilmesi i¢in eksik rayi¢
fiyatin belirlenmesi gerekmektedir. Bu kapsamda, iiretici firmalardan ilgili ekipman igin fiyat
teklifleri toplanmis ve genel piyasa kosullarini yansitacak sekilde rayic fiyat belirlenmistir.

Tablo 9. Yeni Olusturulan Rayi¢ Fiyat

Tahmini Poz

No. Tamm Rayic Fiyat

Yol veya saha betonu dokiilen imalatlar

10.120.(...) icin kayar kalipl1 beton finiseri

25.500.000 TL

Sonrasinda devlet yollarinda JPCP igin ilk yapim maliyetini hesaplamak amaciyla yeni
olusturulan ve mevcutresmirayig fiyatlar kullanilarak alti farkli birim fiyat analizi hazirlanmustir.
Yapimin her agsamasina karsilik gelecek sekilde olusturulmus birim fiyat analizleri asagida
(Tablo 9 - Tablo 14) verilmistir. Belirtilen birim fiyat analizleri hazirlanmadan 6nce Belgika ve
Tiirkiyerde JPCP yapim santiyeleri ziyaret edilmis ve video kayitlar1 yapilmistir. Daha sonra.
Bu incelemelere bagl olarak ekip ve ekipman kullanim miktarlari tespit edilmistir.
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Tablo 10. Yol veya Saha Betonu Dékiilen Imalatlar I¢in Kayar Kaliph Beton Finiserinin Bir Tablo 12. Beton Yiizeyinin Perdahlanmasi ve Piiriizlendirilmesi

Saatlik Ucreti .
. Olgii Birim 1 tar
A\l : : Poz No. Isin Ad1 ... | Miktar Fiyat
Olcii . Birim Fiyat § Birimi y (TL)
Poz No. Tanmm Birimi Miktar (TL) Tutar (TL) (TL)
10.100.1015 Betoncu ustasi sa 0,090 34,50 3,11
Amortisman 0,000114
’ 10.100.1060 F 0,015 50,00 0,75
Yedek Parca 0,000061 Skl =
Tamir Bakim 0,000015 10.100.1062 Diiz is¢i sa 0,060 25,00 1,50
Sermaye Faizi, Sigorta Genel Toplam (TL/m?) 5,36
ok 0,000037 0,000243 25.500.000 6.196,50
Nakil, Montaj, . .
Demontaj 0,000016 Tablo 13. Parafinik Esasli Kiir Malzemesi ile Kiir Yapilmasi
Kayar Kahph Beton Sl Birim Tutar
Finigeri Poz No. isin Adi Biri‘i‘;i Miktar | Fiyat | "
Malzeme (TL)
Mazot (motorin) 10.300.2063 | Parafinik esash kirmal- 1 0,35 9,50 3,33
10.160.1026 | (makine yag1, benzin, kg 37,44 12,69 475,11 zemesi (stv1)
Uistiibii vb. dahil) 10.100.1015 Betoncu ustast sa 0,08 34,50 2,76
Iscilik Genel Toplam (TL/m?) 6,09
10.100.1055 | Operator makinist sa 1,3 40 52 o
10.100.1057 | Operatér yardimcist sa 2,6 33 85,8 Tablo 14. Derz Kesimi ve Doldurulmas:
10.100.1059 | Yagc1 sa 0,4 25,5 10,2 — Birim
Poz No. Isin Ad1 O.lf;u. Miktar Fiyat Tutar
Genel Toplam (TL/sa) 6819,61 Birimi (TL) (TL)
B ) 19.100.1093 Derz kesme makinesi sa 0,010 64,21 0,64
Tablo 11. Betonun Yerlegtirilmesi 19.100.1025 | Kompresdr (250 HP) sa 0010 | 37241 | 3,72
Bleii Birim 10.300.2158 | Polietilen fitil (¢ap= 6
Poz No. isin Adx O.l.g:u. Miktar Fiyat Tutar m 1,000 0,35 0,35
Birimi (TL) (TL) mm)
Yol o Reaksiyon regine esasl
D,,kfl’ Veiya | ‘11 at e,t‘”ll(“ 10.300.2233 | (iki veya daha fazla bile- kg 0,216 40,00 8,64
whx oriEn AL B sa | 00143 | 6819,61 | 97.52 senli) derz dolgusu
Kalipli Beton Finigerinin Bir
Saatlik Ucreti 10.100.1068 Birinci smif usta sa 0,050 34,50 1,73
o K tiereti 10.100.1062 Diiz isci sa 0,050 25,00 1,25
19.100.1001 | Fkskavatorin I saatlik liereti | =16 609y | 34348 | 3,16
(100 hp) Genel Toplam (TL/m) 16,33
10.100.1061 Topograf sa 1,364 37,50 51,15
10.100.1015 Betoncu ustasi sa 1,364 34,50 47,06
10.100.1060 Formen sa 0,341 50,00 17,05
10.100.1062 Diiz is¢i sa 1,364 25,00 34,10
Genel Toplam (TL/m?) 250,04
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3. Tiirkiye’de Esnek ve Rijit Kaplamalarin ilk Yapim Maliyetlerinin
Karsilastirmasi

Caligma kapsaminda asfalt yol listyapilar i¢in resmi birim fiyat analizleri ve son boéliimde
elde edilen beton yol birim fiyat analizleri kullanilarak her iki yol {istyapi tipi i¢in ilk yapim
maliyetleri hesaplanmistir. Maliyet hesaplamalarinin tamaminda kamu otoriteleri tarafindan
yayinlanan resmi birim fiyatlar ve 2022 yili rayi¢ fiyatlar1 kullanilmigtir. Calismada kullanilan
iistyapr geometrik ozellikleri, Karayolu Projelendirme Rehberi’nde yer alan devlet yollarinin
geometrik standartlar1 dikkate alinarak belirlenmistir. ilgili 6zellikler Tablo 15°de verilmistir.

Tablo 15. Devlet Yollarmin Geometrik Ozellikleri

Ozellik Deger
Yon sayis1
Ayni1 yondeki serit sayist
Serit genisligi (m) 3.5
I¢ emniyet seridi genisligi (m) 1
Dis emniyet seridi genisligi (m) 2.5
Platform genisligi (m) 21
Yol uzunlugu (m) 1,000
Yon sayisi 21,000

3.1 Temel, Alttemel ve Koruyucu Tabakalarin Yapim Maliyeti

Calisma kapsaminda Tablo 17 ve Tablo 18’de verilen resmi birim fiyatlar kullanilarak taban,
alttemel ve koruyucu tabaka maliyetleri hesaplanmistir. Temel ve alttemel tabakalarinin
maliyetleri hesaplanirken birim fiyatlara dahil olmayan tiim giderler ayr1 ayr1 hesaplanarak
dikkate alinmigtir. Parametreler, KGM Birim Fiyat Analiz ve Tarifleri kitab1 ile Cevre,
Sehircilik ve iklim Degisikligi Bakanlhigi Birim Fiyat Kitab: dikkate alinarak secilmistir.
Secilen parametreler Tablo 16’da verilmistir.
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Tablo 16. Birim Fiyat Dahil Olmayan Masraflar1 Hesaplamak i¢in Se¢ilmis Parametreler

Parametre Deger
Tasima Katsayist 530
Gtigliik Katsayisi 1
Temel - Alttemel agregasi ocak-plent
. 10 km
aras1 tagima mesafesi
Karisim suyunun pl.ente tagima 1 km
mesafesi
Temel-Alttemel malzemesi plent-serim
. . 10 km
yeri tagima mesafesi
Sulama suyunun serim yeri tagima 10 km
mesafesi
Temel-Alttemel Su Muhtevasi 4,5%
Kuru Agrega Yiizdesi 0,957 %
Su Yiizdesi 0,043 %

Tablo 17. Plent-miks Temel Alttemel Tabakasi Yapilmasi (Birim Fiyata Dahil Olmayan

Masraflarla Birlikte)
Oleii Birim gfmI;al;ﬂ Toplam
Poz No. isin Adx . (" . | Miktar | Fiyat Y Tutar
Birimi (TL) Masraflar (TL)
(TL)

Plent-miks temel
6100/3 yapilmast (kirilmis ve ton 1 99,64 22,31 121,95
elenmis ocak tasi ile)

Plent-miks alttemel
6100/3-1 | yapilmasi (kirilmis ve ton 1 87,18 22,31 109,49
elenmig ocak tasi ile)

Koruyucu tabaka yapim maliyetleri hesaplanirken, zayif zemin tabakasinin kazinmasi ve
taginmasi, ariyet ocagindan malzeme getirilmesi, malzemenin serilmesi/sikistirilmast ve
sikigtirma iglemi igin gerekli suyun igyerine taginmast maliyetleri dikkate alinmigtir.
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Tablo 18. 1 m® Koruyucu Tabakas1 Yapilmasi

Poz No.

isin Ad

Olcii
Birimi

Miktar

Birim
Fiyat
(TL)

Toplam
Tutar
(TL)

15.005

Zayif zeminin (Bitkisel toprak vs.)
kazilmasi ve kullanilmasi (100 m ye
tagima dahil)

1,000

4,39

4,39

15.006/B

Ekskavatorle her cins kiiskiiliigiin
kazilmasi ve kullanilmasi

3

0,500

10,83

5,42

15.010/B

Ekskavatorle yumusak kayanin
kazilmasi ve kullanilmasi (Ariyet
ocagindan
getirilecek veya depoya gidecek
kazilarda)

3

0,500

22,74

11,37

15.047

Araz0z ile sulama

ton

0,100

26,36

2,64

15.052/4

Titresimli silindirle sikistirma yapil-
masi (9-11 ton -11 ton dahil - statik
agirlik
ve 18-22 ton dinamik kuvvette
titresimli silindir + paletli traktor
takriben 66-

86 HP)

sa

0,010

539,26

5,39

07.005/K

Zayif zemin malzemesinin tagimmast
(M=10 Km, A=1)

3

1,000

20,27

20,27

07.005/K

Koruyucu tabaka igin gerekli se¢gme
malzemenin serim yerine taginmasi
(M=10 Km, A=1)

1,000

20,27

20,27

07.005/K

Koruyucu tabaka i¢in gerekli sulama
suyunun serim yerine taginmasi
(M=10 Km, A=1)

ton

0,066

11,26

0,74

Genel Toplam (TL/m?)

70,49
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3.2 Beton Yollarin ilk Yapim Maliyeti

Beton Yollarin ilk yapim maliyetlerinin hesaplanmasinda bir nceki béliimde belirtilen birim
fiyatlar kullanilmis olup yapim asamalarina ek olarak kayma demiri ve bag demiri maliyetleri
de dikkate alinmistir. Maliyet hesaplamasinda miktarlar KGM tarafindan hazirlanan Rijit
Ustyapilar Projelendirme Rehberi’nde énerilen donati gaplari (Tablo 19 ve 20) kullamlarak

belirlenmistir.
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Tablo 19. Onerilen Kayma Demiri Caplari

Plak Kalinh@ (d) Onerilen Donat1 Capi (Q)
d<28 cm 32 mm

28cm <d <34 cm 38 mm

35cm<d<40cm 44 mm

Tablo 20. Onerilen Bag Demiri Caplari

Plak Kahnhg (d) Onerilen Donat1 Capi (Q)
d<30cm 12-14 mm
30ecm<d 16-20 mm

Sonug olarak, devlet yollarinda JPCP’nin ilk yapim maliyetleri, ii¢ farkli trafik kategorisi, otuz
yillik servis omrii ve yedi farkli zemin sinifi dikkate alinarak Tablo 21°de verilmistir.
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Tablo 21. Derzli Donatisiz Beton Yollar {lk Yapim Maliyeti

Baris Akbelen, 1. Ozgiir Yaman

3.3 Asfalt Yollarin ilk Yapim Maliyeti

Calisma kapsaminda asfalt yollarin toplam ilk yapim maliyetinin hesaplanmasinda kullanilan
birim fiyatlar tabaka tipleri ve tabaka kalinliklarina gore Tablo 22, Tablo 23 ve Tablo 24’de
verilmektedir. Bu birim fiyatlar halihazirda KGM tarafindan resmen olarak yaymlanmakta ve
kullanilmaktadir.

Asfaltyol tabakalarinin birim fiyatlar1 hesaplanirken bazi maliyetlerin (malzemelerin taginmasi,
bitlimiin 1sitilmas1 vb.) birim fiyat analizlerine dahil edilmemesi nedeniyle hesaplamalara
ayrica eklenmesi gerekmektedir. Bu kapsamda, birim fiyat analizine dahil edilmeyen diger
giderlerin hesaplanmasinda KGM ve Cevre, Sehircilik ve Tklim Degisikligi Bakanligi Birim
Fiyat Analiz Kitaplari dikkate alinarak segilen parametreler kullanilmistir.

Tablo 22. Bitiimlii Sicak Temel Tabakasi Yapilmasi (Birim Fiyata Dahil Olmayan

Trafik Kategorisi CBR (%) ik Yapim Maliyeti (TL/km)
1 12.087.052
2 11.582.243
4 11.426.459
(Yﬁktglé'giiﬁilﬁz{ﬁkﬁ) 6 11.272.084
8 10.967.564
15 10.778.554
50 10.589.544
1 10.763.981
2 10.259.172
4 10.103.388
(Orta Tatk Yaki) 6
8 9.186.744
15 9.186.744
50 8.997.734
1 8.123.230
2 7.808.841
4 7.464.752
11.736.382
(Diisiik Trafik Yiikii) 6 7.387.740
8 7.083.220
15 6.894.210
50 6.705.200
186

Masraflarla Birlikte)
Olci Birim (I;fmlial;ﬂ Toplam
Poz No. isin Ad1 . 'g:u. Miktar | Fiyat Y Tutar
Birimi (TL) Masraflar (TL)
(TL)
14 ¢cm Sikigmig Kalinlikta 1 m? Asfalt betonu
KGM/6214 bitlimlii sicak temel tabakasi yapilmasi m? 1 57,6 1152 172,8
(kirilmig ve elenmis ocak tasi ile) (TIP-A)
13 cm Sikigmis Kalinlikta 1 m? Asfalt betonu
KGM/6213 bitiimlii sicak temel tabakasi yapilmasi m? 1 53,59 106,9 160,6
(kirtlmis ve elenmis ocak tasi ile) (TIP-A)
12 cm Sikismis Kalinlikta 1 m? Asfalt betonu
KGM/6212 bitlimlii sicak temel tabakas1 yapilmasi m? 1 49,57 98,8 1483
(kirilmis ve elenmis ocak tasi ile) (TIP-A)
11 cm Sikismig Kalinlikta 1 m? Asfalt betonu
KGM/6211 bitlimlii sicak temel tabakasi yapilmasi m? 1 45,55 90,5 136,1
(kirilmis ve elenmis ocak tas1 ile) (TIP-A)
10 cm Sikigmis Kalinlikta 1 m? Asfalt betonu
KGM/6210 bitiimlii sicak temel tabakasi yapilmasi m? 1 41,54 82,3 123,8
(kirtlmis ve elenmis ocak tasi ile) (TIP-A)
9 cm Sikismis Kalinlikta 1 m? Asfalt betonu
KGM/6209 bitlimlii sicak temel tabakas1 yapilmasi m? 1 37,51 74,1 111,6
(kirilmis ve elenmis ocak tasi ile) (TIP-A)
8 cm Sikismis Kalinlikta 1 m? Asfalt betonu
KGM/6208 bitiimlii sicak temel tabakasi yapilmasi m? 1 33,5 65,8 99,3

(kirilmis ve elenmis ocak tasi ile) (TIP-A)
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Tablo 23. Binder Tabakas1 Yapilmasi (Birim Fiyata Dahil Olmayan Masraflarla Birlikte) Sonug olarak, devlet yollarinda asfalt yollarin ilk yapim maliyetleri, ti¢ farkl: trafik kategorisi,

yirmi yillik hizmet dmrii ve yedi farkli zemin sinifi i¢in Tablo 25°de verilmistir.

Birim BF Dahil Toplam falt Yollar i1k 1
. Olcii Tablo 25. Asfalt Yollar Ilk Yapim Maliyeti
Poz No. Isin Adx (.)l.cu . | Miktar | Fiyat Olmayan Tutar i Y
Birimi Masraflar -
(TL) (TL) (TL) Trafik Kategorisi CBR (%) ilk Yapim Maliyeti (TL/km)
8 cm Sikismis Kalilikta 1 m? Asfalt 1 14.853.773
KGM/6308 betonu binder tabakasi yapilmast m? 1 35,1 77,1 112,3
(kirilmis ve elenmis ocak tasi ile) 2 13.908.893
8 cm Sikismis Kalinlikta 1 m? Asfalt 4 12.991.678
KGM/6308/S betonu binder tabakas1 yapilmasi m? 1 38,4 92,6 131,0 245.000.004
kirilmis ve elenmis sert tasi ile . PSR 6 12.123.905
( 3 $ st ile) (Yiiksek Trafik Yiikii)
7 cm Sikismig Kalinlikta 1 m? Asfalt 8 11.754.732
KGM/6307 betonu binder tabakasi yapilmasi m? 1 30,9 67,5 98,4
(kirilmis ve elenmis ocak tasi ile) 15 11.193.962
7 cm Sikismis Kalinlikta 1 m? Asfalt 50 10.902.857
KGM/6307/S betonu binder tabakas1 yapilmasi m? 1 33,7 81,0 114,8 -
(kirilmis ve elenmis sert tasi ile) 1 12.802.934
6 cm Sikismis Kalinlikta 1 m? Asfalt N 11.508.439
KGM/6306 betonu binder tabakas1 yapilmasi m? 1 26,7 57,9 84,5 T
(kirilmis ve elenmis ocak tasi ile) 4 10.983.151
6 cm Sikismig Kalinlikta 1 m? Asfalt 67.500.000
KGM/6306/S betonu binder tabakasi yapilmast m? 1 29,1 69,5 98,6 (Orta Trafik Yiikii) 6 10.490.839
(kirilmis ve elenmis sert tasi ile) 8 9.893.232
5 cm Sikigmis Kalinlikta 1 m? Asfalt
KGM/6305 betonu binder tabakas1 yapilmasi m? 1 22,5 48,2 70,7 15 9.584.483
(kirilmis ve elenmis ocak tasi ile) 50 0,584 483
5 cm Sikismis Kalinlikta 1 m? Asfalt B
KGM/6305/S betonu binder tabakas yapilmasi m? 1 24,5 57,9 82,4 1 8.488.694
(kirilmis ve elenmis sert tagsi ile) ) 7794911
4 7.266.428
Tablo 24. Asinma Tabakas1 Yapilmasi (Birim Fiyata Dahil Olmayan Masraflarla Birlikte) 6.000.000
(Diistik Trafik Yiikii) 6 7.032.223
Birim BF Dahil Toplam
Poz No. isin Ad1 (?l?u . | Miktar | Fiyat Olmayan Tutar 8 7.032.223
Birimi Masraflar
(TL) | 1oy (TL) 15 6.724.883
4 cm Sikigmug Kalinlikta 1 m? TMA 50 5.914.595
KGM/6454/S-M Asimnma tabe}kas1 yapilmast (k.1r11m1s e 1 253 722 975
ve elenmis sert tag ve modifiye
bitiim ile) (TIP-1)
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3.4 Beton ve Asfalt Yollarin Ik Yapim Maliyetlerinin Karsilagtirilmasi

Beton ve asfalt yollar farkli yapilar1 geregi birbirinden farkli servis 6miirlerine sahiptir. Bu
nedenle, beton ve asfalt yollarin ilk yapim maliyetlerini karsilagtirmak amaciyla farkli servis
Omiirlerinin en kiigiik ortak katlari i¢in esdeger yillik maliyetleri hesaplanabilir. Bu durumda
JPCP ve BSK kaplamalar sirasiyla 30 ve 20 yil igin tasarlandigindan, en kiiglik ortak katlar
yani 60 yil icin ekonomik analiz yapilabilmektedir. Boyle bir analiz yapmak ic¢in, BSK
ve JPCP tipi kaplamalar i¢in net bugiinkii deger (NPV) ve esdeger yillik maliyetin (EAC)
hesaplanmasi gerekir. BSK ve JPCP kaplamalar icin net bugiinkii degerler ve esdeger yillik
maliyetler agagida verilen bagintilarla hesaplanmistir.

1 1
NPVHM,‘ = ICCHM,‘(I +(1+ E)ZD + (l +.’:)4D)

1
NPI‘{JPCF = fl‘:C;pcp (1 + m)
i(1 4 )50

EACymaspce = NPVumasiece (1 + o1

Bagintilarda goriilecegi lizere yapilan hesaplamalarda enflasyon orani parametresi dikkate
alinmaktadir. Bu ¢alisma kapsaminda farkli kosullar1 temsil etmek i¢in iyimser, olasi ve en
kétii durum olmak iizere ii¢ farkli senaryo olusturulmustur. Tyimser senaryo igin, literatiir
incelemesine bagli olarak %5’lik bir faiz orani belirlenmistir. Muhtemel senaryo i¢in son on
alt1 yillik ortalama Uretici Fiyat Endeksi (UFE) dikkate alinarak %15 faiz orani segilmistir.
Son olarak, pandemi etkisini de igerecek sekilde son ii¢ yilin (2018-2021) ortalama UFE
dikkate alinarak en kotii senaryo igin %40 faiz orani belirlenmistir. Beton ve asfalt yollar i¢in
hesaplanan esdeger yillik maliyetler Tablo 26’da verilmektedir.
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Tablo 26. Beton ve Asfalt Yollar Egsdeger Yillik Maliyet Karsilagtirmasi

Baris Akbelen, 1. Ozgiir Yaman

i=%S5 i=%15 i=% 40
Beton Asfalt Beton Asfalt Beton Asfalt
CBR Yollar Yollar Yollar Yollar Yollar Yollar

(%) Esdeger Esdeger Esdeger Esdeger Esdeger Esdeger
Maliyet Maliyet Maliyet Maliyet Maliyet Maliyet

(TL/km) (TL/km) (TL/km) (TL/km) (TL/km) (TL/km)

1 786.280 1.191.905 1.840.860 2.373.061 4.835.021 5.948.619
2 753.442 1.116.086 1.763.978 2.222.105 4.633.089 5.570.215
4 743.308 1.042.486 1.740.252 2.075.570 4.570.772 5.202.890
6 733.265 972.854 1.716.741 1.936.933 4.509.020 4.855.365
8 713.456 943.230 1.670.362 1.877.953 4.387.207 4.707.519
15 701.160 898.232 1.641.576 1.788.364 4.311.600 4.482.943
50 688.865 874.873 1.612.790 1.741.856 4.235.993 4.366.361
1 700.212 1.027.341 1.639.357 2.045.415 4.305.771 5.127.302
2 667.374 923.467 1.562.474 1.838.605 4.103.839 4.608.884
4 657.240 881.316 1.538.748 1.754.684 4.041.522 4.398.517
6 647.198 841.812 1.515.237 1.676.032 3.979.770 4.201.357
8 597.611 793.859 1.399.143 1.580.557 3.674.850 3.962.028
15 597.611 769.084 1.399.143 1.531.231 3.674.850 3.838.381
50 585.316 769.084 1.370.357 1.531.231 3.599.243 3.838.381
1 528.428 681.155 1.237.170 1.356.166 3.249.426 3.399.541
2 507.976 625.484 1.189.288 1.245.326 3.123.666 3.121.695
4 485.593 583.077 1.136.883 1.160.895 2.986.024 2.910.049
6 480.583 564.284 1.125.154 1.123.478 2.955.218 2.816.255
8 460.774 564.284 1.078.776 1.123.478 2.833.405 2.816.255
15 448.478 539.622 1.049.990 1.074.377 2.757.798 2.693.172
50 436.183 474.602 1.021.203 944.924 2.682.191 2.368.669
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Tablo 27. Trafik Kategorileri ve Zemin Siniflarina Gére Ekonomiklik Orant

CBR EKONOMIKLIiK ORANI
TRAFTK % i Ort. i Ort. i Ort.
%5 %15 %40
1 52% 29% 23%
2 48% 26% 20%
4 40% 19% 14%
‘}{I‘:zﬁ:‘ 6 33% | 37% | 13% 17% 8% 11%
8 32% 12% 7%
15 | 28% 9% 4%
50 | 27% 8% 3%
1 47% 25% 19%
2 38% 18% 12%
4 34% 14% 9%
H(;rctlil 6 30% | 35% | 11% 14% 6% 9%
8 33% 13% 8%
15 | 29% 9% 4%
50 | 31% 12% 7%
1 29% 10% 5%
2 23% 5% 0%
4 20% 2% 3%
ggzﬁ 6 17% | 20% | 0% 2% 5% | 2%
8 22% 4% 1%
15 | 20% 2% 2%
50 9% 7% 12%

4 Sonugc ve Oneriler

Rijit (beton) ve esnek (asfalt) kaplamalar birbirlerine gore ¢esitli avantaj ve dezavantajlara
sahiptir ve bunedenle listyap1 se¢imi yapilirken tiim parametreler goz 6niinde bulundurulmalidir.

Tiirkiye yol agina bakildiginda, 6zellikle belediyelerin ve yerel yonetimlerin sorumlulugunda
olan yollarda beton yol kullaniminda artis egilimi oldugu agik¢a goriilmektedir. KGM nin
sorumlulugunda olan ulusal yollarda beton yol kullanilmasa da beton yol konusunda giderek
artan bir farkindalik bulunmaktadir.
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Baris Akbelen, 1. Ozgiir Yaman

Bu kapsamda, KGM yol aginda kullanilacak beton kaplama tiplerine (JPCP ve CRCP) iligkin
resmi teknik sartname dokiimanlar1 ve tasarim rehberleri son bes y1l igerisinde yayinlanmistir.
Ancak beton yollarin resmi birim fiyatlarinin bulunmamas: énemli bir eksiklik olarak goze
carpmaktadir. Bu ¢alismayla 6ncelikle KGM devlet yolu aginda Derzli Donatisiz Beton Yollar
icin birim fiyat analizleri hazirlanmigtir. Sonrasinda ayni kosullar altinda tasarlanan beton ve
asfalt yollarin ilk yapim maliyetleri esdeger yillik maliyet yontemiyle karsilagtirtlmigtir.

Sonug olarak, iyimser ve olasi enflasyon senaryolarinda beton yollarin asfalt yollardan daima
daha ekonomik oldugu ve ekonomiklik oraninin ortalama %21 seviyesinde oldugu tespit
edilmistir. En kotii senaryoda ise beton yollarin ¢ogunlukla asfalt yollardan daha ekonomik
oldugu, sadece en diisiik trafik yiiklerinde ve en saglam dayanimli zeminlerde asfalt yollarin
daha ekonomik hale geldigi goriilmistiir. Beton yollarin lehine ekonomiklik oraninin trafik
hacmindeki artis ve zemin dayanimindaki azalmayla dogru orantili olarak artt1§1 goriilmiistiir.
Bu durumun agir tagit trafiginin oldugu yiiksek hacimli yollarda ve zayif dayanimli zeminlerde
beton yollarin daha yaygin kullanimin: agikladig: diisiiniilmektedir.

Son olarak, yol {iistyapilarinin 20 yildan daha fazla servis Omiirlerinde hizmet verdigi
diistiniiliirse kapsamli bir ekonomik degerlendirme i¢in bakim-onarim maliyetleri gibi
ileri déonem maliyetlerin de dikkate alindig1 Yagsam Dongiisii Maliyet Analizi yonteminin
uyarlanmasinin daha faydali sonuglar doguracagi sdylenebilir.
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