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ABSTRACT Airfield pavements gradually deteriorate from several sources, including traffic load and environmental conditions. Conse-
quently, routine maintenance, repair, and rehabilitation should be perfomed to achieve the intended design life. Various studies have
examined typical airfield pavements’ design and rehabilitation or overlay, mainly focusing on pavements with conventional structures.
There is a detailed investigation into airfield asphalt overlay for non-conventional structures, such as a chicken claw or Cakar Ayam
pavement and nailed-slab systems. Therefore, this study aimed to examine the challenges and issues for airfield asphalt overlay design
for non-conventional pavement structures based on a runway rehabilitation project in one of the major Indonesian airports in 2015.
Specifically, the study discussed the overlay design procedure, the evaluation of the existing pavement condition, including visual surveys
and deflection tests, and the pre-overlay treatments. A finite element (FE) simulation was developed to model the non-conventional
pavement structure to calculate the required overlay thickness. The result showed that data from the falling weight deflectometer
(FWD) could not estimate the back-calculated layers’ moduli during the overlay design of non-conventional pavement structures. This
was because of the difference in the geometric features of the pavement structure. Moreover, the FE model could be a robust tool
to simulate the complex three-dimensional geometric features of a non-conventional pavement and important loading conditions.
An example of these conditions include the interface shear bond of overlay unavailable in other tools, such as FAARFIELD. Therefore,
the additional asphalt overlay could reduce the fatigue stress at the bottomof the existing slab and vertical stress at the top of the subgrade.

KEYWORDS Airfield Pavement, Asphalt Overlay, Pavement Rehabilitation, Overlay Design, Non-conventional Pavement.
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1 INTRODUCTION
Airports are valuable assets because they promote
regional and worldwide movement of commodi-
ties and people. Among the most important in-
frastructures of an airport is airfield pavement,
which provides sufficient load-bearing capacity to
ensure safe aircraft operation (Loizos et al., 2017).
Airfield pavement gradually deteriorates from sev-
eral sources during airport operations, such as
environmental conditions, aircraft loading, con-
struction issues, and aging (Arabali et al., 2017).
Its intended design life is achieved by performing
routine maintenance, repair, and rehabilitation.
This prevents the pavement from weakening and
becoming susceptible to severe distress (Shahin,
2005). The most common form of rehabilitation
adopted for airfields is restoration by laying a new
pavement layer over the existing structure.

Studies have examined the design of typical air-
field asphalt pavements rehabilitation or overlay.
Several approaches have been developed world-
wide for the overlay design of airfield pavement.
An example is the present design approach of the
U.S. Federal Aviation Administration (FAA) for air-
field pavement (FAARFIELD). It is the most popu-
lar tool to calculate the standard thickness of air-
field pavement (Gary et al., 2016). However, most
existing guidelines and studies are only suitable
for pavements with conventional structures.

In Indonesia, several non-conventional pavement
structures have been adopted as an alternative
to conventional ones, including chicken claw or
Cakar Ayam (Suhendro, 2018) and nail-slab sys-
tems (Puri, 2018). The two structures are con-
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Figure 1 Cross-section drawing of Cakar Ayam pavement
system (reproduced from Suhendro (2018)

siderably different from the commonly used con-
ventional pavements. This is because concrete
piles or hollow pipes are embedded to the bot-
tom of the reinforced slab or pavement with a
particular spacing distance, as shown in Figure 1.
The piles or hollow pipes provide significant ad-
ditional structure stiffness and reduce the deflec-
tion and stresses at the bottom of the concrete, es-
pecially for projects in areas with soft soil ground
(Suhendro, 2018). This non-conventional pave-
ment has been occasionally used for road and air-
field pavement application, including Jakarta air-
port (CGK) and Surabaya airport (SUB), two of the
busiest airports in Indonesia. However, there is no
detailed investigation into the design procedure
and practice of airfield asphalt overlay for non-
conventional pavement structures.

This study aimed to examine the challenges and
issues for airfield asphalt overlay design for non-
conventional pavement structures based on a re-
habilitation project in one of the major airports
in Indonesia in 2015. It discussed the overlay de-
sign evaluation of the existing pavement condi-
tion, including visual surveys, deflection tests, and
pre-overlay treatments. Furthermore, a finite el-
ement (FE) simulation was developed to model

the non-conventional pavement structure and cal-
culate the required overlay thickness. These re-
habilitation results could help airport authorities
and pavement designers make better decisions
regarding the airfield asphalt overlay for non-
conventional pavement structures in the future.

2 RESEARCH METHODS

2.1 Non-conventional pavement: CakarAyam/
chicken claw pavement system

The study airport’s runway, taxiway, and apron
were constructed using the chicken claw or
CakarAyam pavement system. It was discovered
by Sedyatmo in 1961 and has been widely used
for various infrastructures built on relatively soft
soil or with low bearing capacity. The CakarAyam
pavement system comprises a thin, continuously
reinforced concrete slab with a thickness of 200
mm. Moreover, the system has concrete hollow
pipes embedded to the bottom of the slab with a
spacing of 2.5 meters, as shown in Figure 1. The
concrete hollow pipe is built with an outer diame-
ter of 1.2 m, a thickness of 80 mm, and a length
of 2 m. A low-quality lean concrete layer with
a thickness of 150mm and an unbound granular
layer of 40 cm thick was laid beneath the concrete
slab to provide a uniform base (Suhendro, 2006).
The pavement analysis tools commonly used for
conventional concrete pavements, such as KEN-
PAVE, BISAR, and FAARFIELD, could not be ap-
plied for the CakarAyam pavement system due to
its unique characteristics. Therefore, an alterna-
tive structural analysis method should be devel-
oped specifically for theCakarAyam system to ac-
curately analyze the influence of the load acting on
the top slab on each system component.

2.2 Overlay design procedure

The overlay design procedures are conducted in
the order shown in Figure 2. The following section
explains each step in detail.

2.2.1 Condition assessment or evaluation of exist-
ing pavement

Before the rehabilitation was performed, the exist-
ing pavement had experienced several distresses,
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Figure 2 Flow chart of asphalt overlay design

including cracks, punch out, and spalling. The
pavement also had old patches caused by the com-
bined effects of traffic loading and the environ-
ment over time. Instead of directly perform-
ing rehabilitation or asphalt overlay, evaluating
the condition of existing pavement and apply-
ing the correct treatment could substantially mit-
igate distress and lengthen the overlay’s service
life (Zhao et al., 2020). The assessment steps are
visual condition surveys, deflection tests, cores,
distress recognition, preparation of existing pave-
ment, and repair or base patching.

2.2.2 Visual condition surveys and distress recogni-
tion

A visual survey is the most basic and useful survey
type (Thom et al., 2013). One commonly used
measure of the visual condition is the pavement
condition index (PCI), developed by the US Army

Corps of Engineers. The approach is based on a
summation of the contributions from different
distress types such as raveling, cracking, and
rutting, and scores on a scale of 100 awarded
according to overall condition. In this study,
the airport pavement condition index survey was
performed following the ASTM D5340 (ASTM,
2012). The first survey was performed for ini-
tial pavement condition before any repair. The
second survey was performed after pavement
repairs, such as crack sealing and patching. The
aim was to assess the effect of the pre-overlay
repair on improving the pavement condition. The
visual survey was a useful method to assess the
pavement’s health condition and evaluate the cor-
rect rehabilitation technique. The crack distress
dominated the runway at the study airport and
this is expected because the crack is the typical
dominant distress for concrete pavement.
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Figure 3 Deflection basin from heavy FWD test at various
locations for the runway at the study airport

2.2.3 Deflection tests - Heavy falling weight deflec-
tometer

The falling weight deflectometer (FWD) test is
widely used to evaluate pavements’ structural
condition and predict the layer moduli using
the back-calculation process. The test provides
sufficient data to evaluate the support of the
subgrade, the load transfer condition at pavement
joints, and assess the overall structural integrity
(Trevino et al., 2003). The FWD involves dropping
a specified mass from a predetermined height
onto the pavement and measuring the response
of dynamic velocity of the pavement surface
at various radial points from the applied force
(Sørensen and Hayven, 1982). It provides a load to
the upper pavement layer comparable to a normal
heavy vehicle load pressure (Collop, 2000). This
study performed the deflection test using a heavy
falling weight deflectometer before and after
the pre-overlay repair, similar to the previously
discussed visual condition surveys. The maximum
load for heavy FWD was set to be 320 kN, with a
diameter of loading plate of 300mm, to represent
the typical wide-body aircraft that operated in the
study airport, such as B777, B747, and A350.

The typical deflection basin in Figure 3 shows
that the number of FWD tests with maximum
deflection less than 1 mm was 54.5% or 201 from
369 FWD points. Moreover, the proportions of
FWD tests with a maximum deflection between
1 mm and 1.5mm and more than 1.5mm were
39.8% and 5.7%, respectively. However, the
falling weight deflectometer (FWD) data could not
be directly used to estimate the back-calculated

layers’ moduli. This was due to the difference in
the geometric features of non-conventional pave-
ment structures with embedded hollow pipes. It
is a major challenge in the asphalt overlay design
for non-conventional pavement. Therefore, this
study performed other methods to determine the
layer moduli, including testing of core samples,
Ultrasonic Pulse Velocity (UPV), and hammer test.

2.2.4 Cores, Ultrasonic Pulse Velocity (UPV), and
hammer test

This study used more than 15 core samples taken
from the runway at the airport. The cores were
tested in a laboratory to obtain the compressive
and flexural strength of the existing concrete slab.
The samples could not be collected for a large
quantity due to the core’s destructive character-
istics. Therefore, ultrasonic pulse velocity (UPV)
and hammer tests were performed to investigate
the pavement moduli for a wider runway area. The
UPV and Hammer test results were calibrated and
validated against the data from core samples. The
test was useful to obtain the moduli of the existing
concrete slab for the analysis.

2.3 Preparation of existing pavement

After obtaining the existing pavement condition,
the treatment and repair method is selected. The
three procedures commonly used to treat the Port-
land concrete pavement are base patching, crack
break, seating, and rubblization. The approach
used was determined by the severity of the pave-
ment’s distress (Zhao et al., 2020). This study
used base patching and saw-cutting as the most
suitable repair method. The crack break, seating,
and rubblization methods were not considered be-
cause the existing concrete pavement was still in
considerably good condition. In this case, cracks
occur, but their movement is prevented by steel re-
inforcement and the hollow concrete pipe.

2.3.1 Design against reflective cracking

Severe distress in the existing concrete pavement
should be repaired to ensure it does not reflect
through the asphalt overlay. Reflective crack-
ing could develop when cracked or jointed con-
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crete layer is overlaid with asphalt (Thom et al.,
2013). In rehabilitated pavements, treatment
strategies for reflection cracking include using
geosynthetic, steel reinforcing mesh, stress ab-
sorbing membrane interlayer (SAMI), and dou-
ble chipping (Dhakal et al., 2016). However, the
FAA (2021) does not recommend these technolo-
gies in its current regulation. This study ignored
the strategy against reflective cracking because
the existing concrete pavement is an intact con-
tinuously reinforced concrete (CRC) (Thom et al.,
2013).

2.4 Selecting the Rehabilitation or Overlay Type

Selecting a rehabilitation method or overlay type
of pavement is a crucial decision-making chal-
lenge. The materials commonly used for pave-
ment rehabilitation are Asphalt overlay, PCC over-
lay, comprising bonded concrete with cement
grout or epoxy, and Engineered Cementitious
Composites (ECC) (Zhao et al., 2020). Asphalt
overlays are the most popular methods of Portland
concrete pavement rehabilitation (Trevino et al.,
2003). ECCs are composites of ultra-ductile fiber-
reinforced cementitious, a kind of ductile con-
crete. Therefore, it could be a suitable overlay ma-
terial to resist reflective cracking (Ma and Zhang,
2020). This study selected an asphalt overlay to
prevent disruptions to airport operation. In this
case, the construction could be done during an off-
peak period and quickly opened to traffic in sev-
eral hours (Rahman et al., 2019). The overlay us-
ing concrete materials requires seven days to cure
before it is trafficked completely. This would not
be possible for busy airports such as the study air-
port.

2.5 Method of Overlay Design or Thickness Calcula-
tion

This study performed a three-dimensional finite
element (FE) analysis of the chicken claw or
CakarAyam pavement system using SAP2000. It
is a general-purpose finite element program de-
veloped by Computers and Structures Inc. (CSI).
In 2004, CSI was used to characterize critical
response parameters for the pavement structure
with asphalt overlay. These critical responses
were used to calculate the thickness of the overlay.
This study used a pavement model for analysis, an
updated version from the previous model devel-
oped by Rahman et al. (2015). Numerous changes
have been made to improve the accuracy of simu-
lations, including the use of solid elements instead
of shell elements.

2.5.1 Description of model development

Figure 4 shows the pavement structure simulating
the CakarAyam pavement system. Layer thick-
nesses are obtained from the construction docu-
mentation drawing and based on the cores taken
from the field. Table 1 presents the length and
width of the model and loaded area. The model
size of 10 m x 10 m was sufficiently far from the
load and did not affect the model’s edge. This
study varied the overlay thickness from 100 m to
200 m with a thickness increment of 10 mm for
simulation purposes. Furthermore, no degrees of
freedom were restrained in the horizontal direc-
tion for the boundary condition. However, trans-
lation in the three principal directions was pre-
vented at the bottom of the subgrade. Figure 4
shows that the model was subjected to B777 land-
ing gear in the full six-wheel bogie to anticipate
the effect of the wheel configuration of the dual-

Table 1. Dimension of the pavement model

Component
Dimension

Length Width Thickness Diameter Pipes spacing
Asphalt overlay 10 m 10 m varied* - -
Hollow concrete pipe 2 m - 0.08 m 1.2 m 2.5 m
Existing concrete slab 10 m 10 m 0.2 m - -
Lean concrete 10 m 10 m 0.25 m - -
Granular sub-base 10 m 10 m 0.4 m - -
Subgrade 10 m 10 m 2 m - -

*Initial overlay thickness: 100 mm, thickness increment: 10 mm
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Figure 4 3D view of FE model for a six-wheel dual-tridem landing gear (B777) configuration

Table 2. Dimension of the pavement model

Layer
Poisson’s ratio Modulus (MPa)

0.35 varied*
Existing concrete slab 0.15 23,452
Hollow concrete pipe 0.15 23,452
Lean concrete 0.20 2,300
Granular sub-base 0.35 150
Subgrade 0.35 66

tridem of B777 on the pavement. The tire load-
ing characteristics follow the specifications from
the airplane manual for a Boeing 777-300ER (Air-
planes, 2015). The B777 aircraft was selected for
analysis because it is one of the most frequent air-
craft operated in the study airport, with 13,450 an-
nual departures in 2013. Moreover, it provided
the highest aircraft classification number (ACN)
on rigid pavement, making it the most critical air-
craft. The typical take-off weight of a single wheel
load of 262.35 kN was considered, and tire pressure
of 1.52 MPa, giving a contact area of 1752 cm2,
was applied. The tire footprint area was assumed

to be 1.6 ellipses, as suggested by Boeing (2017),
with major and minor axes of 0.59 m and 0.37 m,
respectively. This model’s validity has been veri-
fied using HWD (31 tonnes) data and a B-747 bo-
gie full-scale test load performed by Aeroport De
Paris, 1983 (Rahman et al., 2015). The validation
results showed a good agreement between model
output and measured pavement deflections.

2.5.2 General input data

Table 2 shows the pavement characteristics, in-
cluding the subgrade soil and the granular base
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moduli, lean concrete, and concrete slab deter-
mined and calibrated from validated HWD FE
model, core drill, UPV, and Hammer test. These
layer characteristics were used for the analysis.
The asphalt overlay properties were simplified by
assuming a single modulus value obtained follow-
ing the FAARFIELD as a function of temperature
calculated using Witczak (1989) equation:

log10(EAC) =1.53657− 0.006447×T

− 0.00007404×T 2
(1)

where EAC is the modulus of asphalt (105 psi),
and T is the temperature of asphalt concrete (°F).
The design asphalt temperature was assumed to be
32°C (89.6 °C). Based on this formula, the modulus
value of 1,400 MPa was obtained for this tempera-
ture. Additionally, the modulus corresponding to
higher (60°C) and lower temperatures (15°C) was
used to verify the overlay design in the thermal
stress analysis, as discussed in section 3.4.

Other significant airplanes in the traffic mix must
be converted to a design airplane’s gear type and
load magnitude to complete the equivalent traf-
fic calculation into a single design aircraft. Boeing
777-300ER was selected as the design aircraft for
this study, while the conversion process was con-

ducted according to the old standard of FAA: AC
150/5335-5A (FAA, 2006). The following is a sum-
mary of the general assumptions used for the over-
lay design:

• Pavement data
Existing concrete slab compressive strength:
25.3 MPa
Modulus of subgrade reaction: 40-45 MN/m3

Existing concrete slab flexural strength: 3.77
MPa

• Traffic data
Design aircraft: B777-300ER
Design period: 20 years
Traffic: 120,000 coverages
Maximum take-off weight: 351.535 kg

2.6 Design of interlayer shear bond strength

Airside pavements encounter routine aircraft
movement activities, such as taxiing, take-off, de-
celeration during landing, and rapid turning in
exit taxiways (Wang et al., 2016). These move-
ments could produce high shear stresses at the
surface and interface of pavement (Mohammad
et al., 2012). The premature interlayer shear fail-
ures that occurred after asphalt overlay operation
during hot weather were recorded in Indonesian
airports during 2017 and 2019, as shown in Figure

(a) Lampung (TKG) airport, May 2017 (b) Yogyakarta (JOG) airport, November 2019

(c) Halim Perdana Kusuma Jakarta (HLP) airport, July 2017

Figure 5 Interface shear failure of newly laid asphalt overlay (sources: Indonesian Airport Authority and Ministry of Trans-
portation Republic of Indonesia)
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5. These accidents have caused extensive, costly
airport closures and flight delays. The guide-
line on pavement overlays by FAA focuses only
on thickness determination. They do not provide
directions on interlayer shear bond strength de-
sign that could resist aircraft barking and turning
movement. Therefore, this study investigated the
effect of aircraft braking movement on the inter-
layer between asphalt overlay and concrete.

This study investigated the steady braking of air-
craft during landing and full braking conditions.
Data regarding the full braking operation (FB) of
B777 aircraft was obtained from the airplane man-
ual issued by Boeing. Furthermore, the shear force
was assumed to be equal to the normal or vertical
load multiplied by a coefficient of tire-pavement
friction of 0.8 for dry surface conditions shown in
Equation 3. Steady breaking was assumed for the
landing operations, and the vertical landing load
was obtained from the airplane manual. Moreover,
the shear force during the full braking operation
was adopted from White (2016), equal to the air-
craft mass multiplied by the rate of airplane de-
celeration, as shown by Equation 2. Therefore, a
landing deceleration of 3.0 m/s2 (O’Massey, 1978)
was adopted.

FSB =
m×d
1000

(2)

FFB = N×µ (3)

where F SB is the steady braking force during land-
ing operation (kN), F FB is the longitudinal or brak-
ing force during full braking operation (FB) (kN),
N is the vertical load (kN), µ is the coefficient of
friction of the tire-pavement contact (0.8 in this
case), m is the mass of the aircraft acting on a sin-
gle wheel (kg), and d is the rate of airplane deceler-
ation during landing (m/s2). The estimated forces
at the critical points for steady and full braking of
a B777 aircraft are 209.9kN and 80.3kN, respec-
tively.

3 RESULT AND DISCUSSION

3.1 Asphalt Overlay Design

The FAA design procedure considers the Cumu-
lative Damage Factor (CDF) to replace the design
airplane concept. In the CDF concept, the contri-
bution of each aircraft in a certain mix of traffic is
computed to acquire the cumulative damage from
all aircraft operations (FAA, 2021). The damag-
ing effects of each aircraft in the traffic mix were
calculated based on gear spacing, gear location,
and load. For flexible pavement, the CDF corre-
sponds to the tensile and rutting failures at the
bottom of the asphalt layer and on top of the sub-
grade, respectively. In contrast, it corresponds to
the failure at the bottom of the concrete slab for
rigid pavement. However, the CDF concept could
not be applied for the developed FE model in this
study of non-conventional pavement structures.
This is because it would be extremely expensive
and time-consuming to design the model for each

(a) Deflection (in mm) (b) Horizontal stress (MPa)

Figure 6 The results of the model: deflection and horizontal stresses for structure with 190-mm-asphalt overlay
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(a) without overlay (existing)

(b) 140-mm-asphalt overlay (c) 190-mm-asphalt overlay

Figure 7 Illustration of horizontal stress on the asphalt overlay and the existing concrete slab and lean concrete under
vertical load

aircraft operating at the airport. The old concept
of equivalent departures of a single-designed air-
craft would be the realistic technique, as discussed
in sub-section 2.6.2. The model results in Figure
6 show the deflection and horizontal stresses. An
explanation of the overlay thickness calculation is
provided in the following section.

3.2 Stress within the pavement

The overlay design procedure is primarily estab-
lished based on horizontal tensile strain at the
bottom of the overlay, horizontal stress at the bot-
tom of the PCC slab surface, and vertical strain
at the top of the subgrade. Figure 7 shows
the graphs from the analysis results, containing
stresses within the pavement elements for over-
lay thickness of 140 mm and 190 mm asphalt and
the existing layer without an overlay. Compared to
the existing layer without overlay, adding thick as-
phalt overlays significantly reduced the horizon-
tal stresses at the bottom of the slab layer. The
stresses were reduced from 3.26 MPa to 2.35 and
2.04 for asphalt overlay of 140 mm and 190 mm,
respectively. This suggests that the asphalt con-
crete overlay increases the structural capacity of
the existing pavement, extending its expected life.
Table 3 shows the maximum stresses within the
pavement for an asphalt overlay of 190 mm.

3.3 Pavement overlay thickness design

The required overlay thickness should give accept-
able damage levels under a specified traffic con-
dition. The damage levels are determined by fa-
tigue cracking at the bottom of the asphalt over-
lay and existing concrete slab and rutting at the
top of the subgrade. These criteria are commonly
used for mechanistic analysis-based overlay de-
sign (Pierce and Mahoney, 1996). This study used
the FAAFIELD model for the rutting failure of the
subgrade defined as follows (Brill and Kawa, 2017):

for C > 1000 coverages,

log10(C) = (−0.1638 + 185.19εv)
−0.60586 (4)

for C ≤ 1000 coverages,

C =

(
0.004141

εv

)8.1

(5)

where C is the coverage level, and εv is the ver-
tical strain at the top of the subgrade. The fa-
tigue cracking failure model for several allowable
repetitions for the asphalt overlay was calculated
following the Heukelom and Klomp failure model
adopted in FAARFIELD (Loizos et al., 2017):

log10(C) =2.68− 5× log10(εh)

− 2.665× log10(EAC)
(6)
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where εh is the horizontal tensile strain at the bot-
tom of the asphalt layer and EAC is the elastic
modulus of the asphalt layer (psi). The rigid pave-
ment failure model uses the design factor DF , the
ratio of flexural strength R of concrete to calcu-
lated horizontal stress on the bottom of the con-
crete slab, ). It is linear in the logarithm of C (Brill
and Kawa, 2017):

DF =

[
bd

0.8b+ 0.2d

]
× logC +

[
0.8bc+ 0.2ad

0.8b+ 0.2d

]
(7)

b = d = 0.16

a = 0.760 + 2.543×10−5 (E − 4500)

c = 0.857 + 2.314×10−5 (E − 4500)

(8)

where a, b, c, and d are fitting parameters obtained
from full-scale tests by FAA and E is the design
subgrade modulus in psi. Using the formula and
the stress and strain-state obtained from the anal-
ysis in Table 3, the results of the overlay thickness
determination indicate that 190mm was the over-
lay thickness required for this project.

3.4 Checking for the thermal stress

Concrete pavement is sensitive to the chang-
ing ambient temperature that could easily cause
cracking. This study performed the thermal stress
analysis using the same model as the previous
analysis to consider the effects of pavement tem-
perature on structural parameters. The analysis
was based on the assumption of two extreme con-
ditions of sunny daytime and nighttime.

Figure 8 shows the temperature distribution on
the asphalt overlay, concrete slab, and underlying
layers for the two conditions. Table 4 shows the
thermophysical properties of pavement materials
adopted in this study.

The calculation results in Figure 9b show that the
thermal stress caused the curling stress on the
pavement. Although curling stress was not as sig-
nificant as traffic-induced stresses, it increased
cracking potential and reduced pavement life (Se-
tiawan, 2020).

Therefore, it is important to consider the ther-
mal stress caused by temperature distribution in

Table 3. Maximum horizontal, shear, and compressive stresses and strains for overlay thickness of 190mm

Location
Maximum stresses and strains for overlay thickness of 190mm:

Horizontal stress
(S11/S22),

MPa

Compressive stress
(S33),
MPa

Horizontal strain
(11/ 22),

microstrain

Compressive strain
(33),

microstrain
Overlay (top) -1.11 -1.47 -244 -564
Overlay (bottom) -1.01 -1.47 -159 -524
Existing concrete slab (top) -2.20 -1.78 -94 -90
Existing concrete slab (bottom) 2.12 -1.78 160 -66
Subgrade (top) 0.025 -0.014 625 -392

Table 4. Thermo-physical properties of pavement

Component
Properties

Thickness
Density
(kg/m3)

Specific heat
(J/kg/K)

Thermal conductivity
(W/m/k)

Coefficient of
thermal expansion

(°C)-1

Asphalt overlay varied* 2400 800 1.89 40 .10-6

Hollow concrete pipe 0.08 m 2400 880 1.70 9.9 .10-6

Existing concrete slab 0.20 m 2400 880 1.70 9.9 .10-6

Lean concrete 0.25 m 2200 840 1.55 7.2 .10-6

Granular sub-base 0.40 m 2100 805 1.13 11.25 .10-6

Subgrade 2.00 m 1900 1100 1.10 18 .10-6

*Initial overlay thickness: 100mm, thickness increment: 10mm
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Figure 8 Temperature distributions throughout the slab
depths on sunny daytime and nighttime

(a) Due to traffic load

(b) Due to thermal stress

Figure 9 Deflection of the pavement

Figure 10 Representation of the Mohr-Coulomb failure
criterion (reproduced from Wang et al., 2016)

Figure 11 Critical stress at interface under steady and
full braking of B777 aircraft

the structural analysis of airport pavements. The
overlay thickness of 190 mm selected in this study
was sufficient to resist traffic and thermal load.

3.5 Checking the interlayer shear bond strength

The analysis of the interlayer shear bond strength
between the concrete slab and overlay was per-
formed using the assumption described in section
2.7. The aim was to investigate the potential inter-
face shear failure or delamination of asphalt over-
lay. Furthermore, the Mohr-Coulomb criteria in
Figure 10 (Mohammad et al., 2012) was used to in-
vestigate the susceptibility of the asphalt overlay
interface to shear failure. The technique has been
frequently utilized to estimate pavement inter-
face shear failure (Wang et al., 2016). The Mohr-
Coulomb theory suggests that interface failure is
controlled by normal and interface shear stress.

The linear Mohr-Coulomb envelope for interface
shear strength is shown in Equation 9 (Wang et al.,
2016):

τfailure = c+ σtan ϕ (9)

where τfailure is shear stress at failure (kPa), c is
cohesion (kPa), σ is normal stress (kPa), and ϕ is
the angle of internal friction in degrees.

In this study, the cohesion (c) was approximated
to be 12.2 kPa with an angle of internal friction (ϕ)
of 55.7° for PCC-asphalt interlayer with a typical
cationic tack coat at 60°C (Rahman et al., 2020). A
stress-to-strength ratio was defined using Equa-
tion 10 (White, 2016) to assess the criticality of
traffic-imposed stresses at the interface. A higher
ratio closer to 1 implies a higher possibility of
shear failure.

Stress-to-strength Ratio =
τc

τfailure
=

τc
c+ σtanα

(10)
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where τc is calculated shear stress (kPa).

The stress state points from the FE model were
examined against the failure envelopes to deter-
mine the criticality of the shear stress at the as-
phalt overlay interface. Figure 11 shows the shear
stress states for steady braking (SB) and full brak-
ing (FB) movement of B777 aircraft for 190mm-
asphalt overlay. The failure envelope is displayed
with the stress states to examine the shear fail-
ure potential of the layer interface. The maxi-
mum stress-to-strength ratio under various air-
craft movements was 0.96 and 0.81 for FB and SB
loading, respectively. A high stress-to-strength
ratio demonstrates the susceptibility of the as-
phalt overlay interface to shear bond failure.

This result indicates that the aircraft braking
movement was slightly under the failure enve-
lope. In this case, the interface could still re-
sist the forces applied for the selected asphalt
overlay thickness. Therefore, the interface shear
bond analysis is essential in assessing the poten-
tial shear failure of the newly laid asphalt overlay.

4 DISCUSSION

This study discussed the design process of air-
field asphalt overlay of non-conventional pave-
ment structures. It presented the overlay design
procedure evaluation of the existing pavement
condition, including visual surveys and deflection
tests, pre-overlay treatments, and thickness cal-
culation using FE. The results showed that evalu-
ating the existing pavement health is an important
process before the overlay was performed. More-
over, visual surveys and non-destructive deflec-
tion tests and cores could be valuable tools for as-
sessing pavement structure and estimating pave-
ment moduli (stiffness). It is important to clas-
sify the pavement as jointed or continuously re-
inforced concrete to select the correct evaluation
technique for non-conventional pavement struc-
tures, such as CakarAyam pavement. The right
diagnosis and treatment would prevent the fail-
ures and crack from reflecting through the new
asphalt overlay. The data from the deflection
test using a falling weight deflectometer (FWD)
could be used for back-calculation to estimate
the layer stiffness (moduli) for typical pavement

structures. However, this is not the case for the
non-conventional pavement structure with piles
or concrete hollow pipes beneath the pavement
layer. FWD test could still assess the existing
pavement health and validate the developed finite
element model. This is probably the main chal-
lenge of the overlay design of non-conventional
pavement structures.

The other important issue is the selection of the
rehabilitation technique. This study selected the
asphalt overlay during the nighttime period be-
cause the airport returned to service each morn-
ing. The approach could keep the minimal im-
pact on the airport’s closure and reduce the in-
terruption to the airport services. This is because
the study was conducted on a busy airport that
could not be closed for a prolonged period. How-
ever, it is necessary to consider construction man-
agement, safe workplace, and proper quality con-
trol to improve pavement quality during nighttime
construction (Zhao et al., 2020). It is essential
to provide a tapered joint to transition between
the new asphalt layer and existing pavement. Ad-
ditionally, the lighting system and line marking
should be returned to their original conditions in
every work period.

The calculation of the required thickness for
the overlay design of the non-conventional
pavement structure could not be analyzed using
well-established computer programs such as
FAARFIELD, KENPAVE, and BISAR. This is due
to the difference in the geometric features of
the pavement structure. Therefore, the finite
element (FE) model could simulate the complex
three-dimensional geometric features of a non-
conventional pavement structure. FEM evaluates
several important loading conditions and input
features. These include interface shear bond
strength conditions and the effect of thermal load
or curling stress usually ignored in FAARFIELD
and other techniques. The evaluation of interface
shear bond condition prevents premature failure,
and the delamination frequently observed in
newly laid asphalt overlay in several airports in
Indonesia. Adding a thick asphalt concrete over-
lay reduces the fatigue stress at the bottom of the
existing slab and vertical stress at the top of the
subgrade. Therefore, it increases the structural
capacity of the existing pavement and extends the
expected pavement life.
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5 CONCLUSIONS

This study aimed to examine the challenges and
issues for airfield asphalt overlay design for non-
conventional pavement structures. The examina-
tion was based on an actual rehabilitation project
in one of the major airports in Indonesia in 2015.
The following conclusions were drawn:

1. Evaluation of existing pavement condition
and pre-overlay treatment and repairs are es-
sential in preventing the failures and cracks to
reflect through the new asphalt overlay.

2. The data from the deflection test using the
falling weight deflectometer (FWD) could not
be used to estimate the back-calculated layer
stiffness (moduli) for the overlay design of
non-conventional pavement structures. This
is due to the difference in the geometric fea-
tures of the pavement structure. However, the
FWD test could still be useful to validate the
developed pavement model.

3. The finite element (FE) model could simu-
late the complex three-dimensional geomet-
ric features of a non-conventional pavement
structure.

4. The FE model evaluates several important
loading conditions and input features. These
include interface shear bond strength condi-
tions and the effect of thermal load usually ig-
nored in FAARFIELD and other techniques.

5. The FAA’s new concept of Cumulative Dam-
age Factor (CDF) calculates the effect of
each aircraft in the traffic mix on the pave-
ment. However, it is not feasible to be ap-
plied for the developed FE model of the non-
conventional pavement structure because it
would be extremely expensive and time-
consuming. Therefore, the concept of equiv-
alent departures of a single design aircraft
would be the realistic technique.

6. Adding a thick asphalt concrete overlay in-
creases the structural capacity of the existing
pavement, extending the expected pavement
life.
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