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1.0 INTRODUCTION

In late 2002, the California Department of Transportation (Caltrans) signed a Memorandum of
Understanding (MOU) with the California Integrated Waste Management Board (CIWMB) to
design, construct and compare the relative performance of three processes for manufacture of
rubberized asphalt concrete (RAC) and a conventional dense graded asphalt concrete (DGAC).
The MOU was managed by Caltrans Materials Engineering and Testing Services, Office of
Flexible Pavement Materials (Translab).

The three RAC processes include the wet process, rubber modified binder (MB) process and the
dry process. The wet process is the method of modifying asphalt binder in the field with crumb
rubber modifier (CRM) produced from scrap tire rubber and, if required, other components. The
MB process is a form of the wet process, but does not require constant agitation to keep discrete
rubber particles uniformly distributed in the hot asphalt cement and can be blended in the field at
the asphalt concrete plant or at the terminal. The dry process (formerly known as RUMAC) is
any method that includes CRM as a substitute for 1% to 3% of the aggregate in an asphalt
concrete paving mixture, not as part of the asphalt binder.

Initial attempts to identify a project during the planning and design stage were unsuccessful due
to funding cycles and, later, the budget problems of the State. Therefore, Caltrans chose in 2003
to pursue finding a project already in construction. In September of 2003, negotiations began
with Caltrans Central Region to incorporate the test sections by Contract Change Order (CCO)
on a rehabilitation project in Fresno County on State Route 33 north of the town of Firebaugh
(project 06-385504). Vicinity map and site plans are shown on Figure 1. The test sections were
constructed between June 14 and June 30, 2004.

This report describes the design and construction of the RAC test sections. Caltrans will conduct
laboratory testing (including fatigue and shear) on materials sampled during construction, regular
deflection testing and pavement condition surveys for the next 5 years. Analysis of these
evaluations will be reported within the first and fifth year documenting the results of the
comparative study.

11 BACKGROUND

Caltrans began experimenting with RAC in 1978 and has used RAC successfully as a
rehabilitation strategy since 1983. The majority of RAC projects have been constructed using
field blended asphalt rubber binder (wet process). Early field and heavy vehicle simulation
(HVS) evaluations of RAC installations resulted in Caltrans decision to require thickness of
RAC equivalent to one-half the required thickness of conventional DGAC for remediation of
crack reflection.
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In 1995, after an extensive evaluation of existing RAC projects, Caltrans established a single
specification for the binder (Type 2, which includes extender oil) and aggregate structure (gap
graded). Rubberized asphalt concrete is specified in standard special provision (SSP) 39-400,
“Rubberized Asphalt Concrete (Type G),” (RAC-G). In the early 1990s, Caltrans evaluated the
field performance of 17 existing RAC projects, evaluated the performance of the binders
involved, and developed MB specifications that require performance criteria for rubber modified
binders. Caltrans approved the use of MB specifications in 1996 for mixes with both dense
graded and gap graded aggregate structures [ SSP 39-403, “Asphalt Concrete (Type D-MB),” for
dense graded mixes and SSP 39-405, “Asphalt Concrete (Type G-MB),” for gap graded mixes].
The use of these specifications met with some industry opposition. Therefore, only 10 projects
were constructed using the specifications between December 1997 and July 2000. The pilot
projects were evaluated in May 2001 by a joint review team of industry and Caltrans. Of the

10 projects, 8 projects were rated as “good,” 1 was rated “fair” and 1 was rated “poor.”
However, concern regarding the ability of the RAC using MB to meet Caltrans design criteria of
“half thickness” as used with the wet process RAC materials resulted in a management decision
to continue evaluation of MB specifications using the HVS. New HVS test sections were
constructed at the UC Berkeley Richmond Field Station in Richmond on June 14, 2003 involving
conventional DGAC, RAC-G and asphalt rubber mixes using terminal blend MB.

In 1983, Caltrans used the dry process (gap graded) for construction of a project in Lassen
County on US Route 395 near Ravendale. The project performed well. In late spring of 1998, a
second project was constructed in Orange County on the Pacific Coast Highway (State Route 1)
in Seal Beach. This project has also performed well. In addition, Southern California’s “Green
Book” includes the specifications for dry process. However, Caltrans has not developed
specifications nor a mix design procedure for the dry process. For this project, the gap graded
dry process specifications (RUMAC-GG) and the mix design procedures were established
drawing liberally on past dry process project special provisions, wet process SSPs and the
“Green Book” specifications.

1.2 OBJECTIVES

The objective of this study is to quantify the performance of the MB used in RAC and the dry
asphalt rubber process compared with the wet process and DGAC under actual field conditions
and to conduct laboratory testing on the different mixes. The plan requires a 5-year post
construction data collection and data evaluation phase. Monitoring reports will include a direct
comparison of the performance of the three asphalt rubber processes and DGAC and an
evaluation of the thickness reduction capabilities of the mixes using terminal blend MB and dry
process materials. There is also a potential to correlate the field performance of these binder
materials with HVS results at the UC Berkeley Richmond Field Station.

The objective of this report is to summarize and present the design, construction and preliminary
testing data.
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2.0 PROJECT DESIGN

2.1 PROJECT SELECTION CRITERIA

Caltrans chose in 2003 to pursue finding a project already in construction. In addition to looking
for a RAC-G project that could have test sections constructed by June 30, 2004 in accordance
with the MOU, the following criteria were considered:

a. Finding a project of sufficient size to allow a minimum of one full day’s production
of each material to be placed,;

b. Finding a project with uniform geometrics throughout the location of the test sections,
e.g., all test sections placed in a tangent section and a cut or fill section;

c. Finding a project with similar type, extent and severity of distress throughout the
location of the test sections (distress should be free of serious structural defects such
as pumping or base course and subgrade rutting);

d. Finding a project with uniform strength characteristics as verified by deflection
testing; and

e. Finding a project with traffic data including truck traffic percentages.

The test sections were incorporated by CCO on a project on State Route 33 north of the town of
Firebaugh. The test sections are located in both directions of a 2-lane rural highway. The

ten year design Traffic Index (T1) for this route is 10 with 30% truck traffic. The contractor,
Granite Construction Company’s Central Valley Branch (Granite), was very receptive to a
change order including producing the three RAC materials and constructing the test sections.

2.2 TEST SECTION LOCATIONS

Considering the project criteria above, it was decided to place the following RAC test sections in
a tangent section immediately north of Clyde Fannon Road (north of Firebaugh) between Sta.
125+00 (PM 70.90) and Sta. 191+50 (PM 75.08) (see Figure 1):

RAC-G, ¥ thickness (45 mm thick)

RAC-G full thickness (90 mm thick)

RUMAC-GG (dry process), ¥ thickness (45 mm thick)
RUMAC-GG (dry process), full thickness (90 mm thick)
Type G-MB, % thickness (45 mm thick)

Type G-MB, full thickness (90 mm thick)

Type D-MB, % thickness (45 mm thick)

Type D-MB, full thickness (90 mm thick)

DGAC (Type A) — Control Section (90 mm thick)

Table 1 provides the location and stationing of individual test sections. A plan view of the RAC
test sections is provided on Figure 2.
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Table 1. Test Section Layout Information

Test Material Thickness Beginning & Endm_g Length
Section Type Process (mm) Ending Stations Post Mile (m)
(Approx.)
1 RAC-G Wet 90 125+00 — 128+00 70.90 300
2 RAC-G Wet 45 128+00 — 138+00 71.62 1000
3 RUMAC-GG Dry 45 138+00 — 148+00 72.24 1000
4 RUMAC-GG Dry 90 148+00 — 155+00 72.67 700
5 Type G-MB | Terminal 45 155+00 — 165+00 73.27 1000
6 Type G-MB | Terminal 90 165+00 — 172+00 73.71 700
7 Type D-MB | Terminal 90 172+00 — 179+00 74.15 700
8 Type D-MB | Terminal 45 179+00 — 189+00 74.77 1000
o (Eyiﬁi) coniol |90 | 189+00-101+50 | 7508 | 250

Within each test section, a 152.4 m long performance evaluation section (monitoring section)
was selected in the northbound lane. The monitoring sections allow for specific, pre-determined
locations to conduct regular deflection testing and detailed performance monitoring.

2.3 DESIGN CONSIDERATIONS

The project plans initially required the placement of RAC-G using a 12.5 mm nominal maximum
aggregate size (NMAS) throughout the town of Firebaugh (from Sta. 101+57 to Sta. 120+26)
and DGAC using 19 mm NMAS and AR-4000 asphalt binder from Sta. 120+26 to the end of the
project at Sta. 319+90. The RAC-G was to be placed in a mill and fill strategy. The DGAC was
to be placed, in general, in a 90 mm thick overlay as a Quality Control/Quality Assurance
(QC/QA) project. There were limited digouts and cross slope correction required within the
limits of the DGAC overlay.

Since RAC-G can be substituted for DGAC at about one-half the thickness and the DGAC
thickness was 90 mm, the term Y2 thickness (45 mm) and full thickness (90 mm — same as the
DGAC) were coined. The Office of Pavement Rehabilitation in the Materials Engineering and
Testing Services concurred with the test section thicknesses.

Design considerations included:

e Sizing each test section to daily production limits;

e Using a 19 mm NMAS in all the test sections and retaining the 12.5 mm RAC-G
throughout Firebaugh and 19 mm DGAC as originally planned,

e Placing RAC-G with 19 mm NMAS from Sta. 120+26 (butting up to the RAC-G with
12.5 mm NMAS) to the test sections, which begin at Sta. 125+00 in lieu of placing a
small area of DGAC as originally planned;

e Using the same gap grading in all gap graded mixes and the same dense grading in all
dense graded mixes;
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125+00 128+00 138+00 148+00 155+00
A\ 4 A\ 4 A\ 4 A\ 4 A\ 4
RAC-G RAC-G RUMAC-GG RUMAC-GG
90 mm 45 mm 45 mm 90 mm
Northbound Lane
155+00
165+00 172+00 179+00 189+00 191+50
A\ 4 A\ 4 A\ 4 A\ 4 A\ 4 A\ 4
Type G-MB Type G-MB Type D-MB Type D-MB DGAC
45 mm 90 mm 90 mm 45 mm 90 mm

Figure 2. Plan View of RAC Test Sections

(Not to Scale)
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e Using a minimum of 20 £2 percent CRM by mass of asphalt binder in the wet
process, a minimum of 15% CRM by mass of asphalt binder in the MB process, and a
minimum of 18 +2 percent CRM by mass of asphalt binder in the dry process;

e Using AR-4000 asphalt binder supplied by Greka — Santa Maria Asphalt Refinery as
originally planned in the DGAC, RAC-G and RUMAC test sections;

e Using MB (terminal blend) supplied by Valero Refining Company in the MB test
sections;

e Requiring CRM in the test sections to be supplied from a California source;

e The contractor would run mix designs for each test section and Translab would
independently run or verify each mix design;

e Using the same mix design air voids content of 4% as originally required in the
planned RAC-G and DGAC,;

e The asphalt concrete plant would be modified to produce RUMAC-GG; and

e The contractor would provide a quality control plan for monitoring compaction of
each test section (there were no relative compaction requirements for the RAC test
sections) and furnish a nuclear density gage and certified personnel to monitor
compactive effort.

24 PRELIMINARY DATA COLLECTION

Falling Weight Deflectometer (FWD) testing was performed throughout the location of the
proposed test sections to assess the variability of existing underlying layer support. The
deflections were normalized to a 4082 kg static load. The resulting deflection profile was helpful
in locating individual test sections and monitoring sections with uniform base conditions. The
typical deflections in the existing asphalt pavement ranged from 0.3 mm to 0.5 mm. For the base
layer the deflections ranged from 0.18 mm to 0.30 mm. The subgrade deflections were
consistently between 0.08 mm to 0.11 mm indicating uniform subgrade support. The higher
deflections at some locations indicate localized pockets of distress. A plot of the pre-
construction FWD deflections for sensors 1, 4 and 7 within the confines of the test section limits
is presented in Figure 3.

In March 2004, detailed pre-construction pavement distress surveys, which identified type,
extent and severity of distress, were completed in the monitoring sections in accordance with the
Long Term Pavement Performance (LTPP) Distress Identification Manual. The significant
distress observed and recorded during the survey include load-related fatigue cracking in the
wheel paths ranging in severity from moderate to high, thermal cracking with some cracks wider
than 15 mm (moderate to high severity), and water pumping, potholing, raveling, bleeding and
rutting of low severity. A typical LTPP distress map for part of one monitoring section is shown
in Figure 4. All 50 or so monitoring section distress maps are available at Translab. Digital
photographs of the significant distress were recorded and included in Appendix A. The pre-
construction surveys will be helpful in reviewing the distress development over the 5-year
monitoring period.
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Figure 3. Pre-Construction Deflections in the Test Section Area (Northbound Lane)
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2.5 PRECONSTRUCTION MEETING

Preconstruction meetings involving the contractor, Caltrans Central Region (personnel from
Construction, Maintenance and Materials) and Translab were conducted to identify the roles
and responsibilities of various personnel before, during and after construction of the test
sections. Central Region Construction was responsible for contract administration and
materials sampling at the plant and roadway per the guidelines set forth in the Caltrans
Construction Manual, the contractor was responsible for all mix designs, and Translab was
responsible for construction monitoring and additional sampling and testing required for this
evaluation.

2.6 Mix DESIGNS

Both the contractor and Translab completed mix designs for each of the RAC mixes (wet, MB
and dry). The contractor also completed the DGAC mix design as required by the QC/QA
specifications, which was verified by Caltrans Central Region. Key mix design parameters at
4% air voids for the RAC mixes from the contractor and Translab are presented in Table 2.
All mixes, except MB, used an AR-4000 asphalt binder supplied by Greka — Santa Maria
Asphalt Refinery and the MB with a minimum of 15% CRM was supplied by Valero Refining
Company.

Table 2. Key Mix Design Parameters at 4% Air Voids

Optimum Voids in the
RAC Process Laboratory Binder Content Stability at Mineral
(OBC), % OBC Aggregate at
’ OBC, %
Contractor 79 36 18.3
RAC-G Translab 7.6 41 17.4
Contractor 7.9 35 18.4
RUMAC-GG Translab 7.1 40 16.5
Contractor 6.3 29 154
Type G-MB Translab 6.5 41 15.3
Contractor 5.3 38 12.8
Type G-MD Translab 51 45 12.0

The specifications required the optimum binder content (OBC) for all RAC processes to fall
within the range of 7% to 9% by dry mass of aggregate except for the Type D-MB, which did
not specify a range. This range was satisfied for the RAC-G and RUMAC-GG mixes but
neither laboratory could satisfy this range for the Type G-MB. The OBC for all mixes
between the contractor and Translab was within 0.2% to 0.3% of each other except for
RUMAC-GG (dry process) in which the OBC varied by 0.8%.

The specifications required a minimum stability of 23 at OBC for all RAC processes except for

the RUMAC-GG, which required a minimum stability of 28. The stability requirements were
satisfied for all mixes by both laboratories. The stabilities for all mixes between the contractor

10
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and Translab were within 5 to 7 points of each other except for Type G-MB in which stability
varied by 12 points.

The specifications required minimum voids in the mineral aggregate (VMA) of 18% at OBC
for all RAC processes except for the Type D-MB, which did not specify a minimum VMA.
The VMA requirements were satisfied by the contractor on the RAC-G and RUMAC-GG
mixes but not the Type G-MB mix. The mixes produced by Translab did not satisfy the
minimum VMA requirements. The VMA for all mixes between the contractor and Translab
were within 0.1% to 0.9% of each other except for RUMAC-GG in which VMA varied by
1.9%. A review of the MB mixes placed in the HVS section at the UC Berkeley Richmond
Field Station found that none of the three mixes satisfied the minimum VMA requirement of
18%.

Given the fact that the test sections had to be completed by June 30, there was no time for the
contractor and Translab to work through differences in the mix design and Translab made a
decision to use the mix designs produced by the contractor. Table 3 presents the job mix
formula used during production of each mix.

The same gap grading was used in all gap-graded mixes. The aggregate grading for the DGAC
was slightly finer than the Type D-MB. Using the job mix formulas above, all specified
aggregate and mix properties were satisfied except for the binder content and VMA for

Type G-MB.

2.7 MATERIALS SAMPLING AND LABORATORY TESTING PLAN

A detailed materials sampling and laboratory testing plan was developed to meet the objectives
of this study. The plan ensured that adequate sample sizes would be collected during
production for testing. The materials sampling and testing plans are presented in Tables 4 and
5, respectively. It is anticipated that the laboratory testing will be completed in late spring of
2005.

11



RAC Firebaugh Project Volume 1 - Construction Report

Caltrans/CIWMB Partnered Research

Table 3. Job Mix Formula at 4% Air Voids Content

March 8, 2005

Mix Gradation
Sieve Size (mm) RAC-G |RUMAC-GG| Type G-MB | Type D-MB | DGAC
25.4 100 100 100 100 100
19.0 97 97 97 96 97
12.5 85 85 85 80 83
9.5 68 68 68 68 70
4.75 36 36 36 48 50
2.36 21 21 21 33 36
0.60 11 11 11 17 18
0.075 2.9 2.9 2.9 4.2 5.4
Mix Properties
OBC, BDMA, % 7.9 7.9 6.3 5.3 4.8
Theoretical Maximum
Specific Gravity @ OBC 2.35 2.36 2.40 2.44 2.46
Asphalt Absorption @
OBC. % 0.70 0.79 0.67 0.93 0.98
Stability 36 35 29 38 47
VMA, % 18.3 18.4 15.4 12.8 12.1
VFA, % 83.0 79.9 82.4 79.9 76.2
Aggregate Properties
Crushed Coarse, 90 % min. 99 99 99 98 100
LA Rattler:
@ 100 rev., 10 % max. 24471 24492 25?;06 24250 24446
@ 500 rev., 45 % max. ' ' ' ' '
Crushed Fine, 70% min. 98 98 97 94 98
Sand Equivalent, 47% min. 56 59 56 70 58

Legend:

OBC = Optimum Binder Content.

BDMA = By Dry Mass of Aggregate.
VMA = Voids in the Mineral Aggregate.
VFA = Voids Filled with Asphalt.

12
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Table 4. Materials Sampling Plan

March 8, 2005

(Six 5-gal buckets/mix)

. . Sampling
Material Sample Type Sample Source and Size Responsibility
Coarse and Fine Bulk Plant Translab/Central
Aggregate 1000 kg Region
Combined
115 kg combined
Same as above Bulk Twice Daily
Asphalt Binder Bulk Plant Central Region
AR 4000 40 kg
MB 40 kg
RAC Binder 20 kg
Hot Mix Bulk Behind Paver Central Region
(1 for each 450 tonnes,
DGAC, RAC-G, 2 per day, minimum)
RUMAC-GG,
Type G-MB, and Windrow Translab/Contractor
Type D-MB 200 kg per material
Type G-MB

Hot Mix (cores)

152 mm diameter,
6 cores/mix

Pavement at each end of
the monitoring section

Translab/Contractor

Hot Mix (beams)

500 x 400 mm and
400 x 400 mm
(90 mm thick
pavement sections

only)
Full Depth, 4

Pavement at each end of
the monitoring section

slabs/mix

Translab/Contractor

13
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Table 5. Proposed Laboratory Testing Plan

Test | Purpose | Replicate | Unit |Total | Comments
Core/Beam (Field Mix Field Compacted)
CT 308 Bulk Specific Gravity 2 Core 2 |Use 45-mm thick cores
From 2 locations
AASHTO T 321 Fatigue Assessment * 3 Beam 6 |2 strains @ 20°C
(was TP8-94) Frequency Sweep 2 Beam 4 |2 temperatures (5, 25°C)
AASHTO T 320 Rutting Assessment 2 Core 6 |3 temperatures (40, 50, 60°C)
(was TP7-01) Temp Freq on Stiffness 2 Core 6 |3 temperatures (20, 40, 60°C)
Long-Term Oven Aging |Effect of Aging 2 Beam 8 (3, 6 days and 2 strains
AASHTO T 324 Hamburg Wheel Track 2 Core 4 |Use 45-mm thick cores.
Each test requires 2 cores
Legend: Initial Test Total Core 18 |18 cores available
(see inventory sheet)
Beam | 18 |22 beams available
(see inventory sheet)
Loose Mixes (Field Mix Lab Compacted) - These tests may be run after the initial tests
CT 309 Rice Gravity 2 2  |For determining air void
content
CT 366 Stability Value 1 1 |Run later as material
Available & necessary
CT 371 Moisture Sensitivity 1 1 |Run later as material
Available & necessary
CT 382/CT 202 Binder Content/Gradation 1 1 |Run test if no QC/QA data
AASHTO T 321 Fatigue Assessment 3 6 |2 strains @ 20°C.
Air voids to be determined
(was TP8-94) Frequency Sweep 2 4 |2 temperatures (5, 25°C)
AASHTO T 320 Rutting Assessment 2 6 |3 temperatures (40, 50, 60°C).
Aiir voids to be determined
(was TP7-01) Temp Freq on Stiffness 2 6 |3 temperatures (20, 40, 60°C)
Aggregate
CT 202 Combined Gradation 1 Pre-construction test.
Completed
CT 205 % of crushed particles 1 Pre-construction test.
Completed
CT 206 SG & Absorption — 1 Pre-construction test.
Coarse Completed
CT 211 Abrasion - Coarse 1 Pre-construction test.
Completed
CT 214 Soundness - Coarse 1 Pre-construction test.
Completed
Soundness - Fine 1 Pre-construction test.
Completed
CT 217 Sand Equivalent - Fine 1 Pre-construction test.
Completed
CT 226 Moisture Content — 1 Pre-construction test.
Coarse Completed
Moisture Content - Fine 1 Pre-construction test.
Completed
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Table 5. Proposed Laboratory Testing Plan (Contd.)

CT 227 Cleanness 1 Pre-construction test.
Completed

CT 105 Gradings & SG - Coarse 1 Pre-construction test.
Completed

Gradings & SG - Fine 1 Pre-construction test.
Completed

Asphalt Cement/Binder

AASHTO T48 Flash and Fire Points Run test at a later time

AASHTO T49 Penetration Run test at a later time

AASHTO T201 Kinematic Viscosity Run test at a later time

AASHTO T202 Viscosity Run test at a later time

AASHTO T240 Rolling Thin-Film Oven Run test at a later time

ASTM D5329 Resilience Run test at a later time

AASHTO T53 Softening Point Run test at a later time

SN

CT 381 DSR Run test at a later time

Note: Tests in the Shaded boxes will be run at this time
These are the minimum numbers of test replicates for each test.
* The two levels of strains to be tested at are approximately 400 and 600 microstrains, respectively.

3.0 PROJECT CONSTRUCTION
3.1  ASPHALT CONCRETE PLANT AND CONSTRUCTION EQUIPMENT

Aggregate was mined and hot mix (both conventional and rubberized) was produced at
Granite’s Coalinga plant; a computer controlled, parallel flow continuous mix plant located
approximately 65 miles south of the project site. The haul time was approximately 1.3 hours.
Bottom dump trucks, a Roadtec shuttle buggy/material transfer vehicle (MTV) (model SB
2500C) and a Blawknox paver (model PF3200) with automatic screed controls were used to
transport, transfer and spread the asphalt paving materials. Though not required by the
specifications, a MTV was used. A 12 tonne roller in vibratory mode was used for breakdown
compaction and a 10 tonne roller in static mode was used for finish rolling. The roller speeds
were approximately 8 km/hr. A Troxler thin lift nuclear gage was used to monitor compactive
effort.

3.2 TEST SECTION CONSTRUCTION

Digouts, cross slope correction (leveling course) and crack sealing were completed at various
locations in early April 2004 prior to asphalt concrete paving. Some of the digouts were
located within the limits of the test sections, but no digouts were located within the 152.4 m
long monitoring sections in the northbound lanes. The same is true of cross slope correction
work.
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Construction of the overlay was completed in two phases. The first phase included paving
DGAC (Type A) in April 2004 beginning at the north end of the project at the Fresno and
Merced County line and proceeding south to Sta. 189+00 (the DGAC control section is located
between Sta. 189+00 and 191+50). The second phase included paving the RAC-G through
Firebaugh and all RAC test sections in June 2004.

An inspector from Translab was present during construction of the test sections (except the
DGAC). RAC material and binder incorporated into the work were sampled daily by Caltrans
to measure and compare the properties of the field-produced mixture with the job mix formula
(see Table 3). Average test results are summarized within the following report sections, which
document the construction of each RAC process. Detailed test results are included in
Appendix B. Binder test results conducted at Translab will be included in a subsequent report.

A tack coat of slow setting emulsion (SS1), diluted with 40% water, was applied to the existing
pavement surface at a rate of 0.25 L/m? before paving each test section. Tack coat was also
applied between lifts in the full thickness sections at a rate of 0.08 L/m?.

Photographs taken during construction of the RAC test sections are presented in Appendix C.
3.2.1 Type D-MB (Dense Graded — Modified Binder)
45 mm Bottom Lift of 90 mm Full Thickness Section

Construction began on June 14, 2004 at Sta. 179+00 in the southbound lane of the Type D-MB
full thickness test section (90 mm thick). The bottom 45 mm lift was placed in a north to south
direction. The first truckload of material arrived at the jobsite at 0715 hours. Hot mix was
placed in windrows by the bottom dump trucks at 0730 hours and picked up by the MTV and
fed into the paver hopper. Pavement surface temperatures measured 20°C. Temperatures
measured in the windrow varied between 127°C and 130°C. The southbound lane paving was
completed at 0930 hours.

The paving train was returned to Sta. 179+00 for paving the bottom 45 mm lift of the

Type D-MB full thickness section in the northbound lane (in a southbound direction). Moving
the paving train took about 1 to 1.5 hours. The Northbound lane paving began at 1115 hours
and was completed at 1215 hours.

Fumes and smoke were not significant during the placement/transfer of Type D-MB. Paving
was completed without any problems. The rate of coverage (placement of Type D-MB) by the
paving train recorded in the monitoring section was approximately 30 m to 35 m per minute.
The total tonnage of Type D-MB placed during the day was approximately 810 tonnes.

The average test results for the Type D-MB sampled by Caltrans on June 14, 2004 are
summarized in Table 6. Review of the test results indicates that the Type D-MB placed in the
45 mm bottom lift of 90 mm full thickness section met, on average, the project specifications in
terms of the aggregate gradation and binder content. However, one of the two samples tested
for binder content was 0.6% below the optimum value. The aggregate on the 75 um sieve was

16



RAC Firebaugh Project Volume 1 - Construction Report March 8, 2005
Caltrans/CIWMB Partnered Research

0.7% on average finer than the value proposed by the contractor and the binder content was
0.5% on average below the optimum binder content. Relative compaction was adequate.

Table 6. Average Test Results for Type D-MB (June 14, 2004)
(Bottom Lift — 90 mm Thick Section)

Aggregate Gradation (Percent Passing) Asphalt Concrete
. Asphalt | Relative
Statistics 199mm | 95mm | 4.75mm | 236 mm | 600 um | 75um | Content, |Compaction,
% %
Upper 1 100 75 53 38 22 7.0 5.8
Limit
dEDIMBA | s 68 48 33 17 42 53 n.a2
Formula
Lower |4 60 43 28 12 3.0 48
Limit
Ave. 96 70 47 32 18 4.9 4.8° 98.6
Notes:

! Detailed test results are included in Appendix B.

2 Relative compaction (relative to lab density) was not required. A nuclear density gage was
provided to monitor compactive effort only. Density will be verified by testing cores.

% Asphalt content tests were determined by CT 382 (Ignition Oven).

45 mm Top Lift of 90 mm Section and the 45 mm Half Thickness Section

The top 45 mm lift of the 90 mm Type D-MB full thickness test section along with the 45 mm
half thickness test section were paved on June 15, 2004. Paving was completed in a north to
south direction starting with the half thickness section in the southbound lane at Sta. 189+00.
The first truckload of mix arrived at 0720 hours and paving began at 0740 hours. Pavement
surface temperatures measured 29°C and the ambient air temperature was 16°C. Surface,
windrow and breakdown compaction temperatures were recorded at regular intervals. Surface
temperatures ranged from 33°C to 39°C, windrow temperatures ranged from 139°C to 154°C
and breakdown compaction temperatures ranged from 117°C to 127°C. Paving in the
southbound lane was completed at 1030 hours. The paving train was moved back to the north
end of half thickness test section at Sta. 189+00 to begin paving the northbound lane (in a
southbound direction). The northbound lane paving began at 1130 hours. Air temperatures
were 33°C to 35°C, surface temperatures were 38°C to 42°C and the breakdown compaction
temperatures were 124°C to 132°C. The total tonnage of Type D-MB placed during the day
was approximately 1950 tonnes.

The average test results for the Type D-MB sampled by Caltrans on June 15, 2004 are
summarized in Table 7. Review of the test results indicates that the Type D-MB placed in the
top lift of the 90 mm full thickness section and the 45 mm thickness section met the project
specifications in terms of the aggregate gradation and binder content. However, the aggregate
on the 75 um sieve was 0.6% on average finer the value proposed by the contractor and the
binder content was 0.2% on average below the optimum binder content. Relative compaction
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was adequate. The average relative compaction for the top lift of the 90 mm full thickness
section was 98.3% and was higher than the relative compaction for the 45 mm thick section
which was 96.5%.

Table 7. Average Test Results for Type D-MB (June 15, 2004)*
(Top Lift — 90 mm Thick Section and 45 mm Thick Section)

Aggregate Gradation (Percent Passing) Asphalt Concrete
- Asphalt Relative
SUsics | 19 mm | 9.5mm | 475mm | 236mm | 600um | 75um | Content, | Compaction,
% %
Jpper 1100 | 75 53 38 22 7.0 5.8
Limit
Job Mix 9% 63 48 33 17 4.2 5.3 n.a.’
Formula
Lower | g4 60 43 28 12 3.0 4.8
Limit
Ave. 95 70 47 32 17 4.8 5.1° 97.4
Notes:

! Detailed test results are included in Appendix B.

2 Relative compaction (relative to lab density) was not required. A nuclear density gage was
provided to monitor compactive effort only. Density will be verified by testing cores.

% Asphalt content tests were determined by CT 382 (Ignition Oven).

The viscosity of the MB was also taken frequently by the Contractor on June 15, 2004 though
not required by the specifications. Viscosity tests were conducted using a hand-held Haake
Viscometer. The average viscosity was 1760 Pa-s (x10). The specifications for RAC-G (wet
process) require a viscosity in the range of 1500 to 4000 Pa-s (x10®). Detailed Haake
viscometer test results are included in Appendix B.

Type D-MB Observations and Comments

Overall the paving operation went smoothly. Observations that may be of significance
include:

a. There were occasional paving stoppages for 30 to 40 minutes due to the long haul
distance from the asphalt concrete plant (the average haul time was 1.3 hours);

b. The MTV appeared to pick-up the tack coat at times while picking up mix from the
windrow;

c. The MTV appeared to remix the windrow material while feeding it into the paver
hopper resulting in uniform temperatures across the mat (eliminating cold spots within
the mat and reducing compaction variation) as indicated by temperature measurements
taken across the mat;

d. Review of the test results indicates that the Type D-MB placed in the test sections met,
on average, the project specifications in terms of the aggregate gradation and binder
content;
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e. One of the samples tested for binder content was 0.6% below the optimum value;

f. The aggregate on the 75 um sieve was finer than the value proposed by the contractor
and the average binder content was below optimum binder content;

Relative compaction was adequate; and

The contractor conducted rotational viscosity tests on the MB binder using a Haake
viscometer, though not required by the Type D-MB specifications. Results would have
satisfied the viscosity specification requirement for binder used in RAC-G.

s Q

3.2.2 Type G-MB (Gap Graded — Modified Binder)
45 mm Bottom Lift of 90 mm Full Thickness Section

The bottom 45 mm lift of the Type G-MB full thickness section (90 mm thick) was placed on
June 14, 2004. Paving proceeded in north to south direction starting in the southbound lane at
Sta. 172+00. This section was placed after completing the bottom 45 mm thick lift of the
Type D-MB full thickness section.

Paving began at 1230 hours. Breakdown of a belly dump truck in the paving lane held up

6 trucks and paving for approximately 1-hour. Consequently, Type G-MB temperature was
initially a concern, but mix temperatures in the windrow were acceptable at 152°C to 160°C.
Breakdown compaction temperatures were 130°C to 145°C and temperatures during finish
rolling were 78°C to 90°C. The southbound lane paving was finished at 1345 hours.

The paving train was returned to the northern end of the northbound lane at Sta. 172+00 after
completion of the southbound lane. The northbound lane paving began at 1425 hours and was
completed at 1520 hours. Windrow and breakdown temperatures ranged from 148°C to 160°C
and 110°C to 125°C, respectively. Finish rolling temperatures were 60°C to 100°C. Relative
compaction was achieved quite quickly, in about 2 passes, with the breakdown roller and

1 pass with the finish roller.

The total tonnage of Type G-MB placed during the day was approximately 810 tonnes.

The average test results for the Type G-MB sampled by Caltrans on June 14, 2004 are
summarized in Table 8. Review of the test results indicates that the Type G-MB placed in the
45 mm bottom lift of 90 mm full thickness section met, on average, the project specifications
in terms of the aggregate gradation and binder content. However, one of the two samples
tested for binder content was 0.6% below the optimum value. The aggregate on the 75 um
sieve was 0.6% on average finer than the value proposed by the contractor and the binder
content was 0.4% on average below the optimum binder content. Relative compaction was
adequate.
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Table 8. Average Test Results for Type G-MB (June 14, 2004)*
(Bottom Lift — 90 mm Thick Section)

Aggregate Gradation (Percent Passing) Asphalt Concrete
Statistics | 19 | 125 | 95 | 475 | 236 | 600 | 75 | Asphalt | Relative
Content, |Compaction,
mm mm mm mm mm um um % %
upper 1 900 | 90 | 73 | 41 | 25 | 15 | 70 6.8
Limit
JODMix | g7 | g5 | gg | 36 | 20 | 11 | 29 6.3 na’
Formula
Lower | o5 | g0 | 63 | 31 | 17 7 3.0 5.8
Limit
Ave. 98 84 67 34 19 11 35 5.9° 98.5
Notes:

! Detailed test results are included in Appendix B.

2 Relative compaction (relative to lab density) was not required. A nuclear density gage was
provided to monitor compactive effort only. Density will be verified by testing cores.

% Asphalt content tests were determined by CT 382 (Ignition Oven).

45 mm Top Lift of 90 mm Section and the 45 mm Half Thickness Section

The top lift of the 90 mm Type G-MB full thickness test section along with the 45 mm half
thickness test section were paved on June 17, 2004. Paving was completed in a north to south
direction starting with the full thickness section in the northbound lane at Sta. 172+00. The
paving crew was heating the transverse joint of the previously placed Type D-MB mix with
blowtorches before placing the Type G-MB. The first truckload of material arrived at 0715
hours. The ambient air temperature was 15.6°C and the surface temperature was 26.7°C.
There was a crosswind of approximately 16 km/hr at the beginning of paving operations.

Beginning at Sta. 172+00, Type G-MB was laid out in a windrow for a length of about 250 m.
As the paving was about to begin, the MTV broke down. Type G-MB mix was in the windrow
for about 45 minutes before the MTV was functional again. After discussing the cold mix
issue with the contractor, it was agreed that compaction would be closely monitored and mix
would be removed if the compaction was less than 92% of lab density. Paving finally began at
0815 hours. Windrow temperatures for the Type G-MB material were in the range of 105°C to
110°C, breakdown compaction temperatures were 88°C to 95°C and finish rolling temperatures
were 58°C to 63°C. Relative compaction ranged from 98.3 % to 99% of lab density. The top
lift of the 90 mm full thickness section was completed at 0945 hours.

Beginning at Sta. 165+00, paving for the 45 mm half thickness test section in the northbound
lane began at 0945 hours. Windrow and mat temperatures were monitored periodically and
ranged from 159°C to 163°C and 140°C to 143°C, respectively. Finish rolling was
accomplished between 59°C to 62°C. The two test sections (45 mm and 90 mm) in the
northbound lane were finished at 1100 hours.
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Southbound lane paving began at 1130 hours in north to south direction beginning at Sta.
172+00. The temperatures of windrow ranged from 149°C to 156°C and the breakdown
compaction temperatures were 135°C to 143°C. Finish rolling was achieved at 60°C.
Southbound lane paving was completed at 1500 hours.

The total tonnage of Type G-MB placed during the day was approximately 1920 tonnes.

The average test results for the Type G-MB sampled by Caltrans on June 17, 2004 are
summarized in Table 9. Review of the test results indicates that the Type G-MB placed in the
top lift of the 90 mm full thickness section and the 45 mm thickness section met the project
specifications in terms of the aggregate gradation and binder content. However, the aggregate
on the 75 um sieve was 0.8% on average finer the value proposed by the contractor. Relative
compaction was adequate. The average relative compaction for the top lift of the 90 mm full
thickness section was 98.7% and was slightly higher than the relative compaction for the 45
mm thick section which was 97.6%.

Table 9. Average Test Results for Type G-MB (June 17, 2004)*
(Top Lift — 90 mm Thick Section and 45 mm Thick Section)

Aggregate Gradation (Percent Passing) Asphalt Concrete

Statistics| 19 | 125 | 95 | 475 | 236 | 600 | 75 | Asphalt | Relative
Content, |Compaction,

mm mm mm mm mm um um % %

Upper |\ 900 | 90 73 | Mm 25 15 | 7.0 6.8
Limit

JObMix | o7 | g5 | gg | 36 | 210 | 11 | 20 6.3 n.aZ
Formula

Lower | o¢ 80 63 | 31 17 7 3.0 58

Limit

Ave. 9% | 83 | 67 | 33 19 11 | 37 6.2° 98.1
Notes:

! Detailed test results are included in Appendix B.

2 Relative compaction (relative to lab density) was not required. A nuclear density gage was
provided to monitor compactive effort only. Density will be verified by testing cores.

% Asphalt content tests were determined by CT 382 (Ignition Oven).

The viscosity of the MB was also taken frequently by the Contractor on June 17, 2004 though
not required by the specifications. Viscosity tests were conducted using a hand-held Haake
Viscometer. The average viscosity was 1700 Pa:s (x10™). This is consistent with results taken
on binder for use in Type D-MB mix on June 15, 2004. The specifications for RAC-G (wet
process) require a viscosity in the range of 1500 to 4000 Pa-s (x10®). Detailed Haake
viscometer test results are included in Appendix B.
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Type G-MB Observations and Comments

a.

The breakdown of the MTV resulted in a 250 m long windrow on the grade for 45 to
50 minutes in the morning at the beginning of the top lift of the 90 mm full thickness
section in the northbound lane. The mix, despite losing temperature, did not pose any
problems in placing or compacting. The relative compaction for this 250 m long area
was consistently 98.3% to 99%. It appears that the Type G-MB mix can be compacted
at lower temperatures (88°C to 95°C for breakdown and 58°C to 63°C finish rolling).
Review of the test results indicates that the Type G-MB placed in the test sections met,
on average, the project specifications in terms of the aggregate gradation and binder
content;

One of the samples tested for binder content was 0.6% below the optimum value;

The aggregate on the 75 mm sieve was finer than the value proposed by the contractor
and the average binder content was below optimum binder content;

Relative compaction was adequate; and

The contractor conducted rotational viscosity tests on the MB binder using a Haake
viscometer, though not required by the Type G-MB specifications. Results would have
satisfied the viscosity specification requirement for binder used in RAC-G.

Significant bleeding in the wheel paths of the northbound lane of both Type G-MB test sections
(90 mm thick and 45 mm thick sections) was observed during a field review in August and
October of 2004. Bleeding is more pronounced in the 90 mm full thickness section. Bleeding
has not been observed in the southbound lane. Observations made during construction and local
maintenance staff indicate the usage of heavily loaded agricultural traffic in the northbound
lane; whereas, the southbound lane mostly carries the empty trucks. A photograph showing the
bleeding in the northbound lane of a Type G-MB test section is shown below.

Bleeding in the Northbound Lane of the Type G-MB Test Section
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3.2.3 RAC-G (Wet Process)
45 mm and 90 mm Sections

The RAC-G test sections were placed on June 26, 2004. In a departure from what was done
until then, both the 45 mm half thickness and the 90 mm full thickness sections were placed on
the same day.

Paving began in the northbound lanes at Sta. 120+26 (tying in the RAC-G placed in Firebaugh
with the start of the RAC-G test section at Sta. 125+00). Paving proceeded in a south to north
direction. The first load of material arrived at the jobsite at 0630 hours. Surface temperatures
ranged at the beginning of the day from 19°C to 22°C, mix temperatures in the windrow ranged
from 137°C to 145°C and breakdown compaction temperatures ranged from 120°C to 127°C.
Paving of the monitoring section began at 0725 hours. Windrow temperatures were 143°C to
157°C. The breakdown and finish rolling temperatures were 139°C to 143°C and 75°C to 77°C,
respectively. The spread rate was quite fast; the two rollers had trouble keeping up with the
paver. The bottom lift of the monitoring section was completed at 0745 hours. After paving
the bottom lift, the paver was return to Sta. 125+00 at the south end of the test section.

Paving of the top lift of the 90 mm thick section in the northbound lane began at 0900 hours,
just 1% hours after the bottom lift was completed. Paving was stopped at 0910 hours due to
lack of hot mix. Paving resumed at 0930 hours and the top lift of the 90 mm test section in the
northbound lane was completed at 1010 hours. The windrow temperatures ranged from 140°C
to 155°C and the breakdown compaction temperatures ranged from 120°C to 130°C. There
were long gaps between the breakdown roller and the finish roller due to a faster spread rate
and slower compaction rate.

The northbound lane of half thickness RAC-G test section paving began at 1030 hours and the
paving of northbound lane was completed at 1130 hours. Windrow temperatures were 140°C
to 152°C and breakdown compaction temperatures were 121°C to 133°C.

Paving in the southbound lane began at 1300 hours, starting at Sta. 120+26 (tying in the
RAC-G placed in Firebaugh with the start of the RAC-G test section at Sta. 125+00). Paving
proceeded in a south to north direction. It was noticed that about 11 belly dump trucks were
waiting for some time. Review of the plant tickets indicated that these trucks were loaded at
the plant 2 to 3 hours earlier. Temperatures were 135°C in the windrow and 125°C in the mat
behind the paver. Bottom lift paving in the 90 mm thick section was completed at 1410 hours.

Top lift paving of the 90 mm thick test section in the southbound lane began at 1445 hours at
Sta. 125+00. Windrow temperatures of the top lift were 132°C to 135°C. Breakdown
compaction temperatures were 125°C. Top lift paving was completed at 1515 hours.

Paving of the 45 mm thick test section in the southbound lane began at 1615 hours at

Sta. 128+00. The surface temperature was 51°C and temperatures in the mat behind the paver
ranged from 125°C to 133°C. Paving was stopped at 1640 hours due to lack of hot mix. Paving
resumed at 1700 hours. Meanwhile, the mat immediately behind the paver had cooled down to
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115°C. Paving of the 45 mm thick test section in the southbound lane was completed at
1750 hours.

The total tonnage of RAC-G placed during the day was approximately 2940 tonnes.

The average test results for the RAC-G sampled by Caltrans during production on June 26,
2004 are summarized in Table 10. Review of the test results indicates that the RAC-G placed
in the top lift of the 90 mm full thickness section and the 45 mm half thickness section met, on
average, the project specifications in terms of the aggregate gradation and binder content.
However, two of the four RAC samples tested for binder content were 0.6% below the
optimum value. The aggregate on the 75 um sieve was 1.3% on average finer than the value
proposed by the contractor and the binder content was 0.5% on average below the optimum
binder content. Average relative compaction was on the low side at 95.4%. The average
relative compaction for the bottom and top lift of the 90 mm full thickness section was 96.5%
and 97.0%, respectively. The average relative compaction for the 45 mm thick section was
low at 92.7%.

Table 10. Average Test Results for RAC-G (June 26, 2004)*
(45 mm and 90 mm Thick Sections)

Aggregate Gradation (Percent Passing) Asphalt Concrete
Statistics | 19 | 125 | 95 | 475 | 2.36 | 600 | 75 | Asphalt ) Relative
Content, | Compaction,
mm mm mm mm mm um um % %
Upper 1 149 90 73 41 25 15 7.0 8.4
Limit
Job Mix | 85 68 36 21 11 29 79 n.a?2
Formula
Lower | oo | g0 | 63 | 31 17 7 2.0 7.4
Limit
Ave. 97 84 68 32 20 11 4.2 7.4 95.4
Notes:

! Detailed test results are included in Appendix B.

2 Relative compaction (relative to lab density) was not required. A nuclear density gage was
provided to monitor compactive effort only. Density will be verified by testing cores.

% Asphalt content tests were determined by CT 382 (Ignition Oven).

The viscosity of the RAC binder was taken frequently by the Contractor on June 26, 2004 as
required by the specifications. Viscosity tests were conducted using a hand-held Haake
Viscometer. The average viscosity was 3200 Pa-s (x107%); about 85% higher than the viscosity
measured on MB. The specifications for RAC-G require an asphalt rubber viscosity in the
range of 1500 to 4000 Pa-s (x10°). Detailed Haake viscometer test results are included in
Appendix B.
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RAC-G Observations and Comments

a. This is the first time, to our knowledge, that RAC-G was placed in 2 lifts on the same
day;

b. This is the first time, to our knowledge, that RAC-G was placed in a 90 mm thick
section;

c. Review of the test results indicates that the RAC-G placed in the test sections met, on
average, the project specifications in terms of the aggregate gradation and binder
content;

d. Two of the hot mix samples tested for binder content were 0.6% below the optimum
value;

e. The aggregate on the 75 um sieve was finer than the value proposed by the contractor
and the average binder content was below optimum binder content;

f. Relative compaction was relatively low; and

g. The contractor conducted rotational viscosity tests on the RAC binder using a Haake
viscometer. Results satisfied the viscosity specification requirement for binder used in
RAC-G and were about 85% higher than the viscosity measured on MB.

3.24 RUMAC-GG (Dry Process)
45 mm Bottom Lift of 90 mm Full Thickness Section

The bottom 45 mm lift of the RUMAC-GG full thickness section (90 mm thick) was placed on
June 29, 2004. Paving proceeded in north to south direction starting in the southbound lane at
Sta. 155+00. Paving began at 0730 hours. It was somewhat breezy with a 24 km/hr
crosswind. Surface temperature was 22°C and mat temperature behind the paver was 120°C.
The contractor had brought in an intermediate roller in addition to the breakdown and finish
rollers to prevent the paving train from pulling away from the rollers as experienced when
placing the RAC-G. Density tests were carried out frequently to determine in-place density. It
was noted that two full passes of the breakdown roller in vibratory mode achieved 96% of lab
density. The southbound lane of the test section was completed at 0900 hours.

The northbound lane bottom lift paving began at 0950 hours at Sta. 155+00. The surface
temperature was 35.8°C when paving began. Windrow temperature was 143°C and the
temperature in the mat behind the paver was 122°C. The breakdown roller was in close
proximity of the paver. Frequent density measurements were recorded to understand the
compaction behavior of RUMAC-GG mix, as this was a new type of mix for the paving crew.
The relative compaction results were mostly above 95%, ranging from 93.8% to 99.6% of lab
density. The presence of the third roller helped in maintaining the compaction rate
synchronized to the spread rate.

The total tonnage of RUMAC-GG placed during the day was approximately 830 tonnes.
The average test results for the RUMAC-GG sampled by Caltrans on June 29, 2004 are

summarized in Table 11. Review of the test results indicates that the RUMAC-GG placed in
the bottom lift of the 90 mm full thickness section met, on average, the project specifications in
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terms of the aggregate gradation and binder content. However, one of the two aggregate
samples tested for gradation was 1% below the lower specification limit on the 4.75 mm sieve.
The aggregate on the 75 um sieve was 1.1% on average finer than the value proposed by the
contractor. Relative compaction was adequate.

Table 11. Average Test Results for RUMAC-GG (June 29, 2004)*
(Bottom Lift — 90 mm Thick Section)

Aggregate Gradation (Percent Passing) Asphalt Concrete
Statistics | 19 | 125 | 95 | 475 | 2.36 | 600 | 75 | Asphalt ) Relative
Content, | Compaction,
mm mm mm mm mm um um % %
Upper 1 100 | 90 | 73 | 41 | 25 15 | 7.0 8.4
Limit
Job Mix | 85 68 36 21 11 29 79 n.a?2
Formula
Lower | oo 80 63 31 17 7 2.0 7.4
Limit
Ave. 97 84 67 31 20 12 4.0 8.13 96.8
Notes:

! Detailed test results are included in Appendix B.

2 Relative compaction (relative to lab density) was not required. A nuclear density gage was
provided to monitor compactive effort only. Density will be verified by testing cores.

% Asphalt content tests were determined by CT 382 (Ignition Oven).

45 mm Top Lift of 90 mm Section and the 45 mm Half Thickness Section

The top lift of 90 mm full thickness section and the 45 mm half thickness section were paved
on June 30, 2004. Paving proceeded in north to south direction starting in the southbound lane
at Sta. 155+00. Paving began at 0810 hours. The ambient temperature was 19°C and it was
windy. The surface temperature was 27°C, the windrow temperature was 145°C and the
temperature of the mat behind the paver was 123°C. The wind was cooling the mix as the
windrow from Sta. 155+00 to Sta. 154+32 appeared to have cooled down to 134°C. The
paving rate and the compaction rate were synchronized with the breakdown roller following
closely behind the paver. Initially the material was picked up by the rollers and was tracking
due to cold roller wheels. The tracking and pick-up stopped after the roller was heated
adequately. Southbound lane paving was completed at 1240 hours.

Northbound lane paving began at Sta. 155+00 at 1340 hours. The surface temperature was
60°C, the windrow temperature was 154°C and the breakdown compaction temperature was
120°C. Frequent mat temperature measurements were recorded for the monitoring area within
the test section. The mat temperatures consistently ranged from 129°C to 136°C. Paving was
stopped at 1550 hours for 50 minutes due to lack of hot mix and resumed again at 1640 hrs.
Paving was completed at 1740 hrs.

The total tonnage of RUMAC-GG placed during the day was approximately 2000 tonnes.
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The average test results for the RUMAC-GG sampled by Caltrans during production on June
30, 2004 are summarized in Table 12. Review of the test results indicates that the RUMAC-GG
placed in the top lift of the 90 mm full thickness section and the 45 mm thick section met the
project specifications in terms of the aggregate gradation and binder content. However, the
aggregate on the 75 um sieve was 1.4% on average finer than the value proposed by the
contractor and the binder content was 0.3% on average below the optimum binder content.
Relative compaction was adequate. The average relative compaction for the top lift of the

90 mm full thickness section was 98.1% and was slightly higher than the relative compaction
for the 45 mm thick section which was 96.8%.

Table 12. Average Test Results for RUMAC-GG (June 30, 2004) *
(Top Lift — 90 mm Thick Section and 45 mm Thick Section)

Aggregate Gradation (Percent Passing) Asphalt Concrete
Statistics | 19 | 125 | 95 | 475 | 2.36 | 600 | 75 | Asphalt ) Relative
Content, | Compaction,
mm mm mm mm mm um um % %
Upper 1 149 90 73 41 25 15 7.0 8.4
Limit
Job Mix | 85 68 36 21 11 29 79 n.a?2
Formula
Lower | oo | g0 | 63 | 31 17 7 2.0 7.4
Limit
Ave. 97 85 69 34 22 12 4.3 7.6° 97.4
Notes:

! Detailed test results are included in Appendix B.

2 Relative compaction (relative to lab density) was not required. A nuclear density gage was
provided to monitor compactive effort only. Density will be verified by testing cores.

% Asphalt content tests were determined by CT 382 (Ignition Oven).

RUMAC-GG Observations and Comments

a. The presence of an additional roller helped the rollers keep up with the paving train.

b. Review of the test results indicates that the RUMAC-GG placed in the test sections
met, on average, the project specifications in terms of the aggregate gradation and
binder content;

c. One of the two aggregate samples tested for gradation was 1% below the lower
specification limit on the 4.75 mm sieve;

d. The aggregate on the 75 um sieve was finer than the value proposed by the contractor
and the average binder content was below the optimum value;

e. Relative compaction was adequate;

f. Hot mix plant personnel mentioned that more frequent production “snapshots” of
RUMAC-GG (the CCO required snapshots at 10-minute intervals) would better
represent the materials being produced. The hot mix plant had some minor problems in
meeting the dry CRM production tolerance. The hot mix plant was rigged to CRM
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equipment (normally used in the RAC wet process) to deliver CRM to the RUMAC-GG.
After the CRM passed over the weighbridge where it was metered, it was augured to a
hopper that fed a 50 mm to 75 mm diameter hose that discharged into the drum just prior
to the asphalt binder. It was reported that the CRM kept bridging in the hopper. There
is some concern that the CRM was not uniformly delivered to the RUMAC-GG, as the
hopper is located after the weighbridge. The requirements for CRM snapshots and
blending equipment should be reviewed when the RUMAC-GG SSP is developed.

40 GENERAL DISCUSSION/OBSERVATIONS

Comments and opinions were solicited from the Contractor’s plant and paving crew about the
three RAC processes.

e The field crew liked paving with the RUMAC-GG and MB mixes as these two mixes
were easier to compact, even when the mix temperatures were cooler (and below
specification) than the RAC-G.

e The field crew mentioned it would be undesirable to pave with RUMAC-GG during
long production runs because plant production is relatively low.

e The plant crew mentioned that the highest production rates were with the MB mixes
followed by the RAC-G mix. The RUMAC-GG resulted in the lowest production rate.

e The contractor and Caltrans plant inspectors said that smoking was not a problem with
the RUMAC-GG mix and that emissions from all RAC processes appeared identical.

This is the first time, to our knowledge, that RAC-G was placed in 2 lifts on the same day and
placed as thick as 90 mm, exceeding the current Caltrans restriction of 60 mm for RAC mixes.

Relative compaction results were higher on the second lift of the 90 mm full thickness sections
than the 45 mm half thickness sections. It appears to be more difficult to achieve relative
compaction of RAC materials placed in single thin lifts (45 mm) than in two lifts of 45 mm.

Viscosity tests were conducted on the MB (15% minimum CRM) and RAC-G binder (18% +
2% CRM) using a hand-held Haake Viscometer. The average viscosity for the RAC-G binder
was 3200 Pa:-s (x10°%); about 85% higher than the viscosity measured on MB. On this project,
the MB has a lower stiffness value than RAC-G binder.

Significant bleeding in the wheel-paths of the northbound lane of both Type G-MB test
sections (90 mm thick and 45 mm thick sections) was observed during a field review in August
and October of 2004. Bleeding is more pronounced in the 90 mm full thickness section.
Bleeding has not been observed in the southbound lane. Observations made during
construction and local maintenance staff indicate heavily loaded agricultural traffic usage of
the northbound lane; whereas, the southbound lane mostly carries empty trucks.
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50 SUMMARY AND PRELIMINARY RECOMMENDATIONS
51 SUMMARY

This report describes the design and construction of the CIWMB and Caltrans RAC test
sections that were incorporated by contract change order on a RAC-G rehabilitation project in
Fresno County on State Route 33 north of the town of Firebaugh (project 06-385504). The
construction of the test sections was completed without any major equipment or material
problems. This is the first comparative study in the State involving these three RAC processes
(wet, MB and dry).

Future reports will be prepared documenting the results of the comparative study and will
include discussion of laboratory testing (including fatigue and shear) on materials sampled
during construction and results of deflection testing and pavement condition surveys that will
be conducted over the next 5 years.

5.2 PRELIMINARY RECOMMENDATIONS

> A specification and mix design procedure should be developed for RUMAC-GG. The
requirements for CRM snapshots and blending equipment in the RUMAC-GG
specification used on this project should be reviewed.

» Mix design requirements in the RAC specifications, including specifying a minimum VMA
for both 19 mm and 12.5 mm NMAS aggregate and specifying binder content by mass of
dry aggregate (7% minimum and 9% maximum) should be reviewed.

» The appropriateness of MB in a gap graded aggregate structure should be evaluated.

» Subsequent monitoring reports will be developed and will include a direct comparison of
the performance of the three asphalt rubber processes and DGAC and an evaluation of the
thickness reduction capabilities of the mixes using terminal blend MB and dry process
materials. The field performance of these binder materials should also be correlated with
HVS results at the UC Berkeley Richmond Field Station.

» Common mix characterization tests like fatigue and rutting prediction tests for the three

RAC processes should be studied and, if possible, adopted as a part of overall
specifications for RAC (including MB) mixes.

29



RAC Firebaugh Project Volume 1 - Construction Report March 8, 2005
Caltrans/CIWMB Partnered Research

APPENDIX A

PRECONSTRUCTION PHOTOGRAPHS OF
PAVEMENT DISTRESS
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Typical Distress (Fatigue Cracking, Pumping and Bleeding)

Typical Distress (Fatigue Cracking, Pumping and Bleeding)
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Typical Distress (Fatigue Cracking, Pumping and Bleeding)

High Severity Fatigue Cracking in Wheel Path
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Water Pumping in Fatigue Cracks

Water Pumping in Fatigue Cracks
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Typical Distress (Fatigue Cracking, Pumping, Bleeding and Raveling)

High Severity Transverse Cracking
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Spalled High Severity Fatigue Cracking

Rutting in Wheel Path accompanied by Water Pumping
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APPENDIX B

SUMMARY OF CONSTRUCTION TEST RESULTS
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Haake Viscometer test results, tested by the contractor at the asphalt concrete plant

. Temperature Viscosity *

Date Sample # Binder Type oC Pa:s (x10°)
06/15/2004 1 MB 189.0 1600
06/15/2004 2 MB 190.0 1700
06/15/2004 3 MB 190.5 2000
06/15/2004 4 MB 189.4 1800
06/15/2004 5 MB 191.0 1700
06/17/2004 1 MB 190.5 1600
06/17/2004 2 MB 189.4 1800
06/17/2004 3 MB 190.0 1700
06/17/2004 4 MB 191.0 1700
06/26/2004 1 RAC-G 190.6 3000
06/26/2004 2 RAC-G 192.2 3200
06/26/2004 3 RAC-G 189.4 3400

! The specifications for RAC-G (wet process) require a viscosity in the range of 1500 to
4000 Pa-s (x10%). The viscosity of the MB was also taken by the Contractor though not
required by the specifications.
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Asphalt content test results from samples taken behind the paver using CT 382 (Ignition Oven).

. . Location Binder |Optimum

Test Section Date Lift Sample # Station Lane Content | Value
TypeFL'ﬁl'MB 6/14/2004 | Bottom 1 177+00 NB 4.9
TypeFSI'MB 6/14/2004 | Bottom 2 172+50 NB 47
Typ&z}:MB 6/15/2004 |  Top 3 182+60 NB 5.1

Type D-MB 53
pru“ 6/15/2004 | Top 4 174+20 NB 5.1
TypeFl?”'MB 6/15/2004 | Top 5 176+10 SB 5.3
Typaz};MB 6/15/2004 | Top 6 182+97 SB 48
Type &M 1 671412004 | Bottom 1 171+00 NB 5.7
TypeFSI'MB 6/14/2004 | Bottom 2 165+50 NB 6.0
TypeFSI'MB 6/17/2004 |  Top 3 170+95 NB 6.1

Type G-MB 63
pru“ 6/17/2004 | Top 4 165+12 NB 6.1
Typ&g};MB 6/17/2004 | Top 5 159+74 NB 6.2
TypeHgl;MB 6/17/2004 | Top 6 163+50 SB 6.2
RACS 6/26/2004 |  Top 1 121+10 SB 73
Rﬁﬁf 6/26/2004 |  Top 2 127+40 SB 7.7

RAC-G 79
it 6/26/2004 |  Top 3 132+20 SB 7.3
Rﬁgf 6/26/2004 |  Top 4 136+20 SB 7.4
RUF'\J'I';*C 6/29/2004 | Bottom 1 150+66 sB 8.1
RUF'\U"”AC 6/29/2004 | Bottom 2 152+32 NB 8.0
Rﬁ’{'\;’]’f‘c 6/30/2004 |  Top 3 139+00 SB 7.7

7.9
ROVAC | 613012004 | Top 4 139+00 NB 74
Rﬂ\:l'?‘c 6/30/2004 |  Top 5 145+00 NB 7.7
RUMAC | 613012004 | Top 6 154+35 SB 76

* Qutside the test section area.
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Gradation test results for plant samples, Type D-MB

March 8, 2005

Sample Number and Sample Date

Sieve Size 1 2 3 4 Target Operating
Value Range
06/14/2004 | 06/14/2004 | 06/15/2004 | 06/15/2001
25.4 mm 100 100 100 100 100 100
19.0 mm 96 95 95 95 96 90-100
12.5 mm 80 84 80 80
9.5 mm 69 70 68 72 68 60-75
4.75 mm 47 47 45 49 48 43-53
2.36 mm 33 31 32 31 33 28-38
1.18 mm 24 23 23 22
600 um 18 17 18 16 17 12-22
300 um 12 12 12 11
150 um 7 8 8 6
75 um 4.8 5 5.3 4.3 4.2 3-7
Gradation test results for plant samples, Type G-MB
Sample Number and Sample Date
Sieve Size 1 2 3 4 Target Operating
Value Range
06/14/2004 | 06/14/2004 | 06/17/2004 | 06/17/2004
25.4 mm 100 100 100 100 100 100
19.0 mm 97 98 96 96 97 95-100
12.5 mm 85 83 83 83 85 80-90
9.5 mm 67 67 67 67 68 63-73
4.75 mm 34 34 31 34 36 31-41
2.36 mm 20 18 18 20 21 17-25
1.18 mm 15 13 13 15
600 um 11 10 10 11 11 7-15
300 um 8 7 7 8
150 um 5 4 5 5
75 um 3.7 3.2 3.5 3.8 2.9 3-7
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Gradation test results for plant samples, RAC-G

March 8, 2005

Sample Number and Sample Date

Sieve Size 1 2 Target Operating
Value Range
06/26/2004 06/26/2004
25.4 mm 100 100 100 100
19.0 mm 97 96 97 95-100
12.5 mm 84 84 85 80-90
9.5 mm 69 66 68 63-73
4.75 mm 32 31 36 31-41
2.36 mm 20 20 21 17-25
1.18 mm 14 14
600 um 11 11 11 7-15
300 um 8 8
150 um 6 6
75 um 4.2 4.2 2.9 2-7
Gradation test results for plant samples, RUMAC-GG
Sample Number and Sample Date
Sieve Size 1 2 3 4 Target Operating
Value Range
06/29/2004 | 06/29/2004 | 06/30/2004 | 06/30/2004
25.4 mm 100 100 100 100 100 100
19.0 mm 95 98 97 96 97 95-100
12.5mm 83 85 84 85 85 80-90
9.5 mm 67 66 67 71 68 63-73
4.75 mm 32 30* 32 35 36 31-41
2.36 mm 21 18 20 23 21 17-25
1.18 mm 16 14 15 16
600 um 12 11 11 12 11 7-15
300 um 9 8 8 9
150 um 6 5 6 6
75um 4.2 3.7 4.1 4.5 2.9 2-7

* Qutside the Operating Range.
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March 8, 2005

Relative compaction test results in the Type D-MB full thickness monitoring section

Station Transverse Relative Compaction *, %
Offset Bottom Lift Top Lift
177+30.5 Random 96.2 95.7
177+00 Random 98.0 101.7
176+70 Random 99.6 99.1
176+40 Random 99.6 97.4
176+10 Random 99.6 97.4

! The contractor furnished a nuclear density gage and certified personnel to monitor
compactive effort. There were no relative compaction requirements.

Relative compaction test results in the Type D-MB half thickness monitoring section

Station Transverse Offset Relative Compaction *, %
184+22 Random 94.0
183+92 Random 98.3
183+62 Random 97.4
183+32 Random 97.9
183+02 Random 94.9

' The contractor furnished a nuclear density gage and certified personnel to monitor

compactive effort. There were no relative compaction requirements.
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Relative compaction test results in the Type G-MB full thickness monitoring section

March 8, 2005

Station Transverse Relative Compaction *, %
Offset Bottom Lift Top Lift
170+35 Random 100.0 99.0
170+05 Random 98.3 99.0
169+75 Random 98.3 98.3
169+45 Random 97.0 98.7
169+15 Random 98.7 98.3

! The contractor furnished a nuclear density gage and certified personnel to monitor
compactive effort. There were no relative compaction requirements.

Relative compaction test results in the Type G-MB half thickness monitoring section

Station Transverse Offset Relative Compaction *, %
162+98 Random 97.4
162+68 Random 97.8
168+38 Random 97.4
168+08 Random 97.4
167+78 Random 97.8

' The contractor furnished a nuclear density gage and certified personnel to monitor
compactive effort. There were no relative compaction requirements.
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March 8, 2005

Relative compaction test results in the RAC-G full thickness monitoring section

Station Transverse Relative Compaction *, %
Offset Bottom Lift Top Lift
126+06 Random 94.2 98.2
126+36 Random 98.7 96.9
126+66 Random 97.3 96.9
126+96 Random 95.1 96.0
127+26 Random 97.3 96.9

! The contractor furnished a nuclear density gage and certified personnel to monitor

compactive effort. There were no relative compaction requirements.

Relative compaction test results in the RAC-G half thickness monitoring section

Station Transverse Offset Relative Compaction *, %
135+04 Random 92.0
135+34 Random 91.6
135+64 Random 92.9
135+94 Random 93.4
136+24 Random 93.8

' The contractor furnished a nuclear density gage and certified personnel to monitor

compactive effort. There were no relative compaction requirements.
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March 8, 2005

Relative compaction test results in the RUMAC-GG full thickness monitoring section

Station Transverse Relative Compaction *, %
Offset Bottom Lift Top Lift

150+42 Random 99.6 98.2
150+57 Random 96.5 99.1
150+72 Random 97.4 100.4
150+87 Random 97.4 97.8
151+02 Random 94.7 97.8
151+17 Random 96.5 97.8
151+32 Random 98.2 99.1
151+08 Random 93.8 99.1
151+47 Random 95.6 97.4
151+62 Random 99.1 98.7
151+77 Random 95.6 93.8

' The contractor furnished a nuclear density gage and certified personnel to monitor
compactive effort. There were no relative compaction requirements.

Relative compaction test results in the RUMAC-GG half thickness monitoring section

Station Transverse Offset Relative Compaction !, %
145+37 Random 94.7
145+52 Random 98.7
145+67 Random 97.4
145+82 Random 96.9
145+97 Random 98.2
146+12 Random 98.7
146+27 Random 99.1
146+42 Random 97.8
146+57 Random 95.1
146+72 Random 934
146+87 Random 94.3

! The contractor furnished a nuclear density gage and certified personnel to monitor
compactive effort. There were no relative compaction requirements.
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APPENDIX C

PHOTOGRAPHS OF TEST SECTION
CONSTRUCTION
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Paver and Shuttle Buggy/Material Transfer Vehicle (MTV)

Breakdown Compaction of Type D-MB
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Behind the Paver Surface of Type D-MB

Sand being Spread on RAC Surface before Opening to Traffic
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Collecting Bulk Sampling of Type D-MB for Additional Testing

Windrow of Type G-MB
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Heating of Type D-MB Transverse Joint with a Blowtorch prior to Paving Type G-MB

Finish Rolling of Type G-MB
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Density Testing at Longitudinal Construction Joint

Finished Surface of Type G-MB
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Transverse Joint between Type G-MB (left) and Type D-MB (right)



