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It is widely known that vertical displacements and strains occur on the joints and these cause defects on the
asphalt concrete (AC) overlays on existing Portland cement concrete (PCC) pavements. Various approaches were
introduced to minimize these defects. In this study, the effect of joint support formed using the geogrid material

[C\:nczr":;tlz));l oints with grout mortar on the vertical displacement of PCC and the strain at the bottom of the AC layer. Produced
Strain J layers were exposed to 1,186,000 Equivalent Single Axle Load (ESAL) in an APT (Accelerated Pavement Test)

facility and the results were monitored. According to the obtained results, the use of AC overlay reduces vertical
displacement in the PCC by 75%. When geogrid reinforced AC overlay was used, an additional reduction in
displacement by 41.2% was achieved. Geogrid reinforcement reduced strain values formed at the bottom of the
AC layer from 29.5% to 92.5%. The use of geogrid at joints instead of increasing the thickness of the AC layer
from 50 to 80 mm resulted a more significant reduction in both strain and displacement. Besides, the usage of a
geogrid interlayer instead of increasing the thickness of the AC layer also provided a significant cost reduction of

Vertical displacement

57.9% in overall cost.

1. Introduction

Repeated traffic loads and climatic factors cause stress and strain on
AC overlays. The microcracks, which are primarily responsible for the
failure mechanism, usually start with tensile strain at the bottom of the
asphalt layer. Various reinforcement materials such as chemical addi-
tives and geosynthetic products are used to increase the service life of
the pavement (Seferoglu et al., 2018; Sert and Akpinar, 2012). Geogrids,
one of these geosynthetic products, are used in order to reduce the
strains under the asphalt overlay and thus increase its life. There are
some ongoing efforts to use geosynthetics as an interface before the
application of AC overlays on existing concrete pavement that needs
rehabilitation (Jordan et al., 2008; Khazanovich et al., 2009).

According to reports, strain formed at the bottom of the asphalt layer
and resulting reflective cracks decrease the life span of the AC overlays
(Beak et al., 2008). Vertical displacement which occurs on the joints or
cracks in the concrete layer increases the strain rate causing reflective
cracks (Hu et al., 2010). Strain values are observed at the bottom of the
asphalt layer due to traffic loading and can cause both vertical
displacement and cracking at the joint (Fig. 1).

* Corresponding author.

Determining the strain values at the bottom of the asphalt layer is
essential to predict the life span of the AC overlay. Generally, these
predictions can be performed with two different methods. The first one
is calculating the life span of the AC overlay by using strain values ob-
tained in the theoretical model and formulas. However, each model or
formula has its own assumptions regarding material properties, consti-
tutive relationships, and load-bearing characteristics (Tabatabaee and
Sebaaly, 1990). It is a widely known fact that the life span of the overlay
calculated by these formulas cannot provide sufficient information for
estimation of the actual life span of the overlay. (Beskou and Theodor-
akopoulos, 2011; Selvaraj, 2012). On the other hand, in the second
method, the life span of the overlay is estimated by evaluating the
changes in strain values developed by field conditions or repeated traffic
loads at the facilities where the field conditions are demonstrated.
Changes in strain values caused by the field conditions were monitored
by the Long Term Pavement Performance (LTPP) Program. LTPP Pro-
gram monitors the pavement performance data collected from gauges
installed at various pavement test sections. Since obtaining data by LTPP
Programs requires extensive timely testing, accelerated pavement
testing (APT) facilities can be used in alternative. APT facilities provide
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an economical and useful solution to evaluate the validity of
mechanistic-empirical pavement design methods by demonstrating an
environment similar to field conditions (White, 1989; Du Plessis et al.,
2018). With these facilities, it is possible to collect data in a considerably
short time period, in 3-5 months, which otherwise usually takes 8-10
years under field conditions (McNermey et al., 1994). The conditions
created in the APT facilities can cause a change in the strain values. High
temperature or heavy load in the APT facility increases the strain,
additionally, asphalt type, thickness and aggregate properties change
the strain characteristics of the pavements also (Xiaoming et al., 2012;
Elseifi, 2009).

Geosynthetic reinforcements, primarily geogrid and others, have
been widely used in pavement systems to prevent reflective crack in
asphalt pavement layers. Several researchers in the past have been
investigating the improvement in performance of pavement sections
using geosynthetic materials (Sudarsanan et al., 2019; Kazimierowicz--
Frankowska, 2020; Chen et al., 2018; Correia and Zornberg, 2018).

A number of studies have been reported on the use of geosynthetics
and the intermediate layer in the application of the AC overlay for the
rehabilitation of concrete. One of the first applications of geosynthetics
was reported by Maurer and Malasheskie. They evaluated the effec-
tiveness of geotextiles before the application of the AC overlay on the
concrete roads build before 1940. However, in these earlier studies, two
main difficulties were observed about the use of geotextile. The first one,
the adhesive layer could not provide sufficient adhesion. The second is,
geotextiles wrinkled and overlapped due to low adhesion and high
friction (Maurer and Malasheskie, 1989).

Hu and Cao, carried out a study in the Xian province in China,
attempting to prevent/delay fatigue crack by using different geo-
synthetics materials between concrete and asphalt overlay. The experi-
ment results revealed that although the use of geosynthetics as an
intermediate layer could reduce the shear resistance of asphalt, it could
not prevent the formation of fatigue cracks sufficiently (Changshun and
Dongwei, 1999). Another study was carried out by Button at Ozona,
Texas, through an experimental setup using geosynthetics in a 400 m
section of a continuously reinforced concrete pavement. Different types
of geosynthetics were applied and any road deformations were moni-
tored. Results obtained from this experiment suggested that the use of
geosynthetics did not provide any additional prevention for fatigue
crack growth on the AC overlays that will placed later. Therefore, it was
concluded that thermal expansion and contraction in concrete pave-
ments are responsible for the reflective cracks and geosynthetics cannot
prevent these movements (Button, 1989). Shuler and Harmelink inves-
tigated the formation of reflective cracks by 8 different methods in the
rehabilitation treatment for a road in Colorado. The results of this study
pointed out that the use of geosynthetics can delay the formation of
reflective cracks (Shuler and Harmelink, 2004). It has been concluded
that the effect of different types of geosynthetic materials used in these
studies varies depending on asphalt thickness, climate and reflection
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crack formation times. For this reason, it is necessary to continue studies
to delay reflection cracking by using different types of geosynthetic
materials.

In this paper, fiberglass geogrid and grout mortar layers applied to
the half-joints in concrete pavements and covered by two types of AC
overlay with different thickness in an APT facility. The load number and
strain changes were monitored using strain gauges placed between the
concrete and asphalt. The effectiveness of the geogrid reinforcement
were examined by determining the relationships between vertical dis-
placements, repeated load numbers and strain values. Another aim of
this study was to estimate the economic effects of using geogrid mate-
rials and increasing the thickness of the asphalt layer. Therefore, a cost/
benefit analysis is also presented in this paper for geogrid reinforcement
and the thickness of the AC overlay.

2. Materials and method

The study was performed in an APT facility of Karadeniz Technical
University (KTU). A moving wheel setup with 16 kN load capacity and
capable of providing direct loads up to 15 km/h was used. The experi-
ments were carried out with a 6.4 kN load up to 3 km/h. A half-axle and
two-wheeled moving wheel setup were used (Fig. 2). The number of
ESAL was used as the traffic volume unit. Applied loads were 30,000
ESAL per day and a total of 1,186,000 ESAL was completed in 3 months.

The experiments were carried out in a total of four different road
sections, two sections per route (Table 1, Fig. 3) The dimensions of
concrete layers were 4.00 x 2.00 m, separated by full joints and 60 mm

Fig. 2. Accelerated loading system.
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Fig. 1. Reflective cracks developed by the cracks in the joints or concrete pavement.
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Table 1

Material characteristics of base, subbase and concrete pavement.
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Layer Thickness (mm) Dry unit weight (kg/m>) Elastic Modulus (MPa) CBR (%) Moisture Content (%) Relative Compaction (%)
Concrete 180 2.400 32.000 - - -
Base 300 2.100 300 80 5 98
Subbase 1000 1.900 100 60 6 95
A—A RESRE :
I
.
First route i
(50 mm Asphalt)
Cm—"
N 14

Wheel Track

Geogrid

H Strain Gauge Cm}gf::wn i . Interlayer
" LVDT :

C—(C" D—D* :
® Thermocouple

Second route

(80 mm Asphalt)
" B 77 F
. L4 Construction |-
—  Joint ’»

Fig. 3. Plan view of the experiment setup.

(1/3 of the layer thickness) half joint cut at the center of each layer. Each
route was tested with 1,186,000 ESAL. The interior temperature of the
facility and overlays were monitored by thermocouples during the ex-
periments. The properties of the base, subbase and concrete pavement
that the experiments carried out are given in Table 1. The types of layers
used in the experiments are shown in Table 2.

Concrete layers were covered by two types of asphalt layers with
different thicknesses; 1. Route: 50 mm and 2. Route: 80 mm. The asphalt
layer was produced at a temperature of 163 °C and paved by Trabzon
metropolitan municipality. The asphalt plant is located at a 3 km dis-
tance from the APT facility and transferred by municipality vehicles. The
bitumen percentage in the asphalt mixture was 4.9% and the penetra-
tion value was varied between 50 and 70. The size distribution of the
aggregates in the asphalt mixture was shown in Table 3. The cross-
sections of the layer joints are given in Fig. 4.

The fiberglass geogrids reinforced with high-strength grout were
used as an interlayer between concrete and asphalt (Fig. 5). The
designed interlayer was chosen as a rigid structure with the property of
high tensile stress. The interlayer was 8 mm thick, by 250 mm wide and
the geogrid section consist of glass fiber. All geogrids had square aper-
tures of 40 x 40 mm and 1.8 mm width and tensile strength of 90 kN/m.
The mortar used was a high-strength self-consolidating mixture with
120 MPa compressive strength and 17 MPa bending strength.

The strain values were measured by H-type strain gauges and vertical

Table 3

The size distribution of the aggregates in the asphalt mixture.

Sieve size Retained (gr) Retained, % P%
1" (25.0 mm) - 0.0 100.0
3/4" (19.0 mm) 0.0 0.0 100.0
1/2" (12.5 mm) 135.0 8.4 91.6
3/8" (9.5 mm) 330.0 20.5 79.5
No:4 (4.75 mm) 693.0 43.1 56.9
No:10 (2.00 mm) 1057.0 65.8 34.2
No:40 (0.425 mm) 1382.0 86.0 14.0
No:80 (0.180 mm) 1442.0 89.7 10.3
No:200 (0.075 mm) 1483.0 92.3 7.7

displacements by the LVDT device. LVDT devices were placed on the left
and right sides of the half-joints (Fig. 6a). A total of 8 LVDTs were used
for four joints. The LVDTs provided vertical displacement measurements
with a precision of 1/100 mm. Strain gauges were installed between
concrete and asphalt layers, just below the wheels (Fig. 6b). Tempera-
ture and measurement ranges of the installed gauges were —34 °C to
+175 °C, £7500 pStrain, respectively.

The maximum and minimum values obtained by LVDTs during the
loading tests were recorded and the difference value was calculated as
the displacement movement. During the strain measurements, espe-
cially the tensile strain values, which have critical importance, were

Table 2
Pavement types.
A B C D A* B* Cc* D*
180 mm 180 mm 180 mm 180 mm 180 mm PCC+50 mm 180 mm PCC+50 mm AC + 180 mm PCC+80 mm 180 mm PCC+80 mm AC +

PCC PCC PCC PCC AC
PCC: Portland cement concrete AC: Asphalt concrete
GR: Geogrid reinforced

GR AC GR
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Fig. 4. The cross-sections of the four different joints loaded during experiments.

Fig. 6. The strain gauges and LVDT device used in the experiments.

monitored. The loading tests in the APT facility were completed in three
months. The amount of the loads was maintained constant during the
experiments.

In addition to the strain and vertical displacement values of the
layers, a cost analysis was also performed on different types of cross-
sections. During the cost analysis, item numbers (poses) used in Turk-
ish institutions such as the General Directorate of Highways (KGM) and

The Ministry of Environment and Urbanization (CSB) were used.
Regarding the cost analysis of the geogrid interface that has no pose
number, two different commercial poses and mould costs was formed by
HPM 120 and TEX AR720. Commercial poses are determined according
to the offer received from the manufacturer. The road platform width
was accepted as 7 m and the length as 1 km for cost calculation. The
distance of the asphalt plant to the aggregate crushing plant and the road
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was determined as 15 km. The bitumen percentage was chosen as 5%,
which is the prevalent ratio used in wearing and binder courses. The
base, subbase and concrete pavement costs were accepted as the same in
all comparisons. Finally, the AC overlay costs were calculated according
to 50-80 mm thicknesses.

3. Results
3.1. Vertical displacements

The LVDT devices generated positive values when the wheels hit the
edge of the layer and negative values at the center of the layer. The
displacement value is equal to the absolute sum of positive and negative
values. The vertical movement of the layers was estimated by total
displacement values. The vertical displacement values of the concrete
pavements (A, B, C and D) were measured before the application of the
AC overlays in the APT facility. Then, the AC overlay with different
thicknesses applied on these pavements and the vertical displacement
values of new reinforced pavements (A*, B*, C* and D*) were measured
(Fig. 7) The graph showing displacement changes as a result of the
applied loads after the application of the AC overlay is shown in Fig. 8.

The vertical displacement values resulting from the applied loads are
in the range of 0.31-0.34 mm. The fact that the displacement values of
the concrete pavements are similar indicates the compaction degree of
base layers are similar. Following the application of AC overlay and
geogrid reinforcement, the displacement values in concrete joints
decreased significantly by 75% compared to the displacement in con-
crete without AC overlay and geogrid. After the concrete pavement
covered with only a 50 mm-thick asphalt layer, the displacement values
decreased by 62.4%. When the thickness of the applied asphalt layer
increased to 80 mm, a reduction of 70.24% in the displacement values
was observed. While the geogrid reinforcement applied to a 50 mm-
thick asphalt layer provided a reduction of 73.41% in the displacement
values, this reduction improved to 90.8% when the thickness of the
asphalt layer is increased to 80 mm.

It was observed that the vertical displacement values increased after
the application of the AC overlay with the application of loads. When
loading reached to 1,186,000 ESAL, the displacement value for the 50
mm thick asphalt layer decreased by 41.2%. This reduction is about
39.76% for the 80 mm thick asphalt layer. Overall, if the data presented
in Figs. 7 and 8 are considered together, it is clear that the use of geogrid
is more effective than increasing the thickness of the asphalt layer.

3.2. Strains

The strain observed at the bottom of the asphalt layer during the
loading tests was monitored. The strain values were measured by strain
gauges attached to concrete joints and routes of wheels. The tensile
strain values, which are the critical strain values are presented in
Table 5. Additionally, a graphical presentation of these results is given in
Fig. 9. The highly sensitive strain gauges enabled monitoring even the

0.4
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0.2
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0 -

Displacement (mm)
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Fig. 7. Displacement value of different pavement types.
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Fig. 8. The displacement trend after the application of AC overlays.

Table 5
Tensile strains in 50 mm and 80 mm-thick asphalt layers.

50 mm-thick asphalt layer 80 mm-thick asphalt layer

Load Unreinforced  Geogrid Load Unreinforced  Geogrid
reinforced reinforced
ESAL x  &x107° ex107° ESAL x  ex107° ex107°
10° 10°
0.475 150.893 164.04 0.475 92.5 16.71
71.16 197.145 172.52 71.16 65.02 16.25
83.02 164.63 145.42 83.02 61.36 27.47
100.81 189.58 130.98 100.81 50.83 12.36
136.39 200.35 145.73 136.39 53.41 22.43
177.9 171.61 133.17 177.9 110.52 20.83
237.2 142.87 108.17 237.2 108.47 21.98
355.8 145.85 109.25 296.5 105.95 5.95
593 156.61 111.73 355.8 112.1 10.53
830.2 163.94 113.16 474.4 115.26 20.15
1186 165.31 115.91 593 125.12 22.21
830.2 127.73 9.61
1186 125.49 13.28

lowest strain changes and remained functional during the experiments.

As shown in Fig. 9, one of the most attention-grabbing results is the
unstable values observed at 200,000 ESAL; in other words, the observed
strain values were spread out over a large range at this ESAL. This is
because of the void ratio of the newly-paved asphalt. The asphalt layer,
which was produced by Trabzon metropolitan municipality with a void
ratio of 5%, continued to compact by the application of the first loads
and the aggregate movements generated fluctuating (increasing and
decreasing) strain values.

When the strain values were examined after the 1,186,000 ESAL
were completed, the 80 mm-thick asphalt with geogrid displayed a
13.28 pStrain, this amount increased by 9.4 times to 125.49 pStrain if
the geogrid interlayer not used. A similar behavior was observed for the
50 mm-thick asphalt, the use of the geogrid interlayer provided a sig-
nificant reduction in strain values. Accordingly, while the measured
strain value at the geogrid reinforced joint was 115.91 y, this value
increased by 42.6%-165.31 pStrain without geogrid.

As the effect of asphalt thickness on the strain values is examined at
the sections without reinforcement, it was found that the 50 mm thick
asphalt layer produced 31% more strain compared to the 80 mm thick
asphalt. The strain values recorded for different layer types after
200,000 ESAL are plotted in Fig. 10.

The recorded strain values after 200,000 ESAL were varied between
25 and 165pStrain. These results are similar to the previous studies on
AC overlays applied to half-joints. Ozer et al. obtained strain values
about 150-300 pStrain in a study on applying different adhesion ma-
terials for AC overlays on PCC (Ozer et al., 2011). In another study
carried out by Wolfe et al. strain values of the asphalt layer applied on
different types of concrete were monitored and the obtained values were
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3.3. Cost comparison

Cost/benefit analysis is very important while designing pavement
(Babashamsi et al., 2016). In this regard, different equations were
developed for different types of pavement. A majority of formulas
developed for asphalt pavement consider strain formation due to traffic
loads. Since the fatigue cracks were examined in the current study, the
critical strain values formed at the bottom of the asphalt layer were
evaluated. The experimental strain values were used in the Asphalt In-
stitute’s equation (1982) and the allowable number of load repetitions,
that is, the fatigue life was calculated (Asphalt Institute, 1982). The
obtained results showed that the use of geogrid increased the lifespan of
the road 3.43 times.

Np=0.0796 (1 /e) >2' * (1 /Ey) %54 (1)

N¢: The allowable number of load repetitions to the failure by fatigue
cracking

¢ Horizontal tensile strains at the bottom of the asphalt layer.

Eq: resilient modulus for a given temperature (calculated by a
modification of resilient modulus with various equations and
temperature).

Four different cross-sections were prepared for cost comparison and
shown in Tables 6-8. The calculations were made according to the 50
mm and 80 mm thick asphalt layers and the cost of the geogrid interface
was also taken into account separately. The width and thickness of the
geogrid interfaces were accepted as 250 mm and 8 mm, respectively. It
was considered that a 7 m-long geogrid interface is used every 5 m of the
road. The calculations were made considering geogrid aperture size 40

Fig. 9. Tensile strains formed at the bottom of the asphalt layer.

250
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Fig. 10. Strain values recorded after 200,000 ESAL.

varied between 44-38 pStrain (Wolfe et al., 2009). Shippen broke an old
concrete road, constricted it, and applied a 200 mm thick asphalt layer
over the new structure. The obtained strain values at the bottom layer of
the asphalt were varied between 20 and 120 pStrain (Shippen, 2005).
Perez et al. placed metallic grids between asphalt and concrete and the
obtained strain values at the bottom layer of the asphalt were varied
between 10 and 80 pStrain level (Perez et al., 2007).

In the present study, it was demonstrated that increasing the thick-
ness of AC overlays applied to PCC along with geogrid reinforcement
had a significant effect on both reducing displacement and strain values.
The best results recorded for the contraction joint were seen when using
the 80 mm-thick asphalt layer with the geogrid interface. Moreover, it
was found that the use of geogrid can provide some advantages even
used in thin asphalt layers such as 50 mm. Further to that, it was sug-
gested that the use of a geogrid interface under a 50 mm thick asphalt
layer can exhibit better performance instead of using 80 mm thick
asphalt without geogrid.

x 40 mm, strength 90 kN/m and thickness 1.8 mm.

The cost of a geogrid interlayer for a 1 km road was calculated as
approximately $3033. The cost of applying an 80 mm-thick asphalt layer
instead of 50 mm is $7134.35 more expensive. Analysis conducted in
this study showed that the use of a geogrid interlayer instead of

Table 6
Cost analysis of 50 mm-thick unreinforced binder layer (1 km road).
Ins. Item Item Description Unit  Unit Amount  Cost ($)
Number Price
$
KGM  GDH/ Heating of solid ton 7.09 42 297.78
4358 bitumen material
in cisterns or
tanks until
absorption rate
KGM  GDH/ Binder layer m? 1.39 7000 9730.00
6305 application for
50 mm thick 1 m?
compacted
asphalt concrete
(Crash, eliminate,
transfer,
construct and
compact)
CSB 04.610/ Bitumen Price kg 0.24 42,000 10,080.00
1B
CSB NYF. Transfer from ton 17.11 42 718.62
Bitumen bitumen Kirikkale
refinery to the
plant (660 km)
GSB NYF.03 Transfer from ton 0.485 840 407.40
HMA plant to the
road (15 km)
GSB NYF.03 Transfer from ton 0.485 798 387.03
aggregate
crushing plant to
the plant (15 km)
Cost of 5 cm asphalt layer on ready-made =~ TOTAL: 21,620.98 $

base or concrete (VAT excluded)
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Table 7
Cost analysis of 80 mm-thick unreinforced binder layer (1 km road).
Ins. Item Item Description Unit  Unit Amount  Cost ($)
Number Price
(€3]
GDH  GDH/ Heating of solid ton 7.09 67.2 476.45
4358 bitumen material
in cisterns or
tanks until
absorption rate
GDH  GDH/ Binder layer m? 1.39 7000 9730.00
6305 application for
80 mm thick 1m?
compacted
asphalt concrete
(Crash, eliminate,
transfer,
construct and
compact)
MEB 04.610/ Bitumen price kg 0.24 67,200 16,128.00
1B
MEB NYF. Transfer from ton 17.11 67.20 1149.79
Bitumen bitumen
Kirikkale
Refinery to the
plant (660 km)
MEB NYF.03 Transfer from ton 0.485 1344 651.84
HMA plant to the
road (15 km)
MEB NYF.03 Transfer from ton 0.485 1276.80 619.25
aggregate
crushing plant to
the plant (15 km)
Cost of 8 cm asphalt layer on ready-made ~ TOTAL: 28,755.33 $

base or concrete (VAT excluded)

Table 8
Cost analysis of interface reinforcement (1 km road).

Ins. Item Item Description Unit  Unit Amount  Cost
Number Price (€3]
$)
Comm. HPM 120 Cement-based, kg 0.33 6720 2217.6
polymer-
modified, single-
component high-
strength mortar
containing silica
fume
Comm. TEX Geogrid TEX ArR ~ m? 1.64 350 574.00
AR720 Glass Net 40 x
400 mm
CSB Y.21.001/  Production of m? 7.58 28.00 212.24
02 smooth concrete
surface and
concrete form
from wood
Cost of 250 mm width and 8 mm thick joints =~ TOTAL: 3003.84 $

reinforcement (VAT excluded)

increasing the thickness of the asphalt layer reduced both strain and
vertical displacement values. Moreover, the cost analysis calculations
revealed that the use of geogrid interlayer instead of increasing the
thickness of the asphalt layer 30 mm is 57.9% more economical.
Consequently, it was suggested that applying geogrid interlayer under
50 mm thick asphalt layer with a 13.88% additional cost is preferable
compared to using an 80 mm thick asphalt layer in terms of both strain
and vertical displacement values.

During the service life of a road, the surface layer requires routine
repair & maintenance. As a result of such repairs, the service life of the
surface layer increases from 5 to 30 years (Jordan et al., 2008; Khaza-
novich et al., 2009) Moreover, previous studies indicated that the ser-
vice life of road might decrease to 11 years if repair & maintenance

Geotextiles and Geomembranes xxx (XXXX) XXX

works are not made (Shahin 2002). In the current study, the reflective
cracks observed on the asphalt layer at joint locations were examined. In
a study carried out at Wisconsin, it was stated that such cracks may
occur in 1-2 years and the use of interlayers can delay the formation of
such cracks by 42% (Makowski et al., 2005). Accordingly, we estimated
the fatigue life using strain values and we found that the use of geogrid
may increase the lifespan of the road by 3.43 times. The thin asphalt
layers placed on the existing concrete pavement that examined in our
study were used by Trabzon Metropolitan Municipality in the road
network. The reflective cracks formed on the asphalt layer were fixed by
filling with a special bituminous mortar to prevent leakage of water
through cracks and crack propagation. The average road cost per kilo-
meter was calculated in the present paper. It was estimated that the road
without geogrid needs maintenance every two years. On the other hand,
since the lifespan of the geogrid-reinforced roads are 3.43 times higher,
it was considered that these roads require maintenance every 6.86 years.
Accordingly, the cost of the crack filling repairs for a 1 km-road per two
years was given in Table 9. The cost of the repair was based on the
estimated cracks formed on 199 joints per 1 km road (one joint/5 m).

The cost of applying maintenances for 1 km road is $393.63. During
its service life of 20 years, the road without geogrid needs 9 mainte-
nances and its cost becomes $3544.74. However, geogrid-reinforced
roads require only 3 maintenances. Therefore, it can be said that the
use of geogrid is 3 times more economic.

4. Conclusions

When the AC overlay was constructed over the PCC pavement, the
vertical displacement values in half-joint concrete layers decreased by
75%. Besides, increasing the thickness of the asphalt layer from 50 to 80
mm decreased the vertical displacement values by 33% and the use of a
geogrid under the asphalt layer provided an additional reduction by
41.2%.

The tensile strain values at the bottom of the asphalt layer were
monitored after placing the asphalt and the following results were ob-
tained: The strain values of the asphalt layer were unstable in the first
200,000 ESAL. This unstable behavior indicates the compaction the
newly-paved asphalt continues in the application of first loads. The re-
sults obtained after the 1,186,000 ESAL showed that increasing the
thickness of the asphalt layer from 50 to 80 mm provided a reduction in
strain values by 24%. Moreover, the use of geogrid provided an addi-
tional reduction ranging from up to 29.5-92.5%.

Table 9
Cost analysis of maintenance (1 km road (200 joint)).

Ins. Item Item Description Unit Unit Amount  Cost
Number Price (€))
)
KGM KGM/ Preparing the Day 93.08 1 93.08

5020/K traffic signs and

taking traffic

safety measures

KGM KGM/ Cleaning 1000 3.323 0.2

4378 concrete and all m

types of asphalt

roads with

sweeping

machine

Filling bitumen 25 1.66 200

including

additive material

and rubber

(including labor

and shipping

costs)

The cost of repairing the reflective cracks
200 joint in 1 km pavement (VAT not
included)

0.6646

Comm. Izofalt D 332.00

TOTAL: 393.860 $
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Evaluation of the strain and vertical displacement values suggested
that the use of a geogrid interlayer instead of increasing the thickness of
the asphalt layer is more favorable as it decreased both strain and ver-
tical displacement values. Moreover, it was found that the use of a
geogrid interlayer is a cost-beneficial approach, since increasing the
thickness of the AC overlay by 30 mm (from 50 to 80 mm) increased the
overall cost by 57.9%.
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