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Abstract

Field Evaluation of Reinforced Asphalt Overlays using Strain
Measurements
James Ryan Phillips, M.S.E.
The University of Texas at Austin, 2017

Supervisor: Jorge G. Zornberg
The design of paved surfaces under different geological, environmental, and
inclement scenarios is a topic of major relevance within the geotechnical and
transportation engineering discipline. Roads and other paved surfaces should be
adequately maintained for both civilian and commercial operations to thrive. Pavement
deterioration is inevitable as are the associated maintenance costs. Techniques to prevent
and mitigate pavement deterioration typically become more expensive as the expected
service life is increased. This research focuses on the inclusion and evaluation of
geosynthetic-reinforced asphalt overlays. Specifically, polyester (PET) and polyvinyl
(PVA) geogrid reinforcement was installed and evaluated using strain measurements
from subsurface asphalt layers to further understand the associated structural benefits and
mitigation of reflective cracking. The presence of interlayer reinforcements is expected to
increase the service life of constructed overlays and eventually lead to less overall costs
in road maintenance.
A field monitoring site located along US77 in Lee County, Texas is the focus of
this research. This road is a four-lane highway that has shown significant reflective
cracking through multiple overlays. PET and PVA geosynthetic-reinforcements were
installed in 500 ft. sections followed by an unreinforced control section. Each of these
sections was instrumented with asphalt strain gages placed at two inches below the
surface of the overlay. The strain gages were arranged in the longitudinal and transverse
directions located in the right wheel path as well as between the wheel paths. Two
sensors in each section were placed on a preexisting crack. A testing campaign was
vii

conducted one year after installation that included vehicle passes by a heavy dump truck
and a pickup truck. The passes were conducted directly over the sensors in the wheel path
as well as offset towards the shoulder. Static testing was also performed by the heavy
truck, in which the truck stopped directly on each sensor for a period of time. Falling
weight deflectometer (FWD) tests were also conducted on each sensor to assess the
development of the strains from each drop. The sensor configuration allowed the
comparison of measured strains between the two types of reinforcement as well as
between the reinforced sections and the unreinforced section.
The PET reinforced section was found to consistently develop lower strains under
traffic loads than the control section, both in terms of longitudinal strain in the wheel
paths and over preexisting crack locations. The PVA reinforcement also showed the
development of lower strains over preexisting cracks than the control section. Both
reinforced sections showed development of higher strains than the control section in the
area between the wheel paths, indicating the load was distributed over a comparatively
greater area, which is expected to ultimately lead to comparatively low rutting.
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Chapter 1. Introduction
1.1

MOTIVATION
The design of paved surfaces under different geological, environmental, and
inclement scenarios is a topic of major relevance within the geotechnical and
transportation engineering discipline. Roads and other paved surfaces should be
adequately maintained for both civilian and commercial operations to thrive.
Pavement deterioration is inevitable as are the associated maintenance costs but
recent advances in preventative measures and pavement rehabilitation have helped to
mitigate these costs. The use of geosynthetic interlayer reinforcement is becoming
increasingly used in roadways, runways, and other paved surfaces. This technique
has shown significant promise in the extension of pavement service life that lead to
lower maintenance costs.
Enhancing pavements with geosynthetic is becoming a common practice where
flexible and rigid pavements are being rehabilitated via the construction of asphalt
overlays. Interlayer geosynthetics are produced in various configurations, including a
geogrid, geotextile, or composite forms. When utilized properly, geosynthetic
interlayers have been reported to minimize moisture infiltration, decrease stresses,
and decrease the propagation of reflective cracks. While geosynthetics have often
been used for stabilization of base and subgrade layers, their use as a reinforcing
interlayer within hot mix asphalt has been comparatively less common. This might
be due to the lack of experimental data on reinforcing interlayer geosynthetics. The
use of a geosynthetic interlayer is expected to result in structural benefits in the
pavement. However, the underlying reinforcement mechanisms and interaction with
pavement layers have not yet been fully understood.
Flexible pavements consist primarily of aggregate and bitumen. The aggregate
provides resistance to compressive forces but has no effect the on tensile strength.
Bitumen is the glue that holds the aggregate together and provides a still relatively
low tensile strength. Therefore, a pavement mixture does not perform well under
tensile stresses. As vehicles pass over a pavement section, vertical loads cause the
upper portion of the pavement section to be under horizontal compression. Similar to
a beam, the lower portion of a given pavement section develops tensile stresses. As
the pavement is repeatedly loaded from traffic, the area of tensile strain becomes
weaker and can eventually fail due to fatigue. It is at this location that geosynthetics
can be placed to decrease the magnitude of tensile strains. Interlayer geosynthetics
1

are commonly manufactured using materials with comparatively high tensile
strength. When bonded to a flexible pavement, the overall system has an increased
tensile capacity. Under vehicle loading, the geosynthetic tensile strength is
mobilized, which decreases the overall tensile strains exhibited by the pavement.
Consequently, the service life of the pavement is extended.
Beam tests have been conducted on reinforced pavement specimens but type of
results have not reproduced the conditions associated with dynamic traffic loading.
Therefore, this research aims at improving the understanding of strains development
in reinforced asphalt layers under actual field conditions and for different loading
conditions. Specifically, a field site containing two test sections with different
interlayer reinforcing materials and a control section was constructed for this study.
The influence of the geosynthetics was examined through strain measurements
collected immediately below the installed interlayer. The findings of this study are
expected to provide relevant information on the structural benefits of geosynthetic
interlayers under actual traffic conditions.

1.2

OVERALL OBJECTIVE
The overall objective of this research is to evaluate the benefits associated with
the use of asphalt geosynthetic-reinforcements within flexible pavements. This study
investigates the strain response of pavement sections during the post-construction
period of an asphalt overlay constructed using different interlayer reinforcements.
Traffic loading involved multiple passes of a loaded vehicle as well as a pickup truck
to represent heavy commercial and private vehicles. This information is expected to
provide understanding on the mechanisms in reinforced asphalt overlays with
emphasis on the structural improvements. Testing was conducted on field sections
that were specifically constructed for this research.

1.3

SPECIFIC OBJECTIVES

In order to achieve the overall objective, this research seeks the following specific
objectives:
• Construct a field site with different sections involving geosynthetic interlayer
reinforcements and instrumentation to assess different loading mechanisms.
2

•
•
•
•
•

1.4

Compare the performance of reinforced pavement sections with that of an
unreinforced pavement section.
Compare the performance of different geosynthetic reinforcement products within
reinforced pavement sections.
Compare the horizontal strains that develop within overlay sections associated
with different loading mechanisms.
Understand the structural benefits of interlayer reinforcement.
Understand the effect of interlayer reinforcement in mitigation of reflective
cracking.

THESIS STRUCTURE
This thesis includes 6 chapters. Chapter 1 includes the motivation and objectives
for this research. Chapter 2 provides the background information on the key
components associated with this research. This information includes the geosynthetic
interlayer applications, benefits of geosynthetic-reinforced pavement structures, and
use of asphalt strain gages within pavement structures. Chapter 3 includes the US77
overlay project information, project site details, basis for section location and design,
geosynthetic materials, instrumentation, installation details, and data acquisition.
Chapter 4 provides information regarding the controlled testing campaign conducted
at the project site. Chapter 5 includes the field monitoring results from the pavement
sections obtained from a sequence of field testing programs. Chapter 6 includes the
final discussion and conclusion based on the obtained results, which compares the
reinforced sections with different products to the control section.
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Chapter 2. Literature Review
2.1

GEOSYNTHETICS IN PAVEMENT SYSTEMS

Geosynthetics have been used to enhance performance of various pavement
layers. Zornberg (2017a, 2017b) discussed the various functions (including separation,
filtration, reinforcement, stiffening, and drainage) that geosynthetics can potentially
fulfill when used in different pavement layers. Specifically, geosynthetics have been used
in base stabilization applications to fulfill a stiffening function and in subgrade
stabilization to fulfill the stiffening, reinforcement, separation, and drainage function
(e.g., Al-Qadi et al., 2008; Zornberg et al., 2012). Design properties to fulfill stiffening
and reinforcement functions may be distinctively different (e.g., Roodi, 2016; Roodi and
Zornberg, 2017; Zornberg et al., 2017). Geosynthetics have also been used within the hot
mix asphalt concrete to enhance its structural capacity or to mitigate reflective cracking
between asphalt layers (e.g., Perkins et al., 2010; Ferrotti et al. 2012; Brown et al., 2001).
A concern regarding this application is a de-bonding effect which is described as the loss
of adhesion between adjacent asphalt layers due to presence of the inclusion (e.g.,
Zamora-Barraza et al., 2010; Roodi et al., 2017). This research aims at gaining better
understanding on the impact of geosynthetic reinforcement interlayer in hot mix asphalt.
Aspects of the literature that are particularly relevant to this application are discussed
next.
2.2

MITIGATION OF REFLECTIVE CRACKING

Reflective cracking (RC) is a major distress type in new asphalt layers constructed
on previously cracked pavements. Reflective cracking typically develop in a new asphalt
overlay at the location of preexisting cracks within the old pavement. The repeated
loading from traffic can trigger bending and/or shear stresses of high intensity at the
crack location. Reflective cracking can also occur due to thermal expansion or
contraction within the pavement. As these cracks reach the surface, the pavement
becomes vulnerable to moisture infiltration that may lead to early failure. (Zornberg
2017a). There are four main reflective cracking mitigation methods. First, reflective
cracking can be mitigated by modifying or strengthening the existing pavement surface.
The fracture resistance of asphalt mixture can be improved by using asphalt rubber
modified mixture and polymer modified asphalt mixture (Zhang et al. 2012). Varying the
thickness of HMA overlays is also an option for RC mitigation (Vismara, et al. 2012).
Second, treatments of existing pavements minimize RC. Such treatments usually involve
milling, reclamation, or recycling of the existing pavement. Full depth reclamation is
also a rehabilitation strategy for low volume roads (Jones, et al. 2016). Third, interlayer
systems can be used in road rehabilitations. The concept behind the interlayer systems is
to dissipate tensile strength at the existing crack tip. Various types of interlayers have
4

been used, including chip seals, interlayer stress absorbing composite, asphalt-rubber
membrane interlayer, and fabrics. Lastly, geosynthetic interlayers have been used to
mitigate the early development of reflective cracks. This is done through one or a
combination of functions, including reinforcement, separation (or protection), and barrier
(Perkins et al. 2010).
2.3

MECHANISMS OF ASPHALT REINFORCEMENT

As previously mentioned, a geosynthetic interlayer can provide reinforcement,
separation, and a barrier for a pavement. The reinforcement function describes the
development of tensile forces in the geosynthetic at the location of a crack that reduces
the stresses felt by the bituminous material. The separation function refers to the
geosynthetic providing a layer that allows horizontal deformations without transferring
this movement through the new overlay. The barrier function corresponds to the
waterproofing of the old pavement through bitumen-impregnated nonwoven geotextiles.
More recent studies have reported that geosynthetic interlayers can not only mitigate the
development of reflective cracks, but also increase the structural capacity of a pavement.
Figure 1 a. shows a typical example of reflective cracking induced by localized stresses at
the crack tip. In a geosynthetic-reinforced pavement, such as the one shown in Figure 1
b., the crack reaches the reinforcement then stops as the geosynthetic minimizes the
induced stresses (Zornberg 2017a).

5

Figure 1: Use of geosynthetics in mitigation of reflective cracking in asphalt overlays:
a) Roadway designed without geosynthetics, b) Roadway designed with
geosynthetics (Zornberg 2017a.)

Asphalt reinforcements typically involve grids made of materials with high tensile
strength and comparatively high stiffness. The open structure facilitates aggregate
interlock between paving courses and restrains lateral movement of the aggregates. This
structure enhances through-hole bearing capacity and allows stresses to be transferred to
the grid by means of the interlocking aggregates of the asphalt layers. Square mesh aim at
allowing equal lateral movements in both directions, while rectangular meshes restrict
more lateral movement in one direction than the other. The size of the open structure
should allow large aggregates to penetrate through. Otherwise, inadequately compacted
spots may remain and could result in insufficient adhesion with the overlay (Nguyen, et
al. 2013).
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Reflection cracking is influenced by many factors such as interlayer stiffness and
thickness, crack width, overlay stiffness and thickness, and depth of installation. Crack
propagation theory helps to better understand crack reflecting mechanisms. Paris and
Erdogan (1963) introduced the empirical fracture mechanics law that can be expressed as:
dc/dN = Ak ) (Paris and Erdogan, 1963)
c = Crack length;
N = Number of load cycles to failure;
K = Stress intensity factor at crack tip;
A, n = Fracture properties of the material.
If the stress intensity factor at the crack tip decreases, the crack propagation will
also decrease. This is theoretically possible with the inclusion of a reinforcement layer,
which may reduce the tensile stress at the crack tip, as shown in Figure 2 b. (Paris and
Erdogan 1963). At first, the crack propagates upward until it reaches the reinforcing
interlayer. It then moves laterally until there is no longer sufficient energy available to
move any further. Figure 2 c. and d. show the distribution of stresses from the crack. The
reinforced section shows a lower magnitude of stresses at the crack tip.
a)
b)

c)

d)

Figure 2: Crack propagation theory: a) Preexisting cracks below overlay
without reinforcement; b) Preexisting cracks below overlay
with reinforcement; c) Stress distribution without
reinforcement; d) Stress distribution with reinforcement
(Paris and Erdogan 1963)
7

Consequently, the interlayers may reduce the presence of reflective cracks in an
overlay by creating a stress absorbing layer at the tip of an existing crack. Reinforcement
adds tensile strength that is mobilized at small strains in the overlay. Thus, reinforcement
interlayers reduce a pavement’s susceptibility to cracking by increasing the pavement’s
flexural strength at low strains.
2.4

PREVIOUS STUDIES ON REINFORCED ASPHALT

The effects of geosynthetic overlays have been studied using several experimental
approaches. One of such experimental setups involved testing an overlay placed on a
preexisting pavement model with a synthetic crack. The overlay was repeatedly loaded
by a hydraulic dynamic loading frame applying a force through a circular loading plate.
Figure 3 shows the test setup for this experiment.

Figure 3: Schematic of test setup (Khodaii et al. 2009)
The width of the crack was varied between 10 and 20mm and the existing
pavement was modeled by both a concrete and asphalt concrete slab. The location of the
geosynthetic was varied between half, one-third, and at the bottom of the overlay. Figure
8

4 shows two test specimens: reinforced at one-third overlay embedment and
unreinforced. The unreinforced specimen develops noticeable reflective cracking around
20, 000 cycles, whereas the reinforced specimen does not show obvious cracking through
100,000 cycles. This study concluded that geogrid inclusion in the asphalt leads to a
significant increase in overlay performance regarding resistance to cracking and rutting
(Khodaii et al. 2009).
a)

b)

Figure 4: Progression of reflective cracks at 20° C for: a) geogrid reinforced (embedded
at one-third) overlay; b) unreinforced overlay (Khodaii et al. 2009)
A series of tests were performed by Montestruque et al. (2012) on a field site with
a 100m long test section. This section contained 50m of polyester interlayer
reinforcement and 50m of unreinforced pavement. The entire length was contained
preexisting cracks and had a 70mm overlay. A traffic simulator performed repeated
cycles on the pavement sections. At 192 cycles, the unreinforced section shows clear
reflective cracks. The reinforced section started showing cracks at 220 cycles. After
pieces of the asphalt were extruded, it was determined that the reinforced section did not
show reflective cracks, but instead showed top down fatigue cracking. Figure 5 shows the
9

extruded samples. In conclusion, the reinforcing polyester grid interrupted the crack
propagation in the field specimens (Montestruque, et al. 2012).
a)

b)

Figure 5: Detail of extracted specimen: a) preexisting cracks stopped at
grid location; b) top down cracking in the reinforced section
(Montestruque, et al. 2012).
Another test conducted by Montestruque et al. (2012) used a setup for wheel
tracking rutting test to perform a wheel reflective cracking test. This testing series used
three overlay systems: first was 60mm of HMA, second was the addition of 20mm of
relief asphalt layer (strata), and third was the addition of a polyester grid. A crack activity
meter (CAM) was used to measure crack behavior during the testing. The testing
apparatus included the overlay, a preexisting asphalt layer containing a joint and a layer
below the preexisting pavement with different rubber membranes. The rubber membranes
had different densities in order to impose a differential vertical movement in the joint.
Figure 6 shows the test setup and equipment used for this experiment. In conclusion, the
strata had a retarding effect on crack initiation and propagation, and the reinforcing
polyester grid interrupted the crack propagation (Montestruque, et al. 2012).

10

a)

b)

c)

Figure 6: a) Test layout; b) crack propagation equipment; c) crack activity meter
(Montestruque, et al. 2012).
2.5

ASPHALT REINFORCEMENT INSTALLATION METHOD

Proper installation techniques of asphalt reinforcement are essential to achieve
good bonding between the existing pavement and the new HMA overlay. The installation
method for reinforced overlay in pavement construction involves four steps. First is
surface preparation. It usually includes crack seal, milling, and leveling up. It is also
important to clean any foreign material from before the reinforcement is placed to
maximize the bond between the new layers. Second is tack coat application. The applied
tack coat rate is usually 0.2 gal/yd2 minimum at temperatures ranging from 20° to 50° C.
The application rate has to provide enough tack to bond with the entire reinforcing
surface. The tack coat also has to be properly distributed across the installation area.
Third is geosynthetic placement, which involves unrolling the reinforcement evenly
without creases to ensure the grid is placed in tension. Some manufacturers also
recommend overlapping a portion of the reinforcement’s edge when placing rolls side by
side. Fourth is construction and compaction of the HMA overlay. The reinforcement is
expected to be driven on by construction vehicles during this last step (Nguyen, et al.
2013).
2.6

CONCERNS REGARDING ASPHALT REINFORCEMENT

Several factors may affect the performance of geogrid-reinforced overlays, such
as remedial work before overlay construction, installation quality, variability of strength
in existing asphalt, base, and subgrade layers, traffic volume, and presence of moisture.
The performance of asphalt reinforcement can range from clear success and increased
overlay performance to failure. Failure has been reported to involve de-bonding that
occurs between the new overlay and the existing pavement. De-bonding can lead to
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increased deterioration of the new overlay due to excessive movement that results in pot
holes or alligator cracking (Sobhan et al., 2003). This has influenced the use of different
bonding products. Some reinforcements include a geotextile bonded to a geogrid, where
the geotextile facilitates bonding when heated during the construction of the HMA
overlay. These geotextiles can also be used to absorb the tack coat. The tack coat can
range in effectiveness. The use of polymer-modified asphalt emulsion and pure asphalt
cement has been reported to be highly successful (Chen et al., 2013).
Proper installation of asphalt reinforcement is also essential for the bonding of the
HMA overlay. A common mistake has been the lack of surface treatment of the
preexisting asphalt. It is necessary to clean any foreign material from the road before
placing the reinforcement. Also, any creases formed from unrolling the grid can result in
air voids. This can be fixed by cutting the excess portion and compacting it before the
overlay is placed, which allows the reinforcement to remain in tension (Vanelstraete et
al., 2000).
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Chapter 3. Project Details
3.1

SITE CHARACTERIZATION

3.1.1

Location
The location of the field monitoring project investigated in this study is Lee
County, Texas, at the area along US-77 where it intersects with SH-21. The total length
of the overlay project is 2.488 miles (see Figure 7 a.). It extends 2.0 miles north and
0.488 miles south of the SH-21 intersection. The coordinates of the intersection is
(30.305556° N, -96.952500° S). An approximate address to the north end of the overlay
is shown in Figure 7 b. Figure 7 c. includes a map showing the project location relative to
Austin. It is approximately 57 miles from the University of Texas at Austin via Highway
290.
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a)

b)

c)

Figure 7: US77 overlay project location: a) relative to Austin; b) within Lee County; c)
Google Earth view

14

3.1.2

Subgrade Soil Information
The bulk of the overlay lies within an outcrop of Luling clay with some areas of
Crockett gravelly fine sandy loam as shown by the soil survey map shown in Figure 8 a.
A sample of the Luling clay was collected from the site to test the basic geotechnical
properties of the soil.
a)

b)
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c)

Swell (%)

0.04%
0.03%
0.02%
0.01%
0.00%

0

10

20

30

40

50

Time (hr)

Figure 8: US77 subgrade properties: a) USDA soil survey; b) sieve analysis;
c) swell test
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Table 1: Atterberg Limit of Luling Clay
Test #
Predicted Liquid Limit, LL
Selected Liquid Limit, LL
Plastic Limit, PL
Plasticity Index, PI
Average Liquid Limit, LL
Average Plastic Limit, PL
Average Plasticity Index, PI

1
36
36
19
16

2
36
36
19
18
36
19
17

3
36
36

Table 1 shows the results from Atterberg limit tests. The average liquid limit was
found to be 36 and the average plastic limit is 19. This gives a plasticity index of 17, with
the soil classifying as low plasticity clay (CL) based on the USCS classification. Figure 8
b. shows the results from the sieve analysis. The gradation curve indicates that the soil
contains approximately 63% sand size particles and 37% fines. A one-dimensional
swelling test using an oedometer setup was performed following ASTM D4546 Method A
targeting a dry of optimum condition prescribed by NAVFAC at 125 psf. The strain
versus time curve for the test is shown in Figure 8 c. After 40 hours, the soil swelled less
than 0.02%. Based on these results, the soil was considered to be non-expansive.

3.1.3

Site Conditions
Photos taken during a field visit to US77 provided visual evaluation of the road
conditions. Transverse and longitudinal cracks were detected, as shown in Figure 9 and
Figure 10.
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Figure 9: Images of transverse cracking along US77
The transverse cracks found along US77 would typically extend across an entire
lane of the road and repeated in a uniform matter. There was a significant vertical
depression at the crack locations and they could be noticed while driving over them. The
uniform spacing of the cracks suggests the presence of subsurface joints.
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Figure 10: Images of longitudinal cracking along US77
The longitudinal cracks were more commonly found along the outer edge of the
right hand lane. These areas included significant settlement of the shoulder, which
indicates shear failure. The majority of the longitudinal cracks were found within one
mile north of the SH21 intersection.

3.1.4

Previous Site Construction
Limited information is available about the history of US77 construction and
maintenance work. The construction of the asphalt concrete mixture (ACM) at the area
north of the SH21 intersection took place in 1999. The area south of SH21 underwent
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ACM construction in 2001. A seal coat was placed in 2011 on the existing ACM. Minor
maintenance efforts have been completed since 2011, including crack sealing and
placement of an overlay in small areas where there was significant settlement. It was
reported that the old roadway consisted of Portland cement concrete pavement. The joints
in the concrete pavement are believed to be the main source for the significant transverse
cracks along the roadway.
3.1.5

Pre-Construction Evaluation
Prior to the new overlay construction, TxDOT conducted field tests along US77.
These tests included ground penetrating radar (GPR) scans and falling weight
deflectometer (FWD) tests. Traffic counts were also taken in each direction during a 24hour period.

3.1.5.1 GPR
The ground penetrating radar (GPR) provides information on the subsurface
conditions of pavement structures. It sends discreet pulses of radar energy into a
pavement system and captures reflections from each layer interface within the structure.
It can send up to 50 pulses per second and be conducted at speeds up to 70mph. It is a
simple way to determine layer thicknesses, changes in pavement structure, and identify
subsurface defects.

Figure 11: GPR scan of US77 before overlay construction
Figure 11 shows the scan performed before the 2016 overlay construction. At the
left end of the image is the southern end of the proposed overlay. The intersection of
SH21 and US77 is also shown near the south end point. The north end point of the
overlay is marked on the right hand side. An important observation from this image is the
variability in subsurface conditions between the 16+2850 and 17+3870 station markers.
Specifically, this section shows significant changes in the pavement structure as well as
the subgrade.
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3.1.5.2 FWD
The falling weight deflectometer (FWD) is a trailer mounted device that delivers a
transient force impulse to the pavement surface. The impulse load can range from 2,500
to 27,000 lbs. It typically has a number of deflection sensors spaced 12 inches apart,
which measure surface deflections. The FWD is most commonly used for back
calculating pavement layer moduli and thicknesses.

Figure 12: Asphalt and base thickness back calculated from FWD at US77
Figure 12 shows the asphalt and base thicknesses that were back calculated form
the FWD testing along US77. The asphaltic layer shows a reasonably consistent thickness
of 2 inches. The base thickness ranges from 10 to 16 inches. Due to the inherent error
associated with the back calculation, these results were only used for additional
confirmation of pavement layer characteristics.

3.1.5.3 Traffic Counts
Traffic counts were taken along US77 north of the SH21 intersection before the
construction took place. The counts were performed in each direction for a 24-hour
period. The information is presented in hourly intervals and broken down by axle
configuration.
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a)

b)

Figure 13: US77 traffic counts: a) northbound; b) southbound
Figure 13 shows the traffic counts in each direction along US77. The northbound
direction shows the highest volume of vehicles between the hours of 7am and 7pm during
which 3,222 vehicles were counted. The total count for the day was 3,776 vehicles. The
southbound traffic showed the highest volume during the hours of 6am to 6pm, totaling
2,996 vehicles. The total number of southbound vehicles for the day was 3,651.
Furthermore, the multi-unit vehicles counted in a day is 976 in the northbound direction
and 948 in the southbound direction.

3.2

3.2.1

FIELD TESTING DESIGN

Materials
The geogrid products used in this study are manufactured by Huesker Inc. and
commercialized under the name of HaTelit. HaTelit products are designed to be flexible,
high-strength, and temperature resistant grids to increase the effective reinforcement of
asphalt layers. They offer good resistance to installation damage when driven over by
asphalt trucks and pavers, as well as during compaction. They can be installed on milled
surfaces and are resistant to degradation in alkaline environments. The bitumen coating
and interlocking capabilities of the grid allow for strong bonding between reinforcement
and asphalt layers
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Two different types of interlayer geosynthetics were used in the US77 test
sections. One of the geosynthetics, HaTelit C 40/17, is comprised of a reinforcement grid
made from high-modulus polyester yarns (PET) with a lightweight nonwoven geotextile
backing. The second geosynthetic was HaTelit XP, which is comprised of a
reinforcement grid made from polyvinyl alcohol (PVA) with a lightweight non-woven
geotextile backing. The product specifications are shown in Table 2.

Table 2: Physical properties of HaTelit products
Test name
Mass/Unit Area
Aperture Size
Open Area of
Grid
Wide Width
Tensile Strength
Machine
Direction (MD)
Cross-Machine
Direction (CMD)
Tensile Strength
@ 3% Strain
Elongation at
Break
Shrinkage @ 375°
F for 15 min
Melting Point

Test standard
ASTM D-5261
Measured
CWO 22125

HaTelit C40/17
270 g/m2
40 x 40 mm
>80 %

HaTelit XP50
210 g/m2
40 x 40 mm
>80 %

ASTM D-6637

50 kN/m

>50 kN/m

ASTM D-6637

50 kN/m

>50 kN/m

ASTM D-6637

12 kN/m

>22 kN/m

ASTM D-6637

<10 %

<6%

<1%
ASTM D-276

255° C

3.2.2

Test Section Location
Test sections were constructed at the northernmost end of the overlay
construction, approximately two miles north of the intersection between US77 and SH21.
The test section location was chosen based on a number of factors, including the uniform
thickness of different layers as observed from GPR results based on a scan completed
before the overlay construction. This is shown in Figure 14 and Figure 15.
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Figure 14: GPR scan on US77 before overlay construction

Figure 15: GPR scan of chosen test section
location

Figure 14 shows the entire scan of the US77 overlay. Relevant locations are
marked on the image indicating the beginning and end of the test sections as well as the
overlay. Figure 15 shows the same scan zoomed in to the proposed area for the test
sections. This location was chosen based on the uniformity of the pavement, base, and
subgrade layer thicknesses.
The second reason for the selected location of the test sections was to minimize
acceleration/deceleration. It was determined that the areas with relatively small elevation
changes and curvature would be beneficial. The elevation profile and overhead view of
the site were used for this matter.
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Figure 16: Elevation profile for US77

Figure 17: Overhead view of US77 overlay

Figure 16 shows the elevation profile for the length of the proposed overlay. The
far left end of the image is the north endpoint of the overlay and the far right end is the
south endpoint. The smallest elevation change over the necessary length for the test
sections was identified at the north end of the overlay. Figure 17 shows comparatively
small curvature at the proposed test section location.
Lastly, the pavement condition was evaluated to find the best area for test section
installation. It was decided that an area with preexisting cracks would be best, since one
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of the main objectives for placing interlayer reinforcements is to retard reflective
cracking. Condition surveys revealed a significant number of transverse cracking at the
northern end of the project.

3.2.3

Test Section Sequence
When travelling southbound from the north end of the overlay, the sequence of
test sections includes PET reinforcement, PVA reinforcement, control section, and a
repeat PET reinforcement. The sections were named Section 1, Section 2, Section 3, and
Section 4. The order of the reinforcements was determined based on ease of installation.
A repeat section of the PET grid was installed because this interlayer reinforcement was
deemed as a cost-effective product. On the other side of the road in the northbound
direction, reinforcement was only installed parallel to the control section. This was done
so a side by side comparison of reinforced versus unreinforced could be performed while
minimizing changes in the subgrade. The order of the northbound sections is control,
PET reinforcement, control, control, ending at the north end of the overlay. The test
section layout is shown in Figure 18.

Figure 18: US77 test section layout

3.2.4

Sensor Locations
Asphalt strain gages (ASGs) were installed in the right hand lane of Section 1,
Section 2, and Section 3. The original installation plan included placing sensors in
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Section 4 but time constraints during installation did not allow for it. In each section, four
strain gages were installed in the right hand wheel path, and two strain gages between the
wheel paths. Within the wheel path, one sensor was installed in the longitudinal direction
on a pre-existing crack, two of the sensors were installed in the longitudinal direction
away from a crack, and the last sensor was installed in the transverse direction away from
a crack. Between the wheel paths, one sensor was installed in the longitudinal direction
on a pre-existing crack, and the other sensor was installed in the transverse direction
away from a crack. The orientation of the strain gage was determined to assess the
difference in strains in the longitudinal and transverse directions. Sensors were placed on
cracks to assess the effect of reinforcement regarding mitigation of reflective cracks. The
sensor configuration for each section is shown in Figure 19.
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a)

b)

c)

Figure 19: Sensor layout for: a) Section 1; b) Section 2; c) Section 3
Figure 19 shows the individual sensor layout for each of the instrumented
sections. The sensor number is shown next to the relative location. As mentioned, six
strain gages were installed in each section. The sensor location within each section was
chosen based on the presence of a transverse crack near the middle of the 500 ft. length.
Figure 20 shows the approximate location where the sensor wires extended to the edge of
the pavement and were connected to the data logger.
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Figure 20: Approximate sensor location within each section

3.3

INSTALLATION OF GEOSYNTHETIC REINFORCEMENTS

3.3.1

Overlay Construction
The contractor in charge of the US77 overlay construction is a company called
Knife River. The pre-construction meeting took place on August 5, 2016. From August 8
to August 12, full depth repair and level up was performed on certain areas of the road.
On August 19, an extra area of level up was performed at a location north of the overlay
itself. The overlay construction began August 23 on the inside lane of the northbound
direction. The plan was to overlay one lane each day to minimize lane closures. The
inside lane of the southbound direction was finished on August 24, followed by the
outside lane of the northbound direction on August 25, then the outside lane of the
southbound direction on August 26. The overlay was finalized on August 27 by adding
the lane striping and reflectors. The overlay itself consisted of a chip seal placed on
asphalt cement (AC20 & TY PD GR 4 AGGR & ACP TY “D”) with a 1.5 inch type “D”
asphalt overlay. Rolling compactors were then used to meet the thickness and density
requirements.
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a)

b)

c)

d)

Figure 21: US77 overlay construction during: a) tack coat application for chip seal; b)
aggregate placement for chip seal; c) asphalt placement; d) asphalt leveling
Figure 21 shows the construction sequence for the pavement installation. The first
step after reinforcement placement was to apply the tack coat used for the chip seal.
Then, a truck containing the aggregate fed the chip spreader, which dropped the
aggregate on the fresh tack coat. Placement of the HMA was conducted next. A truck
containing the HMA unloaded through an opening in the bottom of the trailer. The
paving finisher then collected the HMA with an auger and spread it across the width of
the lane. The last step was to compact the asphalt to the desired density and thickness.
This was done by vibratory rolling compactors that followed the paver. It took a number
of passes to reach proper compaction specifications.
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3.3.2

Reinforcement Installation
The installation of the geosynthetics was completed first thing each morning
before placing the chip seal and pavement. The order of installation was the same as the
overlay construction. It stated with the northbound inside lane with one roll of the PET
geogrid. Day 2 was the southbound inside lane and one roll of the PET geogrid was
installed in Section 1, then the PVA geogrid in Section 2, no grid in Section 3, and a
repeated PET geogrid in Section 4. Day 3 was northbound outside lane and one roll of the
PET geogrid was installed next to Section 3. Day 4 involved southbound outside lane
after the sensors had been installed. One roll of the PET geogrid was installed in Section
1, then the PVA geogrid in Section 2, no grid in Section 3, and a repeated PET geogrid in
Section 4.
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a)

b)

c)

Figure 22: Interlayer installation sequence: a) looping tow strap through tack truck
bumper and evening the strap; b) tack application and initial installment; c)
continued installment and monitoring
Figure 22 shows the main aspects of the geosynthetic installation sequence. The
first step in the installation was to clean the road surface with large rolling sweepers and
cut away any vegetation off the shoulders. The geosynthetic rolls were then placed at the
beginning of previously marked sections. The tack truck sprayed a small amount of tack
coat to adhere to the end of the roll as shown in Figure 22 a. A steel rod was fed through
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the center of each roll. A tow strap was looped through the rear bumper of the tack truck
then attached to each end of the rod. Once the strap was even, the tack truck began
spraying the tack coat while pulling the roll as shown in Figure 22 b. The geosynthetic
was then unrolled on to the fresh tack coat. Figure 22 c. shows the tack truck unrolling
the geosynthetic as it nears the end of the section. This method of fabric installation
proved beneficial in that the roll was placed on fresh tack coat in a straight line, and was
always in tension so no creases formed. The chip seal was placed after the geosynthetic
installation, followed by the HMA placement.

3.3.3

Sensor Installation
Asphalt strain gages are typically installed in new roads above the base material
and then paved over. In this project, however, the sensors were installed into the preexisting pavement so they would sit below the overlay and reinforcement layer. Each
sensor is 0.75 inches in height so it was necessary to place them 1.25 inches in to the
existing pavement so they would be 2.0 inches below the surface of the 1.5 inch overlay.
Sensor installation took place on the night of August 25 after having constructed the
outside northbound overlay but before construction of the outside southbound overlay.

32

a)

b)

c)

Figure 23: Sensor installation steps: a) pavement marking; b) pavement cutting; c) sensor
placement
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The first step was to mark the locations of each individual sensor with a
prefabricated stencil in the shape of the asphalt strain gages. This is shown in Figure 23 a.
A circular saw with a concrete saw blade was then used to cut in to the asphalt to a depth
of 1.25 inches. A network of channels was then cut to be able to feed the wires to the
edge of the pavement. This is shown by Figure 23 b. The cuts were then excavated using
a crow bar and the sensors were placed in the holes. This is shown by Figure 23 c. A
mixture of asphalt cement and sand was placed over each sensor and compacted to be
flush with the pre-existing pavement surface. Figure 24 shows each section after the
sensors were installed and the patch was placed.
a)

b)

c)

Figure 24: Patch placed over the sensors in: a) Section 1; b) Section 2; c) Section 3

3.4

COLLECTION OF FIELD DATA

3.4.1 Strain Measurements Using Asphalt Strain Gages
Asphalt strain gages (ASG), produced by CTL Group, were used in this
investigation. These strain gages are designed with durable materials to withstand high
temperatures and compaction loads associated with asphalt pavement construction. They
are designed with a full-bridge configuration to eliminate the need for expensive data
acquisition hardware. The lead wire is protected by a braided Teflon polymer coating
shielding and is meant to be resistant to abrasion and temperatures up to 205° C (CTL
Group, 2017). These strain gages have been used in a number of studies involving strain
measurements of asphalt layers (e.g. Correia, 2014). Installation of these sensors is
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typically within a new pavement. The strain gages should have a minimum of two inches
of material between the sensor and the pavement surface. It is recommended to place the
strain gage on a flat surface in a patch of heated tack coat. This creates a bond so the gage
does not move during the construction process. Once the gage is placed, a bitumen and
sand mix should cover the gage. This allows for the placement and compaction of the
HMA. Survivability of the gages can vary depending on the pre-construction placement
and present construction operations (Timm et al., 2004). Typical sensor outputs are
shown in Figure 25. Figure 25 a. shows a functioning sensor and the other plots show
different types of sensor problematic responses.
a)
b)

c)

d)

Figure 25: Strain gage output: a) functioning sensor under traffic; b) erratic sensor output
under traffic; c) excessive noise; d) not responding under traffic (Timm et
al., 2004)
Data reduction of strain measurements from ASG-152s can be accomplished in a
number of ways. Due to the behavior of asphalt under traffic conditions, there is
commonly a transition from a compressed state to a tensile state. To account for this,
differential voltages due to tensile loads are determined by subtracting the minimum
voltage value from the maximum voltage value, as illustrated in Figure 26. This is to
account for the amount of tension required to overcome the compression and is
considered the total tensile strain imparted by a particular axle load (Scholz, 2010)
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Figure 26: Methodology for reducing strain gage data (Scholz, 2010)
A study on the repeatability of asphalt strain gage measurements was conducted,
which led to the following conclusions:
• Individual gage repeatability was not strongly influenced by the average strain
magnitude. There was a slight decrease in the percent difference with an increased
strain magnitude indicating relatively stable precision.
• FWD analysis data indicated a strain of 12µε could be used as a threshold for
evaluating reliability of singular gage repetitions.
• Longitudinal gages had slightly more consistent readings than transverse gages.
• Steering axles caused lower measured absolute difference than tandem and single
axles.
• Cracked sections showed more erratic strain measurements (Willis et al., 2009).
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3.4.2 Asphalt Strain Gages
The strain gages used for this project were purchased from CTL Group. The
model number of the sensors is ASG-152. They are asphalt strain gages designed to
withstand high temperatures and compaction loads associated with pavement
construction. These sensors are used to measure horizontal strains in asphalt layers. The
sensors have a full bridge so no completion is required. The excitation voltage can be up
to 10V and the output is about 2mV/V at 1500µε. Each sensor has a 30ft lead wire that is
used to reach a central location at the edge of the pavement. The sensors are in the shape
of a ‘H’ with the 5.5” middle section containing the actual sensor fitted with two 4”
flanges. Figure 27 shows an image of the ASG-152 and the specifications provided by the
manufacturer.
a)

b)

Figure 27: ASG 152: a) image; b) specifications

3.4.2

Data Logger

3.4.2.1 DATAQ data logger
One of the data acquisition systems used for strain measurements in this study
was manufactured by DATAQ Instruments. The model of the data logger is DI-718B-US.
This is a stand-alone data logger with 8 channels. It has the capability of measuring
temperature, pressure, flow, current, voltage, and more using specific amplifiers. Data is
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stored to a SD memory card and can be downloaded via their software, WinDAQ. For
measuring strains from the ASG-152 sensors, strain gage amplifiers were installed into
each data logger. The amplifier used in this study was also manufactured by DATAQ
Instruments. The model number for the amplifiers is DI-8B38-05. These amplifiers have
an input range of +-20mV with a +10V excitation. The sensitivity is 2mV/V and they
have an output range of +-5V. A combination of generators and rechargeable lithium
batteries were used to provide the required 12V power.
a)

b)

Figure 28: DATAQ data acquisition: a) data logger; b) strain gage amplifiers
Figure 28 shows the DATAQ data logger and installed strain gage amplifiers.
Figure 28 a. shows the stand-alone data logger. The green terminal remains wired to the
strain gages at all times. The terminal is simply plugged into the designated data logger
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and powered on to collect data. The amplifiers shown in Figure 28 b. are installed to the
motherboard of the data logger. Specification for the data logger and the amplifiers are
shown in Figure 29.
a)

b)

Figure 29: Specification sheet for: a) DATAQ data logger; b) strain gage amplifier

3.4.2.2 National Instruments (NI) data logger
A National Instruments data acquisition system was the main system used during
the testing series described in this thesis. It consists of a PC fit with a PCI-E 6323 card.
This is connected to a SCXI 1349 adapter that contains a SCXI 1520 strain/bridge input
module. It is housed in a SCXI 1001 chassis with a SCXI 1314 terminal block. The
sensors connect to the terminal block and strain data can be viewed in real time with the
PC monitor. It was powered by a generator during the testing series. This system
provided the most user friendly interface that allowed for simple organization of the
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many acquired data files. The main components of this data acquisition system are shown
in Figure 30.

a)

b)

d)

c)

e)

Figure 30: National Instruments data acquisition system components: a) PCI-E 6323
multifunction I/O device; b) SCXI 1349 adapter; c) SCXI 1520 strain/bridge
input module; d) SCXI 1001 chassis; e) SCXI 1314 terminal block
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Chapter 4. Field Testing Campaign
On the days of June 26 and 27 of 2017, a series of controlled loading tests were
conducted with the help of TxDOT. These tests included heavy load passes directly over
the wheel paths at different speeds, heavy load passes offset towards the white line at
different speeds, light load passes directly over the wheel paths at different speeds, FWD
directly on each working sensor, and static loading with the heavy truck directly over the
wheel paths. The purpose of this loading program was to generate accurate strain results
for comparison among the different test sections.

4.1

IDENTIFICATION OF SENSOR LOCATIONS
The installed sensors were located previous to the start of the testing campaign.
This was done using a handheld GPR, such as that shown in Figure 31 a. The GPR had a
screen that showed the scan directly below the device. The sensors were found by
locating the flanges in one direction then the center component in the other direction.
Figure 31 b. is a scan from the GPR showing the flanges of a strain gage. After locating
and marking each sensor, a path was laid out for the vehicles to travel directly over them.
The location of each sensor was also marked with a large nail on the shoulder and the
perpendicular distance from the nail to the sensor was noted. Figure 31 c. shows the nail
partially driven into the pavement. This was done so the sensors can be easily found in
the future.
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a)

b)

c)

Figure 31: Handheld GPR for sensor location: a) GPR device; b) scan showing sensor
flanges; c) permanent marking for sensor location
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4.2

VEHICLE PASSES
The vehicle passes were conducted using two vehicles of different weights. The
heavy vehicle passes were performed by a TxDOT employee driving a dump truck
loaded with base material from a local stockpile. The dump truck has three total axles
including the front steering axle and a rear tandem axle. The truck was weighed at a local
feed stored showing a total weight of 48,460 lbs. The tire pressure was 120psi. The truck
conducted 10 passes directly in the wheel path and 10 passes offset from the wheel paths
towards the shoulder at 15mph. The direct and offset passes were then repeated with an
increased velocity of 25mph. Figure 33 shows the vehicle trajectory for direct and offset
passes.
The light vehicle passes were performed by the research team driving a pickup
truck. The pickup truck is a standard, two-axle truck. It was weighed at a local feed
stored showing a total weight of 6,240 lbs. The tire pressure was 40psi. The truck
conducted 10 passes directly in the wheel path at 15mph and 10 passes directly in the
wheel path at 25mph. Figure 32 shows the vehicles used for traffic passes.
a)

b)

Figure 32: Vehicles used for trafficking: a) heavy load (dump truck); b) light load (pickup
truck)

43

a)

b)

Figure 33: Vehicle pass diagram for: a) direct passes; b) offset
passes

4.3

FALLING WEIGHT DEFLECTOMETER TESTING
Falling weight deflectometer (FWD) testing was conducted by a TxDOT
employee. The FWD is typically used for correlating strength and thickness values of the
different pavement layers to the vertical deflections induced by the impulse load. For the
purpose of this study, the induced strains were measured for each drop. This was done by
maneuvering the testing equipment so that the actual impulse load would be directly over
a given sensor. The test consisted of five drops at different energy levels. The first two
drops were at 6,000 lbs. and were meant to be the seating load. The third drop was also at
6,000 lbs. followed by a 9,000 lb. drop and a 12,000 lb. drop. The data acquisition system
measuring strain response captured each of the drops from the FWD tests. Due to the
consistency among the drops and the ability to target the exact location of the sensors,
this testing series was expected to be conducted with comparatively higher precision as
compared to traffic loading. Figure 34 shows a schematic of the deflection basin and the
equipment used during the testing campaign.

44

Figure 34: FWD equipment used during controlled testing campaign

4.4

STATIC LOADING
Static testing was performed using the same dump truck with a total weight of
48,460 lbs. The driver of the truck maneuvered directly on the wheel path with the
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passenger side tires. The truck moved forward at a slow speed until the front tire was
directly over a given sensor at which point the driver was instructed to stop for a twosecond count. This was done for each of the four sensors located in the wheel path, and
then conducted again for the second axle of the vehicle. Each of the sections was tested
twice. The purpose of this testing series was to clearly capture the induced compressional
and tensile strains associated with vehicle passes. Figure 35 shows the dump truck
placing the front tire directly on a sensor.

Figure 35: Maneuvering dump truck directly on the sensors during
static testing
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Chapter 5. Results of Field Campaign
5.1

CONTROLLED TESTING CAMPAIGN

5.1.1

Traffic Loading
Vehicle passes were conducted in order to represent public traffic traveling along
the project site. A number of scenarios were considered for this analysis including heavy
passes by a dump truck and light passes by a pickup truck. The passes were made at
15mph and 25mph. The impact of variability on the wheel trajectory was assessed by
conducting passes directly in the wheel path as well as offset towards the shoulder.
5.1.1.1 Data Evaluation
To evaluate the strains for a given sensor, each pass is plotted with the maximum
strain magnitude at the intersection of the y-axis. Figure 36 a. shows this plot for Sensor
14 from the 15mph passes with a dump truck. Figure 1 b. shows the plot corresponding to
the light weight pickup truck pass at 15mph for the same sensor. The range is then taken
from the maximum strain value to the minimum strain value that occurs immediately
before. The range is taken because the asphalt goes into a compressional, or tensile, state
as the vehicle approaches and is then subjected to a peak strain level as the vehicle is
directly on the sensor. This then allows for the entire strain response to be measured
instead of just one component of the strain response. Not every pass occurred directly
over a given sensor so detailed notes were taken during the time of testing that said
whether the pass was direct or offset to the left or right. The plot is also analyzed to
identify any passes that characterized as outliers. It was found that approximately 7 out of
every 10 passes were directly over the sensors in the wheel path.
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a)

b)

Figure 36: Example asphalt strain gages data recorded under controlled trafficking: a)
heavy load (dump truck) trafficking; b) light load (pickup truck)
Once the range was found from each pass, the minimum value, first quartile,
median value, third quartile, and max value were used to create a column chart. This
chart, called a bar and whisker plot, shows the bulk of the range values within the colored
section with the max and min values shown as error bars. Figure 37 shows an example
bar and whisker plot for Sensor 14 as well as the range values found from Figure 36 a.
Extra passes would be conducted if there was a noticeable error in trajectory or an
equipment malfunction as shown by the 13 passes in Figure 37 a. This plot allows
analysis of all the passes statistically and is beneficial to evaluate variability and
sensitivity. The bar and whisker plots will be used throughout the results chapter to
evaluate vehicle passes.
a)

b)
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Pass #
1
2
3
4
5
6
7
8
9
10
11
12
13
Min Value
First Quartile
Median Value
Third Quartile
Max Value

Sensor 14
237.8
242.1
197.1
202.9
233.3
198.2
257.1
200.2
226.7
241.4
220.8
289.7
258.9
197.1
202.9
233.3
242.1
289.7

Figure 37: Example of vehicle pass strain data shown in: a) tabular form; b) bar and
whisker plot

5.1.1.2 Heavy Load Passes Directly Over Sensors
A loaded dump truck was used for the Heavy Load passes with a total weight of
48,460 lbs. This was done by marking the exact location of each of the sensors and laying
out a pathway directly over each of the sensors in the wheel path. An experienced driver
then carefully drove along the marked pathway for 10 passes at a lower speed of 15mph
and 10 passes at a higher speed of 25mph. This was done for each of the three sections.
The accuracy of each pass was monitored via a camera overlooking the right side front
tire.
In this section, the obtained strain data from heavy load passes is compared within
each test section, among various sensors, as well as among the various test sections for
the sensors installed with the same layout configuration.
5.1.1.2.1
Comparison of Strain Data within Each Test Section
Strain comparisons within this section include readings from sensors placed on a
crack versus sensors placed away from a crack and longitudinal sensors versus transverse
sensors. The sensor comparisons are laid out in the following list.
Placement – Crack vs. No Crack
i. ASG 1, ASG 2 vs. ASG 3, ASG 4, ASG 5, ASG 6
ii. ASG 8, ASG 9 vs. ASG 7, ASG 10, ASG 11, ASG 12
iii. ASG 14, ASG 15 vs. ASG 13, ASG 16, ASG 17, ASG 18
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Preexisting cracks allow for the asphalt layers to act independently on each side
of the preexisting crack, with areas of increased stress intensity at the crack locations
typically leading to early reflective cracking through new pavement layers. An evaluation
of strains measured at the crack locations was expected to indicate the likeliness of
reflective cracking to occur.
In addition, the comparison of longitudinal versus transverse strain gages in each
section follows the order shown in the list below.
Orientation – Longitudinal vs. Transverse Strain Gage
i.
ASG 1, ASG 2, ASG 4, ASG 6 vs. ASG 3, ASG 5
ii.
ASG 7, ASG 8 ASG 9, ASG 11 vs. ASG 10, ASG 12
iii.
ASG 14, ASG 15, ASG 16, ASG 17 vs. ASG 13, ASG 18
Longitudinal strain gages measure strain in the direction of traffic flow whereas
transverse strain gages measure strains in the lateral direction of the road. There are
different trends in the asphalt strains as a vehicle approaches a given location from when
it is directly on top of a given location, and finally as it moves away. The asphalt layers
experience strains both in tension and compression.
The comparison among sections is for each sensor location. There are two sensors
in each section that are located between the wheel path and four sensors located within
the right hand wheel path. As a vehicle passes directly over the wheel path, stresses are
transferred to areas between the wheel paths. The comparison of sensor location includes
the following sensors for each section.
Location – Wheel Path vs. Between Wheel Paths
i.
ASG 1, ASG 3, ASG 4, ASG 6 vs. ASG 2, ASG 5
ii.
ASG 7, ASG 9, ASG 10, ASG 11 vs. ASG 8, ASG 12
iii.
ASG 13, ASG 14, ASG 16, ASG 17 vs. ASG 15, ASG 18
Sensors 1 through 6 are evaluated to capture the strains developed in Section 1
from the heavy load passes. All but Sensor 2 were operational during the time of the
15mph passes, and Sensor 3 stopped working before the 25mph passes were completed.
Sensors 1, 3, 4, and 6 are in the wheel path and Sensor 5 is between the wheel paths.
Sensor 3 and 5 are in the transverse orientation and the rest are longitudinal. Sensor 1 is
the only working sensor in Section 1 placed on a crack. Section 1 is reinforced with a
polyester geosynthetic.
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a) 15 mph

b) 25 mph

Figure 38: Section 1 Strain Response for Heavy Loading: a) trafficking at 15mph; b)
trafficking at 25mph.
Figure 38: a. shows the strain response of each sensor within Section 1 for heavy
passes at 15mph. The maximum strain response for each sensor in the order shown
(Sensor 1, Sensor 3, Sensor 4, Sensor 5, Sensor 6) was 178µε, 276µε, 206µε, 132µε, and
157µε, respectively (also compare the 3rd quartile values). Sensor 1 is the only working
sensor in this section placed on a crack and it shows a lower strain response than sensor 4
but higher strains than sensor 6. Sensor 1 also shows a consistent response with the
median and third quartile values being close to the maximum value. It is expected that
strains around a crack would be greater due to the discontinuity of the pavement layers
but the crack behavior can be difficult to predict. Sensor 3 is in the transverse direction
and shows the greatest maximum strain reading as well as the most variability. It is more
sensitive to small changes in the wheel’s trajectory because it captures strains in the
lateral direction. Sensor 5 is also in the transverse orientation and shows more variability
than other sensors. It has the lowest maximum strain reading due to its location between
the wheel paths.. The last comparison is between sensor 4 and sensor 6. Each of these
sensors are located in the wheel path oriented and placed away from a crack. It is
expected that the sensors would have very similar strain responses but that is not the case
here with sensor 4 showing nearly 50µε more than sensor 6.
Figure 38 b. shows the strain response of each of the sensors within Section 1 for
heavy passes at an increased speed of 25mph. The maximum strain response for each
sensor in the order shown (Sensor 1, Sensor 4, Sensor 5, Sensor 6) is 191µε, 246µε,
136µε, and 188µε respectively. Each of the working sensors during this testing series
show the same trend as the lower speed passes with the exception of increased variability
among wheel path sensors and decreased variability from Sensor 5. The strain readings
from a given sensor are similar from both velocities.
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The sensors within Section 2 are Sensor 7 through Sensor 12. Only Sensor 8 and
Sensor 12 were working during the heavy load passes. Sensor 8 was placed on a crack
between the wheel paths in the longitudinal direction, and Sensor 12 is in the transverse
direction placed away from a crack also located between the wheel paths. Section 2 is
reinforced with a polyvinyl geosynthetic.
a) 15 mph

b) 25 mph

Figure 39: Section 2 Strain Response for Heavy Loading: a) trafficking at 15mph; b)
trafficking at 25mph.
Figure 39 shows the strain response from each working sensor within Section 2.
Unfortunately, none of the sensors within the wheel path were working so the comparison
of strain gage data is limited. Sensor 8 and sensor 12 had a maximum strain response of
95µe and 131µe, respectively, for the 15mph passes and 92µe and 120µe for the 25mph
passes. Sensor 8 was placed on a preexisting crack in the longitudinal direction and is less
sensitive to passes within the wheel path. Sensor 12 was in the transverse direction and
shows greater strains from vehicle passes. The strain in the lateral direction is expected to
be greater than the strain in the longitudinal direction for sensors between the wheel paths
due to the presence of reinforcement. The reinforcement provides a means of load
transfer to the area between the wheel paths. It is also expected that the transverse strain
gage will have more variability due to different wheel trajectories and that is shown here
by Sensor 12.
The 25mph passes resulted in slightly lower strain readings and decreased
variability. This is expected due to the asphalt acting more rigidly from the faster loading
rate. It transfers the vehicle load to the area between the wheel paths more efficiently.
Sensors 13 through 18 are used to capture the strains developed in Section 3 for
the heavy vehicle passes. Sensor 13, 14, and 17 are each in the wheel path. Sensor 14 and
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Sensor 15 are placed on a crack in the longitudinal direction. Sensor 13 and Sensor 18 are
in the transverse direction. There is no reinforcement installed in Section 3.
a) 15 mph

b) 25 mph
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Figure 40: Section 3 Strain Response for Heavy Loading: a) trafficking at 15mph; b)
trafficking at 25mph.
Figure 40 a. shows the strain response for each of the working sensors within
Section 3 during the 15mph passes. The maximum strain readings for each sensor in the
order shown (Sensor 13, Sensor 14, Sensor 15, Sensor 17, Sensor 18) are 272µε, 290µε,
104µε, 271µε, and 56µε. Figure 40 b. shows the strain response during the 25mph passes.
The maximum strain readings for each sensor during the higher speed passes in the order
shown (Sensor 13, Sensor 14, Sensor 15, Sensor 17, Sensor 18) are 232µε, 261µε, 93µε,
238µε, and 52µε. Strain comparisons within this section include crack versus no crack,
longitudinal versus transverse, and wheel path versus between wheel paths. Sensor 14 is
on a preexisting crack in the wheel path and shows the greatest strain response at each
speed. Sensor 15 is also on a preexisting crack and shows greater strains than Sensor 18.
This is different than in Section 2 because there is no reinforcement in this section. The
lack of reinforcement allows sensors between the wheel paths to act more independently
from loading within the wheel paths, so it is expected that the crack will have a greater
effect on strain response. It is also shown here that Sensor 13 has significant variability
during the 15mph passes. This is expected because it is oriented in the transverse
direction and is more sensitive to wheel trajectory. Lastly, it is clear here that the strain
readings from sensors within the wheel path are greater than the sensor between the
wheel paths. This is expected due to them being loaded directly by the vehicle tire.
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5.1.1.2.2
Comparison of Strain Data among Different Test Sections
Each section contains sensors placed in the same configuration. This includes six
total sensors per section, four of which are in the wheel path with the other two located
between the wheel paths. Of the four wheel path sensors, three are in the longitudinal
direction with one of them on a crack, and the fourth is in the transverse direction. The
sensors between the wheel paths are in the longitudinal direction on a crack as well as in
the transverse direction away from a crack.
Section 1 is reinforced with a polyester (PET) geosynthetic interlayer, Section 2 is
reinforced with a stiffer, polyvinyl (PVA) geosynthetic interlayer, and Section 3 is
unreinforced. The strain comparisons among different sections aim at providing insight
into the structural benefits of interlayer reinforcement as well as the benefits regarding
the retardation of reflective cracking. This is achieved by comparing the longitudinal and
transverse strain results from a given section to their matching counterparts within other
sections, as well as the comparison of longitudinal strains developed on preexisting
cracks from each section. These comparisons include the following sensors from each
section.
a. Longitudinal ASG in Wheel Path Not on Crack
i. ASG 4, ASG 6
ii. ASG 7, ASG 11
iii. ASG 16, ASG 17
b. Transverse ASG in Wheel Path Not on Crack
i. ASG 3
ii. ASG 10
iii. ASG 13
c. Transverse ASG Between Wheel Paths Not on Crack
i. ASG 5
ii. ASG 12
iii. ASG 18
d. Longitudinal ASG in Wheel Path on Crack
i. ASG 1
ii. ASG 9
iii. ASG 14
e. Longitudinal ASG Between Wheel Paths on Crack
i. ASG 2
ii. ASG 8
iii. ASG 15
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5.1.1.2.2.1
Longitudinal Strain in Wheel Path
The longitudinal strain in the wheel path is measured by two sensors in each
section. Sensor 4 and 6 are in Section 1, Sensor 7 and 11 are in Section 2, and Sensor 16
and 17 are in Section 3. Sensor 7, 11, and 16 did not work at the time of the heavy load
passes so there is no data shown from them. Section 1 is reinforced with a polyester
geosynthetic, Section 2 is reinforced with a polyvinyl geosynthetic, and Section 3 is
unreinforced.
a) 15 mph

b) 25 mph

Figure 41: Longitudinal ASG in Wheel Path Not on Crack Section 1 and Section 3 for
Heavy Loading: a) trafficking at 15mph; b) trafficking at 25mph.
Figure 41 a. shows the longitudinal strain gages in the wheel path placed away
from a preexisting crack for each section during the 15mph passes. Sensor 17 has the
greatest maximum strain response of 271µε followed by Sensor 4 at 206µε and Sensor 6
at 157µε. The reinforcement within Section 1 is expected to resist the tensile stresses
from a given load that results in less tensile strain. This is clearly shown in the strain
results from the 15mph passes.
Figure 41 b. shows the same strain gages in each section during the 25mph passes.
In this case, Sensor 4 shows the greatest maximum strain reading of 246µε followed by
Sensor 17 at 238µε and Sensor 6 at 188µε. Although this is not the expected order of
maximum strain readings, the third quartile and median values are greater from Sensor 17
than the others. This indicates the strain readings are consistently higher in Section 3
where there is no reinforcement.
5.1.1.2.2.2
Transverse Strain in Wheel Path
The transverse strain in the wheel path is measured by Sensor 3 in Section 1,
Sensor 10 in Section 2, and Sensor 13 in Section 3. Sensor 10 was not operational during
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the time of the heavy vehicle passes and Sensor 3 stopped working before the 25mph
passes were completed so no data is shown.
a) 15 mph

b) 25 mph
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Figure 42: Transverse ASG in Wheel Path Not on Crack Section 1 and Section 3 for
Heavy Loading: a) trafficking at 15mph; b) trafficking at 25mph.
Figure 42 shows the transverse strain gages in the wheel path placed away from a
crack for each section. From the 15mph passes, Sensor 3 shows a maximum strain
response of 276µε which is greater than the response from sensor 13 of 272µε. Although
the maximum strain readings are very similar, this is not expected due to the presence of
reinforcement within Section 1. From the 25mph passes, Sensor 13 shows a maximum
strain response of 232µε. Although this is slightly lower than the max reading from the
15mph passes, the bulk of the passes led to larger developed strains.
5.1.1.2.2.3
Transverse Strain between Wheel Paths
The transverse strain between the wheel paths is measured by Sensor 5 in Section
1, Sensor 12 in Section 2, and sensor 18 in Section 3. Section 1 is reinforced with a
polyester geosynthetic, Section 2 is reinforced with a polyvinyl geosynthetic, and Section
3 is unreinforced.
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a) 15 mph

b) 25 mph

Figure 43: Transverse ASG Between Wheel Paths Not on Crack Section 2 and Section 3
for Heavy Loading: a) trafficking at 15mph; b) trafficking at 25mph.
Figure 43 shows the transverse strain gages between the wheel paths away from a
crack for each section. The low speed passes gave maximum strain readings from Sensor
5, 12, and 18 of 132µε, 131µε, and 56µε, respectively. The high speed passes gave
maximum strain readings of 136µε for Sensor 5, 120µε for sensor 12, and 52µε for sensor
18. The reinforcement within Section 1 and Section 2 transfers the stresses from the
wheel path to the area between the wheel paths and renders greater strains in the
transverse direction. The lack of reinforcement within Section 3 causes the stresses and
associated strains to act locally, therefore the area between the wheel paths do not
undergo significant strains.
The low speed passes show strain readings that are slightly lower for each of the
sensors. This indicates that the pavement structure behaves rigidly during the high speed
passes and the load from the wheels is transferred to the area between the wheel paths.
5.1.1.2.2.4
Longitudinal Strain in Wheel Path on a Preexisting Crack
The longitudinal strain in the wheel path on a preexisting crack is monitored by
Sensor 1 from Section 1, Sensor 9 from Section 2, and Sensor 14 from Section 3. Sensor
9 does not work so there is only data shown from Sensor 1 and Sensor 14. Section 1 is
reinforced with a polyester geosynthetic and Section 3 is unreinforced.
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a) 15 mph

b) 25 mph

Figure 44: Longitudinal ASG in Wheel Path on Crack Section 1 and Section 3 for Heavy
Loading: a) trafficking at 15mph; b) trafficking at 25mph.
Figure 44 shows the longitudinal strain gages within the wheel path placed on a
crack for each section. Sensor 9 from Section 2 did not work during testing, so there are
no results shown. During the 15mph passes, Sensor 1 and Sensor 14 show maximum
strain readings of 178µε and 290µε, respectively. The 25mph passes gave maximum
strain readings of 191µε from Sensor 1 and 261µε from Sensor 14. The reinforcement in
Section 1 creates continuity within the pavement structure that decreases the differential
movement on either side of the crack. This leads to lower strains as shown here. Section 3
is unreinforced so the asphalt overlay is the only layer within the pavement that is
continuous. The increased strain at the preexisting crack location may eventually lead to
propagation through the new overlay.
5.1.1.2.2.5
Longitudinal Strain between Wheel Paths on a Preexisting Crack
The longitudinal strain between the wheel paths on a preexisting crack is
measured by Sensor 2 from Section 1, Sensor 8 from Section 2, and Sensor 15 from
Section 3. Sensor 2 from Section 1 did not work so there is only data shown from Sensor
8 and Sensor 15. Section 2 is reinforced with a polyvinyl geosynthetic reinforcement and
Section 3 is unreinforced.
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a) 15 mph

b) 25 mph

Figure 45: Longitudinal ASG Between Wheel Paths on Crack Section 2 and Section 3 for
Heavy Loading: a) trafficking at 15mph; b) trafficking at 25mph.
Figure 45 shows the longitudinal strain gages located between the wheel paths on
a crack for each section. From the 15mph passes, Sensor 8 has a maximum strain reading
of 95µε and Sensor 15 has a max reading of 104µε. This indicates that the crack in
Section 3 allows more strain development due to the lack of reinforcement and can
eventually lead to the propagation of reflective cracking.
From the 25mph passes, the maximum strain readings for Sensor 8 and Sensor 15
are 92µε and 93µε, respectively. The third quartile and median value are nearly 10µε less
for Sensor 8 than for Sensor 15. Therefore, the higher speed passes follow the same trend
as the low speed passes showing greater strains on the crack where there is no
reinforcement.
The strain response from Sensor 8 is very similar from both velocities with the 15mph
passes showing slightly more variation. Sensor 15, however, shows an increased strain
response during the slower passes. This is expected due to the slower loading rate on a
viscoelastic material.

5.1.1.3

Light Load Passes Directly Over Sensors

A pickup truck was used for the Light Load passes with a total weight of 6,240
lbs. This was done by marking the exact location of each of the sensors and laying out a
pathway directly over each of the sensors in the wheel path. The truck was then carefully
driven along the marked pathway for 10 passes at a lower speed of 15mph and 10 passes
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at a higher speed of 25mph. This was done for each of the three sections. The accuracy of
each pass was monitored via a camera overlooking the right side front tire.
5.1.1.3.1
Comparison of Strain Data within Each Test Section
Sensor 1 through Sensor 6 is used to capture the strains developed in Section 1
from the light load passes. Sensor 1, 4, and 6 were the only working sensors during this
time. Each of them is in the wheel path oriented in the longitudinal direction and Sensor 1
is placed on a crack. Section 1 is reinforced with a polyester geosynthetic.
a) 15 mph

b) 25 mph

Figure 46: Section 1 Strain Response for Light Loading: a) trafficking at 15mph; b)
trafficking at 25mph
Figure 46a. shows the strain response of each of the sensors within Section 1 for
the 15mph passes. The maximum strain response for each sensor in the order shown
(Sensor 1, Sensor 4, Sensor 6) is 94µε, 97µε, and 68µε respectively. Strain comparisons
within this section include crack versus no crack and repeated sensors. Sensor 1 is the
only sensor in this section placed on a preexisting crack and it shows greater strains than
Sensor 6 but slightly less than Sensor 4. It is expected that strains around a crack would
be greater due to the discontinuity of the pavement layers but Sensor 4 has shown
consistently higher strains than the other sensors within Section 1. The last comparison is
between Sensor 4 and Sensor 6. Each of these sensors are located in the wheel path in the
longitudinal direction and placed away from a crack. It is expected that the sensors would
have very similar strain responses but that is not the case here with Sensor 4 showing
nearly 30µε more than Sensor 6.
Figure 46 b. shows the strain response within Section 1 for the 25mph passes. The
maximum strain response for each sensor in the order shown (Sensor 1, Sensor 4, Sensor
6) is 92µε, 103µε, and 97µε respectively. Strain comparisons within this section are the
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same as the 15mph passes. Sensor 1 shows the lowest strains although it is placed on a
preexisting crack. Sensor 4 shows higher strain readings than Sensor 6, which is
consistent to results from other testing series. The strain readings from Sensor 1 for both
velocities are comparable to the strains measured by other sensors. This indicates that the
reinforcement decreases the effects of the crack and creates a more uniform longitudinal
strain profile within the wheel path.
Section 2 includes Sensors 7 through 12. Similar to the heavy vehicle passes, only
Sensor 8 and Sensor 12 were working during this time. Sensor 8 is placed on a
preexisting crack between the wheel paths in the longitudinal direction, and Sensor 12 is
in the transverse direction placed away from a crack also located between the wheel
paths. Section 2 is reinforced with a polyvinyl geosynthetic.
a) 15 mph

b) 25 mph

Figure 47: Section 2 Strain Response for Light Loading: a) trafficking at 15mph; b)
trafficking at 25mph
Figure 47 a. shows the strain response from each working sensor within Section 2.
Both sensors shown are located between the wheel paths. Sensor 12 shows a greater
maximum strain response of 37µε compared to Sensor 8 at 13µε. Figure 47 b. shows the
strain response from the same sensors for the 25mph passes. Similarly, Sensor 12 shows a
greater maximum strain response of 32µε compared to Sensor 8 at 8µε. This is expected
due to the transverse orientation of Sensor 12 in a reinforced section. As mentioned
before, the reinforcement allows for more load transfer to the area between the wheel
paths. This load acts laterally from the wheel paths as a vehicle passes and leads to higher
strains in the transverse direction. The reinforcement also decreases the effects of the
crack by decreasing the stress intensity at the crack location. This leads to less strain
development at the location of Sensor 8. There is a slightly lower strain response from
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each sensor during the higher velocity passes. This is expected due to the faster loading
rate of the asphalt, which leads to a more rigid response and less strain.
Sensors 13 through 18 are used to capture the strains developed in Section 3 for
the light vehicle passes. Sensor 13 and Sensor 16 were not working at this time so there is
no data shown. Sensor 14 is placed on a crack in the longitudinal direction within the
wheel path. Sensor 17 is also within the wheel path in the longitudinal direction but
placed away from a crack. Sensor 15 is between the wheel paths on a crack in the
longitudinal direction. Sensor 18 is between the wheel paths in the transverse direction.
There is no reinforcement installed in Section 3.
a) 15 mph

b) 25 mph

Figure 48: Section 3 Strain Response for Light Loading: a) trafficking at 15mph; b)
trafficking at 25mph
Figure 48 a. shows the strain response for each of the working sensors within
Section 3 during the 15mph passes. The maximum strain reading for each sensor in the
order shown (Sensor 14, Sensor 15, Sensor 17, Sensor 18) is 97µε, 7µε, 102µε, and 5µε.
Strain comparisons within this section include crack versus no crack, longitudinal versus
transverse, and wheel path versus between wheel paths. Sensor 14 is on a crack in the
wheel path and shows slightly lower strains than Sensor 17. This is not expected due to
Sensor 14 being placed on a crack but the behavior can be unpredictable. Sensor 15 is
also on a crack and shows slightly greater strains than Sensor 18. Unlike Section 2, there
is no reinforcement. The lack of reinforcement allows sensors between the wheel paths to
act more independently from loading within the wheel paths, so it is expected that the
crack will have a greater effect on strain response. The strains measured from between
the wheel paths are very small. This means the light load has a minimal effect on the area
between the wheel paths.
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Figure 48 b. shows the strain response for the same sensors during the 25mph
passes. The maximum strain reading for each sensor in the order shown (Sensor 14,
Sensor 15, Sensor 17, Sensor 18) is 96µε, 8µε, 85µε, and 6µε. Sensor 14 is on a crack in
the wheel path and shows higher strain readings than Sensor 17. This is expected due to
Sensor 14 being placed on a crack. Similar to the 15mph passes, Sensor 15 shows slightly
greater strains than Sensor 18. There is no reinforcement in this section so the crack is
expected to generate a greater strain response. The response from each of the sensors is
very similar for the different vehicle velocities. This indicates that the loading rate effects
are minimal with the lighter load.
5.1.1.3.2
Comparison of Strain Data among Different Test Sections
The comparison of strain data among different test sections for the light vehicle
passes is the same as the section comparisons for the heavy vehicle passes. Note that
Section 1 is reinforced with a polyester (PET) geosynthetic, Section 2 is reinforced with a
polyvinyl (PVA) geosynthetic, and Section 3 is not reinforced.
5.1.1.3.3.1
Longitudinal Strain in Wheel Path
The longitudinal strain in the wheel path is measured by two sensors in each
section. Sensor 4 and 6 are in Section 1, Sensor 7 and 11 are in Section 2, and Sensor 16
and 17 are in Section 3. Sensor 7, 11, and 16 did not work at the time of the light load
passes so there is no data shown from them. Section 1 is reinforced with a polyester
geosynthetic, Section 2 is reinforced with a polyvinyl geosynthetic, and Section 3 is
unreinforced.
a) 15 mph

b) 25 mph

Figure 49: Longitudinal ASG in Wheel Path Not on Crack Section 1 and Section 3 for
Light Loading: a) trafficking at 15mph; b) trafficking at 25mph.
Figure 49 a. shows the longitudinal strain gages in the wheel path placed away
from a crack in Section 1 and Section 3. Sensor 17 shows the greatest maximum strain
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response of 102µε followed by sensor 4 at 97µε and sensor 6 at 68µε. The median value
of Sensor 17 is also higher than the Section 1 sensors, but Sensor 4 has the highest third
quartile value. Ignoring the consistently high strains shown by Sensor 4, this is the
expected strain response of Section 3 compared to the reinforced Section 1.
Figure 49 b. shows the same sensors as before for the 25mph passes. Sensor 4
shows the greatest maximum strain reading of 103µε followed by Sensor 6 at 97µε and
Sensor 17 at 85µε. It is expected that there will be less strain from sensors within Section
1 due to it being reinforced but that is not the case here. The strains shown in Section 1
from the higher speed are larger than the strains from the lower speed. This is not
expected because there is a faster loading rate that typically leads to a more rigid
response and less strain development.
5.1.1.3.3.2
Transverse Strain between Wheel Paths
The transverse strain between the wheel paths is measured by Sensor 5 in Section
1, Sensor 12 in Section 2, and sensor 18 in Section 3. Sensor 5 did not work during the
light load passes so no data is shown for that sensor. Section 2 is reinforced with a
polyvinyl geosynthetic and Section 3 is unreinforced.
a) 15 mph

b) 25 mph

Figure 50: Transverse ASG Between Wheel Paths Not on Crack Section 2 and Section 3
for Light Loading: a) trafficking at 15mph; b) trafficking at 25mph.
Figure 50 shows the transverse strain gages located between the wheel paths away
from a preexisting crack in Section 2 and Section 3. The low speed passes gave a
maximum strain reading from Sensor 12 and 18 of 37µε and 5µε, respectively. The high
speed passes gave maximum strain readings of 32µε for Sensor 12 and 6µε for Sensor 18.
The reinforcement within Section 2 transfers the stresses from the wheel path to the area
between the wheel paths and renders greater strains in the transverse direction. The lack
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of reinforcement within Section 3 causes the stresses and associated strains to act locally,
therefore, the area between the wheel paths do not undergo significant strains. The
difference between the two velocities do not significantly affect the strain measurements.
5.1.1.3.3.3
Longitudinal Strain in Wheel Path on a Preexisting Crack
The longitudinal strain in the wheel path on a preexisting crack is monitored by
Sensor 1 from Section 1, Sensor 9 from Section 2, and Sensor 14 from Section 3. Sensor
9 does not work so there is only data shown from Sensor 1 and Sensor 14. Section 1 is
reinforced with a polyester geosynthetic and Section 3 is unreinforced.
a) 15 mph

b) 25 mph

Figure 51: Longitudinal ASG in Wheel Path on Crack Section 1 and Section 3 for Light
Loading: a) trafficking at 15mph; b) trafficking at 25mph.
Figure 51 shows the longitudinal sensors in the wheel path placed on a crack for
Section 1 and Section 3 during the light vehicle passes. For the 15mph passes, Sensor 1
has a maximum strain reading of 94µε and Sensor 14 shows 97µε. There is more
variation in Sensor 1 than in Sensor 14 as well as a lower third quartile and median value.
This is expected due to the reinforcement in Section 1. The reinforcement works to
decrease the strains from a crack by distributing the induced stresses through the grid.
The results from the 25mph passes are similar to the lower speed. Sensor 14 shows the
greatest maximum strain reading of 96µε compared to Sensor 1 at 92µε. The effects of
pass velocity do not seem to change the strain response for the light load.
5.1.1.3.3.4
Longitudinal Strain between Wheel Paths on a Preexisting Crack
The longitudinal strain between the wheel paths on a preexisting crack is
measured by Sensor 2 from Section 1, Sensor 8 from Section 2, and Sensor 15 from
Section 3. Sensor 2 from Section 1 did not work during testing so there is only data
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shown from Sensor 8 and Sensor 15. Section 2 is reinforced with a polyvinyl
geosynthetic reinforcement and Section 3 is unreinforced.
a) 15 mph

b) 25 mph

Figure 52: Longitudinal ASG Between Wheel Paths on Crack Section 2 and Section 3 for
Light Loading: a) trafficking at 15mph; b) trafficking at 25mph.
Figure 52 shows the longitudinal strain gages located between the wheel path on a
crack for Section 2 and Section 3 during the light vehicle passes. For the 15mph passes,
Sensor 8 shows the highest maximum strain reading of 13µε compared to sensor 15 at
7µε. This is a little more variable than the measured strains during the 25mph passes, in
which both sensors show a max value of 8µε. It is expected that Sensor 15 would have
higher strains due to the lack of reinforcement on a crack, as shown by Figure 45:
Longitudinal ASG Between Wheel Paths on Crack Section 2 and Section 3 for Heavy
Loading: a) trafficking at 15mph; b) trafficking at 25mph. during the heavy load passes.
The measured strains during this testing series are very small so the heavy load passes
can be considered more reliable.

5.1.1.4

Effect of Driving Offset of Sensors
A loaded dump truck was used for the heavy load passes with a total weight of
48,460 lbs. This was done by marking the exact location of each of the sensors and laying
out a pathway directly over each of the sensors in the wheel path. An experienced driver
then carefully drove between the marked pathway and the white line for 10 passes at a
lower speed of 15mph and 10 passes at a higher speed of 25mph. This was done for each
of the three sections. The location of each pass was monitored via a camera overlooking
the right side front tire and the location was noted based on its distance away from the
white line.
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a)

b)

Figure 53: Heavy Load Offset Passes at: a) 15mph; b) 25mph
Figure 53 shows the offset passes for each sensor at 15 and 25mph. Note that
Sensors 1 through 6 are from Section 1, Sensors 8 through 12 are from Section 2, and
Sensors 13 through 18 are from Section 3. It is shown here that Section 1 is affected more
by offset passes at a higher speed. The strain readings from Section 1 at the lower speed
are all less than 60µε, whereas the readings from the higher speed passes are between
60µε and 100µε. Section 2 also shows an increased strain response from the higher
speeds. At the lower speed, sensor 8 and 12 have strain readings around 5µε and 20µε
respectively, but the readings are at 70µε and 40µε for the higher speed. Section 3 shows
a trend that is opposite from the other two sections. It is shown on the first plot that
Section 3 reaches strains at or above 120µε for the sensors within the wheel path,
however they do not go above 120µε for the higher speed.
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5.1.2

Falling Weight Deflectometer Tests
Falling Weight Deflectometer (FWD) tests were conducted directly on each of the
working sensors. This included a series of 5 drops with 3 drops at a load of 6,000 lbs., 1
drop at 9,000 lbs., and the last drop at 12,000 lbs. The data acquisition system measuring
strain response captured each of the drops from the FWD tests. Due to the consistency
among the drops and the ability to target the exact location of the sensors, this testing
series was expected to be conducted with comparatively higher precision as compared to
traffic loading.
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5.1.2.1

Data Analysis

a)

b)
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Figure 54: Typical strain response from FWD drops: a) Plotted; b) Tabulated with peak
values from each drop; c) shown in stacked column chart
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Figure 54 a. shows a typical strain response from the FWD drops. The plot is
zeroed on the y-axis in order to show the only strains associated with the loading. As the
drops were conducted, the weight would begin bouncing from the asphalt surface. That
can be seen as the smaller spike directly following a peak value. The maximum value is
taken from a given drop and plugged in to a table like the one shown in Figure 54 b. This
is then plotted in a column chart as shown by Figure 54 c. The first column is measured
strain from the third drop at 6,000 lbs. The middle column is the measured strain from the
9,000 lb. drop, and the third column section is the measured strain from the 12,000 lb.
drop.
5.1.2.2

Comparison of Strain Data

The analysis of the FWD data is similar to the vehicle passes. It is divided in to
four charts showing sensors from each section that have the same location, orientation,
and proximity to preexisting cracks. The following list details each of the comparative
models.
a. Longitudinal ASG in Wheel Path Not on Crack
i. ASG 4, ASG 6
ii. ASG 7, ASG 11
iii. ASG 16, ASG 17
b. Transverse ASG Between Wheel Paths Not on Crack
i. ASG 5
ii. ASG 12
iii. ASG 18
c. Longitudinal ASG in Wheel Path on Crack
i. ASG 1
ii. ASG 9
iii. ASG 14
d. Longitudinal ASG Between Wheel Paths on Crack
i. ASG 2
ii. ASG 8
iii. ASG 15
The first strain comparison is for longitudinal sensors placed within the wheel
path away from a crack. The sensors with this configuration are Sensor 4 and 6 from
Section 1, Sensor 7 and 11 from Section 2, and Sensor 16 and 17 from Section 3.
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Unfortunately, Sensor 7, 11, and 16 did not work during the time of FWD testing so there
is no data shown for those sensors.
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Figure 55: Longitudinal strain in wheel path away from a crack for FWD testing

Figure 55 shows longitudinal strain in the wheel path away from a crack. The
working sensors are Sensor 4, Sensor 6, and Sensor 17. The measured strain for the 6,000
lb. drop for each sensor is 40µε, 35µε, and 59µε, respectively. The measured strain for the
9,000 lb. drop is 59µε, 46µε, and 83µε, respectively. Lastly, the measured strain for the
12,000 lb. drop is 75µε, 48µε, and 108µε, respectively. Sensor 4 and Sensor 6 show a
similar strain response for the 6k drop while Sensor 17 shows a value nearly 20µε higher.
Sensor 6 then shows the least increase in strain from the 9k drop followed by Sensor 4
then Sensor 17. This trend continues with the final drop showing Sensor 17 with the
greatest measured strain. This is similar to the trend seen from the heavy vehicle passes in
which Sensor 17, within Section 3, has greater strains than the same sensors within
Section 1. This is a different loading mechanism than the vehicle passes, in that the
sensors undergo a point load and experience purely tensile strain. The reinforcement
within Section 1 is expected to absorb some of the tensile stresses and that is indicated by
the presented strain data.
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The second comparison is for transverse sensors located between the wheel paths
and away from a crack. The sensors with this configuration are Sensor 5 in Section 1,
Sensor 12 in Section 2, and Sensor 18 in Section 3. Sensor 5 did not work during the time
of testing so there is only data shown for Sensor 12 and 18.
100

Microstrain, !" (inch/inch)

90
80
70
60
50

6k Drop

40

9k Drop

30

12k Drop

20
10
0
Sensor 5

Sensor 12

Sensor 18

(Section 1)

(Section 2)

(Section 3)

Figure 56: Transverse strain between wheel paths away from a crack for FWD testing
Figure 56 shows the transverse strains from between the wheel paths away from a
crack. The working sensors in this configuration are Sensor 12 in Section 2 and Sensor 18
in Section 3. The measured strain for the 6,000 lb. drop is 55µε for Sensor 12 and 47µε
for Sensor 18. The measured strain for the 9,000 lb. drop is 71µε for Sensor 12 and 66µε
for Sensor 18. Lastly, the measured strain for the 12,000 lb. drop is 92µε for Sensor 12
and 90µε for Sensor 18. Sensor 18 shows a greater strain increase for the 9,000 and
12,000 lb. drop, but Sensor 12 still had the highest maximum strain measurement. Sensor
12 also showed greater strains during the vehicle passes, but the higher strain readings
were attributed to load transfer through the reinforcement to the area between the wheel
paths. It is expected that the FWD will cause less strain in Section 2 due to the
reinforcement but that is not shown here.
The third comparison is for longitudinal sensors within the wheel path placed on a
preexisting crack. The sensors with this configuration are Sensor 1 in Section 1, Sensor 9
in Section 2, and Sensor 14 in Section 3. Sensor 9 was not working during the time of
FWD testing so there is only data from Sensor 1 and 14 shown.
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Figure 57: Longitudinal strain in wheel path on a crack for FWD testing
Figure 57 shows the longitudinal strain within the wheel path on a crack. The
working sensors in this configuration are Sensor 1 in Section 1 and Sensor 14 in Section
3. The measured strain for the 6,000 lb. drop is 30µε for Sensor 1 and 59µε for Sensor 14.
The measured strain for the 9,000 lb. drop is 52µε for Sensor 1 and 79µε for Sensor 14.
Lastly, the measured strain for the 12,000 lb. drop is 66µε for Sensor 1 and 104µε for
Sensor 14. Sensor 14 shows a significantly higher strain response that Sensor 1 for each
energy level. This indicates that the reinforcement within Section 1 does not allow
significant differential movement in the pavement at the crack location.
The last comparison is for longitudinal sensors located between the wheel paths
placed on a crack. The sensors with this configuration are Sensor 2 in Section 1, Sensor 8
in Section 2, and Sensor 15 in Section 3.
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Figure 58: Longitudinal strain between wheel paths on a crack for FWD testing
Figure 58 shows the longitudinal strain between the wheel paths on a crack.
Sensor 8 was the only working sensor in this configuration during the FWD testing. The
measured strain for the 6,000, 9,000, and 12,000 lbs. drop is 44µε, 65µε, and 86µε,
respectively. This is greater than the measured strain response for Sensor 1, but less than
Sensor 14. Although those sensors are within the wheel path and have experienced
significantly more direct loading from traffic, it is still a fair comparison. This is also a
very similar response to the measured strains from Sensor 12. It seems that the presence
of a preexisting crack does not have a significant effect on the strain response.

5.1.3

Static Testing
Static testing was done using the same dump truck with the total weight of 48,460
lbs. The driver of the truck maneuvered directly on the wheel path with the passenger
side tires. The truck moved forward at a slow speed until the front tire was directly over
the sensors at which point the driver was instructed to stop for a two-second count. This
was done for each of the four sensors located in the wheel path, and then conducted again
for the second axle of the vehicle.
5.1.3.1

Data Analysis
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Figure 59: Static Loading by Heavy Load for Sensor 14
Figure 59 shows the strain readings for Sensor 14 from static testing with the
dump truck. Positive strain values indicate tensile strain while negative indicates
compressional strain. Each load cycle was conducted twice so the columns indicate the
lower magnitude strains with the error bars extending to the maximum strain measured.
The first axle of the dump truck was analyzed for the strain gages located in the wheel
path, and the second axle was analyzed for the sensors between the wheel paths. This was
done because the second axle showed a clearer strain response for the sensors between
the wheel paths.

5.1.3.2

Comparison of Strain Data
The analysis of the static loading data is similar to the FWD and vehicle pass
analysis. It is divided in to four charts showing sensors from each section that have the
same location, orientation, and proximity to preexisting cracks. The following list details
each of the comparative models.
a. Longitudinal ASG in Wheel Path Not on Crack
i. ASG 4, ASG 6
ii. ASG 7, ASG 11
iii. ASG 16, ASG 17
b. Transverse ASG Between Wheel Paths Not on Crack
i. ASG 5
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ii. ASG 12
iii. ASG 18
c. Longitudinal ASG in Wheel Path on Crack
i. ASG 1
ii. ASG 9
iii. ASG 14
d. Longitudinal ASG Between Wheel Paths on Crack
i. ASG 2
ii. ASG 8
iii. ASG 15
The first strain comparison is for longitudinal sensors placed within the wheel path
away from a crack. The sensors with this configuration are Sensor 4 and 6 from Section
1, Sensor 7 and 11 from Section 2, and Sensor 16 and 17 from Section 3. Unfortunately,
Sensor 7, 11, and 16 did not work during the time of static testing so there is no data
shown for those sensors.

76

400

Microstrain, !" (inch/inch)

300
200
100
0
-100
-200
-300
-400
-500
-600

Sensor 4

Sensor 6

Sensor 7

Sensor 11

Sensor 16

Sensor 17

(Section 1)

(Section 1)

(Section 2)

(Section 2)

(Section 3)

(Section 3)

Figure 60: Longitudinal strain in wheel path away from a crack for static testing
Figure 60 shows the longitudinal strain readings from sensors in the wheel path
away from a crack. The maximum tensile strain for each sensor in the order shown is
317µε for Sensor 4, 216µε for Sensor 6, and 323µε for Sensor 17. The maximum
compressive strain for each working sensor is -501µε for Sensor 4, -422µε for Sensor 6,
and -210µε for Sensor 17. Sensor 17 shows the greatest tensile strain. This is expected
due to the lack of reinforcement within Section 3. As seen from other testing series,
Sensor 4 has a greater strain response than its repeat, Sensor 6. Both sensors in Section 1
have a significantly higher compressive strain response than Sensor 17 in Section 3.
Although the reinforcement in Section 1 is not expected to provide compressive
resistance, the strain magnitude is unusually high.
The second comparison is for transverse sensors located between the wheel paths
and away from a crack. The sensors with this configuration are Sensor 5 in Section 1,
Sensor 12 in Section 2, and Sensor 18 in Section 3. Sensor 5 was not working during the
time of testing so there is only data shown for Sensor 12 and 18.
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Figure 61: Transverse strain between wheel paths away from a crack for static testing
Figure 61 shows the transverse strains between the wheel paths during the static
testing. The sensors remained in compression during the tests, so the upper end of the red
column is the minimum compressive strain and the lower end is the maximum
compressive strain with the error bars encompassing the total maximum and minimum
compression from the two static passes. The maximum compressive strain measured for
each sensor in the order shown is -150µε for Sensor 12 and -95µε for Sensor 18. Due to
the reinforcement, Sensor 12 is more sensitive to wheel path loading because the load is
transferred to the area between the wheel paths. The measured strains in Sensor 18 are
relatively low when compared to the response from the vehicle passes so it is expected
that there is more localized strain in the area of the wheel path that is not transferred to
the area between the wheel paths.
The third comparison is for longitudinal sensors within the wheel path placed on a
crack. The sensors with this configuration are Sensor 1 in Section 1, Sensor 9 in Section
2, and Sensor 14 in Section 3. Sensor 9 was not working during the time of static testing
so there is only data from Sensor 1 and 14 shown.
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Figure 62: Longitudinal strain in wheel path on a crack for static testing

Figure 62 shows the longitudinal strains in the wheel path on a crack. The
maximum tensile strain for each working sensor in the order shown is 262µε for Sensor 1
and 443µε for Sensor 14. The maximum compressive strain for each working sensor is 246µε for Sensor 1 and -316µε for Sensor 14. The lower tensile strain from Sensor 1
indicates that the reinforcement keeps the asphalt from undergoing movement. Sensor 14
shows high strain readings because there is no reinforcement and this may eventually
lead to reflective cracking through the asphalt overlay.
The last comparison is for longitudinal sensors located between the wheel paths
placed on a crack. The sensors with this configuration are Sensor 2 in Section 1, Sensor 8
in Section 2, and Sensor 15 in Section 3.

79

Microstrain, !" (inch/inch)

100

0

-100

-200

Sensor 2

Sensor 8

Sensor 15

(Section 1)

(Section 2)

(Section 3)

Figure 63: Longitudinal strain between wheel paths on a crack for static testing
Figure 63 shows the longitudinal strain from between the wheel paths on a crack.
The maximum tensile strain from each working sensor in the order shown is 61µε for
Sensor 8 and 88µε for Sensor 15. The maximum compressive strain is -118µε for Sensor
8 and -68µε for Sensor 15. It is expected that the reinforcement in Section 2 will decrease
the amount of tensile strain from a crack and that is shown here.

5.2

DISCUSSION
The results of each testing series shed light on the benefits of interlayer
geosynthetics. The two main benefits focused on during this study are the structural
benefits shown by a decrease in tensile strain development, and the mitigation of
reflective cracking shown by strain development on preexisting cracks.

5.2.1

Structural Benefits from Geosynthetics in Asphalt Overlays
Asphalt interlayer reinforcement provides a high tensile strength at low strains. As
an asphalt layer experiences tensile stresses, the strength is mobilized and keeps the
asphalt from straining in tension. Traffic loads cause the area below each wheel to
experience vertical strains similar to a beam being loaded vertically. As a result, the
strains in the horizontal direction are in compression at the top, and tension on the
bottom with the neutral axis being somewhere in the middle. The reinforcement is
placed at an area under tension but allows less tensile strain for a given stress,
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therefore the asphalt experiences less strain. This allows the bitumen to maintain its
bond with the aggregates for more loading cycles which increases the fatigue life of
the asphalt thus providing a structural benefit.
The sensors that were directly loaded during each of the testing series show that
there is less tensile straining in the reinforced sections. These sensors include the
longitudinal strain gages in the wheel path in Section 1 and Section 3. In most cases,
Sensor 17 showed greater tensile strains than Sensor 4 and Sensor 6.
Another indication of the structural benefits of reinforcement is the load transfer
to the area between the wheel paths. Sensor 5 and Sensor 12 showed greater strains
than Sensor 18 during the vehicle passes. The load beneath the wheel is spread
through the reinforcement across a greater area, which will eventually lead to
decreased rutting in the wheel paths.

5.2.2

Mitigation of Reflective Cracks by Geosynthetics in Asphalt Overlays
Cracks within a roadway create a discontinuity in the asphalt layers. When an
overlay is constructed where there are preexisting cracks, it becomes the only
continuous layer. Wheel loads begin to induce bending and shear stresses at the crack
location, and these stresses are transferred through the overlay, thus leading to
reflective cracking. Asphalt interlayer reinforcement provides an additional layer that
extends across preexisting cracks. As a crack tip reaches the interlayer, the stresses
are then transferred laterally through the length of the reinforcement. This keeps the
crack from extending through the new overlay and increases its service life.
The sensors that were placed on a crack within reinforced sections show less
tensile straining than the unreinforced section. In each of the testing series, Sensor 1
showed less tensile strains than Sensor 14. Similarly, Sensor 8 exhibited less tensile
strain than Sensor 15. This indicates that the reinforcement in Section 1 and Section 2
performed well by providing additional strength and relieving the stresses across a
discontinuous layer.
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Chapter 6. Conclusions
This research included the construction of two inch-thick asphalt overlays reinforced
using polyester (PET) and polyvinyl (PVA) geosynthetic interlayers to be compared with
an unreinforced control section. 500 ft. sections of the PET and PVA reinforcement were
placed in sequence with the control. These test sections were constructed in an area
within a road overlay project that had comparatively small elevation changes, road
curvature, and uniform subsurface conditions.
Each of the monitored sections contained six asphalt strain gages. These asphalt strain
gages were arranged in a configuration that included two longitudinal strain gages in the
wheel path, one transverse strain gage in the wheel path, one transverse strain gage
between the wheel paths, one longitudinal strain gage in the wheel path on a crack, and
one longitudinal strain gage between the wheel paths on a crack for each section. This
configuration was chosen to observe the strain development from different orientations
and locations in the road in order to understand the structural benefits of reinforcement.
Strain gages were placed over preexisting cracks to provide information on the
reinforcement’s ability to retard reflective cracks.
A series of controlled field tests was conducted with the assistance of TxDOT to
measure the strains developed in each section by different loading mechanisms. The first
test series involved vehicle passes by a heavy vehicle. The passes were conducted at
different velocities and locations within the lane. The next test series involved passes by a
light vehicle. These passes were also conducted at different speeds. Static loading was
then conducted by the heavy vehicle. The last testing series involved FWD loading
directly on each sensor.
The overall purpose of this research was to evaluate the effect of interlayer
reinforcements on the strain development within the asphaltic layer. Specifically, the
strain gages installed within the preexisting asphalt allowed evaluation of the
development of strain within the old asphalt. These strain gages were arranged in a way
that can provide evidence of performance under different loading conditions. Based on
the analysis of the strain measurements, the following conclusions can be made:
•

Evaluation of the data obtained from the heavy load passes, light load passes at
15mph, FWD loading, and static loading indicated that the longitudinal strains in
the wheel path were greater in the unreinforced section than in the PET section.
This finding suggests that the PET reinforcement minimizes the development of
tensile strains within the asphaltic layer. This is expected to lead to an extended
design life of the pavement due to the decreased fatigue.
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•

•

•

Evaluation of the data obtained from the heavy load, light load, and static passes
for the PVA reinforcement, and the heavy load passes for the PET section
indicates that the transverse strains between the wheel paths were greater in the
PET and PVA reinforced section than the unreinforced section. This finding
suggests that the reinforcement led to a distribution of stresses over a
comparatively larger area, which is beneficial to minimize rutting depth.
The longitudinal strains in the wheel path at the location of preexisting cracks
were found to be greater in the unreinforced section than in the PET section. This
finding suggests the PET reinforcement mitigated the stresses induced by traffic
in the cracked asphalt, which may lead to decreased rate of crack propagation.
This observation was made based on the data obtained from the heavy load
passes, light load passes, FWD loading, and static loading.
Longitudinal strains between the wheel paths at the location of preexisting cracks
were found to be greater in the unreinforced section than in the PVA reinforced
section. This indicates the PVA reinforcement distributed the bending and shear
stresses and may lead to decreased crack propagation. This observation was made
in the data obtained from the heavy load passes, light load passes at 25mph, and
the static loading.

Overall, the geosynthetic-reinforcement layer provided additional tensile strength to
the asphaltic layer, resulting in lower tensile strains and, consequently, longer fatigue
lives. Additionally, the geosynthetic-reinforcement caused the asphalt to behave as a
system of relatively uniform stresses by distributing them across a comparatively larger
area. This led to reduction of peak strain values, which can lead to reduced permanent
deformations. The decreased strains developed within the wheel paths for the PET
section compared to the unreinforced section provides evidence for the structural benefits
added by the reinforcement. The increased strain response between the wheel paths from
both reinforced sections as compared to the control section indicate that the reinforced
sections behave more uniformly.
Cracks within a road establish a discontinuity in the asphalt layers. Construction of an
overlay on preexisting cracks result in a continuous layer of small thickness. Wheel loads
begin to induce bending and shear stresses at the crack location and these stresses are
transferred through the overlay, thus leading to reflective cracking. Asphalt interlayer
reinforcement is intended to provide an additional layer that extends across preexisting
cracks. As a crack tip reaches the interlayer, the stresses are then transferred laterally
through the length of the reinforcement. This slows the crack development into the new
overlay and increases its service life. This is evidenced by a decreased tensile strain
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response on preexisting cracks within the PET and PVA reinforced pavement sections
compared to the unreinforced pavement section. Low tensile strains minimize crack
widening.
The observations and correlations from this experiment correspond to the specific
pavement structure and materials used in this study. Extrapolation of the results from this
research to other materials requires careful considerations. Recommendations for further
analysis of the performance of interlayer geosynthetics in a field site include the use of
different geogrid polymers types and varying overlay thicknesses. Furthermore, the
installation of additional strain gages would be beneficial to account for malfunctioning
of sensors after their installation.
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