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ABSTRACT

Full-Scale Pavement Testing of Aggregate Base
Material Stabilized with Triaxial Geogrid

Shaun Todd Hilton
Department of Civil and Environmental Engineering, BYU
Master of Science

The objective of this research was to investigate the structural capacity of aggregate base
materials stabilized with triaxial geogrid placed in a full-scale pavement involving control, or
unstabilized, sections. Field testing was performed on a roadway in northeastern Utah that was
16 km (10 miles) long and included 10 test sections, seven stabilized sections and three control
sections, each having five test locations. The pavement structure was comprised of a hot mix
asphalt layer overlying an untreated aggregate base layer of varying thickness, depending on the
test section. Except for the control sections, one or two layers of geogrid were incorporated into
portions of the pavement structure at different locations.

Falling-weight deflectometer testing and dynamic cone penetrometer testing were used to
evaluate the structural capacity of the aggregate base layer in each pavement section. For data
analysis, the Rohde’s method was applied in conjunction with the 1993 American Association of
State Highway and Transportation Officials pavement design guide methodology, and the Area
under the Pavement Profile (AUPP) method was applied in conjunction with a mechanistic-
empirical pavement analysis. Statistical analyses were then performed to enable comparisons of
the test sections.

Field results indicated that the asphalt layer thickness was consistently 140 mm (5.5 in.)
at all 10 test sections, and the base layer thickness varied from 360 mm (14 in.) to 510 mm (20
in.). The results of the statistical analyses indicated that the majority of the 45 possible pairwise
comparisons among the test sections were not statistically significant, meaning that variations in
the presence and position of triaxial geogrid at those sections did not appear to affect the
structural capacity. The remaining comparisons, however, were statistically significant and
involved the test sections with the highest structural capacity. While one of these was
unexpectedly an unstabilized control section, the others were constructed using one or two layers
of geogrid in the base layer. In addition to being statistically significant, the observed differences
were also practically important. Increases in the observed base layer coefficient from 0.12 to
0.18 correspond to an increase in the allowable number of equivalent single axle loads (ESALSs)
from 5.9 million to 19.2 million at the research site, while decreases in the observed AUPP value
from 340 mm (13.37 in.) to 213 mm (8.38 in.) correspond to an increase in the allowable number
of ESALSs from 3.7 million to 17.3 million at the research site. These results indicate that, when
geogrid reinforcement is compatible with the given aggregate base material and proper
construction practices are followed, statistically significant and practically important increases in
pavement design life can be achieved.

Key words: aggregate base material, Area under the Pavement Profile method, Rohde’s method,
structural capacity, triaxial geogrid
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1 INTRODUCTION

1.1 Problem Statement

Using geogrid reinforcement in pavement construction has become an increasingly
common practice within the past decade. Geogrid reinforcement, available in both biaxial and
triaxial configurations as shown in Figure 1-1, is typically positioned beneath and/or within an
aggregate base layer and is designed to prevent lateral spreading of the individual aggregate
particles comprising that layer (Aran 2006, Kwon et al. 2008, Kwon and Tutumluer 2009,
Moayedi et al. 2009). Thus, to the extent that the given geogrid and aggregate base material are
compatible (Knighton 2015), inter-particle friction can be increased among the individual

aggregate particles above and potentially below the geogrid. When this occurs, the result is an

(a) (b)
Figure 1-1: Examples of (a) biaxial and (b) triaxial geogrid.
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increase in the stiffness of the aggregate base layer that leads to a greater load-carrying capacity
of the pavement (Henry et al. 2011, Kwon and Tutumluer 2009, Schuettpelz et al. 2009, Tingle
and Jersey 2009).

Several laboratory and field studies have been performed to characterize the properties of
aggregate base materials stabilized with geogrid. While many of these studies focused mainly on
biaxial geogrid (Al-Qadi et al. 2008, Hufenus et al. 2006, Joshi and Zornberg 2011, Kwon and
Tutumluer 2009, Reck 2009), others have included triaxial geogrid (Nelson et al. 2012, Wayne
2016, Wayne et al. 2011a, Wayne et al. 2011b, Wayne et al. 2011c, White et al. 2011). Selected
studies have also been performed to investigate differences in the behavior of aggregate base
materials stabilized with biaxial and triaxial geogrid (Jas et al. 2015). While these studies have
advanced understanding of the potential benefits associated with using geogrid stabilization, the
results have typically been limited in their application to specific geogrid products, specific
aggregate base materials, and/or specific conditions. The Federal Highway Administration
(FHWA) has explained that developing a generic specification for geogrid reinforcement for use
in pavements has been difficult, in part, because of the proprietary nature of geogrid products
and a lack of performance documentation (FHWA 2008); for these reasons, well designed field
experiments are an especially valuable part of continuing research on the use of geogrid for
stabilizing aggregate base materials in pavement structures. To further investigate the efficacy of
triaxial geogrid for stabilizing aggregate base materials, Tensar International Corporation, a
leading manufacturer of geogrid, requested full-scale field testing of a roadway constructed in

northeastern Utah.
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1.2 Research Objective and Scope

The objective of this research was to investigate the structural capacity of aggregate base
materials stabilized with triaxial geogrid (Tensar TX140) placed in a full-scale pavement
involving control, or unstabilized, sections. The scope of this research included evaluation of 10
test sections along an approximately 16-km (10-mile) roadway in northeastern Utah, where the
test sections were distinguished by base layer thickness and the presence and position of triaxial
geogrid. The results of this study provide additional information about the ability of triaxial

geogrid to improve the mechanical properties of aggregate base layers in pavement structures.

1.3 Outline of Report

This report contains five chapters. This chapter introduces the research, defines the
problem statement, and states the research objective and scope. Chapter 2 provides background
information obtained from a literature review about the use of geogrid-stabilized aggregate base
materials in flexible pavements. Chapters 3 and 4 detail the procedures and results of this
research, respectively. Chapter 5 provides a summary together with conclusions and

recommendations resulting from this research.
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2  BACKGROUND

2.1 Overview
This chapter provides background information obtained from a literature review about the
use of geogrid-stabilized aggregate base materials in flexible pavements. A brief description of

geogrids and a discussion of their use are presented in the following sections.

2.2  Geogrid Description

Geogrid is a high-strength extruded geosynthetic material consisting of connected sets of
tensile ribs with apertures that can be penetrated by surrounding aggregate particles (Aran 2006,
Reck 2009). Characteristics of geogrid differ due to varying geometric, mechanical, and
durability properties (Hanes Geo Components 2015, Tensar International Corporation 2016).
Geometric properties include aperture shapes and sizes along with rib spacing, depth, width,
length, and shape. Biaxial geogrids, which have square or rectangular aperture shapes, provide
tensile strength in two directions, while triaxial geogrids, which have triangular aperture shapes,
provide tensile strength in three directions. The aperture size directly determines the degree to
which aggregate particles can penetrate the geogrid. A general recommendation is that the
minimum aperture size of the geogrid should be at least equal to the particle size corresponding
to 50 percent passing (Dso) of the aggregate being placed on the geogrid, but not less than 13 mm

(0.5 in.), and the maximum aperture size should be less than or equal to twice the particle
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diameter corresponding to 85 percent passing (Dss), but not greater than 76 mm (3 in.) (FHWA
2008). Mechanical properties include tensile strength, radial stiffness, aperture stability, and
flexural rigidity of the geogrid. Durability is a measure of the resistance of geogrid to ultraviolet
degradation, installation damage, and chemical damage (Hanes Geo Components 2015, Tensar

International Corporation 2016).

2.3 Geogrid Use in Pavement Structures

Many field and laboratory studies regarding geogrid reinforcement and pavement
performance have been conducted to investigate the benefits of geogrid-stabilized aggregate base
materials in flexible pavements (Al-Qadi et al. 2008, Haas et al. 1988, Huntington and Ksaibati
2000, Kwon and Tutumluer 2009, Tingle and Jersey 2009). Although the general consensus is
that geogrid can be beneficial, quantifying the effect of including geogrid reinforcement in
pavement structures has proven to be difficult (Aran 2006, Hall et al. 2004). Because laboratory
evaluations of geogrid reinforcement do not usually account for environmental, trafficking, and
subgrade capacity variations associated with actual pavement structures in the field, full-scale
field studies of geogrid-stabilized pavement structures are often preferred for evaluating potential
benefits of geogrid (Al-Qadi et al. 2008, Barksdale et al. 1989, Brandon et al. 1996, Helstrom et
al. 2006, Joshi and Zomberg 2011). Furthermore, the use of control, or unstabilized, sections is
critical in such investigations (Holder and Andrae 2004).

As discussed in the following sections, previous studies have incorporated full-scale
experimentation and testing to evaluate performance, stiffness, and strength improvements in
geogrid-stabilized aggregate base materials. Specifically, researchers have explored the possible

requirement for a conditioning period, identified a zone of influence resulting from geogrid
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reinforcement, and investigated the effects of different geogrid positions within pavement

structures.

2.3.1 Conditioning Period

Research suggests that a sufficient conditioning period may be required before the full
effects of geogrid reinforcement on pavement performance can be observed (Kwon and
Tutumluer 2009). A sufficient conditioning period has been defined as the time required for the
geogrid and surrounding aggregate particles to fully interlock (Tingle and Jersey 2009). For a
given geogrid and aggregate base material, the length of the conditioning period is presumed to
vary depending on the amount of trafficking, where higher traffic loads and/or volumes are
expected to aid in the densification of the aggregate base material and its interlock with the
geogrid (Hall et al. 2004, Helstrom et al. 2006).

In full-scale pavement testing conducted in Mississippi (Tingle and Jersey 2009),
researchers showed that an adequate trafficking and densification period was required before
optimal geogrid performance was achieved. As summarized in Table 2-1, eight 3.7-m by 7.3-m

(12-ft by 24-ft) full-scale pavement sections were constructed for testing. Each pavement section

Table 2-1: Experimental Design for Mississippi Study

Test Base Base Thickness, |Geogrid Reinforcement| Geotextile
Section Material mm (in.) Present Present
1 |Crushed Aggregate 150 (6) No No
2 Clay Gravel 150 (6) No No
3 Crushed Limestone 150 (6) No No
4 Crushed Limestone 150 (6) No Yes
5 Crushed Limestone 150 (6) Yes Yes
6 Crushed Limestone 150 (6) Yes No
7 Clay Gravel 150 (6) Yes No
8 | Crushed Aggregate 150 (6) Yes No
6
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was constructed on native silty clay subgrade material that was surfaced with a 610-mm (24-in.)
layer of high-plasticity clay and an unsurfaced 150-mm (6-in.) base layer comprised of crushed
aggregate, crushed limestone, or clay gravel. The high-plasticity clay layer was specified to
ensure consistency in the underlying base layer support across all eight pavement sections. Each
test section was trafficked with a dual-wheel tandem-axle truck loaded to 19.8 metric tons (21.8
tons), and falling-weight deflectometer (FWD) testing was performed after different numbers of
total truck passes, specifically 0, 1,000, 5,500, and 10,000, to quantify the structural capacity of
each section. From the FWD data, the highest backcalculated modulus values of the base layer
were observed at 5,500 passes of the truck, and the increase in stiffness was attributed to the
development of progressively greater aggregate interlock with the geogrid. In this study, the
modulus values of the geogrid-stabilized base layers were generally lower than those of the
unstabilized base layers in two of the comparisons for which FWD data were presented in this
study; however, three of the four geogrid-stabilized sections did not exhibit rutting failure, which
was defined as more than 75 mm (3 in.) of permanent deformation after 10,000 truck passes,
while only two of the unstabilized sections, including one with a geotextile, did not fail in
rutting. Overall, despite having lower average base layer stiffness, the geogrid-stabilized test
sections demonstrated an improved resistance to rutting in comparison to the unstabilized
sections.

Research performed in Wyoming compared the performance of two pavement sections;
one was an unstabilized section with a 430-mm (17-in.) conventional granular base layer, and the
other was a geogrid-stabilized section with a 280-mm (11-in.) base layer (Huntington and
Ksaibati 2000). Testing consisting of FWD measurements, rutting evaluations, and pavement

condition surveys was performed shortly after construction of the roadway and again after three
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years of trafficking to evaluate the performance of the sections. The results of the FWD testing
indicated that the stiffness of the geogrid-stabilized section was initially lower than that of the
unstabilized section but increased during the three-year period to a level equal to or surpassing
that of the unstabilized section by the end of the study. The rutting evaluations indicated that the
unstabilized and geogrid-stabilized test sections were equivalent after three years of service. In
the pavement condition surveys, no other distresses were identified in either section of the
pavement. The researchers concluded that a 150-mm (6-in.) reduction in base thickness, in this
case from 430 mm (17 in.) to 280 mm (11 in.), was possible with the inclusion of geogrid
(Huntington and Ksaibati 2000).

These field studies substantiate the idea that quantifying the benefit of geogrid
reinforcement in a pavement section requires an adequate conditioning period, which allows the
geogrid and surrounding aggregate base material to fully interlock. Although exact predictions of
the length of the conditioning period are probably not possible, several months or even a few

years may be required in some cases.

2.3.2  Zone of Influence

The spatial extent of increased stiffness in the immediate vicinity of geogrid
reinforcement can be quantified in terms of a zone of influence. The zone of influence may or
may not extend through the entire base course layer, depending on the degree of interlock
between the geogrid and aggregate and the thickness of the base layer (Edil et al. 2007,
Tutumluer et al. 2009). Therefore, when the degree of interlock is lower and/or the base layer is
thicker, increases in stiffness can be more difficult to detect (Schuettpelz et al. 2009).

In a study performed in California (Kwon and Tutumluer 2009), researchers investigated

aggregate interlock associated with geogrid-stabilized base layers in pavements along with the

8
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increase in stiffness in the vicinity of the geogrid. Geogrid was placed at the base-subgrade
interface in pavements with varying cross sections and trafficked for five years. Two geogrid-
stabilized sections included 150 mm (6 in.) of base and 280 mm (11 in.) of hot mix asphalt
(HMA), while two unstabilized sections consisted of either 460 mm (18 in.) or 480 mm (19 in.)
of base and 230 mm (9 in.) of HMA. The study lacked a proper control section, such that the
higher stiffness of the 150 mm (6 in.) of base material in the stabilized section compared to the
upper 150 mm (6 in.) of base material in the unstabilized section could not be clearly attributed
to only the presence of geogrid; however, the results of dynamic cone penetrometer (DCP)
testing indicated a uniform stiffness throughout the full depth of the stabilized 150-mm (6-in.)
base layers. This result suggests that the zone of influence of the geogrid may have extended 150
mm (6 in.) above the geogrid in the stabilized sections.

In a study performed in Illinois (Kwon et al. 2008), nine full-scale pavement test sections
were constructed with varying cross sections, as shown in Table 2-2, to evaluate the

effectiveness of geogrid reinforcement. The pavement sections were subjected to accelerated

Table 2-2: Experimental Design for Illinois Study

Section HMA Thickness, | Base Thickness, | Geogrid or Position of
mm (in.) mm (in.) Control Reinforcement

A-1 75 (3) 200 (8) Geogrid Base-subgrade mterface

A-2 75 (3) 200 (8) Geogrid Base-subgrade interface

A-3 75 (3) 200 (8) Control -

B-1 75 (3) 300 (12) Control -

B-2 75 (3) 300 (12) Geogrid Base-subgrade interface

C-1 75 (3) 300 (12) Control -

D-1 75 (3) 460 (18) Geogrid 6 in. below HMA

D2 75 (3) 460 (18) Geogrid 6 in. below HMA and at base-
subgrade interface

D-3 75 (3) 460 (18) Control -

www.manaraa.com



loading using a dual-tire assembly with an applied load of 40.0 kN (9,000 Ib), a tire inflation
pressure of 690 kPa (100 psi), and a traverse speed of 8 kph (5 mph). Numbers of passes ranging
from 3,300 to 89,000 were applied to the test sections until failure, which was defined as 25 mm
(1 in.) of rutting, or until a terminal number of passes was reached. Although the exact spatial
extent was not quantified, the researchers cited a region of increased stiffness immediately above
the geogrid reinforcement that was attributed to aggregate interlock with the geogrid; this
conclusion was supported by rutting profiles observed through open trenches excavated after the
testing was complete. The stabilized sections exhibited less rutting in the base layers and/or
sustained greater numbers of load repetitions before failure than the unstabilized sections (Kwon
et al. 2008).

Laboratory testing performed in Montana addressed the presence of a zone of influence
in geogrid-stabilized aggregate base material specimens (Perkins et al. 2004). In this testing, a
circle of geogrid was positioned horizontally at the center of 300-mm by 610-mm (12-in. by 24-
in.) specimens during the compaction process. Results from repeated load permanent
deformation testing showed that the geogrid reinforcement restrained radial movement of the
aggregate within a region that extended approximately one radius of the laboratory specimen
being tested, or 150 mm (6 in.) in this case, above and below the reinforcement (Perkins et al.
2004).

The field and laboratory studies presented in this section demonstrate the occurrence of a
zone of influence in the immediate vicinity of geogrid reinforcement. Although exact
measurements of the extent of the zone of influence have not been commonly reported, values

approaching 150 mm (6 in.) may be possible in some cases.

10
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2.3.3  Optimal Geogrid Position

Several studies have been performed to identify the optimal position for geogrid
reinforcement in a pavement structure. Researchers in Illinois (Al-Qadi et al. 2008) tested
pavement sections, previously shown in Table 2-2, to evaluate the effects of geogrid
reinforcement with respect to geogrid position in a pavement structure. Results from
performance testing under accelerated trafficking, including rutting, cracking, and visual
observation, indicated that the optimal geogrid reinforcement position in thin base layers is at the
base-subgrade interface. Thin base layers for this research consisted of layers in the range of 200
mm (8 in.) to 460 mm (18 in.) thick. For thicker base layers, greater than 460 mm (18 in.), the
researchers suggested installing geogrid at two positions, one at the base-subgrade interface and
the other at the upper one-third position within the base layer. Pavement sections were
constructed over a weak subgrade with a California bearing ratio (CBR) value of 4.

Laboratory testing performed in Canada (Haas et al. 1988) on full-scale pavement
sections involved varying subgrade strengths (CBR values ranging from 1 to 8), varying
thicknesses of stabilized and unstabilized granular base layers (100 mm (4 in.) to 300 mm (12
in.)), and varying HMA thicknesses (50 mm (2 in.) to 100 mm (4 in.)) in order to evaluate
different geogrid positions in pavement structures. Single layers of geogrid reinforcement were
placed in the upper, middle, or bottom portions of the base layers, and a single test section
including two layers of geogrid reinforcement placed at the middle and bottom of the base layer
was also evaluated. Based on stress, strain, and deflection data obtained in the testing, the
conclusion of this work was that the optimum geogrid position was at the base-subgrade

interface. However, for very thick base layers, the researchers stated that the use of two layers of

11
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geogrid reinforcement, one placed at the base-subgrade interface and the other at the middle of
the base layer, may help delay permanent deformation within the pavement.

In one laboratory study in Louisiana (Chen and Abu-Farsakh 2012), geogrid
reinforcement was placed at one of three positions, including the base-subgrade interface, the
middle of the base layer, or the upper one-third position within the base layer, in full-scale
pavement sections constructed in a 2.0-m by 2.0-m by 1.7-m (6.5-ft by 6.5-ft by 5.5-ft) test box.
The aggregate base layer was 300 mm (12 in.) thick and was surfaced with a 19-mm (0.75-in.)-
thick HMA layer. A 40.0-kN (9,000-1b) load was applied through a single wheel with a tire
pressure of 550 kPa (80 psi). The number of load cycles recorded for each pavement section was
used in backcalculating effective base resilient modulus values using the Mechanistic-Empirical
Pavement Design Guide software with a failure criterion of 19 mm (0.75 in.) of rutting. The
backcalculated effective base resilient modulus values were compared to base resilient modulus
values estimated from DCP testing of the corresponding unstabilized sections to quantify the
effect of the geogrid reinforcement. The researchers showed that geogrid reinforcement placed at
the upper one-third position within the base layer performed best in increasing the effective base
resilient modulus values in this case, followed by geogrid reinforcement placed at the base-
subgrade interface and, after that, geogrid reinforcement placed at the middle of the base layer
(Chen and Abu-Farsakh 2012).

In a laboratory study in Montana (Perkins 1999), geogrid reinforcement was placed at
either the base-subgrade interface or the lower one-third position of the base layer in pavement
sections constructed in a 2.0-m by 2.0-m by 1.5-m (6.5-ft by 6.5-ft by 5.0-ft) test box. The base
layer thickness varied from 200 mm (8 in.) to 380 mm (15 in.), and the HMA layer was 75 mm

(3 in.) thick. In conjunction with stress and strain measurements obtained from instrumentation
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embedded in the pavement layers, the results of cyclic plate load testing indicated that geogrid
reinforcement placed at the base-subgrade interface limits the amount of lateral spreading that
occurs in both the bottom of the base layer and the top of the subgrade. In this study, pavement
performance was defined by surface rutting, which was lower in the sections where
reinforcement was placed in the lower one-third position than in the sections where
reinforcement was placed at the base-subgrade interface, although both performed better than
unstabilized sections (Perkins 1999).

These field and laboratory studies confirm that geogrid reinforcement position within a
pavement section can affect the ability of the reinforcement to provide improved pavement
performance. Several studies have been completed to investigate the effects of different geogrid
positions, and the optimal position appears to vary based on many factors. However, the general
consensus is that, for thin base layers, placing geogrid reinforcement at the base-subgrade
interface is a good approach, while thick base layers may warrant placing a second layer of

geogrid reinforcement at the middle or upper one-third position within the base layer.

2.4 Summary

This chapter provides background information obtained from a literature review about the
use of geogrid-stabilized aggregate base materials in flexible pavements. A brief description of
geogrids and a discussion of their use are presented. Many field and laboratory studies regarding
geogrid reinforcement and pavement performance have been conducted to investigate the
benefits of geogrid-stabilized aggregate base materials in flexible pavements. Previous studies
have incorporated full-scale experimentation and testing to evaluate performance, stiffness, and
strength improvements in geogrid-stabilized aggregate base materials. Specifically, researchers

have explored the possible requirement for a conditioning period, identified a zone of influence
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resulting from geogrid reinforcement, and investigated the effects of different geogrid positions
within pavement structures.

Field studies substantiate the idea that quantifying the benefit of geogrid reinforcement in
a pavement section requires an adequate conditioning period, which allows the geogrid and
surrounding aggregate base material to fully interlock. Although exact predictions of the length
of the conditioning period are probably not possible, several months or even a few years may be
required in some cases.

Field and laboratory studies demonstrate the occurrence of a zone of influence in the
immediate vicinity of geogrid reinforcement. Although exact measurements of the extent of the
zone of influence have not been commonly reported, values approaching 150 mm (6 in.) may be
possible in some cases.

Both field and laboratory studies confirm that geogrid reinforcement position within a
pavement section can affect the ability of the reinforcement to provide improved pavement
performance. The optimal position appears to vary based on many factors. However, the general
consensus is that, for thin base layers, placing geogrid reinforcement at the base-subgrade
interface is a good approach, while thick base layers may warrant placing a second layer of

geogrid reinforcement at the middle or upper one-third position within the base layer.
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3 PROCEDURES

3.1 Overview

This research consisted of field testing and data analyses performed to investigate the
structural capacity of aggregate base materials stabilized with triaxial geogrid placed in a full-
scale pavement involving control, or unstabilized, sections. This chapter describes the field

testing procedures and data analysis methods utilized in this research.

3.2 Field Testing

Field testing was performed on a roadway in northeastern Utah that was 16 km (10 miles)
long and included 10 test sections, as displayed in Figure 3-1, that were each 152 m (500 ft)
long; seven were stabilized sections, and three were control sections. With reference to
construction notes prepared by the contractor, the researchers selected test sections distinguished
by base layer thickness and the presence and position of triaxial geogrid (Tensar TX140). Each
test section included five test locations that were spaced 30 m (100 ft) apart in the right wheel
path of the northbound lane and centered longitudinally within the section. At the time of testing,
which was performed in fall 2015, the pavement was approximately 3.5 years old; given that the
roadway had been frequently trafficked by heavy trucks in support of the local oil industry
during this period, the researchers were optimistic that the required conditioning period was

already complete.
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The pavement structure was comprised of an HMA layer overlying an untreated
aggregate base layer of varying thickness, depending on the test section. Except for the control
sections, one or two layers of geogrid were incorporated into portions of the pavement structure
at different locations. The researchers bored holes along the shoulder of the pavement to a depth
of 760 mm (30 in.) to verify the presence and depth of geogrid at both ends of each test section.
The asphalt thickness, base layer thickness, and depth of geogrid, when present, were all
measured from the bore holes.

According to the American Association of State Highway and Transportation Officials
(AASHTO) and Unified soil classification methods, the native subgrade material was classified
as A-4(0) and silty sand with gravel (SM), respectively, with an average plasticity index (PI) of
5, and the aggregate base material was classified as A-1-a and poorly graded gravel with silt and
sand (GP-GM), respectively, with a PI of 1.5. Based on gradation information, the particle
diameters corresponding to 85 and 50 percent finer (Dss and Dso, respectively) for the base
material were determined to be approximately 19 mm (0.75 in.) and 5 mm (0.2 in.), respectively.
Therefore, based on FHWA guidelines (FHWA 2008), the minimum recommended geogrid
aperture size was 13 mm (0.5 in.), and the maximum recommended geogrid aperture size was 38
mm (1.5 in.). Because the maximum aperture size of the geogrid utilized in this research was 38
mm (1.5 in.), it met the FHWA recommendations for the aggregate base material specified for
this project.

In this research, two field testing procedures were used to evaluate the structural capacity
of the aggregate base layer in each pavement section. FWD testing was performed in general
accordance with American Society for Testing and Materials (ASTM) D4694 (Standard Test

Method for Deflections with a Falling-Weight-Type Impulse Load Device), and DCP testing was
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performed in general accordance with ASTM D6951 (Standard Test Method for Use of the
Dynamic Cone Penetrometer in Shallow Pavement Applications). The pavement surface
temperature ranged from approximately 17°C to 24°C (63°F to 76°F) during the testing.

FWD testing was conducted by Utah Department of Transportation personnel. Depicted
in Figure 3-2, the FWD consists of a set of weights mounted on a truck and dropped from
various heights onto a 300-mm (12-in.)-diameter load plate to achieve desired loads up to 71.2
kN (16,000 1b) in this research. Nine sensors were used to measure the pavement deflection at
radial distances of -300 mm (-12 in.), 0 mm (0 in.), 200 mm (8 in.), 300 mm (12 in.), 460 mm
(18 in.), 610 mm (24 in.), 910 mm (36 in.), 1,220 mm (48 in.), and 1,520 mm (60 in.) from the
point of impact. FWD testing was performed at each of the five test locations within each test
section, specifically at 15 m (50 ft), 46 m (150 ft), 76 m (250 ft), 107 m (350 ft), and 137 m (450

ft), for a total of 50 test locations. Four drops were applied at each test location at target load
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levels of 35.6 kN (8,000 1b), 44.5 kN (10,000 Ib), 53.4 kN (12,000 1b), 62.3 kN (14,000 1b) and
71.2 kN (16,000 Ib). Interpolating specifically between the 35.6-kN (8,000-1b) and 44.5-kN
(10,000-1b) load levels allowed for analysis of an exactly 40.0-kN (9,000-1b) load, which
corresponds to an equivalent single axle load (ESAL). The first drop at each load level was a
seating load and was not used in the analysis. After FWD testing was completed, one DCP test
was performed at three test locations in each test section, specifically at 15 m (50 ft), 76 m (250
ft), and 137 m (450 ft), for a total of 30 test locations. The DCP consists of a 12-mm (0.47-in.)-
diameter metal rod fitted with a standard metal cone at the end. As shown in Figure 3-3, an 8.0-
kg (17.6-1b) slide hammer was repeatedly dropped 570 mm (22.5 in.), and the penetration rate,

measured in mm/blow, of the DCP into the tested layers was recorded. Changes in DCP

Figure 3-3: DCP testing of pavement structure.
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penetration rates with depth together with measurements obtained from the bore holes were used
to estimate the pavement layer thicknesses. DCP penetration rates were also used to estimate the

CBR of both the subgrade and base layers as shown in Equation 3-1 (Webster et al. 1992):

292

CBR = —— (3-1)

where:
CBR = California bearing ratio, %

DCP = penetration rate, mm/blow

3.3 Data Analysis

After the field testing was complete, two methods of data analysis were used to
investigate the structural capacity of each test section, including the Rohde’s method and the
Area under the Pavement Profile (AUPP) method. These analysis approaches were used instead
of a traditional backcalculation approach because the latter, which was initially attempted in this
research, consistently yielded unrealistic results in comparison to the DCP data and based on the
researchers’ experience with similar materials. In both the Rohde’s method and the AUPP
method, interpolated deflections corresponding to an exactly 40.0-kN (9,000-1b) load were
analyzed at each test location, as required; linearly interpolated deflections were computed from
the average deflections associated with three drops at each of the target load levels of 35.6 kN
(8,000 1b) and 44.5 kN (10,000 1b). This process yielded one deflection basin per test location.
The following sections describe the procedures for the Rohde’s method, AUPP method, and

statistical analysis used in this research.
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3.3.1 Rohde’s Method

The Rohde’s method was applied in conjunction with the 1993 AASHTO pavement

design guide methodology in several steps. First, from the collected data, an asphalt modulus

value was calculated for each test location using a relationship between the surface curvature

index, base damage index, and asphalt modulus as shown in Equations 3-2, 3-3, and 3-4 (Xu et

al. 2002):

where:

where:

SCI = DO - D300 (3-2)

SCI = surface curvature index (mm)
Dy = peak deflection measured under a standard 40.0-kN (9,000-1b) FWD load (mm)
D340 = surface deflection occurring under a standard 40.0-kN (9,000-1b) FWD load at a

radial distance of 300 mm (12 in.) from the center of the loading plate (mm)

BDI = D3y9 — Dy (3-3)

BDI = base damage index (mm)

D3¢ = surface deflection occurring under a standard 40.0-kN (9,000-1b) FWD load at a
radial distance of 300 mm (12 in.) from the center of the loading plate (mm)

Dgoo = surface deflection occurring under a standard 40.0-kN (9,000-1b) FWD load at a

radial distance of 600 mm (24 in.) from the center of the loading plate (mm)
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log(Ez) = —1.7718 x log(SCI) + 0.8395 * log(BDI) — 2.5124 * (3-4)
log(H,.) + 0.0030 * H,. + 7.7696
where:
E,. = asphalt modulus (MPa)
SCI = surface curvature index (mm) determined from Equation 3-2
BDI = base damage index (mm) determined from Equation 3-3

H,. = asphalt concrete thickness (mm)

Second, from the asphalt modulus value calculated for each test location, an asphalt layer
coefficient was determined using a standard correlation chart available in the literature (Huang
2004). Third, subgrade modulus values were calculated using Rohde’s method as shown in

Equations 3-5 and 3-6 (Crook et al. 2012, Rohde 1994):

SIS = Disup — Ds (3-5)

where:

SIS = structural index for the subgrade

Hp = total pavement thickness (mm)

D, sup = surface deflection occurring under a standard 40.0-kN (9,000-1b) FWD load at a
radial distance of 1.5Hp from the center of the loading plate (microns), estimated
as necessary through interpolation from measured deflections at fixed sensor
positions

D, = surface deflection occurring under a standard 40.0-kN (9,000-1b) FWD load at a

radial distance of 1.5Hp + 450 mm (18 in.) from the center of the loading plate
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(microns), estimated as necessary through interpolation from measured

deflections at fixed sensor positions

Esg = 10%4 x SISks x Hpke (3-6)
where:

Esy = subgrade modulus (MPa)

SIS = structural index for the subgrade determined from Equation 3-5

Hp = total pavement thickness (mm)

k4, ks, and kg = coefficients determined from Table 3-1

Table 3-1: Coefficients for Calculating Subgrade Stiffness from SIS

Total Pavement
Thickness

Hp<380mm 9.138 -1.236 -1.903
330mm<Hp<525mm 8.756 -1.213 -1.780
525 mm < Hp 10.655 -1.254 -2.453

ka ks ke

Fourth, the Rohde’s method was used to calculate a structural number using Equations 3-7 and 3-
8 (Crook et al. 2012, Rohde 1994), and, fifth, base layer coefficients (a2 values) were computed

using Equation 3-9 (Huang 2004):

SIP = DO - D1.5Hp (3-7)
where:

SIP = structural index of the pavement (microns)

Dy = peak deflection measured under a standard 40.0-kN (9,000-1b) FWD load (microns)
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Hp = total pavement thickness (mm)

D, sy, = surface deflection occurring under a standard 40.0-kN (9,000-1b) FWD load at
a radial distance of 1.5Hp from the center of the loading plate (microns),
estimated as necessary through interpolation from measured deflections at fixed

sensor positions

SN = k, * SIP¥2 x Hp*s (3-8)
where:

SN = structural number

SIP = structural index of the pavement (microns) determined from Equation 3-7

Hp = total pavement thickness (mm)

k4, k,, and k3 = coefficients determined from Table 3-2

Table 3-2: Coefficients for Determining SN from SIP

Surface Type ki k2 k3

Surface Seal 0.1165 -0.3248 0.8241
Asphalt Concrete 0.4728 -0.481  0.7581

Dq
SN—a{—
a, = 5254 (3-9)

25402

where:
a, = base layer coefficient

SN = structural number determined from Equation 3-8

24

www.manaraa.com



a,; = asphalt layer coefficient determined using a standard correlation chart from the
results of Equation 3-4

D, = asphalt layer thickness (mm)

D, = base layer thickness (mm)

m, = base layer drainage coefficient, which was assumed to be 1.0

3.3.2 Area under the Pavement Profile Method
The AUPP method was applied in conjunction with a mechanistic-empirical pavement
analysis in several steps. First, from the collected FWD data, an AUPP value was computed

using Equation 3-10 (Alvarez and Thompson 1998, Thompson 1999, Xu et al. 2002):

AUPP = (5%D0)—(2%D1)—(2%D2)—D3 (3-10)

2

where:

AUPP = area under pavement profile (mm)

DO = surface deflection occurring under a standard 40.0-kN (9,000-1b) FWD load at the
center of the loading plate (microns)

D1 = surface deflection occurring under a standard 40.0-kN (9,000-1b) FWD load at a
radial distance of 300 mm (12 in.) from the center of the loading plate (microns)

D2 = surface deflection occurring under a standard 40.0-kN (9,000-1b) FWD load at a
radial distance of 600 mm (24 in.) from the center of the loading plate (microns)

D3 = surface deflection occurring under a standard 40.0-kN (9,000-1b) FWD load at a

radial distance of 900 mm (36 in.) from the center of the loading plate (microns)
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Second, the AUPP value was used to compute an asphalt strain value using Equation 3-11

(Alvarez and Thompson 1998):

log (—4_) = 1.00 + 1.01 * log (o) (3-11)

1,000,000
where:
eyma = HMA flexural strain at bottom of HMA layer (strain)

AUPP = area under pavement profile (mm) determined from Equation 3-10

Third, from the HMA flexural strain value calculated for each test location, the allowable
number of ESALs until HMA fatigue cracking failure was calculated using Equation 3-12

(Huang 2004):

— —-3.291 Eqc -0.854 _
Ny = 0.0796 * ey + (2o (3-12)

where:

Ny = allowable number of 80.1 kN (18-kip) ESALs until HMA fatigue cracking failure

eyma = HMA flexural strain at bottom of HMA layer (strain) determined from Equation
3-11

E,. = asphalt modulus (MPa) determined from Equation 3-4

3.3.3 Statistical Analysis
After application of both the Rohde’s method and the AUPP method, an analysis of
covariance (ANOCOVA) was conducted on the computed base layer coefficients and AUPP

values. This statistical analysis was performed to enable comparisons of the test sections after
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adjusting for potential variation in the subgrade modulus and base layer thickness values. In the
ANOCOVA model, all 10 test sections were evaluated simultaneously. The dependent variable
was base layer coefficient or AUPP value, the covariate was subgrade modulus and/or base layer
thickness, and the independent variable was test section. P-values were calculated for the
independent variable and covariate, and the coefficient of determination, or R? value, was
computed for the model. In addition, least squares means were computed for the independent
variable, and Tukey’s mean separation procedure was applied to evaluate all possible pairwise
comparisons of the 10 test sections to determine which test sections were different from other
test sections. In this research, a p-value less than or equal to 0.05 indicated statistical

significance.

3.4 Summary

This chapter describes the field testing and data analyses performed to investigate the
structural capacity of aggregate base materials stabilized with triaxial geogrid placed in a full-
scale pavement involving control, or unstabilized, sections. Field testing was performed on a
roadway in northeastern Utah that was 16 km (10 miles) long and included 10 test sections,
seven stabilized sections and three control sections, that were each 152 m (500 ft) long. Each test
section included five test locations that were spaced 30 m (100 ft) apart in the right wheel path of
the northbound lane and centered longitudinally within the section. The pavement structure was
comprised of an HMA layer overlying an untreated aggregate base layer of varying thickness,
depending on the test section. Except for the control sections, one or two layers of geogrid were
incorporated into portions of the pavement structure at different locations.

In this research, two field testing procedures were used to evaluate the structural capacity

of the aggregate base layer in each pavement section, including FWD testing and DCP testing.
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FWD testing was performed at each of the five test locations within each test section, specifically
at 15 m (50 ft), 46 m (150 ft), 76 m (250 ft), 107 m (350 ft), and 137 m (450 ft), for a total of 50
test locations. DCP testing was performed at each of three test locations in each test section,
specifically at 15 m (50 ft), 76 m (250 ft), and 137 m (450 ft), for a total of 30 test locations.
After the field testing was complete, two methods of data analysis were used to investigate the
structural capacity of each test section, including the Rohde’s method and the AUPP method.
The Rohde’s method was applied in conjunction with the 1993 AASHTO pavement design guide
methodology, and the AUPP method was applied in conjunction with a mechanistic-empirical
pavement analysis.

After application of both the Rohde’s method and the AUPP method, an ANOCOVA was
conducted on the computed base layer coefficients and AUPP values. This statistical analysis
was performed to enable comparisons of the test sections after adjusting for potential variation in

the subgrade modulus and base layer thickness values.
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4 RESULTS AND ANALYSIS

4.1 Overview

This chapter presents the results of field testing and data analyses performed for this
research. All results developed in this research are limited in their application to the material
types, pavement designs, construction techniques, environmental conditions, and trafficking

levels associated with this study.

4.2 Results

Field results included measurements obtained using the FWD and DCP; individual test
values for each test section are provided in Appendices A and B, respectively. A complete
overview of layer thicknesses and mechanical properties for each layer, including the subgrade,
in each of the 10 test sections is shown in Table 4-1. The presence of a hyphen in Table 4-1
indicates that the given measurement was not applicable to the given layer or was not
determined. The asphalt layer thickness was consistently 140 mm (5.5 in.) at all 10 test sections,
while the base layer thickness varied from 360 mm (14 in.) to 510 mm (20 in.). The CBR values
presented in Table 4-1 are average values computed from only the test locations at which the
base layer was fully penetrated by the DCP; in many cases, the base layer was too stiff to be fully
penetrated, resulting in refusal that was defined in this research as less than 30 mm (1.2 in.) of

penetration after 30 blows, even after several attempts to deepen the test hole using a bull pick
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Table 4-1: Layer Thicknesses and Mechanical Properties of Test Sections

Test Layer Layer CBR  Modulus, Layer AUPP, mm
Section Description Thickness, (from MPa (ksi)  Coefficient (in.) (from Geogrid Position
mm(n.) DCP) (fromFWD) (ffomFWD) FWD)
Asphalt 140 (5.5) - 6410 (929) 0.56 Geogrid at depth of 600 mm
1 Base 460 (18.0) 237 - 0.14 248 (9.77) (23.5 in.) below asphalt
Subgrade - 34 80 (11) - surface
Asphalt 140 (5.5) - 6050 (878) 0.55 Geogrid at depth of 600 mm
2  Base 460 (18.0) 106 - 0.13 277 (10.90) (23.5 in.) below asphalt
Subgrade - 21 90 (13) - surface
Asphalt 140 (5.5) - 6110 (886) 0.55 Geogrid at depths of 340 mm
3 Base 460 (18.0) 278 - 0.16 225 (8.87) (13.5 in.) and 600 mm (23.5
Subgrade - 18 100 (15) - m.) below asphalt surface
Asphalt 140 (5.5) - 5430 (788) 0.54 Geogrid at depth 0of 320 mm
4  Base 460 (18.0) 197 - 0.15 257 (10.13) (12.5 in.) below asphalt
Subgrade - 26 120 (17) - surface
Asphalt 140 (5.5) - 6100 (885) 0.56
5  Base 460 (18.0) 255 - 0.18 215 (8.47) No geogrid
Subgrade - 41 130 (18) -
Asphalt 140 (5.5) - 6110 (886) 0.56 Geogrid at depths 0f 360 mm
6  Base 460 (18.0) - - 0.19 197 (7.74) (14.0 in.) and 600 mm (23.5
Subgrade - - 140 (20) - m.) below asphalt surface
Asphalt 140 (5.5) - 4820 (699) 0.52
7  Base 510 (20.0) 172 - 0.14 292 (11.51) No geogrid
Subgrade - 66 80 (11) -
Asphalt 140 (5.5) - 5920 (859) 0.55 Geogrid at depths 0f 320 mm
&  Base 510(20.0) 231 - 0.16 235(9.26) (12.5 in.) and 650 mm (25.5
Subgrade - 93 100 (15) - m.) below asphalt surface
Asphalt 140 (5.5) - 4960 (720) 0.52 Geogrid at depth of 500 mm
9 Base 360 (14.0) 120 - 0.12 320 (12.58) (19.5 in.) below asphalt
Subgrade - 43 80 (12) - surface
Asphalt 140 (5.5) - 4340 (630) 0.50
10  Base 360 (14.0) 164 - 0.15 291 (11.46) No geogrid
Subgrade - 51 190 (28) -

and 4.5-kg (10-1b) sledgehammer. Specifically, the CBR values shown for test sections 2, 3, 4,

and 5 are based on one DCP test; the CBR values shown for test sections §, 9, and 10 are based

on two tests; and the CBR values shown for test sections 1 and 7 are based on three DCP tests. A

CBR value for test section 6 could not be determined due to refusal at all attempted testing

locations within that section. Therefore, for most of the sections, the CBR value presented in
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Table 4-1 for the base layer, which ranges from 106 to 278, is lower than the hypothetical CBR
value that may have been obtained if refusal had not occurred in so many of the test locations.
Furthermore, the CBR data presented for a given test section may not be representative of the
entire test section due to a lack of data at some test locations. The following sections provide the

results from both the Rohde’s method and the AUPP method.

4.2.1 Rohde’s Method

For the Rohde’s method, the results of the ANOCOVA indicated that both test section
and subgrade modulus were statistically significant, with p-values of less than 0.0001, and the R?
value of the model was 0.744; base layer thickness was determined to be correlated with
subgrade modulus, with a p-value of 0.019, and was therefore excluded from the model. The
least squares means computed for the base layer coefficient are presented in Figure 4-1, in which
higher values correspond to higher structural capacity. Unlike the base layer coefficients in Table

4-1, the base layer coefficients in Figure 4-1 can be compared directly, as they have been

0.20 0.183

0.18 0.168 0.171 0.159

016 0.151 0.141 0.151 0.148

0.14 0. 131
2 0.12 Control Section
‘c;ﬁ 0.10 m One Layer of Geogrid
- 332 B Two Layers of Geogrid

0.04

0.02

0.00

1 2 3 4 7

Test Section

Figure 4-1: Least squares means for base layer coefficient.
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adjusted for variation in the subgrade modulus value (and indirectly adjusted for variation in base
layer thickness given the correlation between base layer thickness and subgrade modulus).
Adjusting the base layer coefficients to a common, average subgrade modulus value enabled
direct comparisons of the test sections independent of subgrade modulus, which could not be
controlled in the experimentation but was shown in the analyses to be positively correlated with
base layer coefficient.

The results of all possible pairwise comparisons among the 10 test sections are presented
in Table 4-2, in which shading is applied where a site would be compared to itself or where a
comparison would be duplicated. Among 45 total comparisons, 36 were not statistically
significant, meaning that sufficient evidence was not available to identify statistically significant
differences between those test sections. In other words, variations in the presence and position of
triaxial geogrid at those sections did not appear to affect the base layer coefficient; indeed,
differentiating between two control sections (test sections 7 and 10) and all of the test sections
with one layer of geogrid, regardless of position, was not possible. The remaining nine

comparisons, however, were statistically significant, meaning that sufficient evidence was

Table 4-2: Pairwise Comparisons of Base Layer Coefficients

Test P -Values for Indicated Pairwise Comparisons
Section 2 3 4 5 6 7 8 9 10
1 0.9869 0.7938 1.0000 0.6107 0.0893 1.0000 0.9975 0.5168 0.3884

0.1877 0.9909 0.1006 0.0054 0.9994 0.6767 0.9838 0.8467
0.7612 1.0000 0.8355 0.5804 0.9966 0.0152 0.0099
0.5156 0.0477 1.0000 0.9961 0.5770 0.2514

0.9541 0.3986 0.9609 0.0079 0.0015

0.0414 0.3210 0.0003 0.0001

0.9718 0.7411 0.5589

0.1268 0.0617

0.9994

O 0 3 N L AW IN
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available to identify statistically significant differences between those test sections; these are
indicated by a p-value of less than or equal to 0.05 as presented in bold-face font in Table 4-2.
(The reason that test section 6 was statistically different than test section 4 but not different than
test section 1, even though test sections 1 and 4 had the same adjusted base layer coefficient, is
that test section 4 had greater variability than test section 1.)

The nine statistically significant comparisons involve test sections 3, 5, and 6 as the test
sections with the three highest adjusted base layer coefficients as displayed in Figure 4-1; as
shown in Table 4-2, sufficient evidence was not available to differentiate among these three
sections with respect to base layer coefficient. Among these, test section 5 was the only
unstabilized control section. To investigate reasons for the unexpected performance of this
section, the researchers contacted the engineering firm responsible for the roadway design. The
engineer indicated that the base layer at that section may possibly have been underlain by
relatively large, angular aggregates (some around 300 mm (12 in.) in diameter) that increased the
structural capacity of the layer; however, specific construction records were not available to
verify this hypothesis. The increased structural capacity of test sections 3 and 6, on the other
hand, was probably associated with the presence of two layers of geogrid in the base layer. In
these test sections, one geogrid layer was placed at the base-subgrade interface, while the other
geogrid layer was placed approximately between the middle and upper one-third positions within
the base layer, consistent with recommendations developed in previous research (Al-Qadi et al.
2008, Chen and Abu-Farsakh 2012, Haas et al. 1988). The only other test section with two layers
of geogrid was section 8, which, although not involved in any statistically significant pairwise
comparisons, had the fourth highest adjusted base layer coefficient, further suggesting the

potential benefits of this design.
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The nine statistically significant comparisons also involved test sections 2, 4, 7, 9, and 10
as the test sections with the five lowest adjusted base layer coefficients as displayed in Figure 4-
1; as shown in Table 4-2, sufficient evidence was not available to differentiate among these five
sections with respect to base layer coefficient. Among these, test sections 7 and 10 were
unstabilized control sections, and test sections 2, 4, and 9 had one layer of geogrid. Specifically,
the geogrid was placed at the base-subgrade interface at test sections 2 and 9 and in the middle of
the base layer at test section 4; in this research, differentiating with respect to base layer
coefficient between the two geogrid positions represented by these test sections was not possible.
Differentiating with greater precision among the test sections would have required testing of a
higher number of test locations.

In addition to statistical significance, the practical importance of the observed differences
was also evaluated. Using the 1993 AASHTO pavement design guide methodology, the
researchers computed the extension in pavement life corresponding to the increases in base layer
coefficient observed in this study. For a 90 percent reliability level, an overall standard deviation
of 0.45, a design serviceability loss of 1.7, an average subgrade modulus value of 110 MPa (16.0
ksi) computed from Table 4-1, a base layer thickness of 460 mm (18.0 in.), base modulus values
of 170 MPa (24.0 ksi) to 280 MPa (40.0 ksi) corresponding to the measured base layer
coefficients of 0.12 to 0.18 (Huang 2004), an asphalt layer thickness of 140 mm (5.5 in.), and an
average a1 value of 0.54 computed from Table 4-1, the allowable number of ESALSs increases
from 5.9 million to 19.2 million as shown in Appendix C; on average, the allowable number of
ESALs increases by approximately 20 percent with each 0.01 increase in the base layer
coefficient. Therefore, while differences among the test sections evaluated in this study were

statistically significant, they were also practically important.
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4.2.2 Area under the Pavement Profile Method

For the AUPP method, the results of the ANOCOVA indicated that both test section and
subgrade modulus were statistically significant, with p-values of less than 0.0001, and the R?
value of the model was 0.704; as explained previously, base layer thickness was determined to
be correlated with subgrade modulus and was therefore excluded from the model. The least
squares means computed for the AUPP value are presented in Figure 4-2, in which lower values
correspond to higher structural capacity. Unlike the AUPP values in Table 4-1, the AUPP values
in Figure 4-2 can be compared directly, as they have been adjusted for variation in the subgrade
modulus value (and indirectly adjusted for variation in base layer thickness given the correlation
between base layer thickness and subgrade modulus). As explained previously, adjusting the
AUPP values to a common, average subgrade modulus value enabled direct comparisons of the
test sections independent of subgrade modulus, which could not be controlled in the

experimentation but was shown in the analyses to be negatively correlated with AUPP value.
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Figure 4-2: Least squares means for AUPP value.
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The results of all possible pairwise comparisons among the 10 test sections are presented
in Table 4-3, in which shading is applied where a site would be compared to itself or where a
comparison would be duplicated. Among 45 total comparisons, 34 were not statistically
significant, meaning that sufficient evidence was not available to identify statistically significant
differences between those test sections. In other words, variations in the presence and position of
triaxial geogrid at those sections did not appear to affect the AUPP value; indeed, differentiating
between one of the control sections (test section 7) and all of the other test sections, regardless of
geogrid presence or position, was not possible. The remaining 11 comparisons, however, were
statistically significant, meaning that sufficient evidence was available to identify statistically
significant differences between those test sections; these are indicated by a p-value of less than
or equal to 0.05 as presented in bold-face font in Table 4-3.

The 11 statistically significant comparisons involve test sections 1, 3, 4, 5, 6, and 8 as the
test sections with the six lowest AUPP values as displayed in Figure 4-2; as shown in Table 4-3,
sufficient evidence was not available to differentiate among these six sections with respect to

AUPP value. Among these, test section 5 was the only unstabilized control section; as explained

Table 4-3: Pairwise Comparisons of AUPP Values
Test P -Values for Indicated Pairwise Comparisons
Section 2 3 4 5 6 7 8 9 10
0.7122 1.0000 0.8664 1.0000 0.9984 0.407 1.0000 0.0136 0.0025
0.4086 1.0000 0.5756 0.2786 1.0000 0.7795 0.5913 0.0793
0.5639 1.0000 1.0000 0.1914 0.9998 0.0040 0.0003
0.6947 0.3465 0.9940 0.8928 0.4672 0.0244
0.9999 0.3287 1.0000 0.0104 0.0001
0.1377 0.9941 0.0031 0.0000
0.4992 0.8629 0.2198
0.0204 0.0010
0.8854

—
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previously, the base layer at that section may possibly have been underlain by relatively large,
angular aggregates that increased the structural capacity of the layer. The increased structural
capacity of test sections 1, 3, 4, 6, and 8, on the other hand, was probably associated with the
presence of one or two layers of geogrid in the base layer. In test section 1, the geogrid layer was
placed at the base-subgrade interface, while in test section 4 the geogrid layer was placed in the
middle of the base layer. In test sections 3, 6, and 8, one geogrid layer was placed at the base-
subgrade interface, while another geogrid layer was placed approximately between the middle
and upper one-third positions within the base layer, consistent with recommendations developed
in previous research (Al-Qadi et al. 2008, Chen and Abu-Farsakh 2012, Haas et al. 1988). In this
research, differentiating with respect to AUPP value between the three geogrid positions
represented by these test sections was not possible.

The 11 statistically significant comparisons also involved test sections 9 and 10 as the test
sections with the two highest adjusted AUPP values as displayed in Figure 4-2; as shown in
Table 4-3, sufficient evidence was not available to differentiate among these two sections with
respect to AUPP value. Among these, test section 10 was an unstabilized control section, and test
section 9 had one layer of geogrid. Specifically, the geogrid was placed at the base-subgrade
interface. As explained previously, differentiating with greater precision among the test sections
would have required testing of a higher number of test locations.

In addition to statistical significance, the practical importance of the observed differences
was also evaluated. Using correlations between AUPP, strain at the bottom of the asphalt layer,
and allowable number of ESALs until HMA fatigue cracking failure, the researchers computed
the extension in pavement life corresponding to the decreases in AUPP value observed in this

study. For AUPP values decreasing from 340 mm (13.37 in.) to 213 mm (8.38 in.) and an
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average asphalt modulus value of 5625 MPa (816 ksi) computed from Table 4-1, the allowable
number of ESALs increases from 3.7 million to 17.3 million as shown in Appendix C; on
average, the allowable number of ESALSs increases by approximately 35 percent with each 25
mm (1.0 in.) decrease in the AUPP value. Therefore, while differences among the test sections

evaluated in this study were statistically significant, they were also practically important.

4.3 Summary

This chapter presents the results of field testing and data analyses performed for this
research. Field results included measurements obtained using the FWD and DCP. The asphalt
layer thickness was consistently 140 mm (5.5 in.) at all 10 test sections, and the base layer
thickness varied from 360 mm (14 in.) to 510 mm (20 in.). In many cases, the base layer was too
stiff to be fully penetrated by the DCP, resulting in refusal. Thus, for most of the sections, the
CBR value of the base layer, which ranged from 106 to 278, is lower than the hypothetical CBR
value that may have been obtained if refusal had not occurred in so many of the test locations.
Furthermore, the CBR data presented for a given test section may not be representative of the
entire test section due to a lack of data at some test locations.

For the Rohde’s method, the results of the ANOCOVA indicated that both test section
and subgrade modulus were statistically significant, with p-values of less than 0.0001, and the R?
value of the model was 0.744. Among the 45 possible pairwise comparisons, 36 were not
statistically significant, meaning that variations in the presence and position of triaxial geogrid at
those sections did not appear to affect the base layer coefficient; indeed, differentiating between
two control sections (test sections 7 and 10) and all of the test sections with one layer of geogrid,
regardless of position, was not possible. The remaining nine comparisons, however, were

statistically significant and involved three test sections with the highest adjusted base layer
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coefficients. While one of these was unexpectedly an unstabilized control section (test section 5),
both of the others were constructed using two layers of geogrid in the base layer. In these test
sections, one geogrid layer was placed at the base-subgrade interface, while the other geogrid
layer was placed approximately between the middle and upper one-third positions within the
base layer. In addition to being statistically significant, the observed differences were also
practically important; according to the 1993 AASHTO pavement design guide methodology,
increasing the base layer coefficient from 0.12 to 0.18 corresponds to an increase in the
allowable number of ESALs from 5.9 million to 19.2 million at the research site.

For the AUPP method, the results of the ANOCOVA indicated that both test section and
subgrade modulus were statistically significant, with p-values of less than 0.0001, and the R?
value of the model was 0.704. Among the 45 possible pairwise comparisons, 34 were not
statistically significant, meaning that variations in the presence and position of triaxial geogrid at
those sections did not appear to affect the AUPP value; indeed, differentiating between one of
the control sections (test section 7) and all of the other test sections, regardless of geogrid
presence or position, was not possible. The remaining 11 comparisons, however, were
statistically significant and involved six test sections with the lowest adjusted AUPP values.
While one of these was unexpectedly an unstabilized control section (test section 5), the others
were constructed using one or two layers of geogrid in the base layer. In these test sections, one
geogrid layer was placed either at the base-subgrade interface or in the middle of the base layer,
or one geogrid layer was placed at the base-subgrade interface while another geogrid layer was
placed approximately between the middle and upper one-third positions within the base layer; in
this research, differentiating with respect to AUPP value between the three geogrid positions

represented by these test sections was not possible. In addition to being statistically significant,
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the observed differences were also practically important; according to a mechanistic-empirical
pavement analysis, decreasing the AUPP value from 340 mm (13.37 in.) to 213 mm (8.38 in.)

corresponds to an increase in the allowable number of ESALs from 3.7 million to 17.3 million at

the research site.
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5 CONCLUSION

5.1 Summary

The objective of this research was to investigate the structural capacity of aggregate base
materials stabilized with triaxial geogrid (Tensar TX140) placed in a full-scale pavement
involving control, or unstabilized, sections. Field testing was performed on a roadway in
northeastern Utah that was 16 km (10 miles) long and included 10 test sections, seven stabilized
sections and three control sections, that were each 152 m (500 ft) long. Each test section included
five test locations that were spaced 30 m (100 ft) apart in the right wheel path of the northbound
lane and centered longitudinally within the section. The pavement structure was comprised of an
HMA layer overlying an untreated aggregate base layer of varying thickness, depending on the
test section. Except for the control sections, one or two layers of geogrid were incorporated into
portions of the pavement structure at different locations.

In this research, two field testing procedures were used to evaluate the structural capacity
of the aggregate base layer in each pavement section, including FWD testing and DCP testing.
FWD testing was performed at each of the five test locations within each test section, for a total
of 50 test locations, and DCP testing was performed at each of three test locations in each test
section, for a total of 30 test locations. After the field testing was complete, two methods of data
analysis were used to investigate the structural capacity of each test section, including the

Rohde’s method and the AUPP method. The Rohde’s method was applied in conjunction with
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the 1993 AASHTO pavement design guide methodology, and the AUPP method was applied in
conjunction with a mechanistic-empirical pavement analysis. After application of both the
Rohde’s method and the AUPP method, an ANOCOVA was conducted on the computed base
layer coefficients and AUPP values. This statistical analysis was performed to enable
comparisons of the test sections after adjusting for potential variation in the subgrade modulus

and base layer thickness values.

5.2 Findings

Field results included measurements obtained using the FWD and DCP. The asphalt layer
thickness was consistently 140 mm (5.5 in.) at all 10 test sections, and the base layer thickness
varied from 360 mm (14 in.) to 510 mm (20 in.). In many cases, the base layer was too stiff to be
fully penetrated by the DCP, resulting in refusal. Thus, for most of the sections, the CBR value
of the base layer, which ranged from 106 to 278, was lower than the hypothetical CBR value that
may have been obtained if refusal had not occurred in so many of the test locations.

For the Rohde’s method, the results of the ANOCOVA indicated that both test section
and subgrade modulus were statistically significant, and the R? value of the model was 0.744.
Among the 45 possible pairwise comparisons, 36 were not statistically significant, meaning that
variations in the presence and position of triaxial geogrid at those sections did not appear to
affect the base layer coefficient; indeed, differentiating between two control sections (test
sections 7 and 10) and all of the test sections with one layer of geogrid, regardless of position,
was not possible. The remaining nine comparisons, however, were statistically significant and
involved three test sections with the highest adjusted base layer coefficients. While one of these
was unexpectedly an unstabilized control section (test section 5), both of the others were

constructed using two layers of geogrid in the base layer. In these test sections, one geogrid layer
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was placed at the base-subgrade interface, while the other geogrid layer was placed
approximately between the middle and upper one-third positions within the base layer.

For the AUPP method, the results of the ANOCOVA indicated that both test section and
subgrade modulus were statistically significant, and the R? value of the model was 0.704. Among
the 45 possible pairwise comparisons, 34 were not statistically significant, meaning that
variations in the presence and position of triaxial geogrid at those sections did not appear to
affect the AUPP value; indeed, differentiating between one of the control sections (test section 7)
and all of the other test sections, regardless of geogrid presence or position, was not possible.
The remaining 11 comparisons, however, were statistically significant and involved six test
sections with the lowest adjusted AUPP values. While one of these was unexpectedly an
unstabilized control section (test section 5), the others were constructed using one or two layers
of geogrid in the base layer. In these test sections, one geogrid layer was placed either at the
base-subgrade interface or in the middle of the base layer, or one geogrid layer was placed at the
base-subgrade interface while another geogrid layer was placed approximately between the
middle and upper one-third positions within the base layer; in this research, differentiating with
respect to AUPP value between the three geogrid positions represented by these test sections was
not possible.

In addition to being statistically significant, the observed differences were also practically
important. According to the 1993 AASHTO pavement design guide methodology, increasing the
base layer coefficient from 0.12 to 0.18 corresponds to an increase in the allowable number of
ESALSs from 5.9 million to 19.2 million at the research site, while, according to a mechanistic-
empirical pavement analysis, decreasing the AUPP value from 340 mm (13.37 in.) to 213 mm

(8.38 in.) corresponds to an increase in the allowable number of ESALs from 3.7 million to 17.3
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million at the research site. These research results indicate that, when geogrid reinforcement is
compatible with the given aggregate base material and proper construction practices are
followed, statistically significant and practically important increases in pavement design life can

be achieved.

5.3 Recommendations

In order to achieve a statistically significant improvement in the structural capacity of an
aggregate base material stabilized with triaxial geogrid, FHWA guidelines specifying the
minimum and maximum recommended geogrid aperture size for a given aggregate base material
should be followed, and use of two layers of geogrid is recommended for material types,
pavement designs, construction techniques, environmental conditions, and trafficking levels
similar to those associated with this study. One geogrid layer should be placed at the base-
subgrade interface, while the other geogrid layer should be placed approximately between the
middle and upper one-third positions within the base layer, consistent with recommendations
developed in previous research. Further research is recommended to investigate potential
improvement in the structural capacity of an aggregate base material resulting from the use of
only one layer of geogrid, as well as the optimum position of the geogrid within the base layer.
Lastly, the Rohde’s method and the AUPP method are both recommended for analyzing FWD

data collected on flexible pavements with geogrid-stabilized aggregate base layers.
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APPENDIX A FALLING-WEIGHT DEFLECTOMETER DATA

Table A-1 presents the individual FWD test values collected in this research. The 910-
mm (36-in.) sensor appears to have malfunctioned for some tests. Although the sensor typically
malfunctioned when the drop load was 53.4 kN (12,000 1b) or higher, the deflections presented
in Table A-1 for the 910-mm (36-in.) sensor were consistently disregarded in this research and

replaced with values computed through linear interpolation from the deflections measured using

the 610-mm (24-in.) and 1220-mm (48-in.) sensors.

Table A-1: FWD Data for October 6, 2015, at Wells Draw Road

HMA Base Pavement Deflection (mils)
Test Test Thickness | Thickness Surface Drop Load
Section | Location . . . (1000Ib) | Oin. | 8in. |12in. [ 18 in. |24 in. |36 in. |48 in. | 60 in. [ -12 in.
(in.) (in.) |Temperature (°F)

8.03 828 1690|599 (495 (4.18 | 3.07|226| 1.72 | 6.22

8.03 81916821594 (492 (415299223170 6.15

8.11 820 6.86|597 (494 (420298235172 6.17

8.01 8.116.78 1589 (490 [4.15|2.97]229]| 1.70 | 6.07

9.99 10.01| 8.44 | 7.35 [ 6.12 [ 5.11 | 5.72 | 2.75 | 2.12 | 7.52

9.96 10.01| 8.45| 7.35 [ 6.13 [ 5.13 | 3.80 | 2.77 | 2.12 | 7.49

10.08 [10.09| 8.54 | 7.46 | 6.17 | 5.20 | 6.06 | 2.78 | 2.16 | 7.56

10.13 [10.03]| 8.50 | 7.43 [ 6.15 [ 5.17 | 3.79 | 2.78 | 2.15 | 7.52

12.06 [12.17|10.17| 8.85 | 7.37 [ 6.16 | 443 | 3.29 | 2.53 | 8.92

| 1 55 18.0 64.0 12.11 [12.06|10.21| 8.88 | 7.40 | 6.18 | 6.85 | 3.35 | 2.56 | 8.96

11.99 |11.95(10.11| 8.81 | 7.32 | 6.14 | 5.52 | 3.26 | 2.44 | 8.87
11.89 [11.80{10.06f 8.76 [ 7.31 | 6.10 | 4.98 | 3.26 | 2.50 | 8.82
13.94 |13.93|11.72|10.23( 8.53 | 7.12 | 8.39 | 3.82 | 2.85 | 10.26
13.94 |13.90|11.77|10.29( 8.56 | 7.14 [10.65| 3.87 | 2.99 | 10.31
13.89 [14.05(11.78(10.31 8.56 | 7.15 |10.29] 3.87 | 2.89 | 10.33
14.01 [13.92]11.85)10.31( 8.59 | 7.16 [10.20| 3.88 | 2.98 [ 10.35
16.14 |16.30|13.51|11.77( 9.81 | 8.18 [17.59| 4.26 | 3.29 | 11.75
16.04 [15.87(13.47(11.78| 9.81 | 8.16 |10.36]| 4.30 | 3.30 | 11.72
1594 [16.07(13.45(11.77( 9.79 | 8.17 |12.77]| 4.36 | 3.27 | 11.69
16.06 [16.04]13.54|11.84| 9.84 | 8.20 [12.91] 4.36 | 3.30 [ 11.78

B WD =R WD =R WD =R WD =R WD —
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test Thickness | Thickness Surface Drop Load
Section | Location . . . (1000Ib) | Oin. | 8in. | 121in. [ 18 in. |24 in. |36 in. |48 in. | 60 in. [ -12 in.
(in.) (in.) |Temperature (°F)

1 8.06 7981639543 (434|357 (267213152 594

2 8.03 7.8416.28 | 536 | 430 | 3.51 [ 2.64 | 223 | 1.50 | 5.84

3 8.06 7.82 1630|538 (432353 (264211151 584

4 7.96 7.70 1 6.22 | 532 [ 428 |1 3.50 | 2.57 | 2.17 | 1.51 | 5.75

1 9.94 9.62|7.84|6.72 (540|441 330256187 7.16

2 10.08 |9.70 | 7.89 | 6.74 | 5.44 | 443 | 3.59 | 2.58 | 1.87 | 7.17

3 10.01 |9.61|786|6.73 (544|442 (329252186 7.14

4 10.01 ]19.63|7.88|6.75 (544|445 (331252188 7.16

1 11.96 |11.56]9.45|8.09 | 6.57 | 5.32 [ 9.57 | 3.21 | 2.34 | 8.52

| ) 55 18.0 625 2 12.01 |11.54]9.50 | 8.15 | 6.59 | 5.34 [11.03| 3.20 | 2.36 | 8.56
3 11.96 |11.63(9.47 | 8.12 | 6.58 | 5.35 |12.46| 3.18 | 2.27 | 8.55

4 11.89 11.45]19.42 | 8.08 [ 6.57 | 5.32 | 6.84 | 3.19 | 2.34 | 8.49

1 1421 |13.53]|11.12] 9.56 | 7.73 | 6.24 [12.95] 3.66 | 2.66 | 9.94

2 14.04 |13.41|11.06| 9.52 | 7.71 | 6.22 [11.37| 3.72 | 2.68 | 9.89

3 13.87 |13.40|11.03| 9.48 | 7.71 | 6.21 [16.85] 3.68 | 2.60 | 9.86

4 14.01 ]13.56]11.11) 9.56 [ 7.73 | 6.24 [13.78] 3.69 | 2.66 | 9.91

1 1597 |15.23]12.56|10.81( 8.73 | 7.06 [14.11| 4.11 | 3.03 | 11.19

2 15.99 |15.38(12.64(10.88| 8.80 | 7.11 | 18.71| 4.21 | 2.93 | 11.23

3 16.02 |15.40(12.64(10.85( 8.78 | 7.12 | 15.04] 4.17 | 2.95 | 11.21

4 1592 ]15.32]12.59|10.83[ 8.77 | 7.11 [14.05] 4.14 | 2.99 | 11.18

1 7.96 839677579471 392271201153 628

2 8.01 831674 | 578 | 4.70 | 3.94 [ 2.72 | 2.06 | 1.54 | 6.27

3 8.03 8.2316.70 | 5.76 | 4.67 | 3.90 [ 2.70 | 2.00 | 1.53 | 6.20

4 7.98 8.17]16.65| 574 [ 467 13.90 | 2.71 | 2.05] 1.53 | 6.15

1 10.08 |10.18]| 8.41 | 7.23 [ 590 | 4.89 | 3.40 | 2.53 | 1.91 | 7.62

2 10.03 |10.17| 8.41 | 7.24 [ 5.89 | 4.89 | 3.41 | 2.55| 1.92 | 7.59

3 996 [10.12( 8.38 | 7.21 | 5.88 | 4.88 | 3.41 | 2.54 | 1.92 | 7.56

4 9.94 [10.13]1 837722 1589|489 |341 252192 7.54

1 12.01 ]12.33(10.24| 8.83 [ 7.20 | 5.96 | 4.17 | 3.14 | 2.29 | 9.14

| 3 55 18.0 63.5 2 12.04 |12.28]10.23| 8.84 [ 7.21 | 5.98 | 422 | 3.19 | 2.30 | 9.12
3 12.04 |12.24(10.19( 8.81 | 7.19 | 5.98 | 4.17 | 3.16 | 2.36 | 9.10

4 11.91 ]12.19]10.17) 8.79 [ 7.16 | 5.95 | 4.16 | 3.15 | 2.28 | 9.07

1 13.92 |14.15|11.84|10.23| 8.39 | 6.91 [ 4.82 | 3.66 | 2.65 | 10.50

2 13.96 |14.32]|11.89|10.26( 8.43 | 6.93 | 4.89 | 3.69 | 2.74 | 10.53

3 13.77 |14.24|11.86|10.25( 8.40 | 6.93 | 4.88 | 3.69 | 2.67 | 10.50

4 13.89 114.34]11.90|10.29( 8.43 | 6.98 | 4.92 | 3.68 | 2.66 | 10.53

1 1592 |16.27|13.55|11.71] 9.59 | 791 | 6.61 | 422 | 3.05 | 11.94

2 1592 |16.40|13.64|11.81( 9.67 | 7.98 | 5.48 | 4.28 | 3.05 | 12.02

3 16.04 |16.43|13.73|11.88( 9.76 | 8.03 | 5.49 | 4.24 | 3.07 | 12.10

4 1592 116.40]13.70|11.82] 9.68 | 7.99 | 5.60 | 4.24 | 3.05 | 12.07
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test R . Load
Section | Location | Tickness | Thickness | Surface  \Drop| ;500 1) | 04 | gin. | 120, |18 in. |24 . | 36 in. |48 in. | 60 in. | -12 in
(in.) (in.) | Temperature (°F)

T | 818 |7.74 629|537 | 442|373 | 2.69| 1.99 | 1.56 | 5.86

2| 793 | 749608 520|428 366|260 191|154 572

3| 796 [7.52]611 523|432 (363266191 151|570

4 | 798 |753]6.101 524431 ]365]265]193]152] 572

T | 999 [935|7.63] 656543 | 450|329 242 1.89 | 7.07

2 | 1001 | 939|768 661|546 452|332 245|189 | 7.07

3| 994 [935]7.66| 660|544 | 456|326 242|192 7.06

4 | 996 |941|7.67] 662|547 ]454]330]245]191] 706

T | 1211 [1151]9.40 | 8.11 | 6.69 | 5.61 | 4.04 | 3.05 | 2.36 | 8.58

2 | 1204 [11.44]9.40 | 8.09 | 6.68 | 559 | 4.03 | 3.04 | 2.34 | 855

! 4 33 18.0 640 3| 1204 [11.39) 940 | 8.09 | 6.69 | 5.59 | 4.06 | 3.03 | 233 | 8.55
4 | 1184 1123928798 | 661 | 549 | 391 | 3.00] 232 | 841

T | 1401 |1382[11.07| 9.54 | 792 | 6.55 | 4.74 | 3.61 | 2.6 | 10.02

2 | 1401 [15.04]11.00] 9.54 | 7.92 | 655 | 475 | 3.62 | 2.74 | 10.01

3| 1396 [13.50|11.10] 9.57 | 7.93 | 6.58 | 4.79 | 3.62 | 2.71 | 10.02

4 | 1396 |1342]11.08] 9.54 | 792 | 659 | 472 | 3.61 | 2.75 | 10.01

T | 1611 [1549[12.73|10.98| 9.14 | 7.49 | 5.48 | 4.09 | 3.07 | 11.43

2 | 1587 [18.96|12.70[10.94] 9.12 | 7.52 | 5.53 | 4.11 | 3.05 | 1139

3| 1604 [1636|12.85|11.07] 921 | 757 | 5.44 | 421 | 3.17 | 1152

4 | 1602 [1697]12.82]11.06] 920 | 7.59 | 5.49 | 415 | 3.15 | 11.51

I | 813 |806|673]585|484 403|297 |245] 1.72 | 628

2 | 818 789|661 575|480 (399|291 (244|170 | 6.19

3| 803 |782]651 564469394287 228167 605

4 | 806 |7.72]650]|565] 460|391 ]287]228]1.67] 603

T | 1013 [9.77[829] 724 | 602 | 5.02 | 3.73 | 278 | 2.13 | 7.61

2 | 1006 967822717596 | 499360274212 | 7.52

3| 984 |956|8.13]7.10|589 | 495|360 |272] 210 743

4 | 996 |958]8.17]7.15]593|496|366|274]2.11 | 746

T | 1216 [11.72]10.04] 8.76 | 731 | 6.08 | 445 | 3.41 | 2.57 | 9.08

2 | 1208 [11.72]10.00] 8.74 | 7.27 | 6.07 | 4.79 | 3.40 | 2.59 | 9.04

! > 33 18.0 62.5 3| 1191 [11.62|9.94 | 8.69 | 7.22 | 6.03 | 447 | 3.39 | 2.57 | 9.00
4 | 1187 |11.63/9.96 | 870 | 726 | 6.02 | 442 | 336 | 2.56 | 9.01

1 | 1409 |13.68[11.74]10.29] 857 | 7.07 | 520 | 3.90 | 3.00 | 10.57

2 | 1404 [13.80]11.75{1030| 8.58 | 7.11 | 9.45 | 4.03 | 3.00 | 10.61

3| 1396 [13.82|11.74]10.28| 8.57 | 7.12 [11.13] 4.03 | 3.03 | 10.60

4 | 1406 |1381]11.79]1031] 8.61 | 7.11 | 523 | 403 | 3.03 | 10.64

T | 1609 |15.78[13.49| 11.83| 9.85 | 8.18 |[14.95] 4.60 | 3.44 | 12.11

2 | 1602 |15.80[13.52]11.87] 9.88 | 821 |13.76] 4.58 | 3.39 | 12.17

3| 1604 [15.94|13.54|11.88] 9.91 | 822 [12.69] 457 | 3.41 | 1221

4 | 1597 [1589]13.5011.84] 9.86 | 821 |12.24] 454 | 338 | 12.15
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Table A-1 Continued

HMA Base Pavement Deflection (mils)

Test Test R . Load

Section | Location | Tickness | Thickness | Surface  \Drop| ;500 1) | 04 | gin. | 120, |18 in. |24 . | 36 in. |48 in. | 60 in. | -12 in

(in.) (in.) | Temperature (°F)

T | 801 845|687 578|451 |348]|2.14]1.76] 096 | 596

2 | 801 828676570 | 447 | 343|210 | 147|094 | 5.85

3| 771 793650547 [431 (333206138090 5.58

4 | 786 |803|661]559]437]339]205]138]093] 560

T | 994 [10.17]838 ] 7.10 | 5.56 | 431 | 2.77 | 1.84 | 1.25 | 7.14

2 | 989 |10.15|840| 711|558 432]275| 183|122 7.14

3| 994 [10.17|844 | 7.17 | 565 [ 435|277 | 185 | 121 | 7.16

4 | 999 |1019]847]7.19 | 567]437]279| 181 ] 118 ] 7.19

T | 1199 [1201]10.01] 853 | 665 | 5.19| 330 | 2.18 | 1.39 | 8.40

2 | 1201 [12.05]1005| 8.55 | 6.74 | 5.18 | 3.32 | 220 | 1.49 | 845

2 ! 33 18.0 625 3| 1200 [12.03(10.03] 8.54 [ 6.70 | 5.19 | 3.34 | 2.16 | 147 | 846

4 | 1196 |12.06]1007] 8.58 | 675 | 522 | 333 | 225 | 1.39 | 846

T | 1389 |13.70[1142] 9.71 | 7.68 | 5.87 | 3.79 | 2.58 | 1.61 | 9.54

2 | 1404 [13.87|11.56| 9.84 | 7.73 | 6.00 | 3.88 | 259 | 1.61 | 9.66

3| 1401 [13.91]11.60] 9.86 | 7.73 | 6.02 | 3.89 | 276 | 1.64 | 9.72

4 | 1406 |13.93]11.64] 990 | 778 | 6.04 | 3.84 | 272 | 1.64 | 9.74

1 | 1597 |15.53]12.96|11.02| 8.64 | 6.66 | 4.28 | 3.01 | 1.85 | 1081

2 | 1597 [15.59|13.01|11.07] 8.70 | 6.72 | 427 | 2.90 | 1.85 | 10.87

3 | 1602 [15.62|13.06|11.10] 8.71 | 6.77 | 435 | 2.91 | 1.87 | 10.90

4 | 1602 |1562]13.07]11.10] 872 | 676 | 431 | 2.95 | 1.85 | 10.91

T | 803 |681|532]439 339|257 |1.54] 151079 470

2 | 808 |673|526|437]338]255]|155]1.91]085 | 467

3| 798 |657|5.15]428(329 (252|154 1.60] 080/ 455

4 | 798 |e658]5.17]430]334 )25 153|170 079 457

T | 1006 | 831660549 | 426322204 140 1.01 | 5.6

2 | 1008 |830 661|550 428]325]1.98] 1.63]1.02] 560

3 | 1006 [830]662]550]427 (323|203 165103571

4 | 1006 827660551 | 425|326 ]205]153]1.02] 568

T | 1201 [9.85|7.88 ] 658 | 5.12|3.90 | 243 | 1.74 | 122 | 6.73

2 | 1206 |9.90|7.93| 663517392253 |1.78 | 124 | 6.77

2 2 33 18.0 66.5 3| 1201 [990]7.92 663515393254 1.76 | 123 | 6.75

4 | 1201 |984]791 ] 662]517]391|244]175]121] 673

T | 1399 [11.39]9.15] 7.67 | 5.97 | 456 | 2.87 | 2.05 | 1.44 | 7.75

2 | 1411 (1156927 7.77 | 6.07 | 462 | 2.80 | 2.00 | 1.44 | 785

3| 1396 [11.43)9.19 | 7.71 [ 6.00 | 450 | 282 | 208 | 137 | 7.77

4 | 1399 |11.51]924 | 7.74 | 6.04 | 460 | 3.07 | 2.06 | 141 | 7.82

I | 1594 [13.00[1045] 8.78 | 682 | 5.19 | 3.15 | 232 | 1.56 | 8.82

2 | 1606 |13.14]10.55] 8.85 | 6.89 | 527 | 3.49 | 234 | 1.57 | 8.93

3| 1604 [13.18/10.56| 8.87 | 6.91 | 5.28 | 3.20 | 2.36 | 158 | 8.94

4 | 1594 |13.09]1052] 8.84 | 6.88 | 524 | 8.15 | 238 | 1.62 | 8.92

52

www.manaraa.com



Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test Thickn Thick Surfa D Load
Section | Location | o oS | HCKness 1P 0001b) | 0in. | 8in. [12in [181n. |24 in. |36 in. | 48 in. | 60 in. [-12 in.
(in.) (in.) |Temperature (°F)

7.93 6.50 522441371296 (210 1.80 | 1.26 | 4.71
791 6.38 1520440 (3.70 | 2.96 | 2.16 | 1.64 | 1.28 | 4.65
791 6331520440 (3.68 2971220176 | 1.27 | 4.63
7.98 6.33[5.19[4.40 [3.67295]2.16]1.68 | 1.26 [ 4.60
9.94 7.866.47 | 551 | 459 |3.68 [2.75]2.00 | 1.58 | 5.66
9.99 7.86 | 6.54 | 553 | 457 |3.71 [ 274 | 1.98 | 1.57 | 5.69
9.94 7.8416.52 (553 (4.59]3.70 272|197 | 1.58 | 5.68
10.01 7.90)6.57 | 557 [4.64]3.72[3.11]2.00]1.60 | 5.70
11.99 |937]7.85]6.69 [ 555|442 [13.01| 2.46 | 1.92 | 6.75
1196 19.07 (787 [ 6.72 | 5.56 | 443 |14.62| 2.45 | 1.92 | 6.76

2 3 > 18.0 675 11.94 |9.59|787]6.68 [ 557 | 444 (14.95]| 2.44 | 1.92 | 6.73
11.99 19.64]|793]|6.75 (564|449 (1424241192 6.79
13.96 |11.05|9.14| 7.79 | 6.56 | 5.15 | 7.43 | 2.79 | 2.23 | 7.79
13.99 111.03{9.20 [ 7.86 | 6.56 | 5.17 | 7.32 | 2.86 | 2.27 | 7.82
14.06 |11.02]19.23 | 7.88 [ 6.58 | 5.19 | 3.98 | 2.87 | 2.26 | 7.88
13.92 11.05]19.19| 7.83 [ 6.59 | 5.17 | 3.67 | 2.84 | 2.26 | 7.84
1597 12.36(10.39( 8.88 | 7.34 | 5.81 | 4.27 | 3.21 | 2.54 | 8.83
1592 |12.38|10.41| 890  7.35 | 5.83 | 427 | 3.25 | 2.53 | 8.85
1592 |12.70|110.47| 8.94 | 7.32 | 5.85 [13.33] 3.25 | 2.55 | 8.92
15.97 112.57{10.49( 8.95 [ 7.38 | 5.88 |10.95] 3.21 | 2.55 | 8.95
7.96 8.1416.36 [ 522 {3.90 | 293 | 1.77 | 1.59 | 0.71 | 5.73
8.01 8.08 1634 |5221392|295(1.72|1.72|0.75| 5.73
8.08 8.0216.30(519(391]290 (180 1.83]0.71 | 572
8.01 8.00 [ 6.29 [ 520 [ 3.90 [ 293 | 1.73 | 1.71 | 0.72 | 5.66
9.86 9821778643 |4.86|3.66 229 136|091 | 694
9.84 9821780 |6.44 | 488 |3.66 [ 7.07 | 1.38 | 0.91 | 6.91
9.89 9.76 | 7.80 [ 6.42 | 4.88 | 3.66 | 6.81 | 1.39 | 0.90 | 6.88
9.94 9.89 1789|651 (494371 [677]1.56]0.84] 695
12.04 |11.81]9.45| 7.85 (597 | 446 [15.26] 1.71 | 1.03 | 8.22
) 4 55 18.0 68.5 11.94 111.79(9.43 [ 7.83 [ 5.95 | 446 |12.41| 1.69 | 1.03 | 8.17

11.96 |11.81(9.47 | 7.87 | 5.98 | 4.46 |13.87| 1.70 | 1.01 | 8.22
12.11 ]11.80)9.45| 7.87 [ 599 | 445 [13.59] 1.71 | 1.02 | 8.20
13.96 |13.54|10.80| 9.00 | 6.83 | 5.12 [17.76] 2.00 | 1.20 | 9.34
13.99 113.60(10.89( 9.08 | 6.89 | 5.19 | 18.31| 1.98 | 1.18 [ 9.39
14.01 |13.65|10.91| 9.11 | 6.93 | 5.20 [19.21| 2.00 | 1.20 | 9.45
14.14 ]13.68]10.94| 9.18 [ 6.96 | 5.27 [19.60] 2.09 | 1.19 | 9.49
16.04 15.39(12.33(10.28 7.79 | 5.87 |20.60| 2.34 | 1.37 | 10.66
16.21 |15.39]|12.36|10.31( 7.82 | 5.90 [15.30] 2.25 | 1.36 | 10.68
1597 |15.38|12.31|10.28( 7.75 | 5.85 [15.59] 2.20 | 1.36 | 10.63
16.02  ]15.28]12.32110.27( 7.77 | 5.90 |16.13] 2.27 | 1.35 | 10.66
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test Thickn Thick Surfa D Load
Section | Location | o oS | HCKness 1P 0001b) | 0in. | 8in. [12in [181n. |24 in. |36 in. | 48 in. | 60 in. [-12 in.
(in.) (in.) |Temperature (°F)

8.20 9.011692|5.65(415]295(151]1.64]0.73 | 622
8.13 8.7716.76 | 554 [ 4.09 | 2.89 | 1.51 | 1.61 | 0.76 | 6.08
8.03 8.61|6.66 546 (4.05]2.85]|147]2.00]|0.72 | 596
8.13 8.67[6.72 [ 551 [ 4.08 [2.86|1.42]2.14]0.71 [ 6.00
10.11 |10.74| 8.34 | 6.81 [ 5.06 | 3.55 [ 1.85 | 2.22 | 0.92 | 7.33
10.03 |10.55| 8.30 | 6.78 [ 5.02 | 3.54 [ 4.00 | 2.18 | 0.82 | 7.30
10.03 110.51( 8.25 [ 6.76 | 5.01 | 3.53 | 830 | 1.97 | 0.82 | 7.26
10.03  ]10.54]| 8.30 | 6.80 [ 5.04 | 3.55 [ 1.82 {228 | 0.82 | 7.29
11.91 |12.44)9.88 | 8.09 [ 593 | 4.21 [ 5.15 | 1.83 | 0.95 | 8.47
12.04 |12.55(9.98 [ 8.15 [ 6.01 | 427 | 494 |1 1.92 |1 095 | 8.54

2 > > 18.0 675 11.91 ]12.5019.92 | 8.12 [ 599 | 425 7.58 | 1.55 | 0.96 | 8.51
11.94 112.50)19.94 | 8.15 [ 6.01 | 4.26 [ 2.26 | 1.89 | 0.96 | 8.50
13.96 |14.51|11.56| 9.43 [ 6.89 | 4.88 [ 9.54 | 2.05 | 1.11 | 9.81
13.92 |14.53(11.57 9.48 | 6.95 | 4.91 |10.40| 1.93 | 1.12 | 9.86
13.96 |14.64|11.68| 9.53 [ 6.99 | 497 | 7.72 | 1.88 | 1.12 | 9.93
14.11 |14.78]11.75] 9.62 [ 7.05 | 5.00 [10.82] 2.04 | 1.13 | 9.96
15.84 |16.38(13.15(10.69( 7.82 | 5.57 | 9.20 | 1.96 | 1.23 | 11.14
1599 |16.68|13.30|10.82( 7.89 | 5.62 | 8.04 | 2.00 | 1.23 | 11.24
15.87 16.59]|13.24|10.81( 7.89 | 5.65 [11.41| 2.01 | 1.25 | 11.23
16.04 116.75(13.39[{10.93[ 7.95 | 5.67 |12.07] 2.38 | 1.27 | 11.31
7.93 595(4.81(4.11(335]2.84]211]224]132| 421
8.06 5981482410 (337|286 (214214131 | 425
8.13 6.01 486 |4.15(3.40 | 2.88 |2.11]2.00]| 131 4.28
8.15 599 [4.85[4.15[3.40[2.87]2.14]2.04] 130 426
10.06 | 7.42)6.05|5.17 [ 426 | 3.57 [ 272 | 2.15 | 1.65 | 5.29
10.13 | 7.51|6.11 | 522 (428 | 3.62 | 2.68 | 2.16 | 1.67 | 5.36
10.16 | 7.46(6.08 [ 5.18 [ 426 | 3.58 | 2.68 | 2.15 | 1.68 | 5.31
10.01 7.3816.02|5.14 (421353 [264]2.13]|1.64] 524
11.99 |885]7.22]|6.19(505]|4.26(3.12]253|197]| 625
3 | 55 18.0 76.0 12.04 | 894 (729624 |5.11|431]320|257|199| 632

1206 |890(7.29(6.25(5.12 (430 3.13|2.51|2.00 | 6.31
12.01 8931729623 [5.10]4.32(3.15]2.53]2.00] 629
14.09 |10.39| 8.47 | 7.27 [ 5.96 | 5.00 | 3.91 | 3.06 | 2.31 | 7.29
14.18 110.47( 8.56 | 7.33 [ 5.97 | 5.03 | 3.68 | 2.96 | 2.31 | 7.39
14.09 |10.46| 8.51 | 7.30 [ 6.01 | 5.02 | 3.81 | 2.98 | 2.32 | 7.33
14.04 110.41]8.52 | 7.30 [ 5.99 | 5.03 [ 3.69 | 2.92 | 2.32 | 7.32
16.21 |11.87(9.73 | 8.38 | 6.85 | 5.71 | 432 | 3.37 | 2.66 | 8.38
16.11 |11.86]9.72 | 835 ( 6.82 | 5.72 | 437 | 3.37 | 2.63 | 8.38
16.02 |11.81]9.70 | 8.33 [ 6.84 | 5.71 | 4.48 | 3.38 | 2.65 | 8.36
16.11 11.85]9.71 | 835 [6.80 | 5.71 | 4.17 | 3.33 | 2.64 | 8.38
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Table A-1 Continued

HMA Base Pavement Deflection (mils)

Test Test R . Load

Section | Location | Tickness | Thickness | Surface  \Drop| ;500 1) | 04 | gin. | 120, |18 in. |24 . | 36 in. |48 in. | 60 in. | -12 in

(in.) (in.) | Temperature (°F)

T | 803 |7.94|654]566]|473]395]320]229|1.73 | 598

2 | 791 774638553 | 463|387 316|224 171 585

3| 818 |7.88]649 565|473 401326232176 595

4 | 308 |782]648|563]469]397]326]229]175] 5.9

T | 996 [9.73[8.09]7.01 | 5.88 | 493 | 7.22 | 2.87 | 2.17 | 732

2 | 999 970|808 703587490841 284|218 725

3| 1001 [975]8.12] 707|593 |494|9.13 | 290|219 | 730

4 | 994 |971|810]703|5388]493]083|284]2.16] 728

T | 1191 [11.58]9.71 | 846 | 7.03 | 5.90 | 10.18] 3.43 | 2.62 | 8.60

2 | 1184 |11.63/9.73 | 848 | 7.08 | 5.91 | 879 | 3.41 | 2.63 | 8.66

3 2 33 18.0 745 3| 1201 [11.83) 9.84 | 8.60 | 7.17 | 5.97 [11.78] 3.46 | 2.66 | 8.74

4 | 1208 |11.76]9.86 | 859 | 7.15 | 5.99 |10.67| 3.43 | 2.65 | 8.75

1 | 1396 |13.59[1142| 9.97 | 8.27 | 6.93 [12.90] 3.97 | 3.06 | 10.08

2 | 1401 [13.60|1149]1001] 834 | 699 | 7.61 | 3.98 | 3.08 | 10.13

3| 1401 [13.65/11.51]10.04] 8.33 | 6.98 [12.32] 3.98 | 3.06 | 10.16

4 | 1394 |13.61]11.48]10.02] 831 | 6.96 |13.13] 3.98 | 3.07 | 10.12

T | 1594 [1551[13.00| 1143|952 | 7.4 [15.36] 4.56 | 3.52 | 11.53

2 | 1589 [15.5113.11|11.44] 9.53 | 7.96 [11.42] 463 | 353 | 1153

3| 1602 [1571]13.23|11.55] 9.62 | 8.03 [15.84] 465 | 3.57 | 1163

4 | 1604 [1574]1325(11.57] 9.60 | 8.03 [11.71] 464 | 3.57 | 1165

T | 813 | 707|591 5.11 423 |3.67 | 268 | 208 | 1.71 ] 527

2 | 811 705|583 505 | 419368272206 171 5.18

3| 813 [7.09]589 500422 (368268208171 522

4 | 813 |704]583]505]419]365]268]|207]168] 521

T | 1013 |877[729] 632 5.19 | 450 | 3.35 | 2.55 | 2.10 | 6.42

2 | 1018 878|731 ] 632|524 | 452|337 259|212 | 643

3| 1001 [879]730] 632|522 (451335258211 645

4 | 1013 875|726 629 | 521 | 451 |337]258] 211 642

T | 1213 [1055]8.83 | 7.65 | 632 | 546 | 4.11 | 3.10 | 2.55 | 7.71

2 | 1213 (1057|884 | 7.67 | 635 | 548 | 4.16 | 3.11 | 2.56 | 7.71

3 3 33 18.0 733 3| 1208 [1049] 8580 | 7.63 | 6.33 | 547 | 407 | 312 | 2.53 | 7.69

4 | 1206 1053]879 | 7.63 | 632 | 5.46 | 407 |3.02 ] 2.54 | 7.67

T | 1421 [1233]1034] 897 | 742 | 636 | 479 | 3.60 | 2.98 | 8.99

2 | 1406 [12.27]1028] 8.94 | 7.41 | 634 | 4.87 | 3.60 | 2.94 | 8.94

3| 1409 [12.22(10.28] 892 | 7.38 | 6.34 | 4.76 | 3.60 | 2.95 | 8.97

4 | 1404 |1222]1026] 8.91 | 738 | 634 | 474 | 3.62 | 2.96 | 8.95

T | 1619 |13.94[11.67|10.16| 839 | 7.18 | 5.67 | 4.05 | 3.38 | 10.17

2 | 1611 |13.92]11.70]10.18] 839 | 721 | 5.42 | 4.08 | 3.35 | 10.19

3| 1611 [13.91]11.69]10.17| 8.42 | 720 | 7.31 | 410 | 337 | 1021

4 | 1602 |13.89|11.66]10.14] 838 | 7.18 | 11.36] 4.05 | 334 | 10.14
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test R . Load
Section | Location | Tickness | Thickness | Surface  \Drop| ;500 1) | 04 | gin. | 120, |18 in. |24 . | 36 in. |48 in. | 60 in. | -12 in
(in.) (in.) | Temperature (°F)

T | 781 | 727|542 456367302213 | 240 | 1.34 | 46

2 | 801 |660|551|46s|375]311]220]212] 137|479

3| 806 |6.75]550 467|375 (300219224135 477

4 | 793 |e64|541|458]368]303]217] 214|136 469

T | 1006 |833|681]5.77 | 461 | 384|274 2.19] 1.66 | 5.87

2 | 1003 838685580 464383269219 1.68| 587

3| 1003 |833]681 575|463 382|270 216 167 ] 586

4 | 994 |828|677]572]457]379| 265|217 1.65] 580

T | 1196 [9.89 |8.18] 693 | 557 | 457 | 6.72 | 2.57 | 2.01 | 691

2 | 1194 |994|8.18]695|556| 457323265203 696

3 4 33 18.0 730 3| 1201 [10.01]824 | 6.99 | 5.63 | 461|328 | 267 | 204 | 7.01
4 | 1206 |10.00] 825|699 | 561 | 460|332 267|206 6.99

T | 1406 [11.58]9.58 | 8.12 | 6.54 | 5.36 | 7.39 | 3.06 | 2.37 | 8.11

2 | 1416 |11.72] 9.66 | 821 | 6.60 | 537 | 425 | 311|239 | 8.19

3| 1409 [11.66|9.63 | 8.15 | 6.58 | 5.40 | 3.92 | 3.13 | 238 | 8.15

4 | 1406 |11.64/ 961|815 657535384 |308]238] 815

I | 1614 [13.16[10.92] 929 | 749 | 6.14 | 9.65 | 347 | 2.72 | 9.27

2 | 1604 [13211091] 927 | 746 | 6.13 | 8.09 | 3.44 | 2.72 | 9.25

3| 1606 [13.24]10.96] 929 | 7.47 | 6.14 | 9.02 | 3.46 | 2.67 | 9.20

4 | 1599 [13.18]1091] 928 | 745 | 6.10 | 9.41 | 345 | 272 | 9.8

1 | 801 |734(555]464 372295199191 1.05 ] 532

2 | 803 |729|553|463 374293198191 1.03] 532

3| 786 |7.15|543| 455|367 |287] 195|182 1.02] 519

4 | 808 |727]552| 463|372 ]296] 199 | 197]1.07] 528

T | 994 898|691 580462371260 1.99] 1.33 | 6.50

2| 986 |898|693|583 | 468373265200 132 651

3| 991 |896]696|583|468|3.73|263]187]133] 6.50

4 | 999 906701590 475|376 |25 227|134 ] 6.58

T | 1177 [10.75] 843 | 7.11 | 5.72 | 454 | 7.70 | 2.53 | 1.61 | 7.7

2 | 1179 |1081]847| 7.13 | 5.74 | 454 | 6.75 | 236 | 1.62 | 775

3 > 33 18.0 713 3| 1191 [1093) 859|725 5.83 [ 460 | 9.11 | 240 | 1.66 | 7.84
4 | 1201 |1098]8.64 | 727 | 5.86 | 463 | 920 | 2.42 | 1.65 | 7.85

T | 1384 [12.72]10.02] 846 | 6.79 | 539 | 10.94] 2.91 | 1.92 | 9.07

2 | 1404 [12.93]1022] 8.62 | 6.93 | 550 |11.17] 2.87 | 1.96 | 9.23

3| 1396 [12.89)10.17] 8.61 | 6.90 | 5.48 [14.38] 292 | 1.98 | 9.22

4 | 1401 [12.93]1023] 8.64 | 695 | 552 | 9.17 | 2.85 | 1.97 | 9.23

1 | 1587 |14.65[11.65| 9.84 | 7.89 | 627 [15.37] 331 | 2.25 | 1047

2 | 1602 |14.85|11.78] 9.95 | 7.92 | 634 [12.93] 3.30 | 2.28 | 10.58

3| 1599 [14.79]11.75] 9.93 | 7.95 | 6.34 [14.21] 328 | 227 | 10.57

4 | 1599 [1483)11.78] 9.98 | 7.98 | 637 |1031] 328 | 227 | 10.57
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test Thickn Thick Surfa D Load
Section | Location | o oS | HCKness 1P 0001b) | 0in. | 8in. [12in [181n. |24 in. |36 in. | 48 in. | 60 in. [-12 in.
(in.) (in.) |Temperature (°F)

8.06 7.60 587 |4.87(3.73 1290 (179|220 | 0.88 | 540
7.84 7271565470 (3.62 277 1.70 | 1.60 | 0.86 | 5.19
7.86 730(5.69(4.74(3.64]282]175]|1.70]| 086 | 5.14
7.98 738 [5.77[4.80 [3.69 | 2.84 176 | 2.31 ]| 0.86 [ 5.24
10.01 |9.39|7.41|6.20 (4.79|3.69 | 233 | 222 | 1.14 | 6.56
10.06 1944747624 (486 |3.71 [ 243|224 | 1.14 | 6.61
9.96 939 (744 (6231483 ]3.71 240 |236| 1.12 | 6.59
10.11 9.5317.56|630[490]3.74[246]1.64]|1.15] 6.64
11.94 1127|899 | 7.53 [ 5.84 | 4.49 [ 2.83 | 1.92 | 1.39 | 7.80
11.96 |11.35(9.05 [ 7.60 | 5.90 | 4.52 |1 2.87 | 2.08 | 1.40 [ 7.86

4 ! > 18.0 695 11.96 |11.34|9.03 | 7.58 [ 5.88 | 4.51 [ 2.89 | 2.12 | 1.34 | 7.86
11.84 11.23]1896| 7.50 [ 583 1446 |6.01 | 193|140 7.79
1372 |13.06/10.40| 8.74 | 6.80 | 5.19 | 6.89 | 2.29 | 1.61 | 8.99
14.06 113.32(10.72| 9.00 | 6.99 | 5.34 | 8.75 | 2.37 | 1.65 | 9.26
14.11 |13.46|10.79] 9.06 | 7.05 | 5.41 | 8.64 | 2.36 | 1.61 | 9.31
14.11 ]13.37]10.83)] 9.08 [ 7.08 | 542 | 3.68 | 2.33 | 1.69 | 9.32
15.75 |14.96(12.10{10.17| 7.89 | 6.04 | 7.72 | 2.68 | 1.82 | 10.37
16.06 |15.23|12.37|10.39( 8.09 | 6.23 [ 9.70 | 2.71 | 1.93 | 10.59
16.04 |15.23|12.36/10.38( 8.07 | 6.21 [ 9.71 | 2.71 | 1.86 | 10.60
15.97 115.24(12.37[10.40( 8.08 | 6.21 | 9.49 | 2.75 | 1.83 [ 10.60
8.06 6.61 5.064.15(3.11 246|154 | 151|091 | 457
8.18 6.56 1505414 (3.16 | 245 1.53 | 143|094 | 4.57
8.03 6.4514.96 | 4.07 | 3.07 | 239 | 1.47 | 1.36 | 0.94 | 4.47
8.11 6.45[14.99(4.09[3.10]242]147]143]098 | 448
10.03 | 8.09]6.35|524 (398 ]3.09 204|143 |1.12]| 557
10.11 8.09 636|524 (398 |3.10(197]| 145|116 | 559
9.96 8.0216.27 [ 5.18(3.94]3.06] 196|144 | 1.12 | 553
10.01 8.06 632|522 (395]3.08[200]146]|1.14] 5.56
11.91 9.5917.60 | 6.28 | 4.81 | 3.68 [11.52] 1.69 | 1.36 | 6.55
4 2 55 18.0 69.5 12.04 |9.67(7.69 (637 |4.85]3.73|497|1.74|135| 6.62

12.13 | 9.73(7.74 | 6.40 | 4.88 | 3.76 | 10.16]| 1.73 | 1.37 | 6.63
12.01 9.70 1 7.69 | 6.38 [ 4.86 | 3.74 [ 8.05 | 1.73 | 1.36 | 6.60
13.96 |11.19| 892 | 7.41 | 5.65 | 4.34 [11.89] 2.00 | 1.51 | 7.60
14.06 |11.28(9.01 [ 7.49 | 5.72 | 4.40 | 10.74| 2.01 | 1.58 | 7.67
14.06 |11.3219.04 | 7.50 | 5.73 | 442 | 527 | 2.05 | 1.52 | 7.67
14.04 11.3219.03 | 749 [ 5.73 ]14.40 | 6.30 | 1.99 | 1.58 | 7.69
15.89 112.72(10.17| 8.45 | 6.47 | 496 | 943 | 2.29 | 1.78 | 8.66
16.16 |12.98|10.38| 8.64 | 6.58 | 5.11 [ 9.52 | 2.30 | 1.79 | 8.80
16.06 112.92]110.32| 8.59 [ 6.55 | 5.06 | 9.50 | 2.29 | 1.75 | 8.75
16.02  |12.88]10.31) 8.57 [ 6.53 | 5.03 | 5.78 | 2.31 | 1.85 | 8.74
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test Thickn Thick Surfa D Load
Section | Location | o oS | HCKness 1P 0001b) | 0in. | 8in. [12in [181n. |24 in. |36 in. | 48 in. | 60 in. [-12 in.
(in.) (in.) |Temperature (°F)

8.06 5991460 (3.76 | 291 | 2.29 [ 1.75 | 1.61 | 0.90 | 4.11
8.11 596|457 3.73 1288228 |1.77 | 1.840.96 | 4.10
8.13 596 (4.58(3.74 (292227171 |1.68]|093 | 4.08
8.03 5.88[4.54[3.69[2.87]227]1.63]1.69]0.93 | 4.02
9.99 729568 |4.65(3.60 287 (39 | 1.61|1.17]| 499
9.91 7.30 | 5.67 | 4.66 | 3.62 | 2.86 | 4.65 | 1.68 | 1.15 | 4.98
10.01 730 (5.67(4.67(3.62]2.88]599|1.72|1.14 | 5.00
10.06 | 736|577 4.75[3.62 1293204 |154]1.19| 493
11.94 |886|6.86|5.65 (439|342 6.53|1.79| 138 5.81
12.16 | 9.04 ({698 572 |445|3.52| 757|182 1.41 | 593

4 3 > 18.0 695 12.04 8931692569 (442|346 681 | 1.80| 141 | 587
12.04 |880]693)|5.71 (443346561 |1.77)|1.40 | 5.88
13.99 |10.07| 7.95| 6.55 [ 5.09 | 4.01 | 4.80 | 2.08 | 1.59 | 6.74
14.09 10.37( 8.05 | 6.61 | 5.13 | 4.03 | 7.56 | 2.08 | 1.63 | 6.76
14.06 110.39]| 8.04 | 6.62 | 5.12 | 4.02 | 6.42 | 2.07 | 1.63 | 6.80
14.06  110.22]8.03 | 6.63 [ 5.13 | 4.07 | 6.61 | 2.04 | 1.62 | 6.81
1594 |11.53(9.01 [ 7.44 [ 5.74 | 4.54 | 6.26 | 2.26 | 1.80 | 7.61
1599 |11.55|19.09| 749 [ 5.78 | 4.56 | 6.96 | 2.34 | 1.83 | 7.71
16.11 |11.81]9.11| 7.51 [ 5.83 | 4.60 | 7.54 | 2.43 | 1.86 | 7.72
16.09 11.65(9.12 [ 7.52 [ 5.81 | 4.58 | 631|242 187 | 7.73
8.06 750577478 [ 3.68 | 2.94 |1 1.99 | 1.89 | 1.39 | 5.17
8.03 7431574 |4.75(3.70 1294|199 ]1.69| 118 5.15
8.13 740|575 |4.74{3.70 | 2.94 [ 2.03 | 1.63 | 1.22 | 5.10
8.13 7.2915.69[4.69 [3.68 12911204171 ] 1.17 | 5.04
10.06 19.24|7.27|6.04 [ 467 |3.752.62| 195|157 | 6.42
9.74 8971704587 |455]3.63 (250 1.86|1.54]| 6.21
9.94 912717598 | 4.64 | 3.71 | 2.65 | 1.94 | 1.54 | 6.30
10.03  19.09]7.16 | 598 [ 4.66 | 3.71 [ 2.57 | 1.94 | 1.61 | 6.29
11.96 10.90| 8.68 | 7.22 [ 5.66 | 4.45 | 8.19 | 2.30 | 1.89 | 7.46
4 4 55 18.0 69.5 12.04 |11.01]| 8.76 | 7.30 | 5.67 | 4.53 [ 3.16 | 2.31 | 1.92 | 7.61

12.08 |11.03( 8.80 [ 7.35 [ 5.72 | 4.52 | 8.57 | 2.38 | 1.92 | 7.61
12.01 11099 8.76 | 7.31 [ 572 1 4.53 | 7.07 | 2.33 | 1.89 | 7.58
13.87 |12.66]10.12| 8.47 | 6.62 | 5.19 [11.42] 2.72 | 2.24 | 8.73
14.01 12.81(10.27| 8.59 | 6.70 | 5.27 | 3.64 | 2.77 | 2.38 | 8.84
13.99 |12.85|10.24| 8.57 [ 6.70 | 5.26 | 7.64 | 2.79 | 2.26 | 8.81
13.94 12.78]10.26| 8.59 [ 6.71 | 5.28 | 7.91 | 2.81 | 2.33 | 8.82
15.82  |14.52(11.55[ 9.67 | 7.57 | 5.96 | 11.66| 3.12 | 12.94| 9.95
16.02  |14.99|11.75| 9.85 [ 7.72 | 6.08 [23.06| 3.16 |12.89] 10.10
1597 |14.77|11.75| 9.86 | 7.70 | 6.05 [15.65] 3.19 |11.32] 10.10
16.14 114.82]111.85) 9.94 [ 7.74 | 6.11 |18.49] 3.30 | 12.34| 10.19
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test R . Load
Section | Location | Tickness | Thickness | Surface  \Drop| ;500 1) | 04 | gin. | 120, |18 in. |24 . | 36 in. |48 in. | 60 in. | -12 in
(in.) (in.) | Temperature (°F)

T | 798 | 751 (577|477 ]367]275]1.79] 1.89 | 0.98 | 5.12
2 | 798 | 742571471 | 364|273 | 180 | 2.14 | 096 | 5.12
3| 798 [7.38]570| 470|361 | 275|181 | 229 | 097 | 5.07
4 | 801 |741]572| 472|364 275 1.82 ] 2.19 ] 0.95 | 5.08
T | 999 [933|7.25]600]459]350]240] 223|123 | 637
2 | 1008 | 929|729 | 6.04 | 462 | 355|239 | 2.04 | 125 6.34
3| 1008 [9.25]729] 604|463 |355]|240| 210|120 634
4 | 1006 924726600 460|351 |234]2.15]124] 630
T | 1184 [1087]8.64 | 7.18 | 553 | 419 | 6.76 | 2.15 | 1.48 | 7.39
2 | 1199 [11.09]877| 726 | 5.64 | 425 | 2.94 | 253 | 150 | 747

4 > 33 18.0 69:5 3| 1200 {1103 875 | 7.27 | 5.66 | 425 | 290 | 271 | 150 | 7.48
4 | 1199 |11.14]881] 732|568 ]428]292]253]147] 753
T | 1392 [12.76]10.17| 847 | 6.56 | #.96 | 346 | 2.52 | 1.68 | 8.64
2 | 1406 [12.92]1031] 8.60 | 6.65 | 5.05 | 6.32 | 2.60 | 1.80 | 8.76
3| 1399 [12.87|10.27] 8.57 | 6.61 | 5.03 | 345 | 2.65 | 1.79 | 8.72
4 | 1399 |13.00]1032] 8.60 | 6.65 | 5.01 | 3.59 | 2.56 | 1.68 | 8.74
T | 1582 |14.54[11.60] 9.68 | 747 | 5.68 [12.39] 2.85 | 1.94 | 9.84
2 | 1611 [14.87|11.82] 9.88 | 7.57 | 5.80 [15.08] 3.01 | 1.98 | 10.02
3| 1604 [14.95|11.85]9.90 | 7.64 | 5.81 | 9.40 | 3.41 | 2.02 | 10.04
4 | 1604 [14.80]11.80] 9.86 | 7.63 | 5.79 |14.17] 2.97 | 1.98 | 10.00
T | 811 |7.18|564] 476 | 400|328 | 238 | 2.06 | 1.50 | 5.00
2 | 811 697553469394 (319238223148 5.02
3| 803 |696]553]470 396 |320]237 | 224|149 | 499
4 | 813 |707]556| 472393 322|237 221 | 147 499
T | 996 |871|695] 587|494 | 402301237 1.84| 6.19
2| 999 |873|7.01 594501 |406]|302]|236]| 186 625
3| 996 |870]7.01 595|495 406300235187 6.23
4 | 999 |8817.06]598]500]|408]|303]236]186] 627
T | 1194 [1039]848 | 7.19 | 605 | 4.89 | 5.48 | 2.86 | 2.4 | 7.40
2 | 1208 [1042| 854|724 | 6.03 | 492|373 | 293 | 227 | 7.44

> ! 33 18.0 67.0 3 | 1201 [1045|853 ] 722 | 6.05 | 490 | 3.67 | 291 | 226 | 743
4 | 1216 |1041]859 | 728 | 612 | 495|372 | 292|227 748
T | 1392 [12.08]9.88 | 841 | 7.05 | 5.71 | 7.63 | 3.40 | 2.59 | 8.57
2 | 1392 [12.22]9.96 | 8.46 | 7.12 | 5.73 | 426 | 3.39 | 2.62 | 8.64
3| 1379 [12.10] 992 | 842 | 7.05 | 5.73 | 7.10 | 3.38 | 2.62 | 8.59
4 | 1404 |1223]1000] 8.51 | 7.12 | 575 | 955 | 3.42 | 2.64 | 8.67
T | 1599 [13.88[1139] 9.71 | 8.12 | 6.60 [14.04] 3.89 | 3.00 | 9.84
2 | 1616 |14.48|11.51] 9.80 | 822 | 6.63 |18.63] 3.94 | 3.05 | 9.93
3| 1602 [14.08{11.50] 9.80 | 8.24 | 6.65 [14.73] 3.93 | 3.01 | 9.94
4 | 1597 |14.14]11.48 979 | 812 | 6.63 |12.70] 3.90 | 3.02 | 9.90
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test Thickn Thick Surfa D Load
Section | Location | o oS | HCKness 1P 0001b) | 0in. | 8in. [12in [181n. |24 in. |36 in. | 48 in. | 60 in. [-12 in.
(in.) (in.) |Temperature (°F)

8.15 6.72 1523433330254 (157]131]0.84]| 4.67
8.06 6.52 511|424 (324|250 (153]146]0.83 | 4.55
8.25 6.52(5.13 (427 (326|251 ]153]|1.42]|0.84 | 4.56
7.93 6.35[5.00 417 [3.18 245|152 ]1.66]0.74 | 4.46
9.81 7971632 526|404 |3.14 [ 1.95]1.66|097 | 557
9.96 8.07 1642 |535|4.12 320 (197|143 097 | 5.63
9.96 8.07(6.43 (537 (4.13]3.22]199]|1.43]|098 | 5.62
9.99 8.11)6.46 | 539 | 4.15]|3.21 [2.00] 145|098 | 5.63
12.11 | 9.86|7.88 | 6.61 [ 5.09 | 3.96 | 2.50 | 1.75 | 1.21 | 6.83
12.06 1987790 6.62 | 5.10|3.98 1248|177 | 1.20 | 6.84

> 2 > 18.0 685 12.01 9.7817.86 | 6.58 | 5.10 | 3.93 [ 2.49 | 1.77 | 1.19 | 6.81
11.96 19.76 | 7.86 | 6.59 [ 5.09 | 3.95 [ 2.48 | 1.78 | 1.20 | 6.82
1392 |11.29]9.12 | 7.66 | 591 | 4.57 | 2.87 | 2.11 | 1.40 | 7.84
13.96 111.46(9.20 [ 7.73 [ 5.99 | 4.62 |1 2.92 | 2.10 | 1.41 | 7.92
13.96 |11.48)9.23 | 7.77 [ 6.02 | 4.65 [ 2.90 | 2.09 | 1.42 | 7.96
1396 |11.51]19.28 | 7.81 [ 6.04 | 4.65 [ 2.90 | 2.09 | 1.42 | 7.98
15.89 |13.05(10.56( 8.90 | 6.91 | 5.31 | 3.38 | 2.43 | 1.63 | 9.07
16.19 |13.31110.77| 9.07 | 7.03 | 5.47 | 3.51 | 2.50 | 1.65 | 9.24
16.06 |13.26/10.72| 9.02 [ 7.00 | 5.44 | 3.44 | 2.46 | 1.66 | 9.18
15.84 13.07{10.64| 8.97 [ 6.96 | 542 | 348 1240 ] 1.63 | 9.11
7.81 6.87(529(440 (342269188 | 1.48 | 1.06  4.87
7.93 6.79 1525|438 (340|270 (189|143 |1.07| 4.83
8.01 6.83 1533442 (346|2.74 (190 1.55|1.07 | 4.86
8.15 6.87[536[447 (3502781193 ]1.48]1.07 [ 4.89
9.94 8.5416.75|5.63 (439|349 (249|177 | 1.37 | 598
9.89 8.616.79 | 5.65|442|3.50(3.12]|1.77 | 1.39 | 6.01
9.94 856 6.78 [ 5.65 (443 |3.52 248|181 | 138 6.04
10.01 8.62 683|571 [446]3.55[250]1.82]|1.38] 6.06
11.87 ]10.22]| 8.18 | 6.87 [ 538 | 4.27 [ 6.25 | 2.14 | 1.68 | 7.11
5 3 55 18.0 68.0 11.96 |10.32| 827|693 [ 542 |4.29 | 6.68 | 221 | 1.71 | 7.18

11.96 110.33( 8.28 [ 6.94 | 544 | 431 | 6.19 | 2.17 | 1.69 | 7.20
12.06  110.38]| 8.34| 6.96 [ 547 | 432 | 583 | 2.21 | 1.69 | 7.24
13.89 |11.99]9.61 | 8.06 | 6.35 | 4.98 | 7.58 | 2.55 | 1.97 | 8.29
13.99 |12.13(9.75 | 8.18 | 6.42 | 5.08 | 10.18] 2.59 | 2.00 | 8.43
14.04 12.1219.76 | 8.20 | 6.46 | 5.08 [ 9.31 | 2.58 | 1.99 | 8.42
13.96  12.11]19.75)8.24 [ 6.42 | 5.06 | 8.76 | 2.57 | 1.99 | 8.41
15.70 |13.60(10.98( 9.22 | 7.24 | 5.71 | 13.57| 2.82 | 2.25 | 9.42
1594 |13.81|11.19| 9.40 | 7.38 | 5.83 [11.15] 2.96 | 2.29 | 9.59
1594 |13.80|11.20| 9.41 | 7.39 | 5.83 [13.58| 2.98 | 2.30 | 9.56
16.06  |13.91]11.28) 9.47 [ 7.46 | 5.86 [14.46] 3.00 | 2.32 | 9.66
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test Thickn Thick Surfa D Load
Section | Location | o oS | HCKness 1P 0001b) | 0in. | 8in. [12in [181n. |24 in. |36 in. | 48 in. | 60 in. [-12 in.
(in.) (in.) |Temperature (°F)

8.01 5.6814.503.75(3.00 257|190 ]| 1.51]|1.19 ]| 3.87
7.89 550|434 3.66 (291|251 (181|171 1.15] 3.76
8.01 5.57(4.44 (371 (3.00|255]212|150| 1.19 | 3.85
8.20 5.68 [4.54[3.78 [3.042.63]12.05]|1.53] 122 3.92
10.03 | 7.09]5.72|4.81 [3.85]3.29 255|193 | 153 | 4.85
10.01 | 7.07|571|4.79 [ 3.83 |3.26 | 2.41 | 1.92 | 1.54 | 4.87
10.03 | 7.09(5.71|4.80 |3.84|3.26]241 193|152 4.86
10.08 | 7.11 574|483 (387326243 195|153 4.87
12.04 | 841685573 (4.61|3.86(299|226|1.81 ]| 5.70
12.04 | 847 (688|576 (4.62|3.90]3.06|231]|182]( 576

> 4 > 18.0 675 12.13 | 8491691 |5.78 [ 4.67 | 391 [ 293|230 | 1.82| 5.78
1196 844685576 [4.62]|3.88 288 (229|182 5.76
1394 9721793 6.67 [ 535|448 | 6.50 | 2.63 | 2.09 | 6.62
14.11 9.90[8.09(6.79 [ 546 | 4.54 | 5.64 | 2.63 | 2.14 | 6.75
14.04 | 991 |8.08|6.79 | 547 | 4.57 | 5.58 | 2.68 | 2.13 | 6.73
1406 19.84|8.04| 6.77 [ 546 | 453 | 6.19 | 2.69 | 2.11 | 6.70
15.89 |11.14{9.11 [ 7.67 | 6.16 | 5.18 | 6.49 | 3.01 | 2.39 | 7.59
16.09 11.2919.24 | 7.79 [ 6.25 | 5.22 | 3.87 | 3.08 | 2.43 | 7.70
16.19 |11.37]9.30 | 7.85 [ 6.31 | 5.24 | 8.28 | 3.11 | 245 | 7.75
16.06 |11.33({9.28 [ 7.81 [ 6.27 | 523 1693 |3.10 | 2.44 | 7.72
7.93 5.09(4.06(347(292]250]192]|1.70| 1.27 | 3.60
7.93 5.0714.04345({290|249 (193] 173|128 3.59
7.96 5.0514.04347(291249 (191173127 3.60
8.01 5.08[4.03[346[292[251]1195]1.76] 1.28 [ 3.59
9.81 6.2515.01 | 430 | 3.61|3.10 [ 528 | 1.99 | 1.59 | 4.42
9.89 6.29 1505|432 (3.63|3.16 [ 241 | 1.98 | 1.60 | 4.46
9.91 6.30 [ 5.06 [ 437 | 3.62 | 3.15|2.57|2.00| 1.59 | 4.46
10.03  ]16.31]5.09)|4.38[3.66]3.17 247 ]2.02]1.60 | 4.49
12.04 | 7.55]6.11|5.26(4.41|3.78 299|243 | 194 | 532
5 5 55 18.0 68.5 1252 | 7.65]|6.17| 533 (447 |3.82 | 3.11 | 244 | 1.95 | 539

11.91 7.56 | 6.11 527 (440 |3.78 |13.03 243|193 | 532
11.96 |7.61]6.15)5.30(4.45]3.82[10.74] 241 | 1.94 | 535
14.09 |881]7.10| 6.12  5.12 | 4.39 [10.67| 2.82 | 2.24 | 6.18
1394 | 897 (721|621 |523]4.45]1029|2.81|223 | 625
1399 |880|7.16|6.18 [ 519 | 4.43 [ 9.86 | 2.80 | 2.24 | 6.22
13.84 886 |7.17)6.16 [ 5.19 | 442 [10.06] 2.82 | 2.24 | 6.21
16.11 10.32( 833 [ 7.17 | 6.01 | 5.14 | 9.57 | 3.25 | 2.61 | 7.20
16.14 110.27| 8.35| 7.20 | 6.04 | 5.15 [11.40| 3.29 | 2.60 | 7.22
1589 |10.15| 828 | 7.13 [ 5.96 | 5.11 [ 9.37 | 3.18 | 2.56 | 7.14
16.14 110.26] 8.36 | 7.20 | 6.03 | 5.15 |14.07] 3.30 | 2.60 | 7.22
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test R . Load
Section | Location | Tickness | Thickness | Surface  \Drop| ;500 1) | 04 | gin. | 120, |18 in. |24 . | 36 in. |48 in. | 60 in. | -12 in
(in.) (in.) | Temperature (°F)

T | 791 | 642|487 405 | 321|266 190|237 | 121 | 429

2 | 806 |638|488|407]325]266]|1.89|2.18] 121 | 429

3| 801 |646|490| 407|324 (267|199 215|124 | 432

4 | 808 |643|491]409]328 268|198 186|122 434

T | 1011 [8.10|6.15]5.13 | 412 | 335 | 2.54 | 2.00 | 1.53 | 5.34

2 | 1001 |798 612|511 ] 400332251273 151 | 530

3| 994 [785]607]506|406 328252199149 524

4 | 1001 |7.79 604|502 ]403]329]250]1.95] 148 523

T | 1179 [936|7.19]599 | 478 | 3.89 | 2.99 | 231 | 1.7 | 6.19

2 | 1194 |968|729] 609|488 |395]3.03 230|179 | 626

6 ! 33 18.0 665 3| 1201 |941]729 610|491 |397 305|266 178 627
4 | 1201 949738 615|493 ] 400]330]238] 18] 632

1 | 1399 [10.93]849 ] 7.09 | 5.68 | 461 | 3.82 | 2.74 | 2.09 | 7.26

2 | 1416 [1135)8.65| 723 | 5.81 | 467|887 | 270 | 2.11 | 7.39

3| 1399 [11.34) 860 | 7.20 | 5.79 | 4.66 | 6.64 | 2.65 | 2.07 | 7.32

4 | 1409 |1121]859]7.19 | 575 | 464 | 484 | 270 | 2.13 | 7.32

I | 1602 [12.56|9.73 | 8.14 | 6.54 | 523 | 4.82 | 3.04 | 2.37 | 8.8

2 | 1619 [12.65)9.84 | 822 | 6.57 [ 5.20 | 5.22 | 3.02 | 238 | 837

3| 1589 [12.80] 976 | 8.17 | 6.49 | 5.20 | 5.67 | 2.95 | 2.42 | 830

4 | 1599 [12.98]9.82|8.19 | 650 | 530 | 4.93 | 3.02 | 2.41 | 832

1 | 820 |594|466]393|3.19] 266|194 159 1.31 ] 410

2 | 798 |573|452]381 310261190 1.65] 127 | 3.99

3| 798 |575|454|384(3.12 259|191 | 169126 399

4 | 786 |570]|450]3.80]3.10]258]1.92]182]124] 396

T | 1001 |7.15|5.68 | 482 | 391 | 327 | 7.15 | 1.97 | 1.59 | 492

2| 999 |7.11|568 480391326496 | 196|159 | 492

3| 1008 [7.18]572| 484 392|330 261|197 158 497

4 | 1001 | 721574 | 485 ]3.93 ]330 256|198 ] 1.58 | 4.96

T | 1221 [8.70|6.94]5.89 | 478 | 3.98 | 3.05 | 2.36 | 1.92 | 5.98

2 | 1206 |867|694]|588 478397305239 1.92 595

6 2 33 18.0 675 3| 1213 |867]695|590|4.78 |3.98 | 686|240 | 1.94 | 5.97
4 | 1201 |862]|691 585|474 ]394 ]346|236]1.94] 588

T | 1401 [10.00]8.03 | 681 | 552 | 458 | 6.12 | 2.74 | 2.20 | 6.8

2 | 1418 [10.15)8.18 | 691 | 5.60 | 467 | 3.52 | 277 | 2.26 | 6.97

3| 1406 [10.088.11 | 6.87 |5.55 | 464 | 894 | 276 | 223 | 6.92

4 | 1389 |10.02]8.08 | 685|556 | 462|674 | 274|222 | 692

T | 1606 |11.47[9.26 ] 7.85 | 634 | 5.25 | 7.97 | 3.09 | 2.53 | 7.90

2 | 1611 1166936 | 7.92 | 639 | 533 | 845 | 3.13 | 2.57 | 7.94

3| 1601 |11.67)937 | 7.94 | 6.40 | 5.33 [11.00] 3.15 | 2.57 | 7.96

4 | 1614 [11.67/937]7.93 | 639 | 532|599 | 317|258 | 7.96
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test Thickn Thick Surfa D Load
Section | Location | o oS | HCKness 1P 0001b) | 0in. | 8in. [12in [181n. |24 in. |36 in. | 48 in. | 60 in. [-12 in.
(in.) (in.) |Temperature (°F)

8.15 590|472 (397 (324|277 (216 1.69 | 1.31 | 4.13
8.11 5821467394 (321]273(213]1.69]|1.29 ]| 4.12
8.06 6.62(4.64 391 (320]270]223|1.74| 128 | 4.08
7.84 5.58[4.49[3.81 [3.10|2.66]2.11]2.09] 125 3.98
9.91 7.00 568 4.79 391|336 (577|212 | 158 | 497
10.01 | 7.05]5.76 | 4.87 [ 3.96 | 3.39 [ 2.74 | 2.09 | 1.62 | 4.98
10.08 | 7.14 (583 (494 (4.04|342]272]204]|1.62( 504
10.01 7.07 1576 4.85[3.99]339[2.68]2.05]1.60 | 498
12.18 | 8.54|7.00 | 591 [ 4.84 | 4.09 [ 541 | 2.51 | 1.95 | 5.99
12.06 | 851 (698|592 (4.83]|4.10]6.67 247|195 599

6 3 > 18.0 675 12.08 | 856702591 (4.82]|4.106.63|248|195]| 599
12.06 | 8.50]6.99|591 [4.84]4.08 584247194 597
14.01 9.80 | 8.07 | 6.82 | 5.58 | 4.73 [10.62| 2.87 | 2.24 | 6.88
14.04 19.95(8.18 [ 6.90 | 5.62 | 4.77 | 8.63 | 2.93 | 2.27 | 6.95
13.99 19.21|8.16|6.89 [ 5.63 | 4.77 [10.31] 2.93 | 2.28 | 6.94
14.01 9.97 1817|691 [5.64]4.75 (878296227 696
1624 111.46(9.39 [ 793 | 6.46 | 546 |11.18]| 3.27 | 2.58 | 7.96
1626 |11.4319.43 | 797 [ 6.51 | 549 [ 9.79 | 3.29 | 2.60 | 8.01
16.16 |11.45|9.43 | 798 [ 6.52 | 5.51 [11.22] 3.29 | 2.61 | 8.01
16.19 111.41{9.38 795 (648 | 548 [11.75] 3.27 ] 2.60 | 8.01
8.79 6.50 (527 (448 [ 3.76 | 3.15 | 2.32 | 1.89 | 1.44 | 4.58
8.54 6.39 | 5.15 | 438 | 3.66 | 3.08 [ 2.29 | 2.08 | 1.41 | 4.46
8.45 6.2215.05|4.26 | 3.53]3.02 221240138 437
8.33 6.19 1498 4233512971221 ]3.03]136]( 434
10.18 | 7.4816.09| 5.18 [ 429 | 3.66 | 2.71 | 2.33 | 1.67 | 5.23
10.13 | 7.54 | 6.13 | 5.20 | 427 | 3.66 | 2.74 | 2.17 | 1.67 | 5.27
10.08 | 7.46(6.07 [ 5.17 [ 430 | 3.63 | 2.69 | 2.15 | 1.66 | 5.24
1003 |1743]16.05]|5.16 (428 |3.61 [2.73 217 1.65]| 522
11.89 | 878|717 6.11 [ 513|425 7.66 249|197 | 6.12
6 4 55 18.0 68.5 12.06 | 892|730 6.23 (525|434 (322]255]|2.01] 624

12.04 |8.88(7.30( 620|521 ]4.34]322]|251|198 ]| 6.19
11.99 1888]729)6.19[5.16]4.33[3.20]2.53]1.99 | 6.18
13.67 |10.14| 8.35| 7.09 [ 5.89 | 4.89 | 3.73 | 2.86 | 2.24 | 7.09
13.94 110.41( 858 [ 7.28 | 6.11 | 5.06 | 4.09 | 2.94 | 2.30 | 7.28
14.16 |10.53| 8.70 | 7.37 [ 6.17 | 5.11 | 3.87 | 2.97 | 2.32 | 7.36
14.09 110.46| 8.67 | 7.34 [ 6.16 | 5.11 | 3.87 [ 2.92|2.32 | 7.33
16.02 11.90( 9.87 [ 8.37 [ 6.99 | 5.78 |11.32]| 3.32 | 2.72 | 8.34
16.09 |12.04|9.97 | 848 [ 7.09 | 5.87 [11.12| 3.42 | 2.67 | 8.43
16.21 |12.1019.99 | 8.52 [ 7.14 | 5.89 | 9.10 | 3.45 | 2.71 | 8.48
16.16  112.07)9.94 | 848 [ 7.02 | 5.86 | 9.37 | 3.42 | 2.77 | 8.46
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test Thickn Thick Surfa D Load
Section | Location | o oS | HCKness 1P 0001b) | 0in. | 8in. [12in [181n. |24 in. |36 in. | 48 in. | 60 in. [-12 in.
(in.) (in.) |Temperature (°F)

8.13 5341421 |3.57(295255(1.88]147|1.11] 3.70
8.08 5321419 3.55(293|255(1.86]1.39|1.08] 3.70
8.03 531 (418 3.55(293]255]1.83]138]1.09 | 3.71
8.08 529[4.18 (352 {293 254183 ]137]1.09 | 3.68
10.13 | 6.64 530 | 4.50 [ 3.73 | 3.19 | 2.42 | 1.77 | 1.41 | 4.62
1023 | 6.69|533|4.52(3.74|3.20 | 2.38 | 1.82 | 1.40 | 4.66
10.13 ] 6.60 [ 5.26 | 448 | 3.71 | 3.17 | 2.36 | 1.77 | 1.37 | 4.59
10.11 6.57 1525|445 [3.683.16 240 |1.77 | 1.37 | 4.60
12.04 | 7.85]6.31|535(4.45|3.79 627 |2.16| 1.65]| 549
1196 | 786631536449 |3.82]6.61|217|1.65| 547

6 > > 18.0 685 12.01 7.88 1631|536 (445 |3.82(322]215]|1.64]| 548
12.04 789631536 (446|381 [3.01]2.13]1.65] 549
14.11 922742631 (523|446 (896|257 192 643
14.16 1931 (752639531 ]4.51]812]2.61]| 194 652
14.09 929|748 636 (527|452 733257195 648
14.11 9.36 | 7.54 | 6.40 [ 531 | 4.53 [ 6.83 | 2.57 | 1.96 | 6.50
16.11 |10.59( 8.55 | 7.28 | 6.04 | 5.12 | 743 | 291 | 2.22 | 7.37
16.09 |10.58]| 8.56 | 7.28 | 6.03 | 5.12 [10.13] 2.90 | 2.22 | 7.39
16.14 10.63]| 8.56 | 7.30 | 6.02 | 5.14 | 7.31 | 2.93 | 2.21 | 7.40
16.02  110.60( 8.54 [ 7.28 [ 6.02 | 5.13 | 8.36 | 2.96 | 2.23 | 7.41
8.06 |10.39| 8.52( 7.19 | 5.77 | 475 | 3.26 | 2.44 | 1.91 | 7.45
8.03 10.29| 843 | 7.11 [ 572 1 4.70 | 3.23 | 245 | 1.92 | 7.35
7.91 10.09] 8.33 | 7.03 [ 5.65 | 4.60 | 3.20 | 2.43 | 1.89 | 7.23
7.96 [10.15]1 837 7.07 572|463 321242190 | 7.30
9.89  [12.65(10.46| 8.88 | 7.13 | 5.80 | 4.09 | 3.03 | 2.38 | 9.08
9.89 [12.64(10.47| 8.87 | 7.13 | 5.77 | 4.09 | 3.05 | 2.39 | 9.07
9.99 [12.73]10.57| 896 | 7.21 | 5.88 | 4.09 | 3.05 | 2.39 | 9.18
9.99 [12.74[10.57| 8.98 | 7.22 | 5.88 | 4.07 | 3.07 | 242 | 9.18
11.89 |15.06|12.55|10.66( 8.58 | 6.98 | 7.45 | 3.64 | 2.87 | 10.81
7 | 55 200 675 11.87 |15.22]12.67|10.76( 8.69 | 7.08 | 5.18 | 3.67 | 2.91 | 10.94

11.89 15.23(12.68(10.79( 8.68 | 7.10 | 6.50 | 3.68 | 2.90 | 10.96
11.99 15.25]12.73|10.81( 8.71 | 7.11 | 5.14 | 3.66 | 2.86 | 10.98
13.89 |17.68]|14.75|12.57(10.15| 8.25 | 5.88 | 4.28 | 3.37 | 12.70
14.04 |17.92(14.95(12.74(10.32| 8.36 | 6.24 | 4.32 | 3.36 | 12.88
14.01 |17.97|15.01|12.79(10.30| 8.39 | 5.93 | 439 | 3.36 | 12.95
13.92 117.95114.98)|12.76(10.29]| 8.37 | 5.87 | 438 | 3.37 | 12.93
15.97 20.39(17.03(14.52(11.76| 9.55 | 8.37 | 490 | 3.83 | 14.66
16.06 |20.57|17.21|14.66(11.83] 9.66 | 8.61 | 4.96 | 3.96 | 14.80
15.89 20.60|17.21|14.67(11.88] 9.65 | 6.74 | 5.04 | 3.88 | 14.81
1597 ]20.65]17.26|14.72(11.87] 9.67 | 7.10 | 498 | 3.87 | 14.85
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test Thickn Thick Surfa D Load
Section | Location | o oS | HCKness 1P 0001b) | 0in. | 8in. [12in [181n. |24 in. |36 in. | 48 in. | 60 in. [-12 in.
(in.) (in.) |Temperature (°F)

7.93 10.34] 8.38 | 7.05 | 5.58 | 4.52 | 3.33 | 242 | 1.87 | 7.37
7.93 10.24] 8.30 | 7.00 | 5.56 | 448 | 3.34 | 2.36 | 1.85 | 7.33
7.93 10.20( 8.32 | 7.00 | 5.55 [ 446 | 3.31 | 2.36 | 1.86 | 7.29
7.98 10.18( 8.30 | 6.99 | 5.57 [ 449 [ 3.36 | 2.38 | 1.84 | 7.32
9.91 12.66]10.42] 8.78 [ 6.99 | 5.60 | 6.31 | 2.97 | 2.33 | 9.02
10.03 |12.83]10.55| 891 | 7.07 | 5.69 | 4.17 | 3.02 | 2.40 | 9.14
9.94 [12.76]10.55| 8.88 | 7.06 | 5.67 | 4.15 | 3.03 | 2.35 | 9.09
9.96 [12.72(10.52]| 8.89 | 7.04 [ 5.66 | 8.08 | 3.01 | 2.37 | 9.10
11.94 |15.38]12.74|10.77( 8.57 | 6.86 | 8.01 | 3.62 | 2.86 | 10.88
11.94 |15.37(12.72(10.77| 8.57 | 6.88 | 9.76 | 3.69 | 2.85 | 10.87

7 2 > 200 668 11.96 |15.38]|12.75|10.77( 8.56 | 6.88 | 8.87 | 3.65 | 2.86 | 10.89
11.91 ]15.40]12.79]10.82 8.60 | 6.90 | 9.06 | 3.68 | 2.87 | 10.92
13.77 |17.77|14.82|12.54(10.00| 8.01 [15.22| 4.24 | 3.34 | 12.62
13.94 |18.10(15.10{12.78(10.24| 8.17 | 11.09] 4.30 | 3.39 | 12.85
14.06 |18.24|15.21|12.88(10.28| 8.23 (11.23| 4.34 | 3.42 | 12.95
14.06  118.22]15.23112.92(10.28] 8.23 [16.56| 4.33 | 3.43 | 12.95
15.97 ]20.68(17.31({14.66(11.67| 9.35 |21.33| 4.88 | 3.77 | 14.68
1599 ]20.87|17.43|14.79(11.75]| 9.43 [12.58| 4.91 | 3.82 | 14.78
16.02 |20.88]|17.48|14.82(11.84| 9.46 [14.62| 4.98 | 3.83 | 14.82
1592 120.88(17.54[14.84[11.86| 9.47 |15.02] 5.02 | 3.84 | 14.85
8.03 7.06(5.62(4.70(3.76 | 3.12 |1 243 | 2.17 | 1.46 | 5.10
8.06 7.20 | 558 | 4.66 | 3.74 | 3.10 [ 2.33 | 2.01 | 1.47 | 5.03
8.06 712|554 4.63 |3.72|3.09 [ 229 | 2.17 | 1.47 | 5.01
8.06 7.16[5.56 [ 4.63 [3.72 [ 3.10 | 234 | 2.13 ] 1.45 | 5.01
10.08 | 8.88]6.95|5.81 (4.65]|3.873.04]239]|1.85] 620
10.08 | 892698 | 5.86(4.68|3.90(3.07 241|183 ]| 622
9.99 891(695(585(4.66|3.90]3.02]|240]| 183 6.20
9.96 8.80) 691|579 [4.673.86[295]238]|1.83] 6.14
11.94 |10.41) 832|698 [ 559 | 4.61 | 6.27 | 2.81 | 2.15 | 7.27
7 3 55 200 66.5 12.08 |10.67| 8.42 | 7.08 | 5.66 | 4.69 | 5.81 | 2.82 | 2.19 | 7.39

12.01 10.63( 8.43 [ 7.07 | 5.67 | 4.69 | 6.79 | 2.81 | 2.21 | 7.38
12.06  110.65]| 8.46 | 7.09 [ 5.71 | 4.70 | 5.44 | 2.87 | 2.21 | 7.42
13.96 |12.33]9.81| 823 [ 6.60 | 545 | 5.86 | 3.27 | 2.53 | 8.53
14.06 |12.47(9.96 | 8.34 | 6.70 | 5.53 |12.25] 3.29 | 2.58 | 8.63
14.06 12.46| 9.91 | 831 | 6.66 | 5.49 [12.02] 3.32 | 2.58 | 8.62
14.09 112.51]19.98 | 8.38 [ 6.70 | 5.54 [11.52] 3.32 | 2.60 | 8.68
16.06 |14.35(11.37[ 9.55 | 7.63 | 6.28 120.91| 3.74 | 2.95 | 9.86
16.19 |14.38|11.48| 9.65 | 7.71 | 6.35 [15.83] 3.82 | 2.99 | 9.93
16.06 |13.86|11.47| 9.63 [ 7.70 | 6.34 [11.34| 3.74 | 2.97 | 9.92
1594 114.35]11.38] 9.56 [ 7.66 | 6.31 [16.00] 3.71 | 2.94 | 9.86
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test Thickn Thick Surfa D Load
Section | Location | o oS | HCKness 1P 0001b) | 0in. | 8in. [12in [181n. |24 in. |36 in. | 48 in. | 60 in. [-12 in.
(in.) (in.) |Temperature (°F)

8.01 7771610 | 5.09 | 411 | 343 [ 2.43 | 2.29 | 1.49 | 541
7.93 7.59 1598 |5.00 (402|337 (239|287 | 147 | 532
7.89 7.56 (597 (498 |4.04|334]250|3.12 | 1.48 [ 530
7.96 7.61 [6.02 5.04[4.09]339]239]251| 147 534
10.01 | 9.53|7.61| 637 (515|427 332272190 | 6.65
9.94 9.56|7.64 641 |516|4.28 (333|251 191 6.64
10.06 |9.58(7.67 (644 (522|434 ]3.22|250]| 191 | 6.67
9.99 9.5517.63|641[514]431[3.04]252]1.89 | 6.66
11.96 |11.37]9.13 | 7.66 | 6.18 | 5.12 | 3.86 | 2.92 | 2.26 | 7.88
1221 |11.54{9.28 [ 7.79 | 6.35 | 5.20 | 4.77 | 2.99 | 2.30 | 8.02

7 4 > 200 675 11.89 |11.37|9.15| 7.68 | 6.21 | 5.12 | 3.73 | 2.88 | 2.27 | 7.92
11.99 11.4119.16 | 7.69 [ 6.20 | 5.12 [10.06| 2.89 | 2.26 | 7.89
13.82 |13.17|10.61| 8.93 [ 7.16 | 5.93 | 9.65 | 3.52 | 2.64 | 9.13
14.01 |13.45(10.78( 9.11 | 7.32 | 6.08 | 9.07 | 3.53 | 2.64 | 9.32
13.96 |13.49|10.83| 9.14 | 7.37 | 6.07 | 8.98 | 3.56 | 2.69 | 9.34
14.01 ]13.51]10.91) 9.19 [ 7.40 | 6.07 [10.42] 3.55 | 2.71 | 9.38
1597 15.26(12.31(10.41| 8.37 | 6.88 |10.31| 3.79 | 2.98 | 10.58
16.02 |15.39]|12.41|10.48( 8.41 | 6.92 [14.27| 3.92 | 3.00 | 10.66
16.02 |15.35|12.39|10.49( 8.40 | 6.94 [10.54| 3.83 | 3.04 | 10.66
16.04 115.38(12.42[10.50 8.38 | 6.95 |13.54]| 3.86 | 3.07 [ 10.64
7.86 7541593 (498 (3983281229239 144 | 534
8.08 7.6416.06 509 |4.09|332(230]1.93|1.48]| 543
8.25 7.6416.06 | 5.10 | 4.12 | 3.36 | 2.34 | 2.07 | 1.50 | 5.41
8.18 7.5916.03 507 [4.10]331]234]2.08) 149 537
10.13 1944|753 | 637 (508 | 4.18 [ 296 | 240 | 1.89 | 6.67
9.91 9291741627 (500 |4.12 (296|233 | 1.83 ]| 6.55
9.96 932(7.45(631(5.06]|4.14]289|237| 184 | 6.60
9.99 9351745631 [504]4.16[297]238]1.85] 6.60
12.11 |11.25]9.06 | 7.66 | 6.17 | 4.98 | 3.66 | 2.84 | 2.24 | 7.85
7 5 55 200 675 12.06 |11.23]19.03 | 7.65 [ 6.15 | 4.99 | 3.55 | 291 | 2.24 | 7.85

11.96 |11.20(9.03 [ 7.65 | 6.15 | 4.99 | 3.55 | 291 | 2.23 | 7.85
12.08 11.25]9.06 | 7.68 [ 6.18 | 5.00 | 3.58 | 2.93 | 2.25 | 7.89
13.94 |12.97|10.48| 8.90 [ 7.16 | 5.80 | 4.08 | 3.33 | 2.59 | 9.08
14.11 |13.09(10.61| 9.01 | 7.22 | 5.86 | 4.29 | 3.32 | 2.63 | 9.18
14.01 |13.08/10.59| 8.98 [ 7.21 | 5.85 [ 4.21 | 3.31 | 2.60 | 9.15
14.11 ]13.13]10.66] 9.04 [ 7.24 | 5.87 | 4.14 | 3.36 | 2.64 | 9.17
16.09 14.91(12.14{10.29( 8.24 | 6.70 | 6.90 | 3.80 | 2.92 | 10.42
16.11 |14.98]|12.15|10.30( 8.26 | 6.72 | 4.76 | 3.77 | 2.92 | 10.41
1597 |14.93]|12.11|10.29( 8.25 | 6.72 [ 476 | 3.78 | 2.92 | 10.40
1594 114.97]12.10)10.26] 8.23 ] 6.69 | 4.70 | 3.81 | 2.94 | 10.40
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test Thickn Thick Surfa D Load
Section | Location | o oS | HCKness 1P 0001b) | 0in. | 8in. [12in [181n. |24 in. |36 in. | 48 in. | 60 in. [-12 in.
(in.) (in.) |Temperature (°F)

8.18 7.4816.10 | 5.09 [ 3.95|3.17 | 2.01 | 1.50 | 1.27 | 5.18
8.13 7.3216.00 [ 497 [ 3.90 | 3.11 [ 1.98 | 1.50 | 1.27 | 5.07
8.03 7221590 (495(3.86|3.10]195]|1.49| 123 5.00
7.96 7.12 (582 [4.88 [3.80]3.06]190]1.47] 124 495
10.03 |9.01 742|622 (482|3.85(248|1.89| 158 6.24
10.06 | 898|743 6.22 (4.82|3.89 (249|190 | 159 | 6.22
9.99 892(736(6.17 480 |3.86 248|189 | 1.57 | 6.19
10.01 891)738|6.19 (481386247 |1.88)1.57] 6.18
11.89 |10.62| 8.81 | 7.38 [ 5.76 | 4.59 [ 2.99 | 2.25 | 1.91 | 7.36
12.04 10.74( 892 7.49 | 5.85 | 4.64 | 3.03 | 2.31 | 1.90 | 7.45

8 ! > 200 675 12.16 |10.80| 8.98 | 7.55 [ 5.90 | 4.68 | 3.06 | 2.31 | 1.94 | 7.50
12.16  ]10.80]| 8.98 | 7.55 [ 590 | 4.71 [ 3.05 | 2.31 | 1.94 | 7.50
14.11 |12.50|10.40| 8.76 | 6.84 | 5.43 | 3.53 | 2.68 | 2.19 | 8.67
14.06 |12.54(10.45( 8.79 | 6.88 | 5.45 | 3.57 | 2.68 | 2.26 | 8.68
14.06 |12.54|10.45| 8.80 [ 6.86 | 5.46 | 3.57 | 2.70 | 2.17 | 8.71
14.01 12.47]10.42)| 8.77 [ 6.86 | 5.47 | 3.56 | 2.68 | 2.24 | 8.67
16.16 |14.18(11.78[ 9.95 [ 7.80 | 6.16 | 4.12 | 3.08 | 2.50 | 9.83
1599 |14.18|11.81| 9.96 | 7.79 | 6.20 | 4.23 | 3.08 | 2.58 | 9.85
1597 114.20|11.84| 9.99 | 7.84 | 6.20 | 4.10 | 3.09 | 2.60 | 9.87
16.06 114.29({11.91[10.03| 7.87 | 6.26 | 4.18 | 3.12 ] 2.51 | 9.91
8.06 5291413 (342270219 150]| 136|092 | 3.62
791 5.1814.07 | 3.39 | 2.66 | 2.18 [ 1.50 | 1.40 | 0.93 | 3.53
8.18 5241414344 (2731223 151]1.19]0.92 | 3.60
8.06 520(4.11 (3431271 [222]151]1.19]0.93 [ 3.57
10.08 |6.54|521|435(343 278 (193|150 1.18 | 4.45
10.11 6.51 518 4321340279 (190|153 |1.18 | 443
9.99 6.49 (516 [ 431 [ 342|278 | 1.88 | 1.51 | 1.18 | 4.43
9.99 6451516432 (339]278[1.86]149|1.17| 441
11.94 |7.68|6.15|5.14(4.09]3.29 (224|180 | 139 5.21
3 ) 55 200 68.5 11.99 | 7751621520 (4.12|335(225|1.84| 140 | 528

12.01 7.7316.20 [ 5.20 | 4.12 | 3.32 |1 2.25 | 1.82 | 1.43 | 5.26
1208 |7.76]1623|521 (413333 [229]1.85]|143] 529
13.82 | 887712599 [4.74 | 3.82 | 2.62 | 2.11 | 1.66 | 6.03
14.09 19.02(7.25(6.08 [ 4.81|3.91]2.69]|209]|1.62]| 6.12
14.11 9.09733|6.13 484|394 (270]215]1.69 | 6.17
1423 19.14]17.36 | 6.16 [ 489 ]3.95[2.70 | 2.18 | 1.67 | 6.19
15.89 10.13( 8.16 | 6.84 | 5.44 | 441 | 3.02 | 2.39 | 1.88 | 6.87
16.04 10.26| 8.25| 6.92 [ 5.49 | 447 [ 3.06 | 243 | 1.91 | 6.97
16.16 |10.33]| 8.33 | 7.00 | 5.55 | 4.50 | 3.13 | 2.51 | 1.92 | 7.03
16.11 10.30) 8.32 | 6.98 [ 553 1447 [ 3.14 [ 242 | 1.94 | 7.00
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test R . Load
Section | Location | Tickness | Thickness | Surface  \Drop| ;500 1) | 04 | gin. | 120, |18 in. |24 . | 36 in. |48 in. | 60 in. | -12 in
(in.) (in.) | Temperature (°F)

T | 781 |662|527] 444 |357]300]213]1.95] 132 463

2 | 798 |665|529| 447|362 304216185135 468

3| 798 |664]530| 446|364 |300]|215|182]137| 467

4 | 806 |663]|528]447]362]300]215]1.74]135] 466

T | 986 |822]662]560]453]3.77]278]2.19] 1.71| 5.76

2| 994 829667564 |457]381]276]217| 172 5.78

3 | 1006 |831]673 569|461 |385|276 223|174 585

4 | 1001 825|670 565|459 ]383]275]223]174] 581

T | 1172 [ 9.68|7.91] 666 | 542 | 449 | 3.41 | 2.60 | 2.03 | 6.80

2 | 1187 |981|801|677|549 | 456|7.95 | 2.66 | 2.04 | 6388

8 3 33 200 685 3| 1189 |9.85]8.06|6.82|5.54 | 458346267207 692
4 | 1199 996810 684 | 559 | 463 | 338|270 | 2.08 | 6.96

T | 1377 |11.40]9.34 | 7.92 | 645 | 531 | 467 | 3.15 | 2.39 | 7.98

2 | 1409 |11.679.59 | 8.14 | 6.62 | 5.48 | 1223 3.18 | 2.48 | 8.19

3| 1401 [11.65) 959 | 8.13 | 6.62 | 545 | 3.93 | 3.19 | 247 | 8.19

4 | 1404 |11.66]9.63 | 817 | 665 | 547|398 |320] 246 | 822

T | 1587 [13.02[10.75] 9.13 | 743 | 6.15 [1025] 3.59 | 2.78 | 9.19

2 | 1575 [13.00[10.75] 9.12 | 743 | 613 | 7.72 | 3.56 | 2.77 | 9.16

3| 1582 [13.01]10.82] 9.19 | 749 | 6.15 | 8.06 | 3.59 | 2.77 | 9.22

4 | 1597 [1323]1091] 928 | 7.54 | 624 | 7.83 | 3.64 | 2.83 | 9.27

T | 791 | 700|548 | 464 |3.74 | 3.12 | 224 | 1.68 | 1.33 | 494

2 | 791 697|549 | 463|374 |310]225] 162|130 | 491

3| 793 |694]550] 465|375 300|228 163131 490

4 | 791 |692]548|464]375]309] 230 162|131 488

T | 984 856685579 467389292208 1.65| 6.04

2 | 984 |859|689|583 470394292 (213|168 607

3| 1001 [870]699 594|477 400|297 | 215|170 | 6.14

4 | 994 |865|695|590|473]397]295]2.11]1.69] 6.08

T | 1201 [1033]838 ] 7.12 | 5.74 | 477 | 1326 2.53 | 2.03 | 7.21

2 | 1199 [1035|841 | 7.17 | 576 | 477 | 721 | 2.55 | 2.03 | 726

8 4 33 20.0 68.5 3| 1191 [1036| 842 | 7.18 | 5.76 | 4.80 |12.36| 2.56 | 2.03 | 7.26
4 | 1194 |1037] 841|716 | 578 | 477 |13.43] 2.55 | 2.03 | 7.26

T | 1377 [11.82]9.65] 821 | 661 | 548 |18.00] 2.95 | 2.34 | 8.22

2 | 1396 [12.05|9.81 | 838 | 6.73 | 5.60 |16.74| 297 | 2.39 | 8.40

3| 1414 [12.14] 993 | 846 | 6.79 | 5.68 [17.31] 3.02 | 2.46 | 8.48

4 | 1409 1215996 | 8.47 | 681 | 5.60 |17.04] 2.96 | 2.42 | 8.50

T | 1577 |13.51[11.09] 946 | 7.63 | 6.33 [21.45] 335 | 2.72 | 9.44

2 | 1589 |13.62|11.21] 9.54 | 7.69 | 6.44 |22.96| 3.41 | 2.75 | 9.54

3| 1592 [13.6811.25] 9.63 | 7.72 | 6.44 |21.13] 3.45 | 461 | 9.59

4 | 1602 [13.74]11.32] 9.66 | 7.79 | 6.49 |20.95| 3.44 | 5.91 | 9.64
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test Thickn Thick Surfa D Load
Section | Location | o oS | HCKness 1P 0001b) | 0in. | 8in. [12in [181n. |24 in. |36 in. | 48 in. | 60 in. [-12 in.
(in.) (in.) |Temperature (°F)

7.93 7981621519 |4.15|339(229]220|1.36]| 543
7.98 7951619519 [ 4.14 | 3.38 | 2.27 | 2.05 | 1.38 | 5.42
8.08 7971622 (521 (4.17|340]229| 182|138 | 542
8.03 7.9316.21 [ 520 [ 4.18 [ 3.39 1230 | 1.83 | 1.40 [ 542
9.99 9.86|7.76 | 6.51 | 520 | 4.26 [ 291 | 2.35 | 1.78 | 6.66
9.91 9771771649 | 5.16 | 424 [ 294 | 236 | 1.75 | 6.64
10.03 | 9.84(7.79 | 6.55|5.23|4.30|297|234| 177 | 6.68
10.03 19.83 1779 6.56 [ 524 1430 [ 295|236 | 1.77 | 6.68
11.89 |11.61]9.27| 7.82 [ 6.25 | 5.05 | 3.50 | 2.69 | 2.02 | 7.84
12.13  |11.86(9.45 | 7.97 | 6.35| 5.16 | 3.54 | 2.80 | 2.08 | 8.02

8 > > 200 690 11.94 |11.68)9.32| 7.85(6.29|5.10 [ 428 | 2.82 | 2.12 | 7.90
12.01 ]11.7219.35| 7.89 [ 6.30 | 5.12 [ 3.53 [ 2.79 | 2.11 | 7.94
13.96 |13.50/10.86| 9.16 | 7.34 | 5.93 | 4.10 | 3.20 | 2.38 | 9.16
14.11 |13.67(11.02 9.28 | 7.45 | 6.05 | 7.76 | 3.28 | 2.41 | 9.27
14.01 |13.66]|10.99| 9.28 | 7.42 | 6.02 | 4.24 | 3.27 | 2.52 | 9.27
14.04 13.75|11.04) 9.31 [ 7.45 ] 6.02 | 7.56 | 3.29 | 2.43 | 9.30
16.02 15.44(12.48(10.52| 8.39 | 6.83 | 5.89 | 3.74 | 2.75 | 10.43
16.24 |15.77|12.69|10.71( 8.59 | 6.94 | 8.98 | 3.86 | 2.82 | 10.60
16.14 |15.63]|12.65|10.67( 8.54 | 6.91 | 9.35 | 3.80 | 2.77 | 10.56
16.14 115.61(12.64[10.65[ 8.54 | 6.91 | 4.83 | 3.75 | 2.77 | 10.56
7.93 10.99(9.02 | 7.70 | 6.17 | 4.93 | 3.27 | 2.39 | 1.77 | 8.16
8.08 10.9819.00 | 7.71 [ 6.19 | 4.96 | 3.33 | 2.42 | 1.78 | 8.18
7.98 10.86] 8.98 | 7.68 | 6.16 | 4.93 | 3.30 | 2.39 | 1.77 | 8.10
7.98 10.80( 8.90 | 7.64 | 6.14 [ 4.89 [ 3.27 | 2.39 | 1.77 | 8.08
10.06 |13.84|11.52| 9.90 [ 7.94 | 6.35 [ 427 | 3.08 | 2.29 | 10.30
996 [13.77(11.47| 9.87 | 7.90 | 6.35 | 4.28 | 3.08 | 2.27 | 10.26
10.03  |13.82(11.52( 9.92 | 7.94 | 6.36 | 4.24 | 3.14 | 2.29 | 10.28
10.06  113.86]11.57) 9.97 [ 7.98 | 6.40 | 4.30 | 3.13 | 2.30 | 10.33
11.91 |16.70|14.01|12.07( 9.71 | 7.73 | 5.47 | 3.78 | 2.76 | 12.45
9 | 55 14.0 70.5 11.96 |16.89|14.19|12.22( 9.83 | 7.87 | 5.36 | 3.78 | 2.72 | 12.59

12.01 |16.86(14.21(12.25( 9.84 | 7.87 | 5.22 | 3.78 | 2.71 | 12.56
11.99 116.91]14.26|12.30( 9.88 | 7.88 | 5.23 | 3.79 | 2.83 | 12.63
13.89 |19.54]|16.50|14.25(11.45]| 9.15 | 7.03 | 4.41 | 3.13 | 14.59
14.01 |19.91(16.83[14.53[11.66| 9.35 | 7.83 | 4.51 | 3.21 | 14.84
13.96 19.96]|16.86|14.58(11.70| 9.36 | 7.15 | 4.47 | 3.20 | 14.89
14.06  120.08]16.97|14.67(11.78] 9.42 | 7.12 | 446 | 3.22 | 14.97
15.75 122.48(19.04(16.45(13.23]10.62| 9.44 | 499 | 3.63 | 16.81
1592 122.96|19.43|16.77(13.46|10.83( 9.79 | 5.14 | 3.67 | 17.09
16.02 |23.14|19.55|16.90(13.63|10.89( 9.58 | 5.25 | 3.71 | 17.22
1594 ]23.15]19.61|16.93[13.63110.94| 9.02 | 5.23 | 3.71 | 17.26
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Table A-1 Continued

HMA Base Pavement Deflection (mils)

Test Test R . Load

Section | Location | Tickness | Thickness | Surface  \Drop| ;500 1) | 04 | gin. | 120, |18 in. |24 . | 36 in. |48 in. | 60 in. | -12 in

(in.) (in.) | Temperature (°F)

T | 798 1055|827 686|537 | 432|290 | 232 ] 1.62 | 7.30

2 | 801 |1048]825| 686|542 | 429|291 (225 1.63 | 7.30

3| 798 [1036/820 | 681|534 [ 424|293 | 228 | 1.62 | 7.25

4 | 801 [1036]820] 683 | 5.36 | 428 | 3.02 | 223 | 1.63 | 7225

T | 1008 [1331]10.66] 8.88 | 692 | 5.52 | 3.89 | 2.99 | 2.12 | 9.25

2 | 1018 |1329)10.68] 8.90 | 695 | 5.53 | 3.73 | 2.95 | 2.14 | 9.22

3| 996 [13.12|10.57| 8.80 | 6.89 | 5.48 | 3.77 | 2.95 | 2.08 | 9.18

4 | 1003 [1322]10.66] 8.89 | 6.94 | 5.52 | 3.89 | 2.98 | 2.00 | 9.20

T | 1204 [16.16]13.10[10.95] 858 | 6.81 | 6.80 | 3.62 | 2.59 | 11.27

2 | 1199 [1620(13.17]11.00 8.60 | 6.86 | 5.57 | 3.63 | 2.61 | 11.31

? 2 33 14.0 685 3| 1191 [16.03(13.03]10.91| 853 | 6.79 | 473 | 3.56 | 2.51 | 11.20

4 | 1204 |16.03]13.06/10.90] 8.55 | 6.81 | 6.19 | 3.58 | 2.57 | 11.23

T | 1411 |1917[15.62|13.12[10.29] 8.15 | 7.13 | 429 | 3.01 | 13.39

2 | 1411 [1925]1572]1320[10.36] 824 | 822 | 428 | 3.10 | 13.43

3| 1409 [1927]15.75]13.20[1035| 822 | 7.23 | 427 | 3.00 | 13.43

4 | 1404 [1922]15.60]13.17]10.32] 820 | 8.87 | 428 | 3.00 | 13.40

T | 1611 |22.06[18.01|15.15|11.89] 9.44 | 8.34 | 5.05 | 3.50 | 15.39

2 | 1594 [21.98)17.97|15.14[11.91| 9.44 [10.33] 495 | 3.43 | 1536

3| 1597 |22.12|18.02]1521[11.93] 9.45 [11.87] 491 | 3.46 | 15.40

4 | 1587 [21.99]17.97]15.15|11.90] 9.42 | 11.93] 4.81 | 3.43 | 15.36

T | 801 |872]698]596|482]3.99 278|203 1.55 | 633

2| 811 |865|696 594|484 (399287211156 6.32

3| 798 |849|684 585|477 (396|276 200155 6.22

4 | 801 |844]681|583|475]393]272]200] 156 6.17

T | 996 [10.75]8.78 | 7.52 | 607 | 5.01 | 3.52 | 2.62 | 1.99 | 7.82

2 | 1006 |10.83]8:87|7.59 | 6.13 | 5.06 | 3.59 | 2.65 | 1.99 | 7.87

3| 994 [10.78] 886 | 7.57 | 6.13 | 5.07 | 3.61 | 267 | 198 | 7.82

4 | 1008 |10.82] 887|761 614500361 |266]200] 7.85

T | 1199 [13.07]10.79] 926 | 7.55 | 6.15 | 4.94 | 3.19 | 2.40 | 9.46

2 | 1206 [13.13]10.86] 933 | 7.58 | 6.18 | 4.56 | 320 | 2.44 | 9.5

? 3 33 14.0 69:5 3| 1196 [13.08]1083] 929 | 7.57 | 6.19 | 4.35 | 3.19 | 2.41 | 9.49

4 | 1196 [13.10]1086] 933 | 758 | 6.18 | 4.98 | 322 | 2.44 | 9.51

T | 1389 [1521]12.64]10.89] 8.89 | 7.23 | 5.74 | 3.71 | 2.82 | 11.04

2 | 1404 [15.52]12.89]11.10] 9.03 | 7.40 |10.25] 3.72 | 2.89 | 11.24

3| 1406 [15.55)12.96|11.15] 9.03 | 743 | 8.68 | 3.75 | 2.89 | 11.28

4 | 1414 |1557]12.97]11.18] 9.06 | 747 | 530 | 3.77 | 2.89 | 1130

T | 1606 |17.80]14.84] 12.78[10.40] 8.55 | 8.35 | 446 | 3.33 | 12.94

2 | 1606 |17.88]14.95]12.86]10.49| 8.61 |11.43] 4.45 | 3.36 | 12.98

3| 1602 [17.90]14.95|12.86|10.54| 8.60 [13.50| 445 | 337 | 12.98

4 | 1604 [17.941498(12.92|10.54] 8.61 |10.46] 451 | 3.37 | 13.03
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test Thickn Thick Surfa D Load
Section | Location | o oS | HCKness 1P 0001b) | 0in. | 8in. [12in [181n. |24 in. |36 in. | 48 in. | 60 in. [-12 in.
(in.) (in.) |Temperature (°F)

791 8.116.63|5.70 | 466 | 3.91 [ 2.79 | 2.12 | 1.61 | 5.99
8.15 8211670 | 5.76 | 4.71 | 3.93 | 2.74 | 2.15 | 1.62 | 6.05
8.08 8.09(6.65(572(4.70|3.92]273|212| 162 599
7.96 7.98 [6.57 [ 5.66 [ 4.63 | 3.89]2.69]2.18]1.60 | 591
10.03 |10.21| 8.41 | 7.26 | 5.92 | 4.97 | 3.47 | 2.69 | 2.05 | 7.56
996 [10.13(8.39| 725|591 [ 492 | 3.46 | 2.66 | 2.05 | 7.48
10.08 10.24( 8.50 [ 7.32 [ 5.98 | 5.00 | 3.51 | 2.76 | 2.08 | 7.58
9.99 [10.20{ 8.45]7.29 | 596 [ 498 | 3.51 | 2.74 | 2.06 | 7.53
1221 |12.55|10.43| 9.04 | 7.36 | 6.12 | 437 | 3.30 | 2.54 | 9.27
12.01 ]12.46(10.39( 8.96 | 7.33 | 6.08 | 4.34 | 3.30 | 2.51 | 9.17

? 4 > 14.0 700 12.04 12.50|10.39| 8.98 | 7.33 | 6.06 | 4.36 | 3.28 | 2.49 | 9.17
12.11 ]12.50]10.42) 9.00 [ 7.36 | 6.10 | 4.32 | 3.24 | 2.51 | 9.21
14.11 |14.74|12.28]|10.63( 8.70 | 7.20 | 5.09 | 3.84 | 2.94 | 10.91
14.01 |14.73(12.29(10.65| 8.70 | 7.22 | 5.08 | 3.89 | 2.95 | 10.87
14.11 |14.80]12.35|10.72( 8.75 | 7.24 | 5.19 | 3.90 | 2.98 | 10.91
13.99 114.72]12.28)10.62( 8.69 | 7.22 | 5.10 | 3.84 | 2.98 | 10.87
16.02 16.91(14.13(12.22(10.00| 8.28 | 7.34 | 4.49 | 3.39 | 12.45
16.14 |17.09|14.26|12.37(10.11| 8.35 [ 5.96 | 4.55 | 3.38 | 12.60
1597 |17.00|14.21|12.30(10.09| 8.34 | 7.17 | 4.49 | 3.42 | 12.59
1594 117.11(14.19[12.32(10.08| 8.32 | 7.34 | 4.58 | 3.43 [ 12.54
8.01 9.03(7.22(6.03(4.73]3.95]282]239]1.62| 6.31
8.01 894717599 468|391 (272214161 626
7.89 881711592 |4.68|3.87(273]252]1.63] 6.19
8.01 891 [7.17[599 471 [392]280]2.14]1.61 | 625
994 [11.26(9.15] 7.65| 595 (493 |3.53 2.69|2.03 | 7.87
9.99 [11.29(9.19| 7.69 | 598 | 4.97 | 3.47 | 2.68 | 2.04 | 7.86
9.96 [11.33]19.20| 7.70 | 6.00 | 495 | 3.48 | 2.70 | 2.05 | 7.89
9.99 [11.34[9.21 | 7.71 | 598 [ 496 | 3.49 | 2.71 | 2.06 | 7.93
11.84 |13.63|11.16| 9.36 | 7.27 | 5.98 | 427 | 3.15 | 2.45 | 9.49
9 5 55 14.0 69.5 11.94 |13.82|11.34| 9.50 | 7.41 | 6.07 | 426 | 3.20 | 2.51 | 9.59

11.91 |13.83(11.35(9.53 [ 7.44 | 6.08 | 4.31 | 3.22 | 2.48 | 9.61
11.91 ]13.85|11.38) 9.54 [ 7.45 | 6.08 | 4.32 | 3.21 | 2.48 | 9.62
13.92 |16.19|13.31|11.17( 8.73 | 7.09 [10.01| 3.76 | 2.90 | 11.24
13.99 16.50(13.57(11.39| 8.91 | 7.26 | 6.04 | 3.78 | 2.94 | 11.45
13.89 16.45|13.57|11.39( 8.89 | 7.26 | 6.70 | 3.77 | 2.96 | 11.46
13.94 116.48]13.60|11.42( 894 | 7.29 | 7.54 | 3.77 | 2.97 | 11.47
15.84 |18.79(15.48(13.00(10.16| 8.28 | 11.88| 4.28 | 3.40 | 13.04
1599 |19.13]15.72|13.22(10.34| 8.44 | 6.89 | 4.46 | 3.46 | 13.24
1597 ]19.12]115.74|13.26(10.40| 8.42 (10.08| 4.43 | 3.42 | 13.28
1599 119.20]15.82113.32({10.42]| 8.48 | 7.06 | 447 | 3.43 | 13.33
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test R . Load
Section | Location | Tickness | Thickness | Surface  \Drop| ;500 1) | 04 | gin. | 120, |18 in. |24 . | 36 in. |48 in. | 60 in. | -12 in
(in.) (in.) | Temperature (°F)

T | 803 |620 453362274205 132149075 413
2 | 806 |6.10|446|357 269204131 158]088]| 4.08
3| 815 |611|449 361|271 207|130 157|085 | 408
4 | 801 |601]|444]355]260]203]129] 162096 400
T | 1008 |7.78 |5.85 | 471 | 351 | 2.68 | 171 | 1.52 | 0.99 | 5.11
2| 999 769|579 | 467|349 | 265 1.68 208|098 | 506
3| 999 |7.70|5.80 | 468|348 | 265 166 144|099 | 5.05
4 | 999 767|579 466|347 ] 265|166 | 1.51]0.98 | 504
T | 1206 [932|7.01]5.73 | 431 323|202 159 | L8 | 6.06
2 | 1211 |93s|7.05] 577|433 [ 325] 203 | 159 | 1.16 | 6.09

10 ! 33 14.0 690 3| 1196 |9.27]7.08|572 432|324 | 206|163 ] 115 | 6.06
4 | 1194 |925|7.00]572 ] 428]325]203] 1.62] 1.17] 6.03
T | 1375 |10.64|8.16 | 6.60 | 499 | 3.74 | 2.32 | 1.82 | 1.33 | 691
2 | 1409 [10.96|8.44 | 6.82 | 5.13 | 3.85 | 238 | 1.84 | 138 | 7.12
3| 1421|1107 853 | 692 [ 523 [3.92 | 239 | 192 | 139 | 7.20
4 | 1418 |11.08] 854 | 691|522 (392|570 1.88]139] 7.19
1 | 1614 |12.64{9.76 | 7.91 | 5.98 | 448 | 737 | 221 | 1.57 | 8.16
2 | 1601 [12:66)9.79 | 7.95 | 5.99 | 449 | 276 | 2.16 | 157 | 8.17
3| 1609 [12:67)9.79 | 7.95 | 5.98 | 450 | 278 | 2.15 | 157 | 8.16
4 | 1592 [1251970 | 7.88 | 5.92 | 447|276 | 210 | 1.56 | 8.10
T | 818 |678|499]398 | 289212143132 073 | 442
2 | 818 |669 496|394 280|211 |137] 121|072 434
3| 798 |649|481 (383280 (207|131 132082 421
4 | 798 |e648]|481|381278]205]132]124]071 ] 417
T | 1040 |838|627]502]367]272]1.82 120090 | 541
2 | 986 |806|602|483|351]262] 172 1.16] 086 | 524
3| 984 [811]607]486|352|262] 173|122 087|527
4 | 986 |812]607]487]354]263]172]121]086] 526
T | 1196 |9.89|7.44 | 598 | 440 | 322 | 2.1 | 1.41 | 1.05 | 6.36
2 | 1208 |998|7.51| 603|442 325|218 | 142 1.05 | 645

10 2 33 14.0 70.5 3| 1196 |9.88|746 600|439 |324 215|143 105 638
4 | 1201 |987]7.45]599 | 439|320 2.18] 142 1.05| 640
T | 1394 [1148]8.70]7.00 | 5.14 | 3.79 | 2.48 | 1.6l | 1.22 | 7.38
2 | 1404 [11.56]879 | 7.08 | 5.18 | 3.83 | 322 | 163 | 124 | 743
3| 1406 [11.59| 880 | 7.10 | 5.21 | 3.85 | 276 | 1.66 | 124 | 7.45
4 | 1406 |11.60| 884 | 711|522 |385]562] 170|124 ] 745
T | 1619 [1330[10.13] 8.16 | 6.00 | 442 | 9.77 | 1.84 | 1.42 | 8.56
2 | 1599 |1321]10.06] 8.08 | 5.94 | 440 | 6.02 | 191 | 1.41 | 8.51
3| 1594 [13.1710.02] 8.07 | 5.93 | 440 | 899 | 1.91 | 139 | 847
4 | 1594 [13.16]10.02] 8.08 | 5.93 | 437|883 | 1.89 | 1.41 | 8.46
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test R . Load
Section | Location | Tickness | Thickness | Surface  \Drop| ;500 1) | 04 | gin. | 120, |18 in. |24 . | 36 in. |48 in. | 60 in. | -12 in
(in.) (in.) | Temperature (°F)

T | 818 | 734553433 308|227 135] 1.09] 076 | 454
2 | 830 731550433 ]306]225|133]1.15] 080 | 453
3| 830 [723]545]430|3.04 224133110075 450
4 | 820 |717]543|426|3.02]222] 120 100|074 445
T | 1006 |891 677532380280 1.63| 1.22]0.95 | 5.53
2 | 1006 |883|671|531(377]279 | 166 | 1.18 | 0.93 | 5.51
3| 1001 |884]674|531 376|279 | 1.66 | 1.21 | 0.94 | 5.49
4 | 1023 890679535 | 381|281 | 1.66]1.19]095] 550
T | 1206 [10.59]8.16 | 644 | 459 | 338 | 1.99 | 1.41 | 1.14 | 6.58
2 | 1204 [10.64|820 | 646 | 463 | 337|200 | 143 | 1.15 | 6.63

10 3 33 14.0 690 3| 1196 [10.60]8.17 | 6.44 | 450 | 338 | 1.98 | 142 | 116 | 6.59
4 | 1189 |10.50] 8.11 | 6.40 | 457 | 336 | 195 | 142 | 1.12 | 6.54
I | 1406 [1242]9.58 | 7.57 | 545 | 3.95 | 2.33 | 1.64 | 1.32 | 7.68
2 | 1411 |12.44| 961 | 7.60 | 544 | 398|233 | 162 | 132 | 7.69
3| 1411 [12.43) 962 | 7.60 | 546 [ 401 | 235 | 161 | 134 | 7.73
4 | 1392 |12.32] 955 | 755 | 5.41 | 398|233 | 160 | 134 | 7.67
1 | 1594 |14.0910.88] 8.63 | 6.22 | 456 | 2.74 | 1.88 | 1.59 | 8.76
2 | 1609 |14.24[11.01] 874 | 6.27 | 460 | 270 | 192 | 156 | 886
3| 1604 [1421]11.00] 872 | 627 | 461 | 268 | 192 | 155 | 886
4 | 1606 [1425]11.03] 876 | 6.25 | 460 | 2.69 | 193 | 149 | 887
1 | 803 |697|487]379|274] 206|133 1.16 | 0.78 | 452
2 | 801 |682|478|3.74 270 | 2.04 | 133 | 127 ] 0.80 | 4.44
3| 811 |685|483]378 273 207|135 | 122|077 | 446
4 | 803 |675|477]372 270 | 204 | 131 | 126 | 077 | 438
T | 986 | 854|610 477|345 2.60] 1.69 | 1.24 | 0.95 | 549
2| 991 |854|6.13|479 348|259 171 | 142|098 | 549
3| 989 |858|6.15|482 347|259 1.73 ] 133096 | 549
4 | 1001 871|621 | 488|356 266|173]129] 099 557
T | 1184 [10.50]7.56 | 5.94 | 431 | 320 | 2.11 | 1.50 | 1.16 | 6.60
2 | 1189 [10.51]7.64 (599 | 436 | 326 | 2.12 | 154 | 1.18 | 6.65

10 4 33 14.0 675 3| 1184 [1047)7.65| 601 | 436 | 325 | 2.05 | 1.60 | 1.18 | 6.64
4 | 1194 1052770 | 6.05 | 441 [ 328|217 | 1.55] 1.17 | 6.66
T | 1394 [1236]9.12] 7.19 | 520 | 3.86 | 6.68 | 1.82 | 1.39 | 7.82
2 | 1396 [12.52]920| 727 | 5.26 | 3.89 |1031] 1.83 | 138 | 7.87
3| 1404 [12.62) 923|729 | 527 [ 3.90 | 251 | 1.81 | 140 | 7.92
4 | 1396 |12.48]921 | 7.6 | 528|391 | 920 | 1.81] 139 7.8
I | 1594 [14.32[10.63] 8.39 | 6.08 | 451 |10.57] 2.11 | 1.60 | 9.02
2 | 1602 |14.52|10.73] 847 | 612 | 452 [12.97] 2.40 | 1.61 | 9.08
3| 1604 [14.44(10.77| 8.51 | 6.18 | 4.56 [11.18] 223 | 163 | 9.1
4 | 1609 |1448]1081] 854 | 621 | 458 |11.83] 2.18 | 1.62 | 9.15
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Table A-1 Continued

HMA Base Pavement Deflection (mils)
Test Test Thickness | Thickness Surface Drop Load
Section | Location . . . (1000Ib) | Oin. | 8in. |121in. [ 18 in. |24 in. |36 in. |48 in. | 60 in. [ -12 in.
(in.) (in.) |Temperature (°F)
8.08 8.56|6.41|523(3.93(3.01 193] 1.80] 1.11] 598
7.93 847 16.39]520(391(3.00(1.96|1.84]|1.13] 591
8.01 842 1635|518 (390 (3.02|1.95|1.89 | 1.13 | 5.89
8.11 8.5116.441526(3.97[3.06|196]| 1.52 ] 1.13 | 5.95
9.99 10.64]| 8.07 | 6.62 [ 4.98 [ 3.80 | 2.49 | 1.91 | 1.41 | 7.42
10.01 [10.64| 8.11 | 6.65 [ 4.99 [ 3.83 | 2.53 | 1.91 | 1.42 | 7.42
9.96 10.59]| 8.08 | 6.61 | 4.98 [ 3.80 | 2.54 | 1.90 | 1.42 | 7.36
9.96 10.63] 8.11 | 6.65 [ 5.00 [ 3.81 | 2.56 | 1.93 | 1.43 | 7.39
11.87 [12.8519.90 | 8.13 | 6.16 | 4.67 | 3.08 | 2.33 | 1.71 | 8.86
10 5 55 14.0 675 1191 [12.96|10.01| 8.22 | 6.22 [ 4.71 | 597 | 2.34 | 1.73 | 8.93

1191 [12.99(10.02( 8.25 | 6.24 | 4.72 | 3.11 | 2.34 | 1.75 | 8.95
11.89 [12.94(10.02| 8.24 [ 6.22 [ 4.71 | 4.04 | 2.31 | 1.73 | 8.91
13.92 |15.14|11.77) 9.70 | 7.32 | 5.52 [12.05] 2.74 | 1.97 | 10.43
13.94 |15.34|11.93| 9.84 | 7.42 | 5.62 [10.11| 2.76 | 2.06 | 10.54
13.99 [15.41(11.97(9.87 | 7.44 | 5.64 | 6.42 | 2.79 | 2.05 | 10.60
14.06  [15.41]12.01) 9.90 [ 7.45 | 5.67 [11.25] 2.77 | 2.06 [ 10.60
1589 |17.47|13.63|11.25( 8.50 | 6.43 (10.74| 3.19 | 2.26 | 11.99
1599 [17.70(13.78(11.38| 8.59 | 6.51 |10.49] 3.33 | 2.35 | 12.12
16.06 [17.79(13.84(11.44| 8.63 | 6.55 |13.08] 3.35 | 2.35 | 12.18
1589 [17.68]13.79]11.38( 8.60 | 6.52 |10.75] 3.27 | 2.29 | 12.11

B WD =R W =R WD =R WD =R WD —
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APPENDIX B DYNAMIC CONE PENETROMETER DATA

Table B-1 presents the individual DCP test values collected in this research, and Figures

B-1 through B-16 provide corresponding DCP profiles for test locations at which the base layer

was fully penetrated by the DCP; in many cases, the base layer was too stiff to be fully

penetrated, resulting in refusal as indicated by a hyphen in Table B-1.

Table B-1: DCP Data for October 10, 2015, at Wells Draw Road

Test Layer Measurement Test Location
Section 1 3 5
Base Penetration Rate (mm/blow) | 1.41 {0.99| 1.30
1 CBR (%) 199 [294| 218
Subgrade Penetration Rate (mm/blow) | 8.05 [7.14| 5.84
CBR (%) 28 | 32| 40
Base Penetration Rate (mm/blow) - - | 246
5 CBR (%) - - | 106
Subgrade Penetration Rate (mm/blow) - - 110.60
CBR (%) - - | 21
Base Penetration Rate (mm/blow) - - |1 1.04
3 CBR (%) - - | 278
Subgrade Penetration Rate (mm/blow) - - |11.94
CBR (%) - - 18
Base Penetration Rate (mm/blow) | 1.42 | - -
4 CBR (%) 197 | - -
Subgrade Penetration Rate (mm/blow) | 8.63 | - -
CBR (%) 26 | - -
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Table B-1 Continued

Test Layer Measurement Test Location
Section 1 3 5
Base Penetration Rate (mm/blow) - |13 -
5 CBR (%) - |255] -
Penetration Rate (mm/blow) - 571 -
Subgrade CBR (%) S la | -
Base Penetration Rate (mm/blow) - - -
6 CBR (%) - - -
Subgrade Penetration Rate (mm/blow) | - - -
CBR (%) - - -
Base Penetration Rate (mm/blow) | 2.03 |1.47| 1.45
7 CBR (%) 132 {190 193
Subgrade Penetration Rate (mm/blow) | 7.09 |4.52| 2.35
CBR (%) 33 | 54 | 112
Base Penetration Rate (mm/blow) [ 1.49 | - | 1.05
g CBR (%) 186 | - | 276
Subgrade Penetration Rate (mm/blow) | 3.63 | - | 2.27
CBR (%) 69 | - | 117
Base Penetration Rate (mm/blow) | 2.83 | - | 1.82
9 CBR (%) 91 - | 149
Subgrade Penetration Rate (mm/blow) |10.64| - | 3.77
CBR (%) 21 - 66
Base Penetration Rate (mm/blow) - |1.56| 1.80
10 .CBR(%) - | 178] 151
Subgrade Penetration Rate (mm/blow) | - |[3.83] 6.41
CBR (%) - 65 | 36
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Figure B-1: DCP profile for test location 1 in test section 1.
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Figure B-2: DCP profile for test location 3 in test section 1.
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Figure B-3: DCP profile for test location 5 in test section 1.
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Figure B-4: DCP profile for test location 5 in test section 2.
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Figure B-5: DCP profile for test location 5 in test section 3.
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Figure B-6: DCP profile for test location 1 in test section 4.
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Figure B-7: DCP profile for test location 3 in test section 5.
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Figure B-8: DCP profile for test location 1 in test section 7.
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Figure B-9: DCP profile for test location 3 in test section 7.
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Figure B-10: DCP profile for test location S in test section 7.
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Figure B-11: DCP profile for test location 1 in test section 8.
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Figure B-12: DCP profile for test location 5 in test section 8.
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Figure B-13: DCP profile for test location 1 in test section 9.
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Figure B-14: DCP profile for test location 5 in test section 9.
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Figure B-15: DCP profile for test location 3 in test section 10.
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Figure B-16: DCP profile for test location S in test section 10.
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APPENDIX C PAVEMENT ANALYSES

Tables C-1 and C-2 present the results of pavement analyses performed on the base layer

coefficients and AUPP values obtained using the Rohde’s method and the AUPP method,

respectively.

Table C-1. Pavement Analysis for Rohde’s Method

Test . Allowable
Section 2 ESALs
1 0.15 10,623,700
2 0.14 8,389,300
3 0.17 17,037,900
4 0.15 10,623,700
5 0.17 17,037,900
6 0.18 19,190,900
7 0.15 10,623,700
8 0.16 14,078,500
9 0.13 7,064,100

—
]

0.12 5,866,900
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Table C-2. Pavement Analysis for AUPP Method

Test AUPP, Allowable
Section mm (in.) ESALs

229 (9.02) 13,557,287

—_—

2 264(10.41) 8,425,145
3 220(8.66) 15,522,497
4 260(10.22) 8,942,616
5 224(3.82) 14,633,752
6 213(3.38) 17,341,642
7 273(10.76) 7,536,431
8  231(9.11) 13,145,985
9 303(11.94) 5,345,294
10 340 (13.37) 3,663,279
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