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Abstract

Overlays for airfield pavements are one of the cost effective and efficient pavement rehabilitation
options. In this study, the Federal Aviation Administration’s state-of-the-art mechanistic-empirical

overlay design methodology (FAARFIELD) was explained, design examples using FAARFIELD version
1.42. for both concrete and asphalt overlays were presented, and the results of these examples were
compared. For the overlay design scenarios on existing asphalt surface layers, it was found that, overlay
thickness decreases, as existing asphalt surface layer thickness increases, and calculated concrete

Keywords overlay thicknesses were higher than calculated asphalt overlay thicknesses for the same existing
Airfield pavements; asphalt surface layer thicknesses. On the other hand, for the overlay design scenarios on existing
Concrete overlays; concrete surface layers, both asphalt and concrete overlay thicknesses were found to be very similar to

Asphalt overlays; each other. Based on FAARFIELD-calculated overlay thicknesses, an economic analysis was carried out

Pavement design to find out the most economic overlay design options for a variety of design scenarios. Although for

some overlay cases concrete overlay design thicknesses were found to be higher than asphalt overlay
design thickness, cost of concrete overlays was found to be less than that of asphalt overlays. This is
because unit cost for concrete materials is less than that for asphalt materials. Incorporating a state-of-
the-art mechanistic-empirical overlay design for airfield overlay pavements as well as considering local
cost in the economic analysis to determine which type of overlay would be a more suitable option for
a variety of pavement design cases would be very beneficial to Turkish airfield pavement design
practices.

Havaalani Kaplamalarini Asfalt ve Beton ile Yeniden Kaplamanin
Karsilastirmali Dizayn ve Ekonomik Analizi
0z

Havaalani kaplamalarn igin yeniden kaplama uygun maliyetli ve verimli kaplama rehabilitasyon
seceneklerinden biridir. Bu calismada, Amerikan Federal Havacilik idaresi'nin (FAA) son teknoloji

mekanik-ampirik kaplama tasarim metodolojisi (FAARFIELD) agiklanmis, hem beton hem de asfalt
yeniden kaplamalar i¢in FAARFIELD versiyon 1.42 kullanilarak tasarim ornekleri sunulmustur ve bu
orneklerin sonuglan karsilastinlmistir. Mevcut asfalt yizey katmanlan Gzerindeki yeniden kaplama
tasarim senaryolari icin, mevcut asfalt ylizey katmani kalinhigi arttikga yeniden kaplama kalinliginin

Anahtar kelimeler azaldig ve hesaplanan beton yeniden kaplama kalinliklarinin, ayni mevcut asfalt yizey katman

Havaalani kaplamalari;

) kalinliklari igin hesaplanan asfalt yeniden kaplama kalinliklarindan daha yiiksek oldugu bulunmustur.
Beton yeniden

Ote yandan, mevcut beton yiizey tabakalan {izerindeki yeniden kaplama tasarim senaryolari icin, hem

Ati:llta;;ilizr;n asfalt hem de beton yeniden kaplama kalinliklari birbirine ¢ok benzer bulunmustur. FAARFIELD
kaplamalar; tarafindan hesaplanmis yeniden kaplama kalinliklarina dayanarak, gesitli tasarim senaryolari igin en
Havaalani kaplama ekonomik yeniden kaplama tasarim segeneklerini bulmak igin bir ekonomik analiz gergeklestirilmistir.
dizayni Bazi yeniden kaplama durumlari i¢in beton yeniden kaplama tasarim kalinliklari asfalt yeniden kaplama

tasarim kalinligindan daha yiiksek bulunmasina ragmen, beton yeniden kaplamalarin maliyeti asfalt
yeniden kaplamalardan daha diisiik bulunmustur. Bunun nedeni, beton malzemeler igin birim maliyetin
asfalt malzemeler igin olan maliyetten daha az oldugudur. Havaalani yeniden kaplamalari igin son
teknoloji Griinii mekanik-ampirik yeniden kaplama tasariminin yani sira, gesitli yeniden kaplama tasarim
durumlariigin hangi yeniden kaplama tipinin daha uygun bir segenek olacagini belirlemek igin ekonomik
analizde yerel maliyeti gbz 6nlinde bulundurmanin, Turk havaalani kaplama tasarim uygulamalarina
faydali olacagi belirtilmistir.
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1. Introduction

Overlays are one of the cost effective and efficient

pavement  rehabilitation options because

reconstruction of airfield pavements requires
greater construction times (and so a greater closure
time of an airport) and more money compared to
overlays. Increasing closure time of a runway in a
busy airport negatively affects both user and agency
costs. Therefore, overlays, adding another layer(s)
of pavement on available surface layer would be a
good alternative to reconstruction. Some of the
reasons why airfield pavements may need

rehabilitation are as follows (FAA 2016):

e Toimprove functional and structural conditions
of airfield pavements

e To eliminate material-related distresses and
distresses related to overloading

e To increase overall structural capacity of

pavement to enable heavier aircraft land on

them or extend number of operations on them

Rehabilitation strategies are an important part of
pavement management systems (Dong and Huang
2012, Huang 2003). An effective and efficient
pavement management system should consider all
reconstruction, maintenance and rehabilitation
options together and manage them well in order to
keep all pavement sections in a road network in an
acceptable condition (Yu and Lu 2012, Morova vd.
2016). Especially for the developed countries where
road network is quite well-distributed nationwide,
keeping whole road network in both structurally and
functionally good condition requires spending a
significant portion of total budget for roads on
pavement rehabilitation and  maintenance
compared to building new pavements. Turkey is one
of the developing countries where many new road
sections are built. However, if the newly built road
sections are not well maintained and rehabilitated,
these road sections might deteriorate fast, so
bringing deteriorated road sections in good
condition might require greater amount of money
compared to the one needed to timely maintain and

rehabilitate them (Sengiin vd. 2020).

Design and construction of overlays require many
considerations such as: Transition and drainage
between existing layer and overlays should be
considered and condition of the existing pavement
should be assessed and improved, if needed.
Namely, distressed asphalt layers could be milled to
some extent to remove severely deteriorated
portion of the asphalt layers or severely cracked
slabs could be partially or fully repaired to ensure
that existing layers have enough structural capacity.
If an existing pavement section has poor subsurface
drainage; then its drainage condition should be
improved before overlay is applied.

Overlays are broadly categorized into two groups:
asphalt and concrete overlays. Both asphalt and
concrete overlays have been widely used for
highway pavements for quite long time but not
much in airfield pavements (Harrington and Fick
2014).

Concrete overlays are also broadly separated as
bonded and unbonded concrete overlays. Bonded
concrete overlays are used as preventative
maintenance or minor rehabilitation options and
mostly used on highway pavements. They are
required to be overlaid on an existing pavement
layer with good to fair structural condition. They are
designed to add some structural capacity to the
existing surface. Bonded concrete overlays are
relatively thin (2—6 in. [50-150 mm]) compared to
unbonded concrete overlays. Design philosophy in
bonded concrete overlays is that they should be
bonded to the

overlays and existing surface layers behave as a one

existing surface well that both

monolithic structure. On the other hand, unbonded
concrete overlays are applied on an existing surface
with moderate or severe distresses, where existing
surface layer is treated as a stable base, so existing
surface layer is not counted as a structural surface
element in the overlay design. Unbonded concrete
overlays are used as minor or major rehabilitation
options (Harrington and Fick 2014, Bhattacharya et
al. 2017, Vandenbossche and Fagerness 2002). Both
bonded and unbonded concrete overlays have
subcategories depending on the type of existing
surface layer (Figure 1).
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Concrete Overlays

Bonded Overlay Group

Unbonded Overlay Group

Bonded Bonded Bonded Unbonded Unbonded Unbonded
Concrete Concrete Concrete Concrete Concrete Concrete
Resurfacing| | Resurfacing| | Resurfacing| [Resurfacing | [Resurfacing | [Resurfacing
of of of of Concrete| [of Asphalt | |of
Concrete Asphalt Composite Pavements Pavements Composite
Pavements Pavements Pavements Pavements
e =

Bond is integral to design ‘

’ Old pavement is base layer

Figure 1. Types of concrete overlays (Harrington and Fick 2014)

Asphalt overlays could also be applied on both
existing concrete and asphalt surface layers. They
can be used for preservation or structural purposes.
Preservation overlays are used to preserve existing
surface in good condition whereas structural
overlays are used to add some structural capacity to
the existing surface layer. Therefore, structural
thicker than

preservation asphalt overlays. In the design and

asphalt overlays are mostly
construction of asphalt overlays, several parameters
should be considered such as: whether a pre-
overlay repair is needed; how reflection cracking
coming from existing surface layer should be
controlled; how future traffic will change; and
whether an improvement in sub-drainage is needed

etc. (SCAPA 2016).

Some mechanistic and mechanistic-empirical

pavement design methodologies have been
developed for both concrete and asphalt overlays,
mostly for highway pavement applications. Some of
these design methodologies developed for highway
overlay pavement applications are summarized in
Table 1. Detailed information on each design
methodology can be found in Harrington and Fick
(2014). As can be seen in Table 1, some of these
design methodologies are specifically developed for
either asphalt or concrete overlays whereas some of

them are developed for both overlay types.

Historically, Asphalt Institute’s design method
(Asphalt Institute 1983)
Association of State Highway and Transportation
Officials (AASHTO)’s 1993 guide for design of
pavement structures (AASHTO 1993) have been
widely used in the design of asphalt overlays
whereas AASHTO 1993 guide for design of
pavement structures (AASHTO 1993) has been
widely used in the design of concrete overlays.

and The American

However, all these three methodologies were based
on empirical relations and equations. To advance
the design methodologies and carry out the overlay
design based on mechanistic relations, based on
mechanics of  materials

principals, some

mechanistic-empirical pavement design

methodologies have been developed (Table 1).

Although some

associated design software have been developed for

design methodologies and
highway overlay pavements, there has been not
much study regarding the overlay design for airfield
pavements. Some empirical equations and graphs
have been developed by International Civil Aviation
Organization (ICAO) for overlay designs (ICAO
1983). These empirical equations have also been
used in Turkey for overlay designs (DLH 2007).

875



Comparative Design and Economic Analysis of Asphalt and Concrete Overlays for Airfield Pavements, Kaya

Table 1. Design methodologies developed for highway overlay pavements

Overlay Type Name

Empirical or

L - Reference
Mechanistic-Empirical

ACPA bonded concrete overlay on asphalt

(BCOA) thickness designer

Mechanistic-Empirical ~ (Int Kyn. 1)

(Vandenbossche et al.

Concrete Overlay BCOA ME Mechanistic-Empirical 2017)
. . L (Covarrubias and
Optipave V2.0 Mechanistic-Empirical Covarrubias 2008)
StreetPave Empirical (Int Kyn. 2)
Asphalt Institute design method Empirical (Asphalt Institute 1983)
Asphalt Overlay CALTRANS's flexible overlay design method Empirical (CALTRANS 1972)
Both Concreteand  ~/SH1O 1993 guide for design of pavement Empirical (AASHTO 1993)

structures

Asphalt Overlays AASHTO Pavement ME design guide

Mechanistic-Empirical  (Int Kyn. 3)

However, more  advanced methodologies

considering mechanistic relations as well as
accommodating newly emerging wide-body aircraft
in the design methodology were needed as an
alternative to ICAQ’s old empirical equations. The
(FAA) has

developed a mechanistic-empirical based overlay

Federal Aviation Administration
pavement design methodology where it considers
all mechanical loads coming from a set of aircraft
projected to land on overlaid pavements and
calculating all fatigue damage coming from these
mechanical loads in order to do overlay thickness
design. Its design methodology has been
incorporated into its design software, FAA Rigid and
Flexible Iterative  Elastic Layered Design
(FAARFIELD). Latest version of FAARFIELD is version
1.42, where its aircraft library includes a wide-range
of aircraft including newly emerging wide-body

aircraft (Int Kyn. 4).

In this study, FAARFIELD design methodology for
overlays will be explained in great detail. Design
examples using FAARFIELD version 1.42 for both
concrete and asphalt overlays will be presented, and
the results of these examples will be compared.
Based on FAARFIELD-calculated overlay thicknesses,
an economic analysis will be carried out based on
unit costs for both concrete and asphalt overlays
obtained from 2019 Construction and Installation
Unit Prices Book of Republic of Turkey, the Ministry
of Environment and Urbanism (CSB 2019), to find
out the most economic overlay design options for a
variety of design scenarios. Incorporating a state-of-
the-art

mechanistic-empirical overlay design

methodology for airfield overlay pavements as well
as considering local cost in the economic analysis to
determine which type of overlay would be a more
suitable option for a variety of pavement design
scenarios would be very beneficial to Turkish airfield
pavement design practices. This study also
highlights that rehabilitation options should also be
fully considered as an alternative to reconstruction
as they are mostly cheaper and faster alternatives

compared to reconstruction.

2. FAARFIELD Overlay Design

FAARFIELD allows users to design four types of
overlays: asphalt overlays on existing asphalt or
concrete surfaces and concrete overlays on existing
asphalt or concrete surfaces. In terms of
mechanistic models, FAARFIELD uses a layered
elastic analysis for asphalt overlays and three-
dimensional finite element analysis (3D-FE) for
concrete overlays. Design life for overlays could be
selected by the users with a range between 1 year
and 50 years, 20 years being the default value (FAA

2016).

2.1 Design comparisons of asphalt and concrete
overlays on existing asphalt surfaces

FAARFIELD requires a minimum asphalt overlay
thickness of 2 inches (50 mm) for nonstructural
asphalt overlays and 3 inches (75 mm) for structural
asphalt overlays on existing asphalt surface layers.
Thickness design for asphalt overlays on existing
asphalt surfaces is carried out by FAARFIELD as
follows: FAARFIELD first assigns a trial asphalt
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overlay thickness on an existing pavement structure
and revises this assigned thickness as a result of an
iteration process until a cumulative damage factor,
ratio between number of applied load repetitions
coming from design airplane mix and number of
allowable load repetitions to failure, reaches the
value of “1”. Calculated asphalt overlay thickness as
a result of this iteration process is determined as
design asphalt overlay thickness, given that

calculated thickness values are higher than
minimum thicknesses mentioned above (FAA 2016).
As part of this iteration process, mechanical loads
coming from an aircraft mix are applied on overlays
with the trial

pavement responses are calculated in critical

asphalt overlay thickness and

pavement response locations using the mechanistic
models. Then, the calculated pavement responses
are input into the fatigue damage model to
determine cumulative damage caused by the
aircraft mix. If the ratio between the calculated
cumulative damage and the allowable damage is not
equal to “1”, the trial asphalt overlay thickness is
changed and the whole iterative process is repeated
until the ratio reaches “1”.

FAARFIELD also designs an unbonded concrete
overlay on an existing asphalt surface by treating
the existing asphalt surface layer as a stabilized base
layer and optimizing unbonded concrete overlay
thickness. Similar to asphalt overlays, FAARFIELD
first assigns a trial unbonded concrete overlay
thickness and revises this thickness based on an
iteration process until a CDF value of “1” is reached.
Minimum allowable unbonded concrete overlay on
an existing asphalt surface layer in FAARFIELD is 6
inches (150 mm).

Screenshot examples of FAARFIELD runs can be seen
in Figure 2 for (a) an asphalt and (b) an unbonded
concrete overlay on existing asphalt surfaces. As can
be seen in Figure 2, all pavement structure could be
customized and corresponding input parameters for
each pavement layer could be entered and revised.
Design life could also be input by the user. Aircraft
mix that will be used in the analysis, annual
departures and percent annual growth for each
aircraft in the mix could be customized as well,
which will be discussed later in this paper. Once all

inputs are entered, “Design Structure” button is
clicked to initiate the iteration process. FAARFIELD
revises the overlay thickness until a CDF value of “1”
is reached (Figure 2).

D FAARFIELD v 1.42 - Modify and Design Section ACenFlex01 in Job AconAC_20200327 - x

AconAC_20200327 AConFlex01| Des. Life = 20

Layer Thickness Modulus or R
Material (mm) (MPs)

Section Names

AConHex01

—> [P-4071/ P-403 HMA Overlay| 2433 1.3/855

[P-401/ P-403 HMA Surfacell 1000 | 1.3/8.9

e
N=2: Subgrade CDF =1.00; 1=6547 mm

=]

H Design Struchre

Save Structure

Help | [ e [ | s swucare

(a)

(D FAARFIELD v 1.42 - Modify and Design Section PCConFlex1 in Job 01Comp - b

01Comp PCConFlex01| Des. Life =20

Layer Thickness Modulus or R
Material (mm) (MPa)

Section Names

PCConHex01

— [PCC Overdayon Flex ]S8[ 4505 | | 482 |

P-401/ P-403 HMA Suriacell 1000 | 1.378.95
P-208Cr Ag 34637

Design Stopped
47.61; 4750

]|

N=0; PCC CDF =1.00; t=8553 mm

Save Struchre

‘ H Life H H Modify Structure

H Design Structure

Help

(b)

Figure 2. Screenshot examples of FAARFIELD runs for (a)
an asphalt and (b) an unbonded concrete overlays on
existing asphalt surfaces

In this study, FAARFIELD runs will be carried out
based on mechanical loads coming from a mix of
aircraft shown in Table 2. These aircraft mix was
selected in the runs because they are the four most
common aircraft in Turkish Airline’s fleet as of 2019
(Int Kyn. 5). Corresponding gross weights, assumed
annual departures and percent annual growth of
traffic are also presented in Table 2. B777-300 ER is
the heaviest aircraft, a wide-body aircraft, in its
fleet. Another wide body aircraft in its fleet is A330-
200 aircraft, while other two aircraft, B737-800 and
A321-200, are categorized as narrow-body aircraft.
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Annual departures of each aircraft were selected
proportionally to their numbers in Turkish Airline’s
fleet (Int Kyn. 5).

Table 2. List of aircraft, their gross weight, annual
departures and percent annual growth in FAARFIELD

runs
Name of Gross Annual % Annual
Aircraft Weight (tons) Departures Growth
B777-300 ER 352.441 1,200 2.00
B737-800 79.243 3,600 2.00
A321-200 std 89.400 3,600 2.00
A330-200 std 230.900 2,400 2.00

In this study, these aircraft loads will be applied on

a pavement structure with the following
configuration: a subgrade with a California Bearing
Ratio (CBR) value of 10%, a P-209 type crushed
aggregate granular base, a type of granular base
with specific gradation defined by FAA (FAA 2018),
with a thickness of 304.8 mm and a modulus value
of 345.37 MPa laying on the subgrade (Figure 2). On
top of this granular base, an existing asphalt surface
layer is laid. Overlays are applied on top of the
existing asphalt surface layer. Existing asphalt
surface layer thickness was varied and both asphalt
and concrete overlay thicknesses are calculated for
each existing asphalt surface layer thickness (Table
3). In terms of design life, 20 years was assumed
(Figure 2). As can be seen in Table 3, in both asphalt
and concrete overlay designs, overlay thickness
existing asphalt surface layer
Also,

overlay thicknesses were found to be higher than

decreases, as

thickness increases. calculated concrete

calculated asphalt overlay thicknesses for the same
existing asphalt surface layer thicknesses (Table 3).

Table 3. Comparison of calculated asphalt and concrete
overlay thicknesses by FAARFIELD based on various
existing asphalt surface layer thicknesses

. Calculated Calculated
Existing Asphalt
. Asphalt Overlay Concrete Overlay
Layer Thickness . .
(mm) Thickness by Thickness by
FAARFIELD (mm)  FAARFIELD (mm)
40 309.9 454.6
60 289.9 453.2
80 269.9 451.9
100 249.9 450.5
120 229.9 449.2

2.2 Design comparisons of asphalt and concrete
overlays on existing concrete surfaces

In the design of overlays on existing concrete layers,
FAARFIELD requires structural condition of existing
concrete surface layer to be evaluated and input
into the software. Structural condition of the
existing concrete surface layer is estimated in terms
index (SCI),

parameter to pavement condition index but only

of structural condition a similar
considering structural failures, 100 being no visible
structural cracks and O being total failure (FAA
2016). An SCI value of 80 means that 20% of the
structural capacity of the existing concrete
pavement is lost during its previous use. In this
study, a SCI value of 80 will be used to characterize
structural condition of the existing concrete surface
layer and both asphalt and unbonded concrete
overlays will be placed on it. Similar to overlays on
existing asphalt surface layer cases, a subgrade with
a k value, modulus of subgrade reaction, of 46.8
Mega-newton (MN) per cubic meter, an equivalent
number to a CBR value of 10%, on top of which, a P-
209 granular crushed aggregate base with 152.4 mm
thickness will be used (Figure 3). Figure 3 shows
examples of FAARFIELD runs for asphalt and
concrete overlays on existing concrete surface
layers. In terms of mechanical load, the same
aircraft mix used in overlay cases on existing asphalt
surface layers (Table 2) are used. Minimum
allowable unbonded concrete overlay on existing
concrete layer thickness in FAARFIELD is 6 inches
(150 mm). In FAARFIELD runs, a design life of 20
years was used, the same as overlay cases on

existing asphalt surface layers.

Table 4 shows comparisons of FAARFIELD-calculated
asphalt and concrete overlays on a existing concrete
surface layers with a variety of thicknesses. As can
be seen in Table 4, as existing concrete surface layer
thickness increases, both asphalt and concrete
Different than
overlays on existing asphalt surface layer cases,

overlay thicknesses decrease.
both asphalt and concrete overlay thicknesses on
existing concrete surface layers were found to be
very similar to each other, especially for 350 and 400
mm existing concrete surface layer thickness cases.

Moreover, as can be seen in Table 4, the rate of
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decrease in overlay thickness was found to be
higher for asphalt overlays than for concrete
overlays as existing concrete surface layer thickness

Increases.
@
Section Names B - — = =
rialAConPCC  AConRigid01| Des. Life = 20|[SCI = 80|[ %CDFU = 100 |
Layer Thickness: Modulus or R
Material (mm)
—> 2441
Design Stopped
98.82; 9861

‘ Back H ‘ Help ‘ H Life H H Modify Structure || Design Stuciure | Save Struciure
(a)
@ FAARFIELD v 1.42 - Modify and Design Sectien PCConRigid01 in Job PCConPCC - X
Section Names .. -
pabe PCConPCC PCConRigid01 [Des._ Life = 20|[SCI = 80][ %CDFU = 100
Layer Thickness Modulus or R
Material (mnm) (MPa)
- [PCC Overlay Unbond| [ 2721 | [ 4.82 |
N=3:; StrLife =20_0yrs; t=8245mm

H Back H H Help H | Save Struouwe

Life H H Modify Stuchure

H Design Struciure

(b)

Figure 3. Screenshot examples of FAARFIELD runs for (a)
an asphalt and (b) an unbonded concrete overlays on
existing concrete surfaces

Table 4. Comparison of calculated asphalt and concrete
overlay thicknesses by FAARFIELD based on various
existing concrete surface layer thicknesses

Existin Calculated Calculated

& Asphalt Overlay Concrete Overlay
Concrete Layer . .
Thickness (mm) Thickness by Thickness by

FAARFIELD (mm)  FAARFIELD (mm)

350 337.7 320.3
400 244.1 272.1
450 117.1 209.1

Why selected existing asphalt surface layer
thicknesses in the previous chapter of this paper
were significantly less than the existing concrete
surface layer thicknesses is that, before overlays are
applied on the existing asphalt surface layer, mostly,
asphalt layer is milled to some extent to remove
highly distressed top portion of the existing asphalt
surfce layer, reducing its thickness. However,
existing concrete surface layer could not be milled
but rather cracked and fault on its surface could be

treated.

3. Economic Analysis of Overlay Designs

An economic analysis of various overlay design
options based on FAARFIELD design calculations
presented in the previous chapters of this paper will
be carried out. In the economic analysis, only initial
cost of overlays, or construction cost, is considered;
while maintenance cost of ovarlays is not
considered. In terms of construction cost, a unit
price considering material, equipment, labor and
transportation costs for both concrete and asphalt
overlays, obtained from 2019 Construction and
Installation Unit Prices Book of Republic of Turkey,
the Ministry of Environment and Urbanism (CSB
2019), is used. As stated in the previous chapters of
this papers, in the comparison of overlay design
thicknesses, the same existing pavement
configuration (the same subgrade material, the
same granular base and existing surface layer
materials and thicknesses) was used for the same
overlay cases, only overlay thicknesses were
optimized. Therefore, cost of existing surface layers
was the same for both concrete and asphalt overlay
cases. That is why, only both asphalt and concrete
overlay costs for the same existing pavement type
and configuration were compared in the economic

analysis.

e Unit asphalt overlay cost including materials,
transportation (up to 10 km distance),
construction and labor is calculated as
approximately 180.79 Turkish Lira (TL)/ton (CSB
2019). Considering the density asphalt as 2.4
ton/m3, 180.79 Turkish Lira (TL)/ton can be
converted into 433.90 TL/m?3.

e Unit concrete overlay cost including materials,
transportation (up to 10 km distance),
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construction, labor, concrete curing and jointing
is calculated as approximately 287.81 TL/m?
(CSB 2019).

Total overlay cost comparisons will be based on a
runway with a width of 60 m. and a length of 1,000
m. Figure 4 shows comparisons of estimated
construction costs for both asphalt and concrete
overlays on existing asphalt (Figure 4a) and concrete
(Figure 4b) surface layers with various thicknesses.
As can be seen in Figure 4a, construction cost of
asphalt overlay was slightly higher than the one of
concrete overlay on an existing asphalt surface layer
with @ 40 mm thickness, although FAARFIELD-
calculated concrete overlay thickness was higher
than asphalt overlay thickness. This is because, unit
cost of concrete overlay for the same thickness is
lower than the unit cost of asphalt overlay.
However, after the existing asphalt surface layer
thickness of 50 mm, construction cost of concrete
overlay exceeds the construction cost of asphalt
overlay. This is because, the rate of decrease in
overlay thickness was found to be higher for asphalt
overlays than for concrete overlays as existing
concrete surface layer thickness increases (Table 3).

Cost of asphalt overlays on existing concrete surface
layers were calculated to be significantly higher than
the cost of concrete overlays on existing concrete
surface layers for the existing concrete surface layer
thickness of 350 mm. The cost difference between
asphalt and concrete overlays on existing concrete
surface layer decreases as existing concrete surface
layer thickness increases. This is because
FAARFIELD-calculated asphalt and concrete overlay
thicknesses were similar for the existing concrete
surface layer thickness of 350- and 400-mm cases
(Table 4) and unit cost of concrete overlay was less

than the unit cost of asphalt overlay.

c 10
2 8 —mge————e *—e
S 6 . ¢ —
% 4
S~
P 2
= 0
3 40 60 80 100 120
Tg Existing Asphalt Layer Thickness (mm)
'_

== Asphalt Overlay = ==@==Concrete Overlay

(a)
10

c
£ 8 \\
S 6 o
2 4
3 —g
9= 2
P
= 0
3 350 375 400 425 450
g Existing Concrete Layer Thickness (mm)
'_

—&— Asphalt Overlay = —@=— Concrete Overlay

(b)

Figure 4. Overlay Cost Comparisons for (a) Overlays on
Existing Asphalt Surface Surface Layers and (b) Overlays
on Existing Concrete Layers

4. Conclusions and Discussion

In this study, FAA’s state-of-the-art mechanistic-
empirical based FAARFIELD design methodology for
overlays was explained in great detail. Then, design
examples using FAARFIELD version 1.42. for both
concrete and asphalt overlays were presented, and
the results of these examples were compared. In
these design examples, the four most common
aircraft in Turkish Airline’s fleet as of 2019 were
used as mechanical loads. For the overlay design
scenarios on existing asphalt surface layers, it was
found that, overlay thickness decreases, as existing
asphalt surface layer thickness increases. It was also
found for the overlay design scenarios on existing
asphalt surface layer that, calculated concrete
overlay thicknesses were higher than calculated
asphalt overlay thicknesses for the same existing
asphalt thicknesses. On the other hand, for the
overlay design scenarios on existing concrete
surface layers, both asphalt and concrete overlay
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thicknesses were found to be very similar to each
other especially for 350 and 400 mm existing
concrete surface layer thickness cases.

Based on FAARFIELD-calculated overlay thicknesses,
an economic analysis was carried out based on unit
costs for both concrete and asphalt overlays
obtained from 2019 Construction and Installation
Unit Prices Book of Republic of Turkey, the Ministry
of Environment and Urbanism, to find out the most
economic overlay design options for a variety of
design scenarios. It was found that construction cost
of asphalt overlay was slightly higher than the one
of concrete overlay on an existing asphalt surface
layer with 40 mm thickness, although FAARFIELD-
calculated concrete overlay thickness was higher
than asphalt overlay thickness. On the other hand,
cost of asphalt overlays on existing concrete surface
layers were calculated to be significantly higher than
the cost of concrete overlays on existing concrete
surface layers for the existing concrete surface layer
thickness of 350 mm. This result can be explained by
the fact that unit cost of concrete overlay for the
same thickness is lower than the unit cost of asphalt
overlay.

Incorporating a state-of-the-art mechanistic-

empirical overlay design for airfield overlay
pavements as well as considering local cost in the
economic analysis to determine which type of
overlay would be a more suitable option for a
variety of overlay design cases would be very
beneficial to Turkish airfield pavement design
highlights  that

should also be fully

practices. This study also

rehabilitation options
considered as an alternative to reconstruction as
they are mostly cheaper and faster alternatives
compared to reconstruction. It should be noted that
Turkey is one of the leading cement producers and
importers in the World. On the other hand, Turkey
is an oil exporter country, where the most expensive
component of asphalt, asphalt binder, is a
byproduct of. That is why, unit material cost of
concrete is significantly less than that of asphalt in
Turkey. From the economic analysis perspective,
concrete overlays made out of locally produced
cement would be a cost-effective rehabilitation

option along with asphalt overlays.
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