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Abstract:

This report focuses on the HVS testing of a foamed asphalt treated, reclaimed asphalt pavement (RAP) on State
Route 89 near Sierraville. The report discusses the expected behavior of the HVS test sections, presents the results
from field surveys done during June 2003, October 2003 and May 2004 as well as the 1st level analysis of HVS
results from the test site. Results from field surveys done prior to, during and after HVS testing show that the
pavement structure of the HVS test sections on SR89 is not representative of the mainline and foamed asphalt
treated, reclaimed asphalt concrete in general.

The mode of distress of the test sections differs between the favorable conditions in summer and fall and
unfavorable conditions in winter. The mode of distress before the onset of winter consisted of gradual deformation
of the pavement resulting in a terminal surface rut with limited fatigue cracking. After the winter, the mode changed
to a more rapid rate of rutting and on Sections 595FD and 596FD tested during spring, shear failure of the base layer
occurred in certain locations. These sections also showed extensive fatigue cracking

The pavement structure of the HVS test section showed sensitivity to high moisture contents in terms of elastic and
plastic response. The resilient modulus of the base layer decreased during the winter and spring and the rut rate
increased. Although not to the same extent, a reduction in base layer resilient modulus on the mainline was also
observed from FWD results. It is recommended that FWD surveys should be done in each of the four seasons of the
year to track changes in pavement condition. If the reduction in base layer resilient modulus is permanent, it may
lead to early fatigue of the asphalt surfacing layer.

The pavement bearing capacity only exceeded the design value under favorable conditions in the fall and early
winter. The pavement structure of the HVS test sections is, however, not representative of the mainline pavement
structure and therefore not representative of the bearing capacity of foamed asphalt treated, reclaimed asphalt
pavements. The bearing capacity of the pavement is subject to seasonal effects and cannot be estimated from a
single HVS test result. It is recommended that a seasonal simulation should be done using the results from the HVS
tests in each season and seasonal traffic data in a second level analysis of the HVS data.
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DISCLAIMER

The contents of this report reflect the views of the authors who are responsible for the facts and accuracy
of the data presented herein. The contents do not necessarily reflect the official views or policies of the
State of California or the Federal Highway Administration. This report does not constitute a standard,

specification, or regulation.

PROJECT OBJECTIVES

The objective of this project is to develop improved mix and structural design and construction guidelines

for full-depth reclamation (FDR) of cracked asphalt concrete with foamed asphalt.

This objective will be met after completion of six tasks:

Undertake literature survey, and technology and research scan.

Perform mechanistic sensitivity analysis.

Undertake assessment of Caltrans projects built to date based on available data.

Measure properties on Caltrans full-depth reclamation with foamed asphalt projects to be built in

the future.

5. Carry out laboratory testing to identify specimen preparation and test methods, and develop
information for mix design, structural design and construction guidelines.

6. Prepare interim guidelines for project selection, mix design, structural design, and construction.

M wbdh e

This document covers part of Task 3.
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ANALYSIS LEVELS IN HVS REPORTS

The primary purpose of a first-level HVS report is to present a complete and validated set of HVS data
without detailed analysis and interpretation of the data. The scope of a first-level report is confined to the
HVS data and associated test results from a single HVS site. The conclusions of the first-level report are
therefore site specific with little interpretation and should not be generalized. The primary aim of the
second-level analysis report is to interpret and explain the observed behavior contained in the first-level
report. By combining the results from a number of test sites or combining the HVS and associated test
results with data from other case studies on the same material and pavement type, it is possible to
determine whether the observed response and behavior are representative of the response and behavior of
the material and pavement type in general. However, if any pavement behavior or design models are
developed during the second-level analysis, their scope is limited to the particular HVS site under
investigation. The content of the third-level analysis is similar to that of the second-level analysis, but the
data that were generated from HVS and associated testing on a number of sites are combined to develop

general behavior and design models for the material or pavement type under investigation.

This document is a first-level report only. The preparation of a second-level report will be considered at a

later date once laboratory and other field studies have been completed.
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EXECUTIVE SUMMARY

This report describes the results of HVS testing on a full-scale experiment carried out on a turnout
adjacent to State Route 89 near Calpine in northern California. Approximately 16 km (10 miles) of the
road was rehabilitated using a full-depth reclamation process. Foamed asphalt (2.5 percent) and portland
cement (1.0 percent) were incorporated into the mix as part of the recycling process. Four HVS tests,
designated 593RF through 596RF, were completed. The testing forms part of Partnered Pavement
Research Center Strategic Plan Item 4.12: “Development of Improved Mix and Structural Design and
Construction Guidelines for Full-Depth Reclamation (FDR) of Cracked Asphalt Concrete with Foamed
Asphalt.”

The objective of this project is to develop improved mix and structural design and construction guidelines
for full-depth reclamation (FDR) of cracked asphalt concrete with foamed asphalt. This objective will be
met after completion of nine tasks:

1. Undertake literature survey and technology and research scan.

2. Perform mechanistic sensitivity analysis.

3. Undertake assessment of Caltrans projects built to date based on available data.

4. Measure properties on Caltrans full-depth reclamation with foamed asphalt projects to be built in

the future.

5. Carry out laboratory testing to identify specimen preparation and test methods, and develop
information for mix design, structural design and construction guidelines.
Prepare project selection recommendations.
Prepare mix design recommendations.

Prepare structural design recommendations.

© oo N o

Prepare construction recommendations

This report addresses part of Task 3. It consists of three main chapters. Chapter 2 provides information
on similar HVS tests carried out in South Africa, together with expected results of the SR 89 study based
on this experience. Chapter 3 summarizes the experiment layout, pavement design, test duration,
pavement instrumentation and monitoring methods, loading program, and the test section failure criteria.
Chapter 4 summarizes the FWD testing and test pit investigations. Although the test pits were excavated
after HVS testing, the Chapter is ahead of the HVS data summary (Chapter 5) to add clarity to the
interpretation of the results. Chapter 5 includes a summary of environmental data, surface and depth

response data, and visual observations. Chapter 6 provides a summary and lists key findings.
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Prior to recycling, the road consisted of multiple layers of asphalt concrete on in situ weathered granite
subgrade (R-value of 78). The road had extensive thermal and fatigue cracking. The nominal existing
asphalt concrete thickness for the FDR design was 150 mm (6.0 in), although actual thickness varied as a
result of repairs during the life of the road. Indirect Tensile Strength (ITS) tests on foamed asphalt mixes
were performed by Caltrans to determine the mix design. A foamed asphalt content of 2.5 percent and
portland cement content of 1.0 percent was adopted, which resulted in average unsoaked ITS values of
300 kPa (43.5 psi) to 390 kPa (56.5 psi), depending on the location of the test materials. Construction
took place in the summer of 2002 with a nominal reclamation depth of 200 mm (8 in). The road was
surfaced with 45 mm (1.8 in) of dense-graded asphalt concrete. An HVS test lane was specially
constructed adjacent to the roadway at post-mile 27 in Sierra County. Material was imported to provide
the support layers and was later found to be different to that of the main roadway. The base layer was
reclaimed asphalt concrete treated with foamed asphalt and cement and was constructed with the excess
material from the main roadway and not as a full-depth reclaimed layer per se. The reclaimed material
had an R-value of 82. This material was stockpiled for less than a week before construction of the HVS
test lane. The test section base layer was primed with an SS-1 emulsion before being surfaced with

50 mm (2.0 in) of asphalt concrete.

HVS trafficking on the sections commenced in August 2003 and was completed in May 2004. During
this period a total of 1,863,595 load repetitions were applied across the four sections. One test was
carried out with controlled water flow across the surface. A temperature chamber was used to maintain
the pavement temperature at 20°C+4°C (68°Fx7°F) for two of the tests, and at 5°+4°C (41°F+7°F) for
one test. The last test (wet) was carried out at ambient temperatures. A dual tire (690 kPa [100 psi]

pressure) and bidirectional loading with lateral wander was used in all tests.

Findings and observations based on the data collected during this HVS study include:

¢ Results from field surveys done prior to, during, and after HVS testing showed that the pavement
structure of the HVS test sections was not representative of the mainline, and foamed bitumen
treated, reclaimed asphalt concrete in general. The base layer thickness on the HVS test sections
varied between 74 mm and 100 mm, compared to the design thickness of 200 mm. The base layer
was supported by a weak clay-like layer and decomposed granite subgrade. A very weak support
layer was identified in the vicinity of one of the test sections and test-pit results showed that the
moisture content in the subgrade of this section exceeded 20 percent.

e The mode of distress of the test sections differed between favorable conditions in summer and fall
and unfavorable conditions in winter and spring. The mode of distress before the onset of winter

consisted of gradual deformation of the pavement resulting in a terminal surface rut with limited
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fatigue cracking. After the winter, the mode changed to a more rapid rate of rutting and on the two
sections tested during spring, shear failure of the base layer occurred in certain locations. These
sections also showed extensive fatigue cracking, but this was probably caused by the weak soft
base layer (low resilient modulus), with large plastic strains generating high tensile strains in the
asphalt surfacing layer.

e The pavement structure of the HVS test track showed sensitivity to high moisture contents in terms
of elastic and plastic response. The resilient modulus of the base layer decreased during the winter
and spring and the rut rate increased. Although not to the same extent, a reduction in base layer
resilient modulus on the mainline was also observed from Falling Weight Deflectometer (FWD)
results. It is not clear whether the reduction in base layer resilient modulus was permanent. If it is,
early fatigue of the asphalt surfacing layer is likely.

e The pavement bearing capacity only exceeded the design value under favorable conditions in the

fall and early winter. The pavement structure of the HVS test sections was, however, not

representative of the mainline pavement structure or of typical foamed bitumen treated, reclaimed

asphalt pavement projects that will be constructed in California, and therefore not representative of

the bearing capacity of these types of pavements. The bearing capacity of the pavement is subject

to seasonal effects and cannot be estimated from a single HVS test result.

Based on the above findings and the limitations associated with testing on an unrepresentative section, no
recommendations as to the use of full-depth reclamation with foamed asphalt in rehabilitation strategies
are made at this time. These recommendations will be included in a later report when additional data

from field monitoring at other projects and laboratory testing has been collected and analyzed.
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CONVERSION FACTORS

SI* (MODERN METRIC) CONVERSION FACTORS

Symbol Convert From ‘ Convert To Symbol Conversion
LENGTH
mm millimeters inches in mm x 0.039
m meters feet ft mx 3.28
km kilometers mile mile km x 1.609
micron micron mil mil micron / 25
AREA
mm? square millimeters square inches in® mm? x 0.0016
m? square meters square feet ft2 m? x 10.764
VOLUME
m? cubic meters ‘ cubic feet | ftt m° x 35.314
MASS
kg kilograms ‘ pounds | Ib kg x 2.202
TEMPERATURE (exact degrees)
C Celsius ‘ Fahrenheit | F °Cx 1.8+ 32
FORCE and PRESSURE or STRESS
N newtons poundforce Ibf N x 0.225
kPa kilopascals poundforce/square inch Ibf/in? kPa x 0.145

*Sl is the symbol for the International System of Units. Appropriate rounding should be made to comply with Section 4 of ASTM E380.

(Revised March 2003)
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1. INTRODUCTION

1.1  Objectives

The objective of this project is to evaluate the performance of the full-depth reclamation (FDR) with
foamed asphalt of a pavement under HVS trafficking. The 2003-04 Strategic Plan for the Partnered
Pavement Research Center (PPRC) listed FDR as a current experimental strategy under evaluation by the
California Department of Transportation (Caltrans) with the aim of it becoming standard practice. This
evaluation process started as a special forensic investigation but has since been identified as a full
research goal (HVS Goal 10) in the Strategic Plan. Although the evaluation process will ultimately
address aspects including selection criteria, pre-design investigation procedures, design methods and
construction practices, this report focuses on the Heavy Vehicle Simulator (HVS) testing of a full-depth
reclaimed asphalt pavement treated with foamed asphalt (FDR-FA) on SR89 near Sierraville, California
(03-SIE-89, PM20.0/29.6). The report discusses the expected behavior of the HVS test sections, presents
the results from field surveys done during June 2003, October 2003 and May 2004 as well as the 1% level

HVS results from the test site, located on a specially constructed turnout adjacent to the travelled way.

1.2 Structure of the Report

This report presents the field, laboratory and validated HVS test results as well as 1* level analysis of the
HVS data for the foamed asphalt treated, reclaimed asphalt pavement on State Route 89. A background
to the expected characteristics of foamed asphalt treated material is provided in Chapter 2 based on
previous experience with the material. This includes aspects such as:

e General material behavior;

e Ranges of resilient modulus values;

¢ Resilient modulus reduction under traffic loading.

Chapter 3 provides details on the test and includes:
e Experiment Location
e Materials and Pavement Structure of SR89
e Mix Design
e HVS Sections

e Test Section Detail
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Chapter 4 provides results from a number of field surveys carried prior to HVS testing (June to August
2003), after completion of the first HVS test 593FD (October 2003) and after completion of all the HVS
tests (May 2004). The information collected during the field surveys consists of:

e Falling Weight Deflectometer (FWD) data;

e Core and test pit information;

e Dynamic Cone Penetrometer (DCP) data;

¢ Nuclear density gauge data.

This information contributes to the interpretation of the 1* Level HVS data provided in Chapter 5 under
the following categories:

¢ Rainfall and temperature data;

e Visual observations;

e Surface deflection measurements;

e Surface rutting measurements;

o In depth elastic deflection measurements;

e Backcalculated resilient modulus results;

Chapter 6 presents a discussion of the HVS test results. The aspects of material and pavement behavior
investigated include:
e The resilient response of the base layer material based on backcalculated resilient modulus values;
e The distress mechanisms and mode of failure observed during the HVS tests;

¢ An estimate of the structural bearing capacity of the test pavement.

Chapter 7 provides conclusions and recommendations.

1.3 Terminology

A variety of terms are used for describing the recycling of pavements, including but not limited to full-
depth recycling or reclamation, partial-depth recycling or reclamation, deep in-situ recycling, cold in-
place recycling (cold foam recycling/reclamation), and hot in-place recycling. In this document, the terms
"full-depth reclamation,” abbreviated as FDR, and "full-depth reclamation with foamed asphalt,”

abbreviated as FDR-foamed asphalt or FDR-FA are used throughout.
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1.4 Measurement Units

Use of metric units was Caltrans practice when this project was begun, and during much of its execution.
Metric units have always been used by the UCPRC in the design and layout of HVS test tracks, and for
laboratory and field measurements and data storage. Caltrans has recently returned to the use of U.S.
standard units. In this report, metric and English units (provided in parentheses after the metric units) are
provided in general discussion. In keeping with convention, only metric units are used in laboratory and

field data analyses. A conversion table is provided on Page Xix at the beginning of this report.
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2. EXPECTED BEHAVIOR OF TREATED MATERIALS

2.1 General Material Behavior

The matrix shown in Figure 2.1 sets out the basic characteristics of common road-building materials and

the interaction of these characteristics when combined into foamed asphalt or emulsified asphalt treated

material.
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Figure 2.1: Matrix of the basic characteristics of road-building materials.

The unbound materials shown in the bottom left-hand corner of the matrix form the bulk of all road-
building material. In the untreated form, these materials exhibit stress dependent behavior with an
increase in resilient modulus under increasing confining stress, and a reduction in resilient modulus under
increasing shear stress conditions. The permanent deformation resistance of these materials increases
with an increase in the material quality from poor quality natural gravels to high quality, highly
compacted crushed stone products. In addition to a lack of permanent deformation resistance, especially
under wet conditions, certain natural materials may exhibit durability problems. Materials containing
clays are unsuitable for road construction, having extremely low permanent deformation resistance under

wet conditions.
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The undesirable properties of certain marginal natural materials may be modified and their permanent
deformation resistance increased with the addition of moderate to high quantities of pozzolanic
stabilization agents such as lime and cement. This pozzolanic treatment is represented by a vertical
movement on the diagram from the unbound materials in the lower left-hand corner to the cemented
materials and concrete at the top of the vertical axis on the matrix in Figure 2.1. The addition of
pozzolanic stabilization agents results in the modification of the clay and the formation of crystalline
pozzolanic bonds in the material, resulting in a higher cohesion and increased permanent deformation
resistance. Because of the crystalline nature of the pozzolanic bonds, lightly cemented materials tend to
be brittle, while strongly cemented materials may be prone to shrinkage cracking and pumping of the
underlying layers. In general, however, the addition of pozzolanic agents increases the resilient modulus,
shear strength and permanent deformation resistance, and decreases the moisture sensitivity of the
material, but, also reduces the ability of the material to sustain flexural bending without cracking. This
reasoning may be taken to the extreme by adding a high percentage of cement to a good quality crushed
stone and sand mixture to produce concrete, with a high permanent deformation resistance, but little

tensile strength and flexibility.

On the other hand, bituminous binder may be added to the unbound material in increasing quantities.
Such treatment with asphalt is represented by a horizontal movement from the unbound materials in the
lower left-hand corner to asphalt concrete at the right-hand extreme of the horizontal axis on the matrix in
Figure 2.1. The addition of bituminous stabilization agents results in the formation of pliable bituminous
bonds in the material, resulting in a higher cohesion and increased permanent deformation resistance.
However, because of the visco-elastic, temperature dependent behavior of these bituminous bonds,
asphalt concrete may be prone to rutting under high temperatures and slow moving loads. In general,
however, the addition of asphalt increases the resilient modulus, tensile strength, the ability of the

material to sustain flexural bending and the resistance to moisture damage of the material.

Foamed asphalt and emulsified asphalt treated mixes may be produced by adding only bituminous
stabilizer to the material or by adding bituminous stabilizer in combination with an inert filler.
Pozzolanic filler is, however, often added to not only improve the permanent deformation resistance of
the mix under high temperatures but also to assist in the early breaking of the emulsified-asphalt or to
provide sufficient fines for foamed asphalt treatment. Foamed asphalt and emulsified asphalt mixes
therefore often exhibit a combination of the stress dependent characteristics of the unbound aggregates;
the brittle but permanent deformation resisting characteristics of pozzolanic stabilized materials; and the
flexible characteristics of bituminous stabilized materials. The extent to which any of these

characteristics will dominate in the mix depends on the proportions in which the basic constituents are
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mixed and the properties of the individual constituents. If the unbound aggregate that forms the bulk of
the volume of the mix had poor shear strength and permanent deformation characteristics, such as a sandy
material, the shear strength and permanent deformation behavior of the mix will be dominated by either
the pozzolanic or bituminous stabilizer depending on the relative quantities of these two stabilizers. If the
pozzolanic stabilizer dominates in the mix, the mix will exhibit higher permanent deformation resistance
but lower flexibility and if the bituminous stabilizer dominates in the mix, the mix will exhibit higher
flexibility but less permanent deformation resistance. The ratio in which the pozzolanic and bituminous
stabilizers are combined in the mix therefore largely determines the characteristics of the foamed asphalt
or emulsified asphalt treated mix. This ratio and the balance between flexibility and permanent
deformation resistance of the treated material should be reflected in the experimental design for all
research investigations and should be carried through to the mix and structural design of these bituminous
treated materials.

2.2  South African Experience

2.2.1 Resilient Modulus of Foamed Asphalt Treated Materials

Foamed asphalt treatment has been used in South Africa on a variety of material types, including
reclaimed asphalt pavement (RAP). In this section, data from two such projects are shown, to provide
evidence for the increase in resilient modulus when materials are treated with foamed asphalt. This
resilient modulus is high initially and reduces under the action of traffic. This is demonstrated in the next

section.

The first project was on Road P504 near Shongweni in Kwazulu-Natal, South Africa. The project used
stockpiled RAP, which was treated with foamed asphalt and then placed on the road. The subgrade
material is decomposed granite, which is very similar to that of State Route 89 (SR89). The section was
in a mountainous environment, which is also similar to SR89. Some laboratory and field results from this
project are shown in Table 2.1, and resilient moduli backcalculated from FWD deflections are shown in

Table 2.2. The resilient modulus of the foamed asphalt treated RAP is fairly high, as expected.

The second project involved foamed asphalt treatment of a crushed stone base on the N7 freeway in the
Western Cape, South Africa. The pavement was constructed using full-depth reclamation. A wealth of
data are available for this project, as it has been used for HVS testing in combination with an extensive
laboratory testing program (1,2). Histograms, and cumulative frequency plots of the resilient modulus,
backcalculated from FWD deflections, for both the treated and untreated crushed stone materials are

shown in Figure 2.2.
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Table 2.1: Laboratory and Field Test Results for Road P504

Reclaimed Asphalt Section
Type of test Test parameter N Average |CoV (%)
MTD (kg/m®) 2 | 24615 | 0.32
Density and voids BD (kg/mi) 6 | 272007 1.93
GD (kg/m®) 6 2,192.8 2.03
Void content (%) 2 10.7 | 20.47
Binder content Binder content (%) 4 59 531
Laboratory . . ITS (kPa) 2 4215 9.29
tests ?eiltre(zlc_lt_él')ensne Strength | ot ain at break (%) 2 4.4 | 63.30
Stiffness modulus, E (MPa) 2 1,356.0 4.45
. Creep modulus, E, 2 33.6 | 51.41
Dynamic Creep L
Slope (mm/ million cycles) 2 15.0 | 18.86
Unconfined Compressive
Strength test (uc%) UCS (kPa) 2 9385 | 535
Surface Gauge Bulk density (kg/m®) 2 2,182.1 3.80
Strata Gauge Bulk density (kg/m®) 1 2,071.3 -
DCP DN (mm/blow) 5 0.9 | 30.59
Dynamic Cone DCP UCS (kPa) 5 2,649.3 | 17.00
Field tests | —enetrometer (DCP) test | DCP resilient modulus, M, (kPa) 5 | 13258 | 27.91
DCP DSNgq (blows) 5 348.0 | 14.85
Rapid Compaction Control
Def’/ice (RCpCD) st RCCD DN (mm/blow) 5 26 | 10.73
Straight-edge rut depth Inner wheel path rut (mm) 6 45 | 18.59
Outer wheel rut (mm) 6 6.7 | 57.45
Table 2.2: Summary of Backcalculated Resilient Modulus Results for Road P504
Pavement layer Subsection Mean M, CoV
(MPa) (%)
Base | 175 mm foamed asphalt treated reclaimed base km 3,00 to 3,20 1771 49,8
M, - Resilient modulus CoV - Coefficient of Variation

The variation in the resilient modulus results for the foamed asphalt treated material is high. This is

expected given the high resilient modulus of the material, which results in variations in the results

obtained from the back-calculation process. The resilient modulus of the foamed asphalt treated material

is significantly higher than that of the crushed stone material, even though the density of the crushed stone

was slightly higher.

It is also high compared to values normally obtained for foamed asphalt treated

materials (i.e. around 1,000 MPa [145,000 psi]), probably because the parent material is of a high quality,

and the grading of the material is continuous.
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Figure 2.2: Resilient modulus histograms for the southbound carriageway of the N7.

2.2.2 Resilient Modulus Reduction of Treated Materials Under Traffic Loading

On the N7 experiment, the depth deflection data for each Multi-Depth Deflectometer (MDD) stack were
used in a linear-elastic routine to backcalculate the resilient moduli for the pavement layers of the foamed
asphalt treated test section. Figure 2.3 shows the resilient modulus for the reclaimed, foamed asphalt
treated base layer backcalculated from the 40 kN (9,000 Ib) deflection data during the 40 kN (9,000 Ib)
and 80 kN (18,000 Ib) phases of the HVS test, for Section 415A5 and for the 40 kN loading on
Section 416A5. Only two MDDs are shown for Section 416A5, the data from MDD12 was inconsistent,
and was therefore ignored. A function was fitted to the backcalculated base layer resilient modulus data

for each of the MDD stacks, as shown in Figure 2.3.

The resilient modulus of the base layer of Section 415A5 (Figure 2.3a) initially varied between 900 MPa
(130,533 psi) and 1,500 MPa (217,556 psi) but reduced rapidly under trafficking and leveled off between
300 MPa and 400 MPa towards the end of the test. The resilient modulus of the base layer on
Section 416A5 (Figure 2.3b) initially varied between 1,500 MPa (217,556 psi) and 2,600 MPa
(337,098 psi), but then also reduced under trafficking. The base layer resilient modulus for test 416A5
did not reach levels between 300 MPa (43,511 psi) and 400 MPa (58,015 psi) as happened during test
415A5 because of the much lower trafficking load. Had the trafficking continued, it is thought that the
resilient modulus would eventually have reduced to those levels. Reasons for the differences between the

stiffnesses of the two sections are discussed in Theyse, 2003 (1).
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2.3  Summary of Expected Behavior

The preceding selected results indicate that the initial resilient modulus of foamed asphalt treated material
is expected to be at least above 1,000 MPa (145,000 psi) and even higher depending on the quality of the
parent material. This initial high value of the resilient modulus is, however, reduced under trafficking, the
rate of which is dependent on a range of factors including environment, traffic loading, and flexibility of
the material. It has also been found that there is an interaction between the pozzolanic and bituminous
binder in a foamed asphalt treated mix, giving the mix a combination of the permanent deformation

resistance of cement treated material and the flexibility of bituminous materials.

1600
L]
1400
T 1200
[a N
=
=
«» 1000 |
=
=1
B 800 |
£
§ 600
E
@ 400 -
200
0
0 50000 100000 150000 200000 250000 300000 350000 400000 450000 500000
Repetitions
¢ MDD4 - data ——MDD4 - model A MDD8 - data MDD8 - model @ MDD12 - data ——MDD12 - model
(a) Section 415A5, tested at 80 kN
3000
2500
<
a
2 2000
(2]
2
=]
B 1500
£
=
[
= 1000
[%]
o}
o
500
0 .
200000 400000 600000 800000 1000000 1200000 1400000 1600000
Repetitions
‘ ¢ MDD4 - data —MDD4 - model A MDDS - data MDDS8 - model

(b) Section 415A5, tested at 40 kN

Figure 2.3: Resilient modulus of the foamed asphalt treated base layer.
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3. TEST DETAILS

3.1  Experiment Location

The HVS experiment was located on SR89 between Calpine and Graeagle. Figure 3.1 shows the location
of State Route 89 and the approximate location of the HVS test site.
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Figure 3.1: Location of State Route 89.

3.2 Materials, Pavement Structure and Construction

The original pavement structure of State Route 89 evolved from a gravel road and consisted of
approximately 150 mm of dense graded asphalt concrete (DGAC) on in situ decomposed granite. The in
situ material had originally been oiled prior to paving with asphalt concrete. Figure 3.2 shows the
nominal pavement structure before and after rehabilitation. All values were obtained from the District 3
District Materials Engineer’s (DME) office.

UCPRC-RR-2004-07



BEFORE

-1 45 mm Asphalt concrete

"ba:-%l
&| 200 mm Foamed bitumen
4 treated RAP, 1% cement,
st 2.5% bitumen, R-value = 82

150 mm Asphalt
concrete

1 Weathered granite :
| subgrade, R-value=78 i Weathered granite

| subgrade, R-value=78

Figure 3.2: Nominal pavement structure of SR89 before and after recycling.

The original pavement structure was rehabilitated and upgraded using a Wirtgen WR2500 machine in
July 2002. The reclaimed pavement was designed for a Traffic Index (T1) of 8.5 to 9.0, which is 800,000
to 1,000,000 equivalent standard axle loads (ESALs). The subbase layer of the main roadway is a
decomposed granite material with an R-value of 78. During recycling, the pavement was milled to a
nominal depth of 200 mm (8.0 in). The milled, untreated RAP has an R-value of 82.

A detailed cut plan of the mainline reconstruction was not available. However, the northbound lane was
completed first and the cuts overlapped by 150 mm (6.0 in). According to the District Materials Engineer
(DME), the northern end of the northbound lane in the area of the field testing may show different DCP
and density readings, attributed to a change in the rolling pattern in that area. The vibratory pad-foot
roller broke down, and, as a result, the initial compaction was accomplished with a steel drum roller in
vibratory mode. This created minor delaminations of the foamed asphalt treated material that had to be

removed prior to paving. The thickest delamination was approximately 25 mm to 30 mm (3).

The HVS test lane was specially constructed adjacent to the roadway at post-mile 27 in Sierra County.
Material was brought in to provide the support layers and was different to that of the main roadway. The
condition of the support layers is discussed in Chapter 4. The base layer is reclaimed asphalt concrete
treated with foamed asphalt and cement and was constructed with excess material from construction of
the main roadway. This treated material was stockpiled for a week before construction of the HVS test
lane. The reclaimed base layer was primed with an SS-1 emulsion before being surfaced with 50 mm of

asphalt concrete.
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3.3  Mix Design

Limited data on the mix design were received from the District 3 DME’s office. It is thought that the
specimens were manufactured from materials taken from the test pits excavated during the rehabilitation
investigation. The RAP was crushed in the laboratory and treated with foamed asphalt. Specimens
100 mm (4.0 in) in diameter were prepared with California kneading compaction and then cured for 72
hours at 40°C.

The Indirect Tensile Strength (ITS) test data are shown in Figure 3.3. A wide range of ITS results was
obtained for each binder content and do not show a clear optimum. A binder content of 2.5 percent and

cement content of 1.0 percent were selected for the mix design.
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Figure 3.3: Indirect tensile strength test results.

3.4  HVS Test Section Layout

Four sections were subjected to HVS testing. The relative positions of the test sections are shown in

Figure 3.4.

North Main roadway, SR 89, PM27 South (to Truckee)
— —_—
596FD 595FD 594FD 593FD
Test sections are 8m x 1Im Not to scale

Figure 3.4: Location of HVS test sections adjacent to southbound SR89 at PM27.
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3.5  HVS Testing Program

The testing periods were as follows:
e Section 593FD - August 2003 to mid-September 2003
e Section 594FD - early October 2003 to late February 2004
e Section 595FD - mid-March to early May 2004
e Section 596FD - early May to mid-May 2004

The test conditions are summarized in Table 3.1

Table 3.1: Summary of the Load History for the HVS Test Sections

Number of Load Wheel load (kN) Temp Wheel Tire Direction | Wet*/dry
Repetitions Planned Actual (°C) Pressure
(kPa)

Section 593FD

0 - 30,000 40 60 20 Dual 690 Bi Dry

30,000 - 60,000 60 90 20 Dual 690 Bi Dry

60,000 - 300,000 90 80 20 Dual 690 Bi Dry
Section 594FD

0-1,042,101 | 40 | 60 | 20 | Dual [ 69 | Bi [ Dry
Section 595FD

0 - 487,452 | 40 | 60 | 5 | Dual | 690 | Bi | Dry
Section 596FD

0- 34,042 | 40 | 60 | Ambient | Dual | 690 | Bi [ Wet

* Water sprayed onto test section

The loading program differs from the original test plan due to an incorrect hydraulic control system setup
on loads less than 65 kN (14,625 Ib) at the start of the experiment. The loading patterns were thus
retained to facilitate comparisons of performance between all tests in the study. Testing was undertaken
with a dual-wheel configuration, using radial truck tires (Goodyear G159 - 11R22.5- steel belt radial)
inflated to a pressure of 690 kPa (100 psi), in a bidirectional loading mode. Lateral wander over the one-
meter width (3.3 ft) of the test section was programmed to simulate traffic wander on a typical highway

lane.

3.6 Test Section Detail

The layout of a test section is shown in Figure 3.5. The summary sheets presented in through Figure 3.9
show the MDD instrumentation detail and material properties for the HVS test sections on SR89. The
material properties shown in these figures are based on the available site investigation and construction

results discussed below.
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Figure 3.5: Layout of individual HVS test sections.

The levels at which the MDD modules were installed on Section 593FD, were selected to coincide with
the layer interfaces to simplify analysis of the MDD data in the assessment of the performance of the
individual pavement layers. The layer thicknesses were determined from the nominal design pavement
structure. Subsequent to determining the actual layer thicknesses in the test pit on Section 593FD, the
MDD module depths on Sections 594FD and 595FD were adjusted to coincide with the actual layer
interfaces. The topcap of the MDD actually measures the deflection and permanent deformation 25 mm
(1.0 in) below the surface of the layer, therefore some of the asphalt concrete is included in the layer
thickness between the topcap and the next MDD module. This small amount will not significantly
influence the backcalculated stiffnesses of the MDD modules. The load sequence data, which consists of
the approximate number of load repetitions at which test conditions were changed, are also shown on the

figures.
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HVS-section Nr: 593FD Region:  Sierraville, CA Road Nr:  SR89 Year of test: 2003
Pavement structure Instrumentation detail Pavement material information
. . Layer Type Material properties Field Material
Test section point (mm) Density MC
0. 0 2 4 6 8 10 12 14 16 (UCs, CBR, mDD, OMC,etc) (kglcubm)| (%) class
i o e o 0-50 Asphalt
- opcap: opcap: opcap:
Q. S Q
100 :
G e} Q
e
O O.' 50 - 250 Foamed Foamed bitumen treated recyceld
200 4 A O Q bitumen asphalt pavement
- O MDD MDD MDD treated R-value: 82
240 240 240 base
300 |
250 + Crushed Weathered granite subgrade
stone R-value: 78
400 _| MDD MDD MDD subbase
; 400 400 400
500 -
600 : MDD MDD MDD
: 600 600 600
700 | -
800 | B
MDD
900 _| . MDD MDD 870
L 900 900
1000 | \/\
\j
Depth (mm) MDD anchor MDD anchor MDD anchor Note: mDD = maximum Dry Density
at 3 m depth at 3 m depth at 3 m depth
Load sequence detail: Related reports:
Repetitions Test information
From To Wheel load | Tire pressure Water added
0 15 000 60 kN 690 kPa No
15 000 50 000 90 kN 690 kPa No
50 000 700 000 80 kN 690 kPa No

16

Figure 3.6: Section 593FD detail.
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HVS-section Nr: 594FD Region:  Sierraville, CA Road Nr:  SR89 Year of test: 2003
Pavement structure Instrumentation detail Pavement material information
Layer Type Material properties Field i
Test section point (mfn) yp prop Sonsiy |G Material
0_ 0 2 4 8 10 12 14 16 (UCS, CBR, mDD, OMC,etc) (kgicub m) | (%) class
MDD MDD MDD
Topcap Topcap Topcap 0-81 ASphaIt
100 7]
200 MDD MDD MDD 81-178 |Foamed Foamed bitumen treated recyceld
200 200 200 bitumen asphalt pavement
treated R-value: 82
300 7 base
400 MDD MDD MDD 178-301 |Grey, Grey, clay material
400 400 400 clay-like
material
500
| ) MDD 301 + Digranite | Decomposed granite subgrade
600 600 R-value: 78
700
800 MDD MDD
845 845
900
1000 |
\)
Depth (mm) MDD anchor MDD anchor MDD anchor Note: mDD = maximum Dry Density
at 3 m depth at 3 m depth at 3 m depth
Load sequence detail: Related reports:
Repetitions Test information
From To Wheel load | Tyre pressure Water added
0 1042100 60 kN 690 kPa No

UCPRC-RR-2004-07

Figure 3.7: Section 594FD detail.
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HVS-section Nr: 595FD | Region:  Sierraville, CA | Road Nr:  SR89 | Year of test: 2004
Pavement structure Instrumentation detail Pavement material information
Layer Type Material properties Field i
Test section point (m¥n) yP prop Domeity | MG Material
0_ 0 2 4 6 8 10 12 14 16 (UCs, CBR, mDD, OMC,etc) (kglcubm)| (%) | class
MDD MDD MDD
i Topcap Topcap Topcap 0-81 Asphalt
100 7 |£:ag9
Q
200 7 MpD MDD MPD 81-159 |Foamed Foamed bitumen treated recyceld
200 200 200 bitumen asphalt pavement
treated R-value: 82
300 7 base
200 MDD MDD MDD 159-292 | Grey, Grey, clay material
400 400 400 clay-like
material
500 |
_ " MDD MDD 292 + D/granite | Decomposed granite subgrade
600 600 600 R-value: 78
700 |
800 |
_ MDD MDD
900 900 900
1000
\)
Depth (mm) MDD anchor MDD anchor MDD anchor Note: mDD = maximum Dry Density
at 3 m depth at 3 m depth at 3 m depth
Load sequence detail: Related reports;
Repetitions Test information
From To Wheel load | Tyre pressure Water added
0 487 452 60 kN 690 kPa No

18

Figure 3.8: Section 595FD detail.
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HVS-section Nr: 596FD I Region:  Sierraville, CA Road Nr: SR89 Year of test: 2004

Pavement structure Instrumentation detail Pavement material information
. . Layer Type Material properties Field Material
Test section point (mm) Density | MC
0_ 0 2 4 6 8 10 12 14 16 (UCS, CBR, mDD, OMC,etc) (kg/cub m)| (%) class
0-81 Asphalt
100 |
200 | 81-159 Foamed Foamed bitumen treated recyceld
bitumen asphalt pavement
= - treated R-value: 82
300 R base
400 o . '. 159 - 292 | Grey, Grey, clay material
i clay-like
material
500
| - . 292 + D/granite Decomposed granite subgrade
600 IR g R-value: 78
700 :
800 -
900 3
1000 .
\j

Depth (mm) MDD anchor MDD anchor MDD anchor Note: mDD = maximum Dry Density
at 3 m depth at 3 m depth at 3 m depth

Load sequence detail: Related reports:

Repetitions Test information
From To Wheel load | Tyre pressure | Water added
[¢] 34 042 60 kN 690 kPa Yes

Figure 3.9: Section 596FD detail.
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4.  SITE INVESTIGATIONS

Preliminary field test results were collected on the mainline and the constructed turnout sections on SR89
between Calpine and Graeagle during June, July and August 2003. Testing consisted of Falling Weight
Deflectometer (FWD) deflection measurements on the mainline between PM20 and PM30 and FWD
deflections and Dynamic Cone Penetrometer (DCP) tests on the HVS test area. The results from these
tests as well as preliminary HVS results showed:
o A difference in the resilient modulus of the upper pavement layers between the mainline and HVS
lane with the foamed asphalt treated base of the mainline having higher resilient modulus values;
e The resilient modulus of the foamed asphalt treated base of the HVS lane to be well below what
would normally be expected for this type of pavement; and
e The initial HVS Multi-depth Deflectometer (MDD) deflection to be well in excess of what would

normally be expected from a newly constructed pavement of this type.

A second round of field testing was therefore motivated to investigate the differences between the
mainline and HVS lane in the vicinity of HVS Section 593FD. Caltrans provided a lane closure on
October 29 2003 during which nuclear density, DCP and FWD tests were carried out, cores were cut from
the base layer and a test pit was excavated on the mainline. Additional DCP and nuclear density tests
were carried out on the HVS lane and a partial test pit was excavated on Section 593FD. HVS testing on
Section 593FD had been completed by the time of the October 2003 field testing. Figure 4.1 shows the
layout of the test locations on the mainline and HVS lane. DCP tests D1 to D9 were done during August
2003 and the remainder of the DCP tests during October 2003. DCP tests D22 to D25 were done close to
the locations of selected DCP tests done during August to confirm that no changes occurred in the
pavement from August to October. FWD tests were done on the mainline in the vicinity of the HVS site
at 1.0 mintervals at 40 kN and 80 kN deflection loads during the October lane closure.

4.1  Falling Weight Deflectometer Survey

Falling Weight Deflectometer (FWD) surveys were performed one year after construction on 10 and
11 June 2003, again during the road closure on 29 October 2003 and after completion of HVS testing on
25 May 2004.
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Figure 4.1: Layout of the field test locations on the mainline and HVS lane.
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4.1.1 June 2003 FWD Survey

In the first FWD survey, deflections were measured on 10 and 11 June 2003 on the outer wheel paths of
both carriageways on the main roadway, and on both turnouts available for HVS testing. Two rows of
data were collected on the HVS test sections. A third row was attempted right on the edge (away from
the roadway) of the section eventually selected for HVS testing (Section 1), but the pavement structure

was so weak it was not possible to measure deflections.

The peak deflection histograms for the main roadway and the HVS test lane are shown in Figure 4.2 and
Figure 4.3. The most frequently occurring values (mode) of the deflections are between 450 micron and
550 micron for the main roadway, 950 micron to 1,050 micron for Row 1 and 1,150 micron to
1,450 micron for Row 2 on the HVS test lane. The deflection on the main roadway was significantly
smaller than on the specially built HVS test lane. The deflection also increased away from the mainline
and Row 2, with the highest deflection coinciding with the centerline of the HVS test sections on the HVS

lane.

SR 89 Southbound SR 89 Northbound
June 2003 - 48 kN deflection June 2003 - 48 kN deflection

100% 100%

w
o
N
o

N
(5]
T

1 80%

w W
o o

1 80%

N
o
T
N
ol

4 60% 1 60%

1 40% 1 40%

Frequency
=N
(SN =)

Frequency
[
(5]

=
o

=

o

4 20% 1 20%

o

(5]

o

0%

o

0%

N v v °n v W Ww v W v wu wv o N N AN AN NN AN NN NN
©O O O O O 0o o o dA +dA +3 3 ©O OO0 0 O o o000 d d dAdA+d 3
Deflection (mm) Deflection (mm)

Figure 4.2: Peak FWD deflections for the main roadway during June 2003.
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Figure 4.3: Peak FWD deflections on HVS test lane during June 2003.
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The deflection histogram for the southbound lane appeared to have a secondary peak of higher deflection

in the order of 750 micron to 950 micron (30 to 38 mils).

International experience indicates that deflections in the order of 500 micron (20 mils) are expected for
newly constructed pavements with a granular base, and between 250 micron and 400 micron (10 and
16 mils) for pavements with a stabilized base. Although the deflections of the main roadway were
slightly higher than these typical values, the deflections on the HVS test lane were significantly higher.
The HVS test lane was therefore not representative of the main roadway, and was probably not

representative of other full-depth reclaimed foamed asphalt pavements. It is recommended that data from

newly constructed pavements treated with foamed asphalt be sought, for comparison with SR89.

Resilient moduli for the foamed asphalt treated RAP and subgrade layers were backcalculated from the
FWD data using the back-PADS™ software. The best estimate of the layer thicknesses based on the test

pit and coring results (see Section 4.2) were used in the back-calculation procedure.

The backcalculated resilient moduli for the foamed asphalt treated RAP layer are shown in Figure 4.4 and
Figure 4.5 for the mainline and HVS test lane. The range of resilient moduli on the main roadway was
considerably higher than on the HVS test lane, but it should be noted that the sample size was
significantly larger than for the HVS test lane because of the length of the mainline sections. The
frequency histogram for the southbound lane shows two distinct distributions of resilient modulus values,
one with a peak in the region of 300 MPa to 400 MPa and the other in the region 1,050 MPa to
1,850 MPa. This is a result of the distribution of deflections measured on the southbound lane. The
frequency histogram for the northbound lane shows a much less prominent secondary peak at 1,300 MPa.
The resilient modulus values for the secondary peaks of the frequency histograms, 1,050 MPa to
1,850 MPa for the southbound lane and 1,300 MPa for the northbound lane are typical of values expected
for foamed asphalt treated material.

The resilient modulus values for Row 1 on the HVS lane are still within expectations for foamed asphalt
treated material but the distribution of values obtained for Row 2 is typical of untreated base layer
material. Other representative values are discussed in Section 2.2, and are in the order of 1,700 MPa and
4,000 MPa for the examples cited. Typical values should be obtained for similar projects in California in

an effort to assess the representivity of the HVS test lane on SR89.
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Figure 4.4: Backcalculated base resilient modulus, main roadway June 2003.
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Figure 4.5: Backcalculated base resilient modulus, HVS test lane, June 2003.

Table 4.1 summarizes the mode values (values with the highest frequency of occurrence) for the FWD

resilient modulus results. The base layer resilient moduli were highest in Row 1 of the HVS test lane,

which was closest to the main roadway. Row 2 was through the marked HVS test sections, including

Section 593FD. These data suggest a moduli gradient in the transverse direction of the turnout with the

specific HVS test sections on the areas of the moduli.

Table 4.1: Backcalculated Resilient Moduli in Area of HVS Sections, June 2003

Road Resilient moduli (MPa)
Southbound Primary peak 300 - 450
Main roadway Secondary peak 1,050 - 1,850
Northbound Primary peak 300 - 500
Secondary peak 1,100 - 1,300
Row 1* 850 - 950
HVS test lane Row 2 390 - 520
* Row 1 closest to the main roadway

The modes of the FWD backcalculated subgrade resilient modulus were fairly similar for the main

roadway and HVS test lane, as shown in Figure 4.6 and Figure 4.7. The northbound lane had the highest

UCPRC-RR-2004-07
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mode between 60 MPa and 70 MPa, followed by the southbound lane with a mode between 50 MPa and
60 MPa, HVS Sections 593FD and 594FD with a mode between 55 MPa and 60 MPa and HVS
Sections 595FD and 596FD with a mode between 50 MPa and 55 MPa. The top-end of the range of
subgrade resilient modulus values for the main roadway was, however, considerably higher than that of

the HVS test lane.
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Figure 4.6: Backcalculated subgrade resilient modulus, main roadway June 2003.
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Figure 4.7: Backcalculated subgrade resilient modulus, HVS test lane June 2003.

The subgrade resilient moduli were slightly, but not unrealistically low for the decomposed granite
subgrade. The support condition is fairly consistent for the main roadway and the HVS lane. The large
differences in deflections discussed in the preceding section are therefore not due to differences in the

support.

4.1.2 October 2003 FWD Survey
During the road closure on 29 October 2003, extensive FWD testing was performed. The frequency of

the measurement points was increased to every three metres on the mainline and every meter on the
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turnout selected for HVS testing. On the HVS test lane, it was only possible to measure the deflections

from Section 595FD in the northerly direction. This is because the HVS was positioned on Sections

593FD and 594FD.

The peak deflections measured are illustrated in Figure 4.8 and Figure 4.9 for the two directions of the

mainline and the HVS test lane.
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Figure 4.8: Peak FWD deflections for the main roadway during October 2003.
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Figure 4.9: Peak FWD deflections on HVS Section 593FD during October 2003.

The peak deflections were used to backcalculate resilient moduli for the foamed asphalt treated base layer
and the subgrade. Again, the best estimate of the layer thicknesses based on the test pit and coring results
were used in the back-calculation procedure (see Section4.2). The grey, clay-like material and

decomposed granite observed in the test pit on the HVS lane were combined into one subgrade layer for

analysis purposes.

UCPRC-RR-2004-07 27



The resilient modulus of the foamed asphalt treated base layer is illustrated in Figure 4.10 and
Figure 4.11. The values for the HVS lane (Figure 4.11) are not plotted with the same scale as the
mainline data. The southbound lane of the mainline has higher resilient moduli than the northbound lane.
The HVS lane base layer resilient moduli were significantly lower (200 MPa - 600 MPa) than on the
mainline although a secondary peak was observed between 900 MPa and 1,000 MPa. This again

indicates that the base on the HVS lane was not representative of the mainline and the values were much

lower than expected.
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Figure 4.11: Backcalculated base resilient modulus, HVS test lane, October 2003.

roadway, October 2003.

The subgrade resilient moduli determined from the October 2003 survey are illustrated in Figure 4.12 and
Figure 4.13. The results indicate no significant differences between the support condition of the north and

southbound lanes and the HVS test lane.
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Figure 4.12: Backcalculated subgrade resilient modulus, main roadway, October 2003.
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Figure 4.13: Backcalculated subgrade resilient modulus, HVS test lane, October 2003.

4.1.3  May 2004 FWD Survey

A set of FWD deflections were again recorded in May 2004 after completion of the HVS tests.

Deflections were, however, recorded only on the mainline because of the test pit excavations on the HVS

lane. The peak deflections measured are illustrated in Figure 4.14 for the two directions of the mainline.
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Figure 4.14: Peak FWD deflections for the main roadway during May 2004.
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The peak deflections were used to backcalculate resilient moduli for the foamed asphalt treated base layer
and the subgrade. Again, the best estimate of the layer thicknesses based on the test pit and coring results
were used in the back-calculation procedure (see Section 4.2). The grey, clay-like material and

decomposed granite were combined into one subgrade layer for analysis purposes.

The foamed asphalt treated base resilient modulus results are illustrated in Figure 4.15. The southbound

lane of the mainline had higher resilient modulus values than the northbound lane.
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Figure 4.15: Backcalculated base resilient modulus, main roadway May 2004.

The subgrade resilient modulus values determined from the May 2004 survey are illustrated in
Figure 4.16. The results indicate no significant differences between the support condition of the north and

southbound lanes.
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Figure 4.16: Backcalculated subgrade resilient modulus, main roadway May 2004.




4.1.4 Summary of the FWD Survey Results and Conclusions

The base layer resilient modulus results from the June 2003, October 2003 and May 2004 FWD surveys

are plotted in Figure 4.17. The distribution of resilient modulus values for the southbound lane was

consistently slightly higher than that of the northbound lane. The resilient modulus of the base layer of

both lanes showed a significant reduction from October 2003 to May 2004. The subgrade resilient

modulus did not differ substantially between the three survey periods as shown in Figure 4.18.
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Figure 4.17: Comparison of the backcalculated base layer resilient modulus results.
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Figure 4.18: Comparison of the backcalculated subgrade resilient modulus results.

The differences in the modulus of the base layer of the main roadway and the HVS test lane determined

from both the August and October 2003 FWD surveys were not attributed to differences in support. Two

reasons are postulated for the differences:
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o The foamed asphalt/portland cement treated material used on the HVS test lane was stockpiled for
about one week before placement. It is possible that cementitious bonds (from the 1.0 percent
cement filler) formed during initial construction, were broken when the material was moved from
the stockpile to the HVS sections and during construction of the section.

e The base layer on the HVS test lane was not compacted in the same manner or with the same
energy as on the main roadway, and hence the material had a lower density. Differences in the

compaction moisture could also result in different densities being achieved.

4.2 Cores and Test Pits

During the October 2003 field testing, three cores were cut from each lane on the mainline, one core was
cut from Section 593FD (the completed HVS test) and one core was cut from just outside Section 593FD.
A 600 mm x 600 mm test pit was opened next to the centre-line on the southbound carriageway opposite
the test pit that was opened between Stations 8 and 9 across Section 593FD. After completion of HVS
testing on Sections 594FD, 595FD and 596FD, test pits were opened on the remaining three sections in
May 2004.

4.2.1 Mainline Test Pit (October 2003)

The photograph in Figure 4.19 shows the asphalt concrete surfacing removed from the test pit that was
excavated on the mainline. There was a good bond between the asphalt concrete surfacing and the
foamed asphalt treated base. A large piece of intact reclaimed asphalt was found in the base layer during
excavation as shown in Figure 4.20. The support of the foamed asphalt treated base layer in the test pit
was also found to differ. The support for the southbound lane appeared to consist of decomposed granite
while that of the northbound lane appeared to consist of an old oil-based pavement as shown in the

photograph in Figure 4.21 (bottom of the test pit).

Moisture contents determined from samples taken from the mainline test pit in the southbound lane are

shown in Table 4.2. The foamed asphalt base was slightly more moist than the grey clay layer.

Table 4.2: Moisture Contents in Southbound Test Pit

Pavement layer SR89 southbound
Foamed asphalt base 55 %
Grey clay layer* 50%
Subgrade Not measured
* Grey clay layer was not the same material in the HVS lane and in the mainline test pit
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Figure 4.20: Intact piece of reclaimed asphalt concrete found in the mainline test pit.
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Figure 4.21: Bottom of mainline test pit showing old oil-based pavement.

4.2.2 593FD Test Pit (October 2003)
The photograph in Figure 4.22 shows the asphalt concrete surfacing layer removed from the test pit
excavated on Section 593FD. There appeared to have been a good bond between the asphalt concrete

surfacing and the foamed asphalt treated base layer.

A grey colored material that appeared to have high clay content was found between the foamed asphalt
treated base layer and decomposed granite subgrade as shown by the photographs in Figure 4.23. This
material tended to break out in flaky pieces as shown in Figure 4.23(b) and Figure 4.24. Similar material
was also noticed during the drilling of the holes for MDD installation.

Figure 4.25 shows the completed test pit on Section 593FD. The asphalt concrete surfacing, foamed
asphalt treated base layer, grey clay-like material, and decomposed granite subgrade layers are marked
with string in the test pit. Figure 4.26 shows the profile measured in the partial test pit. The foamed
asphalt treated base layer increased in thickness from the caravan to the traffic side. Table 4.3

summarizes the average values of the layer thicknesses measured in the test pit.
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(a) Grey colored material found below the base layer on  (b) The material below the base layer broke out in flaky
the HVS lane pieces

Figure 4.23: Grey, clay like material found below the base layer on Section 593FD.
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Figure 4.25: Test pit Section 593FD after HVS trafficking.
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Figure 4.26: Test pit profile on Section 593FD.




Table 4.3: Average layer thickness from the test pit on Section 593FD

Layer Average thickness for all Average thickness on HVS
readings (mm) section (mm)
Asphalt concrete surfacing 82 79
Foamed asphalt base layer 110 117
Grey, clay-like layer 164 160

Material was obtained from the test pits, and was used to determine the oven-dried moisture contents.
The results are shown in Table 4.4. In the foamed asphalt treated reclaimed asphalt, the moisture contents
ranged between 5.0 percent and 5.8 percent (except for HVS, CS), which is the same range measured in
the mainline test pit (Table 4.2). There is no explanation for the higher moisture content on the caravan
side (CS) of the HVS lane. The material below the base of the HVS test pit appeared to contain clay,
which would typically have a higher moisture content. The subgrade moisture content was also fairly

high, which is expected for a fine-grained material.

Table 4.4: Moisture Contents in the Test Pit on Section 593FD

Moisture content (%)
Pavement layer 503FD CS 593FD inside 503FD TS
Foam asphalt base 6.5 % 5.8 % 50%
Grey clay Not measured 9.4 % Not measured
Subgrade Not measured 7.9 % Not measured

4.2.3 594FD Test Pit (May 2004)

The photograph in Figure 4.27 shows the asphalt concrete surfacing layer removed from the test pit in
Section 594FD. Again, there appeared to be a good bond between the asphalt concrete surfacing and the
foamed asphalt treated base layer. However, there did appear to be some lamination near the top of the

foamed asphalt treated base layer.

Figure 4.27: Bond between asphalt concrete surfacing and the treated base on Section 594FD.
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A photograph of a section of the 594FD test pit with the layer interfaces marked with string is shown in
Figure 4.28. Grey clay-like material layer was again found underneath the foamed asphalt layer. On this
section, the subgrade appeared to comprise of two materials, somewhat randomly placed. The lighter
material was sandy weathered granite, while the darker material appeared to have more clay particles. It
is thought that the materials are essentially the same, but were procured from different areas when the
turnout was constructed. This is discussed in Section 4.2.4.

Figure 4.28: Test pit on Section 594FD after HVS trafficking.

Table 4.5 summarizes the average values of the layer thicknesses measured in the test pit and Figure 4.29
shows the profile measured in the partial test pit. The foamed asphalt treated layer increased in thickness

from the caravan to traffic sides, similar to Section 593FD. Little rutting was apparent on the surface of

this section.
Table 4.5: Average Layer Thickness from the Test Pit on Section 594FD
Laver Average thickness for all Average thickness on HVS
Y readings (mm) section (mm)
Asphalt concrete surfacing 80 7
Foamed asphalt base layer 97 98
Grey, clay-like layer 126 123

Material was collected from the test pits, and was used to determine the oven-dried moisture contents.
The results are shown in Table 4.6. In the foamed asphalt base, the moisture contents ranged between
6.2 percent and 7.0 percent. The moisture content in the grey clay layer increased from 9.2 percent on the
caravan side to 10.2 percent on the traffic side and in the subgrade the moisture content increased from
9.6 percent on the caravan side to 13.2 percent on the centerline of the section. A moisture gradient is
observed for all three layers with an increase in moisture content towards the mainline of SR 89.
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Figure 4.29: Test pit profile on Section 594FD.

Table 4.6: Moisture Contents in the Test Pit on Section 594FD

Moisture content (%0)

Pavement layer 594FD CS 594FD inside 594FD TS
Foamed asphalt base 6.2 6.2 7.0
Grey, clay-like layer 9.2 9.6 10.2
Subgrade 9.6 (dark) 13.2 (light) Not measured

4.2.4 595FD Test Pit

The photograph in Figure 4.30 shows the asphalt concrete surfacing layer removed from the test pit
excavated on Section 595FD. This section was cracked through the slab, and the slabs broke up when

lifted out of the test pit. The slabs from outside the trafficked area remained intact.

Figure 4.30: Asphalt surfacing from Section 595FD.
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A photograph of a section of the 595FD test pit with the layer interfaces marked with string is shown in
Figure 4.31. The grey clay-like material layer was again found below the foamed asphalt layer and

materials in the subgrade appear to have been mixed as shown in Figure 4.32.

Figure 4.32: Two materials in subgrade on Section 595FD.

Figure 4.33 shows the profile measured in the test pit and Table 4.7 summarizes the average values of the
layer thicknesses measured in the test pit. The rutting in the pavement is evident in the test pit profile,
and appears to occur in all the layers. The “humps” on the side of the test sections caused by the rutting

are also evident.

Table 4.7: Average Layer Thickness Results from the Test Pit on Section 595FD

Layer Average thickness for all Average thickness on
readings (mm) HVS section (mm)
Asphalt concrete surfacing 81 80
Foamed asphalt treated base layer 77 72
Grey, clay-like layer 132 130
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Figure 4.33: Test pit profile on Section 595FD.

Material was obtained from the test pits, and was used to determine the oven-dried moisture contents.
The results are shown in Table 4.8. In the foamed asphalt base, the moisture contents range between 6.3
and 8.0 per cent. The moisture content in the grey clay layer varied between 9.9 and 10.8 percent with the
lowest moisture content inside the HVS test section. The subgrade moisture content varied from 12.0 to
24.3 percent. The moisture content of all the layers is lower on the inside of the HVS test section than on
the outside. In general, the moisture contents are extremely high, although no water was introduced

artificially during the test.

Table 4.8: Moisture Contents from Samples Taken in Test Pit on Section 595FD

Layer Moisture content (%)

595FD CS 595FD inside 595FD TS
Foamed asphalt base 8.0 6.3 8.0
Grey, clay-like layer 10.8 9.9 10.2
Subgrade (darker material) 24.3 (dark) 12.0 (light) 21.8 (dark)

4.25 596FD Test pit

A test pit was opened on the part of Sec