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DEFINITIONS OF TERMS

DSR Dynamic Shear Rheometer

BBR Bending Beam Rheometer

RTFO Rolling Thin-Film Oven

E* Complex Modulus

S CDOT HMA with 1 inch nominal maximum size aggregate
SX CDOT HMA with %-inch nominal maximum size aggregate
VTM Voids in the Total Mix

VMA Voids in the Mineral Aggregate

VFA Voids Filled with Asphalt
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EXECUTIVE SUMMARY

The objective of this study was to determine the feasibility of using waste tires (crumb rubber) in
the construction of asphalt pavements in Colorado. Two pilot test sections and one control
section were constructed and observed to meet this objective. The two pilot test sections were
built using two crumb rubber modified (CRM) asphalt processes. One process uses ground tire
rubber blended with hot asphalt cement at the asphalt plant to form the hot mix asphalt. This
will be referred to as the Wet Process. The other process blends ground tire rubber and asphalt
cement at a remote blending facility and is then transported to the hot mix plant to produce the
hot mix asphalt. This process will be referred to as the Terminal Blend method. In addition, a
control section was constructed containing a conventional binder. Binders in the two test sections
containing ground tire rubber and the control section met the specifications for a PG 64-28
asphalt. Each of the three test sections contains approximately 1,000 tons of 2-inch asphalt
overlay placed over a cold-milled surface in the eastbound driving lane of US 34 near Greeley,

CO. Construction of the test and control sections occurred in the summer of 2009.

The goal of this research project is to evaluate the performance of the crumb rubber test sections
compared with the conventional control section and depending on performance, develop
Colorado-specific materials and construction specifications for ground tire modified asphalt
pavements. Also, the research project aims to develop guidelines and best management practices
for the construction of ground tire modified asphalt pavements. Transverse cracking began in
the rubber modified sections after 22 months service and longitudinal cracking began after 29
months. After 56 months of service, transverse cracking has not been observed in the control
sections. However, one longitudinal crack was observed in one of the control sections after this

period.
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INTRODUCTION

The Colorado Department of Transportation (CDOT) has used rubber in hot mix asphalt (HMA)
for over 25 years. Since the early 80’s, CDOT used Asphalt Cement-20 Rubberized (AC-20R)
which was an Asphalt Cement-20 (AC -20) base grade of asphalt cement with a styrene-
butadiene-rubber polymer blended at a terminal plant and shipped to the various locations
throughout Colorado. Since CDOT’s AC-20R was performing well, CDOT retained the ductility
value along with the toughness and tenacity requirements for the newly initiated Performance
Grade 64-28 (PG 64-28) grade of binder when the Department switched to the SuperPave
performance graded HMA specifications in 1995. In 1994, CDOT built three trial sections in
Colorado where crumb rubber was blended into the dense graded HMA using the dry method
(crumb rubber is added as a component of the aggregates). Based on the information from
Research Report Number CDOT-DTD-R-99-9, these trial sections proved to be a feasible asphalt
pavement alternative and were performing well. The research noted that this process increased
the cost per ton by 21 percent when the crumb rubber was added at a rate of 20 pounds per ton. It
was recommended that CDOT not pursue any use of crumb rubber until it became cost effective.
Other state DOTSs have tried the dry method with their dense graded HMA but opted not to
continue using the process because of similar concerns and other problems. Therefore, CDOT

will not pursue investigating this method at this time.

The use of crumb rubber in chip seal using the wet method was also investigated in the late 80’s
with the results and findings documented in the Research Report Number CDOH-DTP-R-86-3.
The finished product performed comparably well with the conventional chip seal materials used
for pavement rehabilitation but was found to be more expensive. With the influx of improved
crumb rubber technologies, it is thought that the asphalt pavement life could be longer and the
use of crumb rubber employing the wet and terminal blend method might prove cost-effective.
For this reason, CDOT is revisiting the use of crumb rubber in HMA utilizing pilot test sections
to gather the required information for developing specifications for the wet and terminal blend

methods.



This research evaluated the feasibility of using waste tires (crumb rubber) in the construction of
asphalt pavements. As part of the evaluation, two pilot test sections and one control section
using the Superpave PG 64-28 asphalt binder in dense graded HMA were built. The two pilot
test sections were built with crumb rubber modified (CRM) asphalt mix using the wet method
(crumb rubber is mixed with asphalt binder at the asphalt plant producing the HMA mixture) and
the terminal blend method (crumb rubber is mixed with asphalt binder at a remote location and
transported to the hot mix plant). Each test section consisted of approximately 1,000 tons of 2-
inch thick asphalt overlay placed in the eastbound driving lane of US 34 in Greeley, Colorado.

The control section was constructed with a conventional PG 64-28 binder.

Objectives

This research has eight objectives:

1. Todevelop a pilot specification for building two test sections with CRM using the wet
and terminal blend methods.

2. To determine if CRM asphalt cement pavements can be designed and produced for a
typical dense graded HMA for Colorado that either meets or exceeds the CDOT’s
design/construction (including placement and compaction) criteria.

3. To determine if the asphalt binder for the wet and terminal blend method either meets
or exceeds PG 64-28 requirements for CDOT’s ductility/toughness, and tenacity
specifications.

4. To compare the cost effectiveness of the wet and terminal blend methods with that of
the conventional method using PG 64-28 binder. Determine the cost differential from
using crumb rubber from out-of-state versus estimated costs from using an in-state
source of crumb rubber.

5. To determine the energy consumption, types and levels of air pollutants associated with
the production of pavement mix using the wet, terminal blend and plain PG 64-28
binders.

6. To develop guidelines and best management practices for the successful method(s) of

incorporating crumb rubber in dense graded HMA pavements.



7. To update the initial pilot specification to produce a special project provision as
appropriate using the information obtained from monitoring this project and other
applicable data derived from the experiences of federal, other state and local agencies.

8. To perform annual pavement condition surveys for a maximum of five years and
submit results/analysis to CDOT. To prepare a report documenting the construction

and monitoring of pavement performance during the first 21 months of service life.

LITERATURE REVIEW

Granulated tire rubber has been used as a modifier for asphalt cement binders since the late
1960’s. The first use of this modified binder in pavements was as a chip seal binder in Phoenix,
Arizona (McDonald 1981). McDonald found that after thoroughly mixing crumb rubber with
asphalt and allowing it to react for periods of forty-five minutes to an hour, new material
properties were obtained. This material captured beneficial engineering characteristics of both
base ingredients; he called it asphalt-rubber (Huffman, 1980). The mixing of crumb rubber with
conventional asphalt binders results in stiffer binder (Dantas Neto et al., 2003; Way, 2003) with

improved rutting and cracking properties.

One explanation for this is the absorption of some of the asphalt constituents in the rubber.
When rubber absorbs these components the rubber particles swell. The extent of swelling is
dependent on the nature, temperature and viscosity of the asphalt (Treloar 1975, Shuler, et al
1979). The bulk of the rubber absorbs the solvent, which increases the dimensions of the rubber
network until the concentration of liquid is uniform and equilibrium swelling is achieved.
Previous research has indicated that the crumb rubber particles reacting with asphalt binder swell
and form a viscous gel due to absorption of some of the lighter fractions in the asphalt binder
(Green and Tolonen, 1997; Heitzman, 1992; Bahia and Davies, 1994; Zanzotto and Kennepohl,
1996; Kim et al., 2001). Furthermore, Leite et al. discovered that the proportion of the crumb
rubber in the mixture changes significantly since a rubber particle can swell from 3 to 5 times its

original size when blended with an asphalt binder (Leite et al., 2003).



Many experimental studies and field test sections have been constructed and tested (Shuler, et al
1982) using asphalt rubber as a chip seal or interlayer between an old cracked asphalt pavement
and the new overlay. Performance of these test sections was documented based on a Federal
Highway Administration (FHWA) pooled fund study (Shuler, et al 1985) where over 200 field
test sections were evaluated. Although the results of this research indicated a range of
performance from very poor to extremely good, work continued to develop asphalt rubber as a
binder for sprayed seal applications and HMA. The National Cooperative Highway Research
Programs (NCHRP) “Synthesis of Highway Practice 198 — Uses of Recycled Rubber Tires in
Highways” provides comprehensive review of the use of recycled rubber tires in highways based
on a review of nearly 500 references and on information recorded from state highway agencies’

responses to a 1991 survey of current practices (Epps 1994).

A study from Virginia (Maupin 1996) reported that the mixes containing asphalt rubber
performed at least as well as conventional mixes. In Virginia mixes, the inclusion of asphalt
rubber in HMA pavements increases construction cost by 50 to 100 percent as compared to the
cost of conventional mixes. Nevada (Troy, et al 1996) conducted research on CRM asphalt
pavements and concluded that the conventional sample geometry in Superpave binder test
protocols cannot be used to test the CRM binders and that the Hveem compaction is inadequate
for mixtures containing CRM binders. The Louisiana Department of Transportation and
Development (LADOTD) started a research project to evaluate different procedures of CRM
applications in 1994 in which the long-term pavement performance of the CRM asphalt
pavements was compared to that of the control sections built with conventional asphalt mixtures
(LTRC 1996).

Construction practices in Arizona, California and Florida has been compiled (Hicks et al, 1995)
as well as an interim report on construction guidelines (Hanson, 1996) and a compilation of
specification requirements (Shuler 1982). These reports have been helpful to agencies that wish
to develop specifications for crumb rubber modified asphalt.

The Intermodal Surface Transportation Efficiency Act (ISTEA) of 1991, Section 1038 mandated

the use of rubber modified asphalt pavements. However, AASHTO was opposed to the mandate



because facts regarding fume emissions, cost effectiveness, durability, longevity, and
recyclability were unknown. Therefore, U.S. Congress was persuaded to repeal Section 1038 of
ISTEA making use of asphalt rubber in federally funded projects optional.

The economic savings related to using asphalt rubber has been presented using the FHWA Life
Cycle Cost Analysis (Hicks, et al 1999)

The Texas Transportation Institute conducted a study of two recycled crumb rubber pavements
(Crockford, 1995). The study concluded that recycling was possible and that emissions from the
project were no more severe than conventional asphalt hot mix. Recycling of an asphalt rubber
pavement occurred in Los Angeles, California. (Youssef, 1995). The pavement was cold milled
and added to the virgin mixture at 15 percent of the total mix. Air sampling during paving and
recycling determined that employee exposure to air contaminants were below the Occupational
Safety and Health Administration (OSHA) permissible exposure limits (PEL), and in most cases

below detection limits.

Fume emissions have been studied extensively in a number of asphalt-rubber projects since, and
in all cases they have been determined to be below the National Institute for Occupational Safety
and Health (NIOSH) recommended exposure limits. (Gunkel, 1994).

Combustion technologies are effective in the disposal of large quantities of waste tires and
should be used where feasible and acceptable to the public. However, the combustion of tires
does not provide a continuous public benefit and results in a net energy loss when all is
considered. Although approximately 15,000 BTUs are recaptured when a tire is combusted,
30,000 BTUs were expended to create each tire. In contrast, the United States Department of
Energy has estimated that over 90,000 BTUs/Ib. of production can be saved by utilizing asphalt-
rubber through reduced materials usage and its long lasting performance (Gaines and Wolsky,
1979.



MATERIALS
Testing binder and mixture materials properties was accomplished by CDOT Region 4, CDOT

Headquarters and the paving contractor, Aggregate Industries, Inc. during construction. Results
of the binder tests are summarized in Table 1 and the precise grading of each asphalt material is

shown in Table 2.

Table 1 — Asphalt Binder Test Results*

. RTFO RTFO BBR, S
. PSR’ Du?t'“ty’ Toughness, | Tenacity, DSR, Ductility, max, BBR’ m
Material | min 1.00 Min 50 . ) ; . - . min
Min 110i/p | min 75i/p | min 2.20 min 20 300
kPa cm 0.300
kPa cm MPa
1.66 60 190 174 3.23 35 123 0.355
1.66 60 210 194 3.20 41 122 0.356
Control 1.75 60 249 231 3.32 33 137 0.352
PG64-28 1.55 150 138
1.56 150 136
1.69 60 213 197 3.24 34 135 0.347
PG6428 2.06 6 40 5 4.47 3 195 0.306
WP* 1.91 6 32 3.3 4.86 4 192 0.308
2.10 29 102 2.1 3.48 16 117 0.365
PeTA 201 30 115 2.0 335 17 288 | 0302
2.08 29 106 1.9 3.49 16 124 0.358

* Test results not meeting specifications are shown in italics
** WP refers to the wet process rubber modification at the site

*** TB refers to the terminal blend rubber modification at the Wright asphalt terminal in Texas

Table 2 — Precise PG Grading of Project Asphalts

Material Actual Grading
Control PG 64-28 PG 68.8-34.0
PG 64-28 WP* PG 73.1-29.6
PG 64-28 TB PG 68.6-32.4

* The original asphalt used to create the ‘wet process’ rubber modified asphalt was a PG 58.9-31.4 blended with an
average of 9.25 percent crumb rubber by total blend weight at the site.

Further characterization of the binders was done using the Dynamic Shear Rheometer (DSR) at
multiple loading rates to create so-called mastercurves for G* as a function of loading time. This

data is shown in Figure 1.
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Figure 1 — G* Mastercurves for Project Asphalt Binders

The asphalt mixture used for all three test sections was a CDOT grading SX at 100 design
Superpave gyrations of compaction. Mixture design properties are shown in Tables 3, 4 and 5

for the control, terminal blend, and wet process | mixtures, respectively.



Table 3 — Mixture Design Properties — Control

Sieve, mm Passing, % Specification
19 100 100
12,5 95 90-100
9.5 86 80-92
4.75 62 57-67
2.36 47 42-52
1.18 34
0.60 22 18-26
0.30 14
0.15 9
0.075 5.8 3.8-7.8
AC, % 5.70 5.8-6.4
VTM, % 3.6 2.7-5.1
VMA, % 14.8 13.7-15.1
VFA, % n/a 65-75
Hveem 30
Stability
ITS-dry, psi n/a
TSR, % n/a
Mix Design 170947
FS# n/a

Table 4 — Mixture Design Properties — Terminal Blend

Sieve, mm Passing, % Specification
19 100 100
12.5 95 90-100
9.5 86 80-92
4.75 62 57-67
2.36 47 42-52
1.18 34
0.60 22 18-26
0.15 9
0.075 5.8 3.8-7.8
AC, % 5.60 5.3-5.9
VTM, % 3.9 2.7-5.1
VMA, % 14.9 13.7-15.1
VFA, % n/a 65-75
Hveem 30
Stability
ITS-dry, psi n/a
Retained ITS, n/a
%
Mix Design 180610TB
FS# n/a




Table 5 — Mixture Design Properties — Wet Process

Sieve, mm Passing, % Specification
19 100 100
12.5 95 90-100
9.5 86 80-92
4.75 62 57-67
2.36 47 42-52
1.18 34
0.60 22 18-26
0.30 14
0.15 9
0.075 5.8 3.8-7.8
AC, % 6.10 5.8-6.4
VTM, % 3.9 2.7-5.1
VMA, % 16.5 13.7-15.1
VFA, % n/a 65-75
Hveem 30
Stability
ITS-dry, psi n/a
Retained ITS, n/a
%
Mix Design | 180610WP
FS# n/a
CONSTRUCTION

Construction of the control pavement sections was accomplished on July 27 and 28, 2009, the
terminal blend on August 3 through 6, 2009 and the wet process on August 10 through 12, 2009
by Aggregate Industries West Central Region. The project consisted of removing the top two
inches of the existing pavement by cold milling and replacing this material with two inches of
the test and control pavement materials. The condition of the pavement prior to milling and
overlay operations is shown in Figures 2, 3 and 4 for the control, wet process and terminal blend
sections, respectively. Properties of the materials are shown in Tables 6, 7 and 8 for the control,
terminal blend and wet process products, respectively.
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Figure 2. Control Section Looking East
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Figure 3. Wet Process Section Looking East
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Figure 4. Terminal Blend Section Looking East
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Table 6 — Control Properties As-Built (Contractor Quality Control Data)

Sieve Passing, % Specification
Standard SI, mm 7/27/2009 | 7/28/2009
7% 19 100 100 100
7% 12.5 97 92 90-100
3/8” 9.5 84 85 80-92
4 4,75 62 60 57-67
8 2.36 46 45 42-52
16 1.18 36 34
30 0.60 24 22 18-26
50 0.30 15 15
100 0.15 9 9
200 0.075 5.3 5.9 3.8-7.8
Property Date Spec
7/27/2009 | 7/27/2009 | 7/28/2009 | 7/28/2009
AC, % 5.34 5.29 5.22 5.36 5.3.5.9
VTM, % 3.14 2.59 2.7-5.1
VMA, % 14.1 13.2 13.7-15.1
VEA, % 65-75
Compaction, % 94.6 94.0 94.3

13




Table 7a — As Built Properties-Terminal Blend Binder (CDOT Quality Assurance Data)

Passing, % Specification
Sieve, mm | 8/3/09 8/4/09 8/4/09 8/6/09
19 100 100 100 100 100
12.5 98 96 96 98 90-100
9.5 90 87 86 89 80-92
4.75 65 64 63 65 57-67
2.36 50 51 50 51 42-52
1.18 37 37 36 37
0.60 25 25 24 25 18-26
0.30 16 16 15 16
0.15 10 10 10 10
0.075 6.6 7.1 6.7 6.2 3.8-7.8
AC, % 5.58 5.26 5.40 5.49 5.30-5.90
VTM, % 4.0 3.0 3.4 3.9 2.7-5.1
VMA, % 14.4 13.4 14.0 14.4 13.7-15.1
VFA, % 72.5 77.7 75.7 72.8 65-75
Hveem 39 42 43 39
Stability
ITS-dry, 73.2 88.7 30
psi
Retained 87 89 70
ITS, %
Sample 118HQ 2 3 126HQ
No.
FS# 14976 14977 14978 14977

Table 7b — As Built Properties-Terminal Blend Binder (WesTest Quality Assurance Data)

Property 8/3/09 8/4/09 8/4/09 Spec
AC, (nuc/ign), % 5.16/5.38 5.28/n/a 5.19/n/a 5.30-5.90
VTM, % 4.6 4.0 4.2 2.7-5.1
VMA, % 14.5 14.3 14.7 13.7-15.1
VFA, % 68.3 71.8 71.6 65-75
Hveem Stability 47 n/a n/a
Lottman, dry, psi 80 n/a n/a 30
TSR, % 79 n/a n/a 70

14




Table 8a — As Built Properties-Wet Process Binder (CDOT Quality Assurance Data)

Passing, % Specification
Sieve, mm 8/10/09 | 8/11/09 | 8/11/09 8/12/09
19 100 100 100 100
12.5 94 95 95 90-100
9.5 86 87 86 80-92
4.75 60 66 65 57-67
2.36 46 52 50 42-52
1.18 33 37 36
0.60 21 24 23 18-26
0.30 13 16 14
0.15 9 10 9
0.075 5.9 6.7 5.8 3.8-7.8
AC, % 6.37 6.31 6.25 6.42 5.8-6.4
VTM, % 5.1 4.9 3.4 5.2 2.7-5.1
VMA, % 17.5 17.3 16 17.2 13.7-15.1
VFA, % 70.8 71.8 78.5 69.7 65-75
Hveem Stability 28 31 32 30
ITS-dry, psi 83.6 82.6
Retained ITS, % 91 87
Sample No. 1 2 3 136HQ
FS# 14979 14980 14981 14979

Table 8b — As Built Properties-Wet Process Binder (WesTest Quality Assurance Data)

Property 8/10/09 8/10/09 8/11/09 Spec
AC, (nuc/ign), % 5.91/n/a 5.96/n/a 6.27/n/a 58-6.4
VTM, % 4.4 3.7 4.6 3.1-55
VMA, % 16.3 15.5 17.0 153-17.7
VFA, % 72.8 76.4 73.0 65-75
Hveem Stability 37 n/a n/a 30
Lottman, dry, psi 86 n/a n/a 30
TSR, % 84 n/a n/a 70

Placement of the HMA was by a conventional self-propelled asphalt laydown machine fed by
rear discharge tractor trailer units directly into the paver hopper. Compaction was achieved
using a steel vibratory breakdown roller followed by a seven-wheel pneumatic and finally a static
steel finish roller. Compaction, air voids, VMA, asphalt content, and aggregate gradation were

generally very consistent as shown in the quality level charts in Appendix D.

The terminal blend asphalt rubber was produced in Channelview, Texas and shipped by tank

truck to the Aggregate Industries asphalt plant in Greeley, CO.
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The wet process asphalt rubber was blended at the asphalt plant by EcoPath. This process
involves adding ground tire rubber (GTR) to hot liquid asphalt cement in a mixing tank and then
pumping the resulting blended mixture to the HMA plant. A portable control trailer shown in
Figures 5 and 6 monitors the quantity of rubber and asphalt combined as well as temperature.

The asphalt cement and GTR are blended in a horizontal tank shown in

Figure 5 — EcoPath Control Trailer and Mixer
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Figure 6 — EcoPath Control Room

Figure 7 until the mixture is ready to be transferred to the HMA plant for blending with
aggregates.

Figure 7 — EcoPath Mixing Tank
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When the mixture of blended asphalt and rubber is ready for transfer to the hot mix plant the

viscosity is determined using a portable rotational viscometer as shown in Figure 8.

All three types of asphalt mixtures were produced in a Gencor counterflow drum mix plant.

Figure 8 — Rotational Viscosity

DATA COLLECTION

Air Emissions

Since asphalt rubber must be produced at higher temperatures than conventional HMA emissions
have historically been significantly greater than on conventional HMA projects. Therefore, the
data on quality of air emissions during construction generated from the asphalt plant was
collected by Airtech Environmental Services, Inc. of Arvada, Colorado. The air quality was
monitored during construction by instrumenting the asphalt plant as shown in Figure 9 and
analyzing the results in a mobile laboratory at the site as shown in Figures 10 and 11. Results of

this testing are shown in Appendix A.
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Figure 9 — Air Emissions Data Collection
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Figure 10 — Air Emissions Analysis
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Figure 11 — Air Emissions Chemistry

Test Sections

Test and control sections are located on the US 34 Bypass in Greeley, CO in the eastbound
driving lane between 71% Avenue and 35™ Avenue. The ‘Control Test’ sections are between 71%
and 65" Avenue, the “Wet Process’ test sections are between 65" and 47" Avenue, and the
‘Terminal Blend’ test sections are between 47" and 35" Avenue. Performance of the materials
was determined by observing distress within two 500-foot long segments established within each
test and control pavement section. These segments are shown in Figures 12, 13, and 14. Each
five hundred foot long segment is subdivided into five 100-foot long sample sections. These are
shown as the shaded areas on each figure. That is, Samples 1-5 and 6-10 are the control sections,
Samples 11-15 and 16-20 are the ‘wet process’ sections and Samples 21-25 and 26-30 are the

‘terminal blend’ sections.

A precondition survey was conducted on the test and control sections prior to milling and
overlay operations. This baseline data will be used to compare performance of each section
relative to the condition prior to rehabilitation. Condition surveys have been conducted since
placement of the test and control sections beginning 2010.
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Permeability of the Surface

The air permeability of the pavement was measured by CDOT Headquarters Materials and

Goetechnical Branch Asphalt Program personnel after construction. Results of this testing are

shown in Appendix B.
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ECONOMIC ANALYSIS

The following is a cost analysis of three asphalt pavement overlays placed on US 34 near
Greeley, Colorado in 2009. The overlay materials analyzed consist of HMA containing a control
PG 64-28, a binder containing GTR blended at a terminal away from Greeley (terminal blend),
and a binder containing tire rubber blended at the hot mix plant (wet process blend).

The difference in cost of these three HMA products as produced for this experimental project is

summarized below in Table 9:

Table 9 - Cost of Mixtures Placed on US 34, Greeley

Control Wet Terminal
Tons placed > 22,642 1,072 955
Sale Cost/ton, $ 70.20 104.25 129.74
Sale Cost, $ 1,589,501 111,790 123,989
Plant Modifications, $ 13,119 21,159
Mobilization, $ 35,505
Total Costs, $ 1,589,501 160,415 145,148
Adjusted Cost/ton, $ 70.20 149.60 151.88
Tons/mi 766 766 766
Cost/mi, $ 53,745 114,530 116,280

Further Economic Analysis

The analysis above was based on the actual costs to construct the test sections. However, since
test sections are usually customized experimental features, costs are often higher than when
materials are produced for routine use. Therefore, an additional analysis was conducted inserting
prices for the ‘terminal blend” GTR modified asphalt from data obtained from the City of
Colorado Springs where the ‘terminal blend’ material was utilized beginning in 2006. In a report
published by Colorado Springs (Khattak and Syme) the added cost of the ‘terminal blend” GTR
modified HMA was 22 percent higher than conventional materials. Therefore, using this as a
guide, the cost per ton shown in Table 9 for the terminal blend material has been adjusted
downward from $129.74 to $85.64.
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Further analysis was done assuming tonnages of the two GTR test sections were equal to that of
the control material. CDOT has significant data on the cost of HMA around Region 4 where the
test sections are located and has developed a relationship between cost per ton and tons of
asphalt placed. The equation in Table 10 for cost/ton adjusts the price of hot mix as a function of
HMA quantities utilized. This equation is used to determine the ‘economy of scale factor’ which
is obtained by calculating the ratio of the unit cost of larger quantity to the unit cost of smaller
quantity of HMA. For example, the ‘economy of scale factor’ for the ‘“Wet Process,’ in Table 10
is 0.86 which is the ratio of the unit cost $77.32 for the given tonnage of 22,642 to the unit cost
$89.98 for the given tonnage of 1,072. Using similar calculation to determine the ‘economy of
scale factor’ for the ‘Terminal Blend,’ the resulting ratio of 0.85 ($77.32/$90.49) is obtained.
For the control pavement, the information on actual cost per ton and total tonnage of
conventional HMA is used in the economic analysis since this is the best cost data available. In
this case, the ‘economy of scale factor,’ is equal to 1.00 since the basis of the calculation is the
actual quantity of conventional HMA used and therefore no adjustment is needed to account for
economy of scale. This procedure eliminates the bias for small quantities. The ‘economy of

scale factor’ is then used to calculate the ‘scale factor adjusted cost per ton’.

Based on initial cost of conventional HMA, the number of years (n) for GTR pavement materials
to become equivalent to that of conventional HMA are shown in Table 11 which are calculated
from Present Value Formula assuming a design discount rate of 2.6% (CDOT 2015 ME
Pavement Design Manual) and no rehabilitation and maintenance costs are required for all these
types of pavement materials. From this analysis, it is evident that the ‘wet process’ pavement to
be equal in cost to the conventional HMA, no maintenance would be required of the ‘wet
process’ pavement for about 10 years. Using the CO Springs adjusted cost for the ‘terminal
blend’ pavement to equal the cost of the conventional HMA pavement, there would be no
maintenance required for this pavement until after approximately 8 years of service. However,
neither of the GTR pavements is performing as well as the control section, and is likely to
require maintenance sooner, rather than later, compared to the conventional HMA pavement

sections.
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Table 10 - Economic Analysis Assuming Equal Quantities of Materials

Material
Actual Figure
Project 13.32 Wet Terminal | CO Springs
HMA HMA** | Process** | Blend** | Adjustment
*Cost/ton, $ = 127.27*(Tons) %%’ 70.20 77.32 89.98 90.49 85.64
Tons 22642 22642 1072 955
Economy of Scale Factor: 1.00 0.86 0.85
Sale Cost/Ton, $: 70.20 104.25 129.74
Scale Factor Adjusted Cost/Ton, $ 70.20 89.66 110.28 85.64
Tons/mi 766.00 766.00 766.00 766.00
Cost/mi, $ 53,773 68,680 84,474 65,600
Cost Increase from Conventional
HMA. % 0.0% 27.7% 57.1% 22.0%

**Polymer Modified HMA Unit Cost Equation
(Region 4, Figure 13.32, 2015 ME Pavement Design Manual page 460)

Table 11 - Comparative Cost Analysis Using Present Value Formula

Present Value Formula:
PV=FV/(1+i)"
n=log(FV/PV)/log(1+i)

where: PV= present value; FV= future value;

i= discount rate, 2.6 %;

n= number of years for GTR pavements to become
equivalent to conventional HMA pavement assuming no
rehabilitation and maintenance will be required

FV (cost to be

PV (based on | discounted to n (years
conventional | PV to become required to
HMA as equivalent to become
Cost per lane- reference conventional equivalent to
Pavement Material mile,$ pavement) HMA) conv. HMA)
Conventional HMA $53,773 $53,773 $53,773 0
Wet Process $ 68,680 $ 53,773 $ 68,680 9.5
Terminal Blend $ 84,474 $ 53,773 $ 84,474 17.6
Terminal Blend (with CO
Springs adjustment factor) $ 65,600 $ 53,773 $ 65,600 7.7
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ENERGY UTILIZATION COMPARISON

Crumb rubber modified asphalt (CRM) is composed of crumb tire rubber derived from the
grinding of scrap tires blended with hot asphalt binder. CRM used in this study is blended with
asphalt at a terminal and shipped to the asphalt plant (terminal blend) or it is blended with
asphalt at the asphalt plant (wet method). Both of these processes are used to make modified
asphalt which when mixed with aggregates produces a HMA. The energy used to produce GTR
and HMA has been evaluated (Gaines 1979) using the amount of BTUs of energy required per
pound of each product as shown in Table 12.

Table 12 - BTU Utilization for Asphalt Rubber and HMA

Process BTUs/Pound
Asphalt Rubber HMA
Tire Shredding -750 0
Transportation of Shred -750 0
Granulation -1542 0
CRM Transportation -750 0
Steel Recovery +817 0
Asphalt Used -90,000 -90,000
Aggregate Used -47,000 -47,000
Gain+/Loss- -139,975 -137,000

Since both the wet and terminal blend HMAs require similar processes to obtain the crumb
rubber and the blending with asphalt, they are not substantially different with respect to energy
consumption. However, the energy required to produce conventional HMA is substantially less
since it does not require GTR.
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RESULTS

Distresses observed during condition surveys from 2010 and 2014 include transverse,
longitudinal, and fatigue cracking. Results of the condition surveys for each 100-foot sample
segment are shown in Figure 15 for transverse cracking, Figure 16 for longitudinal cracking and

Figure 17 for fatigue cracking.

Transverse and longitudinal cracking are represented in linear feet of crack, fatigue cracking is
represented in square feet of cracking. The legends in Figure 15, 16 and 17 indicate the dates
when cracking was observed during each condition survey. For example, in Figure 15 for
Evaluation Section 24, 4 feet of cracking was observed during the July 2013 survey, and 7 feet of
cracking was observed during the April 2014 survey, an increase of 3 feet of transverse cracking
for this 100 foot segment of pavement. Cracking was low to moderate severity until April 2014.
However, evaluation sections with greater than 20 feet of transverse cracking in April 2014

tended to be moderate severity.

Table 13 is a summary of the air temperatures recorded during the field condition surveys.

Table 13 - Air Temperatures During Condition Surveys

Survey Date
6/1/10 | 1/18/11 | 6/29/11 | 12/23/11 | 10/7/12 | 7/31/13 | 4/25/13

74 32 82 26 65 78 75

Temperature,
F
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Figure 15 — Transverse Cracking by Sample Segment
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ANALYSIS

A comparative analysis of the performance of the three materials has been done by averaging the
quantity of distress over the five 100-foot sample segments for each evaluation period and
plotting this distress over time. These summaries are shown in Figures 18, 19 and 20 for
transverse, longitudinal and alligator cracking.
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Figure 18 — Transverse Cracking Over Time
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Further Analysis

Besides observing performance in the driving lane only, performance was also observed for both
the passing lane shoulder, the passing lane, and the driving lane shoulder. Although these
pavements are not carrying the same traffic as the driving lane and did not contain GTR, they
should be considered for comparison since they are immediately adjacent the GTR test sections
and within the geometric boundaries of the study. Materials used in the construction of these
other lanes was the same as that in the control sections of the driving lane between 71% Avenue
and 65" Avenue. Therefore, these could be considered control sections lying immediately
adjacent each of the test sections.

The analysis is shown below for each segment of US34 within the confines of the ‘control’
(between 71 Ave and 65" Ave), ‘wet’ (between 65" Ave and 47" Ave), and ‘terminal’
(between 47" Ave and 35" Ave) sections. Recall that the ‘wet’ and ‘terminal’ processes are
present only in the driving lane, between 65™ and 47™ Avenue for the ‘wet’ process and between
47" and 35™ Avenue for the ‘terminal’ process.

Only transverse and longitudinal cracking was observed in the passing lane shoulder, passing
lane and driving lane shoulder.

Performance Between 71 and 65" Avenue (PG 64-28 in all lanes)

Figures 21 shows performance for transverse cracking of the passing lane shoulder, passing lane,

driving lane and driving lane shoulder respectively for the control segment of US 34 between
71% and 65™ Avenue.
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Figure 21 —Transverse Cracking — ‘Control’ Segment

The rate of transverse cracking in the passing lane shoulder of this segment has steadily
increased since the second condition survey in 2011. The driving lane shoulder began cracking
after the third condition survey in June 2011 and the passing lane after the fifth survey in 2012.
Although the shoulders and passing lane of this segment of US 34 contain transverse cracks, the

driving lane does not.

35



71st to 65th Avenue
14
g 12 »
2 /
£ 10
2 /
€ g Passing Sh - Control
o
E" 6 / —fl— Passing - Control
g 4 / Driving - Control
)
3 2 / =& Driving Sh - Control
—
0 A—R—R—R . !! T »
(@] o — — i (@] (@] (@] on (0]
< % 9 9 9 9 A9 9 9 A
5828 5828 58 8 s

Figure 22 —Longitudinal Cracking — ‘Control’ Segment

Longitudinal cracking appeared in the passing lane and driving lane of the control segment
during the last condition survey in 2013.

Performance Between 65" and 47 ™ Avenue (‘Wet Process’ in Driving Lane, only)
Figures 23 and 24 show performance for transverse and longitudinal cracking for the passing

lane shoulder, passing lane, driving lane and driving lane shoulder respectively for the segment
of US 34 with the ‘wet process’ in the driving lane.
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Transverse cracking first appeared in this segment of US 34 in the driving lane (‘wet’ process)
and the driving lane shoulder (control PG 64-28) at the second condition survey in 2010.
Transverse cracking has steadily increased in all the sections with the highest increase occurring
in the ‘wet’ process driving lane.

Performance Between 47" and 35" Avenue (“Terminal Blend in Driving Lane, only)

Figures 25 and 26 show performance for transverse and longitudinal cracking for the passing
lane shoulder, passing lane, driving lane and driving lane shoulder respectively for the ‘terminal
blend’ segment of US 34 between 47" and 35™ Avenue.
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Figure 25 —Transverse Cracking - ‘Terminal Blend’ Segment
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Transverse cracking first appeared in this segment of US 34 in the driving lane shoulder (control

PG 64-28) at the second condition survey in 2010 followed by the driving lane (‘terminal blend”)

during the fourth survey in 2011. Transverse cracking in the driving lane advanced to the same

level as the driving lane shoulder by the fourth survey in 2011and then steadily increased in the

driving lane (‘terminal’) sections surpassing the cracking on the shoulder.

Longitudinal cracking first began in the driving lane (‘terminal blend’) in 2011 during the fourth

survey, steadily increased during the fifth survey in 2012 and leveled off for the last survey in

2013.
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CONCLUSIONS

1.

Construction of two experimental GTR modified asphalt pavements was successful using
a pilot specification including both the terminal blend and wet process to modify the

asphalt binders used.

The control and GTR binders were fabricated to meet a Superpave PG 64-28 binder
specification, however, the GTR modified asphalt binders failed to meet the Colorado

ductility and toughness and tenacity portions of the specification.

The HMA produced using the two GTR modified asphalts met CDOT design and

construction requirements for 100 gyration Superpave mixtures.

Longitudinal and transverse cracking in the ‘wet process’ and ‘terminal blend’ test
sections has steadily increased since approximately two years after construction. No
transverse cracking has appeared in the control section in the driving lane, to date, and 4

feet of longitudinal cracking has occurred.

Fatigue cracking has steadily increased in the ‘terminal blend’ sections since three years
after construction and is significantly greater than the control or ‘wet process’ sections.
Fatigue cracking in the control and ‘wet process’ sections is approximately equal and

significantly less than the ‘terminal” blend section.

Transverse and longitudinal cracking has occurred in the control PG 64-28 pavement
sections in the passing lane and both shoulders immediately adjacent the terminal blend
and wet process sections. However, the quantity of this cracking is still significantly

lower than the amount of cracking in the terminal blend and wet process sections.

The GTR pavements cost more to construct than the control pavement. Therefore, to be
more economical both GTR pavements should require less maintenance than the control
pavement. In fact, for the ‘wet process’ pavement to be equal in cost to the conventional
HMA pavement using the simple Present Value Formula and CDOT’s design discount
rate no maintenance would be required of the ‘wet process’ pavement for about 10

years. For the ‘terminal blend” pavement to be equal in cost to the conventional HMA
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pavement, there would be no maintenance required for this pavement until after
approximately 8 years of service. However, neither of the GTR pavements is performing
as well as the control section, and is likely to require maintenance sooner, rather than

later, compared to the conventional HMA pavement sections.

8. The energy consumption of the GTR pavements is approximately 3,000 BT U/pound

greater than the conventional asphalt pavement.
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RECOMMENDATIONS

The GTR pavements evaluated in this research study appear to cost more to construct than
equivalent control HMA pavement with a PG 64-28 binder. These GTR pavements performed
poorer than the control pavement with respect to cracking during the five-year observation
period. The energy consumption required to produce the GTR pavements is higher than the

conventional asphalt pavement.

These results indicate that use of GTR as a modifier in asphalt pavements is probably not
justified when the GTR modified asphalt meets conventional PG 64-28 binder specifications.
However, GTR modified asphalt pavements have performed well in other states. This may
indicate that GTR modified asphalts must be produced to meet requirements other than the
Superpave PG specification to provide economical results.

An experiment should be conducted to compare HMA produced using GTR modified asphalt to
HMA produced using a PG binder. However, instead of producing the GTR modified asphalt to
meet a specific PG specification, the GTR modified asphalt should be produced in accordance
with the recommended method of the GTR modified asphalt supplier. The test GTR pavement
section should be of sufficient size so that a consistent quantity of material is produced by the
contractor and so the cost of the material is representative of that which would be expected
during routine use for a similar quantity. The pavement to be rehabilitated should be visually
surveyed prior to construction to map existing distress and analyzed by falling weight
deflectometer to determine structural integrity. Test and control sections should be located
within areas of the existing pavement that are as equivalent as possible with respect to distress
and substrate modulus. Condition surveys should be performed within two 500-foot evaluation
sections identified within each test pavement considered representative of the materials being
evaluated. Condition surveys should be conducted at approximately six-month intervals in the
early spring and late fall each year for a minimum of five years after construction or until

sufficient distress is recorded to indicate differences in performance.

42



REFERENCES

Bahia H.U. and Davies R., “Effect of Crumb Rubber Modifier (CRM) on Performance Related
Properties of Asphalt Binders,” Journal of the Association of Asphalt Paving Technologists Vol.
63, 1994.

Crockford, W.W., Makunike, D., Davison, R.R., Scullion, T. and Billiter, T.C., Recycling
Crumb Rubber Modified Asphalt Pavements. Report FHWA/TX-95/1333-1F. Texas
Transportation Institute, May 1995.

Dantas Neto, S. A., Farias, M. M., Pais, J. C., Pereira ,P. A., and Picado Santos, L., “Behavior of
Asphalt-Rubber Hot Mixes Obtained with High Crumb Rubber Contents,” Proceedings of the
Asphalt Rubber 2003 Conference, Brasilia, Brazil, 2003.

Epps, J., “Use of Recycled Rubber Tires in Highways — A Synthesis of Highway Practice,”
NCHRP Synthesis 198, National Cooperative Highway Research Program, TRB, National
Research Council, Washington, D.C., 1994.

Gaines, L.L. & Wolsky, A.M. Discarded Tires: Energy Conservation Through Alternative Uses,
Energy & Environmental Systems Division, United States Department of Energy December,
1979.

Green E.L. and Tolonen W.J., The Chemical and Physical Properties of Asphalt-Rubber
Mixtures, Arizona Department of Transport, Report ADOT-RS-14 (162), 1977.

Gunkel, Kathryn O’C P.E. Evaluation of Exhaust Gas Emissions and Worker Exposure from
Asphalt Rubber Binders in Hot Mix Asphalt, Wildwood Environmental Engineering Consultants,
Inc., Michigan Department of Transportation, March 1994.

Hanson, D.1., Epps, J.A., Hicks, R.G., Construction Guidelines for Crumb Rubber Modified Hot
Mix Asphalt National Center for Asphalt Technology, FHWA, August 1996

Heitzman, M.A., State of the Practice — Design and Construction of Asphalt Paving Materials
With Crumb Rubber Modifier, Report FHWA A-SA-92-022. FHWA, May, 1992.

Hicks, R.G., J.R. Lundy, R.B. Leahy, D. Hanson, and Jon Epps. Crumb Rubber Modifiers (CRM)
in Asphalt Pavements: Summary of Practices in Arizona, California and Florida. Report FHWA-
SA-95-056. FHWA, September, 1995.

Hicks, R.G., J.R. Lundy, and Jon Epps Life Cycle Costs for Asphalt-Rubber Paving Materials.
June 1999.

Huffman, J.E., Sahuaro Concept of Asphalt-Rubber Binders, Presentation at the First Asphalt
Rubber User Producer Workshop, Scottsdale Arizona, May 1980.

Khattak, Saleem and Syme, Bob, “Testing Terminal Blend Tire Rubber Asphalt Performance for

43



Safety, Ride Quality and Cost in Colorado Springs, Colorado. Prepared for the Pikes Peak Rural
Transportation Authority. No date.

Kim S., Loh S.W. Zhai, H. and Bahia H., “Advanced Characterization of Crumb Rubber-
Modifier Asphalts, Using Protocols Developed for Complex Binder,” Transportation Research
Record 1767, TRB, National Research Council, Washington, DC, 2001.

Leite, L. F., Almeida da Silva, P., Edel, G., Goretti da Motta, L., and Herrmann do Nascimento,
L. A., “Asphalt Rubber in Brazil: Pavement Performance and Laboratory Study,” Proceedings of
the Asphalt Rubber 2003 Conference, Brasilia, Brazil, 2003.

Maupin, G., Jr., “Hot Mix Asphalt Rubber Applications in Virginia,” Transportation Research
Record, No. 1530, TRB, National Research Council, Washington, D.C., 1996.

Mohammed, L, “LTRC Annual Research Program,” Louisiana Transportation Research,
Louisiana Transportation Research Center (LTRC), Baton Rouge, LA, June, 1996, pp. 23.

McDonald, C. H., 1981. “Recollections of Early Asphalt-Rubber History,” Proceedings, National
Seminar on Asphalt-Rubber, October 1981.

Shuler, S., 1982, Specification Requirements for Asphalt-Rubber, Transportation Research
Record No. 843, Transportation Research Board of the National Academies, Washington, D.C.,

pp 1-4.

Shuler, T. S., Gallaway, B. M. and Epps, J. A., "Evaluation of Asphalt-Rubber Membrane Field
Performance," Research Report 287-2, Texas Transportation Institute, Texas A&M University,
College Station, Texas, May, 1982.

Shuler, S., Pavlovich, R. D., Epps, J. A. and Adams, C. K., 1985, Investigation of Materials and
Structural Properties of Asphalt-Rubber Paving Mixtures, FHWA Project DTFH61-82-C-0074,
Federal Highway Administration, Washington, D.C.

Shuler, S., Pavlovich, R. D., and Epps, J. A., 1985, Field Performance of Rubber-Modified
Asphalt Paving Materials, Transportation Research Record 1034, Transportation Research
Board of the National Academies, Washington, D.C., pp 96-102.

Shuler, S., Pavlovich, R. D., and Rosner, J. C., 1979, Chemical and Physical Properties of
Asphalt-Rubber, Arizona Department of Transportation Report FHWA/AZ-79/121.

Sousa, J., Way, George, and Carlson, D. D., “Cost Benefit Analysis and Energy Consumption of
Scrap Tire Management Options”, Beneficial Use of Recycled Materials in Transportation
Applications. Arlington, VA, November 13-15, 2001.

Treloar, L.R.G., The Physics of Rubber Elasticity, 3rd Ed., Oxford University Press, Oxford,
UK, 1975.

44



Troy, K., Sebally, P., and Epps, J., “Evaluation Systems for Crumb Rubber Modified Binders
and Mixtures,” Transportation Research Record, No. 1530, TRB, National Research Council,
Washington, D.C., 1996.

Youssef, Z., Hovasapian, P.K., Olympic Boulevard Asphalt Rubber Recycling Project, City of
Los Angeles Department of Public Works, February, 1995.

Way, G. B., “The Rubber Pavements Association, Technical Advisory Board Leading the Way
in Asphalt Rubber Research,” Proceedings of the Asphalt Rubber 2003 Conference, Brasilia,
Brazil, 2003.

Zanzotto L. and Kennepohl G., “Development of Rubber and Asphalt Binders by
Depolymerization and Devulcaniztion of Scrap Tires in Asphalt,” Transportation Research
Record 1530, TRB, National Research Council, Washington, DC, 1996.

45



Appendix A — Air Emissions Test Results

46



5776 Lamar Street + Arvada, CO 80002
Phone: (800) 818-6460 » Fax: (303) 6704130

www.airtechen.com

AIRTECH !

Report on the Air Emissions
Test Program

Conducted for the Colorado Department of Transportation
at the Aggregate Industries Facility Located in Greeley, Colorado

Repiort Mon 30007
Octoder 8, 2009

47



Calorade Department of 'Transportaton
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|

Project Overview

General

Airtech Environmental Services Ine, way contracted by the Colorado Deparument of
Transporiation (CDOT) to perform an air cmissions test program at the Aggregate
Industries facility located in Greeley, Colorade. 'The specific objectives of the test
program were 39 follows;

s  Determine the cmissions of filtersbie particulate imauer (PM) from the exhaust
stack of an Asphalt Drum Mix (ADM) unit.

s Determine the emissions of nitrogen oxides (NOy), carbon monoxide (CO) und
total hydrecacbons { 'HC) as propanc from the ADM stack,

e Deicomine the opacity of emissions from the ADM slack,

s Determine the emissions of multi-metals from the ADM stack.

‘Testing way to be conducted under three comditions. The first condition was Hot Mix
Asphalt (HMA) using PG 64-28, the sccond was PG 64-28 using a terminal blend and the
third was PG 64-28 using a wet process. Due to a scheduling contlict. the sccond
condition was not measured. Testing was performed on August 10, 11, 12 and 18, 2009.
Coordinating the field portion of the test program were:!

Brendan Lawlor — Airech Environmental Services [nc.

Alton Kienitz - Airtech Environmental Services [nc.

Methodology

EPA Mcthod § was uscd to derenmine the PM concentration st the test location. In
Method 5, a sample of the gas stream was withdrawn isokinetically (rorn the stack and the
filterable PM is collected in a smmple probe and on a quartz-glass fiber filler. EPA
Methud 5 was developed to measure tolal filterable particulate matter. Analysis of the
samples for PM was performed gravimetrically. The opacity of the emissions from Lhe
ADM stack were delermined yvisuatly by an observer and procedures feund in EPA
Mcthed 9,

EPA Methods 3A, TE, 10 and 25A were used to measure the oxygen (), carbon dioxide
(CO3), NOy, CO and THC concentrations al the test lacation. A sample of the gas stream
was withdrawn trom the source at a constant rate and analyzed using a lemporary
continuous emissions monitoring system (CEMS).

EPA Method 29 was using to measurc the multi-mctals concentration at the test location.
In Method 29, a sample of the gas stream was withdrawn isokineticatly and multi-metals
were collected on a quartz-glass fiber filter, in a sample probe and in a series of chilled
irnpingers. TPA Methad 29 was operated in comjunction with the EPA Method 5
sampling train,

AIRTECH

B

nVIrORRTED

nn
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Project Overview

General

Airtech Environmental Services Ine, was contracted by the Colorado Depariment of
Transpotiation (CDOT) to perform an air emissions fest program at the Aggregate
Industries facility located in Greeley, Colorado. 'The specific objectives of the test
program were 39 follows;

=  Determine the cmissions of Alterable particulate mauer (PM) from the exhaust
stack of an Asphalt Drum Mix (ADM) unit.

s Determine the emissions of nitrogen oxides (NOy), carbon monoxide (CO) und
total hydrocarbons { THC) as propanc from the ADM stack,

e  Deleomine the opacity of emissions from the ADM slack,

»  Determine the emissions of multi-metals from the ADM stack.

‘Testing was t¢ be conducted under three comnditions. The first condition was Hot Mix
Asphalt (HMA) using PG 64-28, the sccond was PG 64-28 using a terminal blend and the
third was PG 64-28 using a wet process. Due to a scheduling contlict. the sccond
condition was not nmeasured. Testing was performed on August 10, 11, 12 and 18, 2009.
Coordinating the field portion of the test program were:!

Brendan Lawlor — Airlech Environmental Services [nc.

Allon Kienitz - Airtech Environmental Services [nc.

Methodology

EPA Mcthod § was used to detenmine the PM concentration st the test location. In
hethod 5, a sample of the gas stream was withdrawn isokinetically frorn the stack and the
filterable PM is collected in a sample probe and on a quartz-glass fiber Glier. EPA
Method 5 was developed to measure total filterable particulate matter. Analysis of the
samples for PM was performed gravimetrically. The opacity of the emissions from Lhe
ADM stack were delermined yisually by an observer and procedures found in FPA
Method 9,

EPA Methods 3A, 7E, 10 and 25A were used to measure the oxygen (Os), carbon dioxide
(CO3), NOy, CO and THC concentrations al the test lacation. A sample of the gas stream
was withdrawn from the yource at g constant rate and analyzed using a lemporary
continuous emissions monitoring system (CEMS).

EPA Method 29 was using to mcasurc the multi-mctals concentration at the est location.
In Method 29, a sample of the gas stream was withdrawn isokineticatly and multi-metals
were collected on a quartz-glass fiber filter, in a sample probe and in a series of chilled
irnpingers. TPA Method 29 was operated in comunction with the EPA Method 5
sampling train,
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In esrder w convert the concenitations of the pollutants to mass flow rates, the pas
volumetric flow rate was determined concurrent with eack EPA Method $29 sumple train
using EI'A Mcthods, 1, 2, 3A and 4.

Paramecters

The following specific paramerers were determined at the test location:
»  pas veloeity

®  pas emperalure

®  Oaypen coneentration

¢ carbon dioxide conccntration

®  maislure conlent

e concentzation of filterable particulate matier

nitrpgen oxides cancentration

carbon menexide concentreation

opacity of emissions

rotal hydrocarbon concentrarion, as propane
multi-metals concentration'

* * + 0@

Results
A complete supnmary of test resully is presented in Tuhles | and 2 on Pages 4 and 5.

Runs 1. 3. 4 and 3 were conducted under the third process condition (G 64-28) and Run
6 was conducted under te (iest nrocess condition (PG 64-28). Due to production issues a
second run on the first condition was aot performed

Run 2 was sct up and never used duc to process problems. Run 5, an August 12, 2009,
was only 42,3 minutes long duc to process oroblems. The isokinetics far Run | on
August 10, 2009 were 116,7%. which excovded the EPA Mcihod 5 specification of %0%
w [ 10% isokinetic. T'bis likely has no significant impact on the resuls. A portable
analyzer was wsed fo collect (g, COz NOy; and CO data on August 18, 2009, No THC
dala was collected on |his date because the TIIC analyzer was net available.

Submitred by: Reviewed by

Pateick Clark, I*.L.

' Multi-roetals included arseriv (As), barm (Ba), cadminen (Cd), ehromium (Cr). lead (Phy, mereury (e,

nickel (NI, scleninm {82}, silver (Ag). end zinc (2a).
AIRTECH

Enviranmenta)

Services Inc
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Summary of Results

Table t — Summary of PY, NOy, CO, THC and Opacity "Test Resulty
Test Parameters Run1 Run 3 Run 4 Run § Run 6
Date 81012009 8112009 811/2009 BMZ2005 8ME2009
Statt Time: 9:2C 710 542 11.05 945
Step Time 1C:27 a:15 946 11.62 12.4%
Gas Conditions
Tamperawres (°F} 2 223 225 215 237
veiumetne IMow Rate jacfm) 4E,400 48,000 46,400 3B.20C 41,100
Volumetric Flow Rate {scfm} 30,000 31,000 28300 25.200 25,000
Vo'umetric Flow Rate idscfm) 23,100 23,800 23,000 20,000 19,200
Carban Diaxide (3 cry) 412 395 452 3.80 4.5¢
Quygen (% dryl 147 151 14.C 15.1 12.7
baisture (%) 230 734 231 2C6 25.8
Particulate Matter Resuits
Concentration {grainsidscf} 0.00519 000723 0.00717 000854  (.00%28
Emission Rata (1'hr) 101 1.47 1411 1,14 1.51
Nitrogen Oxides Results
Concentration {ppmdv) 563 598 59.3 326 7548
Emission Rate (lbrhr) 932 15.3 11.4 458 103
Carbon Munoxide Results
Concentration (ppmdy) 511 597 348 542 658
Emissicn Rate {Ibhr) 514 B1& 3438 738 54.6
Total Hydrecarbon Results
Canpentration (ppmwv as propane) 523 443 273 140 NA
Emissicn Rate {Ibthr as propane) 08 .43 57 24,3 NA
Opacity Results
Minimum Ooacty (%] H ¢ C a Q
Maximum Opacity {9%) ¢ 0 ] J 5
Average Opacity (%1° o0 .00 .00 000 cas3

*The average opacicy is based on the highest six-minute average,

51

IRTECH

Wiran

Services Inc.




Colorada Department of ‘I'ransportation

Report No. 3017

Page 6

Table 2 - Summary of Multi-Vetals Test Results {Continued)

Test Parameters
Date

Star Time

Stop Time

Mercury Results
Concentration {Lg/dscm;
Emission Raba (Ibre

Nickel Results
Concentration {Lg/dscm)
Lmission Rate {lbr}

Selenium Results
Concentration (pg/dscin)
Fmission Rate {Ibvhr)

Silver Resuiis
Cencertration (pgfdsom)
Emission Rate (Ib/br}

Zinc Results
Corcentration (pgfdscm;
Emission Rate (IbiPr]

Run1 Run 3
81022008 5112009
Q:20 710
10:27 B15
2.0¢ 312
181E-C4 2.7BE-04
1.94 1.39
1B8E-C4 124F.04
<Q,175 < 195

<1.57E-05 <1.75E-05

<0.175 <0.145
<1.51E-05 <1.75E-C5

36.7 220
317602 285EC3

52

Run4
87152009
842
9:46

2.51
2 19E-C4

162
1.39E-C4

<0206
<1.77E-25

=0.206
<1.77E-05

2986
2.55E-02

Run 5 Run &
§127200¢ 8182008

105 945
#1:52 1249
2.17 217
183E-04  1.54E-D4
255 1.73
1H1E04  1.23E-D4
<0 329 <G 220

<2A7EDS  <1.57E-05

<0.32¢ <0.220
<2ATE-08 <1 .57E-CS

518 232
390E-03 165E-C3




APPENDIX B — AIR PERMEABILITIES

Crumb Rubber Control Site -- Passing Lane 8/4/2009

Equivalent Water Permeability Calculations Using ROMUS Air Permeameter Data

Viscosity of air 1.84E-05 kg/m*s
Atmospheric Pressure 101353 Pa
Volume of air Chamber 0.02186 m"3 0.02186
Density of water 1000 kg/m"3
Viscosity of water 0.001 kg/m*s
Test L@ A ty t2 t3 ts Kw1 Kwz Kws Kwa Kavg Koverall

Sample NMAS Voids  Gradation (m) (m?) (sec) (sec) (sec) (sec)  (10%cm/s) (10°cm/s) (105cm/s) (105cm/s) (10°cm/s) (10°°cm/s)
STA 61+60 SX 0.025 0.01824 0.714 0.838 1.038 1.442 138 144 150 152 146 147
STA 61+60 SX 0.025 0.01824  0.762 0.893 1.103 1.677 129 135 141 131 134 134
STA 61+60 SX 0.025 0.01824  0.794 0.939 1.169 1.927 124 129 133 114 125 123
STA 61+60 SX 0.025 0.01824  0.797 0.949 1.179 1.905 124 127 132 115 125 123
STA 61+10 SX 0.025 0.01824 0.65 0.756 0.95 1.671 152 160 164 131 152 148
STA 61+10 SX 0.025 0.01824  0.668 0.776 0.969 1.616 148 156 161 136 150 148
STA 61+10 SX 0.025 0.01824  0.663 0.779 0.967 1.619 149 155 161 136 150 148
STA 61+30 SX 0.025 0.01824  0.644 0.747 0.928 1.315 153 162 168 167 162 164
STA 61+30 SX 0.025 0.01824  0.667 0.777 0.962 1.627 148 155 162 135 150 147
STA 61+30 SX 0.025 0.01824  0.654 0.758 0.94 1.281 151 159 166 171 162 164
STA 61+30 SX 0.025 0.01824  0.656 0.773 0.961 1.642 150 156 162 134 151 147
STA 61+30 SX 0.025 0.01824  0.661 0.778 0.952 1.649 149 155 164 133 150 147
STA 61+30 SX 0.025 0.01824  0.674 0.778 0.968 1.613 146 155 161 136 150 147

(1) Thickness of specimen or layer

Crumb Rubber: Terminal Blend 7/20/2009

Equivalent Water Permeability Calculations Using ROMUS Air Permeameter Data

Viscosity of air 1.84E-05 kg/m*s
Atmospheric Pressure 101353 Pa
Volume of air Chamber 0.02186 m"3 0.02186
Density of water 1000 kg/m"3
Viscosity of water 0.001 kg/m*s
Test L@ A t t2 t3 ta Kw1 Kwz Kwa Kwa Kavg Koverall

Sample NMAS Voids  Gradation (m) (m?) (sec) (sec) (sec) (sec)  (10%cm/s) (10°cm/s) (105cm/s) (105cm/s) (10°cm/s) (10°°cm/s)
STA 129+70 SX 0.025 0.01824  1.001 1.190 1.498 2.356 99 101 104 93 99 98
STA 129+70 SX 0.025 0.01824 1.02 1.22 1.53 2.277 97 99 102 96 98 98
STA 129+70 SX 0.025 0.01824  1.034 1.23 1.539 2.245 95 98 101 98 98 98
STA 130+00 SX 0.025 0.01824  2.516 3.09 4.025 5.66 39 39 39 39 39 39
STA 130+00 SX 0.025 0.01824  2.628 3.257 4.196 6.022 38 37 37 36 37 37
STA 130+00 SX 0.025 0.01824  2.653 3.276 4.253 5.928 37 37 37 37 37 37
STA 130+45 SX 0.025 0.01824 1.391 1.668 2.094 2,911 71 72 74 75 73 74
STA 130+45 SX 0.025 0.01824  1.426 1.731 2.169 3.138 69 70 72 70 70 70
STA 130+45 SX 0.025 0.01824  1.463 1.754 2.221 3.427 67 69 70 64 68 67
STA 130+45 SX 0.025 0.01824  1.489 1.789 2.271 3.319 66 68 69 66 67 67

(1) Thickness of specimen or layer
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Crumb Rubber Control Site -- Driving Lane 7/20/2009

Equivalent Water Permeability Calculations Using ROMUS Air Permeameter Data

Viscosity of air 1.84E-05 kg/m*s

Atmospheric Pressure 101353 Pa

Volume of air Chamber 0.02186 m"3 0.02186

Density of water 1000 kg/m"3

Viscosity of water 0.001 kg/m*s

Test L® A t t 3 ta Kw1 Kwz Kwa Kwa Kavg Koverall
Sample NMAS Voids  Gradation (m) (m?) (sec) (sec) (sec) (sec)  (10°cm/s) (10°cm/s) (105cm/s) (105cm/s) (10°cm/s) (10°°cm/s)

STA 20+30 SX 0.025 0.01824  0.590 0.675 0.820 1.138 167 179 190 193 182 184
STA 20+30 SX 0.025 0.01824  0.607 0.696 0.847 1.469 163 174 184 149 167 164
STA 20+30 SX 0.025 0.01824 0.616 0.712 0.862 1.43 160 170 181 153 166 164
STA 20+30 SX 0.025 0.01824  0.626 0.72 0.879 1.397 158 168 177 157 165 164
STA 20+40 SX 0.025 0.01824 0.498 0.558 0.679 1.091 198 216 229 201 211 210
STA 20+40 SX 0.025 0.01824  0.504 0.569 0.688 1.066 196 212 226 206 210 210
STA 20+40 SX 0.025 0.01824 0.514 0.578 0.704 1.031 192 209 221 213 209 210
STA 20+40 SX 0.025 0.01824 0.517 0.588 0.711 1.011 191 205 219 217 208 210
STA 20+30 SX 0.025 0.01824 0.48 0.542 0.659 1.147 206 223 236 191 214 210
STA 20+30 SX 0.025 0.01824 0.492 0.552 0.675 1.11 201 219 231 198 212 210
STA 20+30 SX 0.025 0.01824  0.502 0.562 0.69 1.076 197 215 226 204 210 210
STA 20+30 SX 0.025 0.01824  0.507 0.574 0.699 1.051 195 210 223 209 209 210

(1) Thickness of specimen or layer
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Appendix C - Pilot Specification for Rubberized Asphalt
Pavement

REVISION OF SECTIONS 401, 403 AND 702
RUBBERIZED ASPHALT PAVEMENT

Sections 401, 403, and 702 of the Standard Specifications are hereby revised for this project as follows:
Subsection 401.01 shall include the following:

This work includes furnishing, placing and compacting one or more courses of rubberized
bituminous mixture on a prepared foundation in accordance with these specifications and the
specific requirements, and in conformity with the lines, grades, thicknesses, and typical cross
sections as established by the Engineer.

Subsection 401.02 (a) shall include the following:

Laboratory mixing and compaction of terminal blended (TB) rubberized asphalt cement PG 64-
28TB and wet process (WP) rubberized asphalt cement PG 64-28WP shall be in conformance
with the requirements of Colorado Procedure CP-L 5114 using the mixing and compaction
temperature for asphalt grade PG 64-28. The Contractor shall determine the target amount of
asphalt-rubber binder PG 64-28TB and PG 64-28WP to be mixed with the aggregate in
conformance with the requirements in Colorado Procedure 52.

Subsection 401.06 shall include the following:

Asphalt-rubber binder PG 64-28TB and PG 64-28WP shall consist of a mixture of paving
asphalt, asphalt modifier such as styrene-butadiene-styrene, and crumb rubber modifier (CRM).
At least 2 weeks before construction is scheduled to begin, the Contractor shall furnish the
Engineer, for approval, a binder formulation and four (4) one-liter cans filled with the asphalt-
rubber binder proposed for use on the project. The asphalt cement shall meet the applicable
requirements of Table 702-1A.

Subsection 401.07 shall include the following:

All gradings and all layer thicknesses of HMA using PG 64-28TB and PG 64-28WP shall be
placed only when the surface and air temperatures are 65°F or above.

Subsection 401.08 shall include the following:
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The method and equipment for combining paving asphalt, asphalt modifier, and CRM for PG 64-
28WP shall be so designed and accessible that the Engineer can readily determine the
percentages by mass for each material being incorporated into the mixture.

The Contractor shall use, but is not limited to, the following for the wet process production of
PG 64-28WP:

A. Asphalt heating tanks equipped to heat and maintain the blended paving asphalt and asphalt
modifier mixture at the necessary temperature before blending with the CRM. This unit shall
be equipped with a thermostatic heat control device and a temperature reading and recording
device that shall be accurate to within + 35°F.

B. A mechanical mixer for the complete, homogeneous blending of paving asphalt, asphalt
modifier, and CRM. The blending system shall be capable of varying the rate of delivery of
paving asphalt and asphalt modifier proportionate with the delivery rate of CRM. During the
proportioning and blending of the liquid ingredients, the temperature of paving asphalt and
the asphalt modifier shall not vary more than + 60°F. The mixing system for paving asphalt,
asphalt modifier, and CRM feeds shall be equipped with devices by which the rate of feed
can be determined during the proportioning operation.

Meters used for proportioning individual ingredients shall be equipped with rate-of-flow
indicators to show the rates of delivery and resettable totalizers so that the total amounts of
liquid ingredients introduced into the mixture can be determined. The liquid and dry
ingredients shall be fed directly into the mixer at a uniform and controlled rate. The rate of
feed to the mixer shall not exceed that which will permit complete mixing of the materials.
Dead areas in the mixer, in which the material does not move or is not sufficiently agitated,
shall be corrected by a reduction in the volume of material or by other adjustments. Mixing
shall continue until a homogeneous mixture of uniformly distributed and properly blended
asphalt-rubber binder of unchanging appearance and consistency is produced.

The Contractor shall provide a safe sampling device capable of delivering a representative
sample of the completed asphalt-rubber binder of sufficient size to permit the required tests.

C. An asphalt-rubber binder storage tank equipped with a heating system furnished with a
temperature reading device to maintain the proper temperature of the asphalt-rubber binder
and an internal mixing unit capable of maintaining a homogeneous mixture of paving asphalt,
asphalt modifier, and CRM. The equipment shall be approved by the Engineer prior to use.

D. A manufactures representative shall be present during production.

E. The Contractor shall provide a hand-held Haake Viscometer Model VT-02 with Rotor 1, 24
mm in depth and 53 mm in height, or equivalent, at the production site during combining of

asphalt-rubber binder materials.

Subsection 401.13 shall include the following:
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The PG 64-28WP shall be blended paving asphalt and the CRM combined and mixed together at
the production site in a blender unit to produce a homogeneous mixture. The temperature of the
blended paving asphalt mixture shall be between 375°F and 440°F when the CRM is added. The

CRM shall be combined at the production site and shall contain 100 percent scrap tire CRM, by
mass.

The combined materials shall be reacted for a minimum of 45 minutes after incorporation of the
CRM and maintained at a temperature between 375°F and 425°F. The temperature shall be at
least 45°F below the actual flash point of the asphalt-rubber binder.

If any of the material in a batch of asphalt-rubber binder is not used within 4 hours after the 45-
minute reaction period, heating of the material shall be discontinued. Any time the asphalt-
rubber binder cools below 375°F and is reheated shall be considered a reheat cycle. The PG 64-
28WP shall not be reheated more than twice. The material shall be uniformly reheated to a
temperature between 375°F and 425°F prior to use. Additional scrap tire CRM may be added to
the reheated binder and reacted for a minimum of 45 minutes. The cumulative amount of
additional scrap tire CRM shall not exceed 10 percent of the total binder mass. Reheated asphalt-
rubber binder shall conform to the provisions for PG 64-28WP.

During the injection process of the PG 64-28WP into the plant, the Contractor shall take
viscosity readings of asphalt-rubber binder from samples taken from the feed line connecting the
storage and reaction tank to the HMA plant. The readings shall be taken at least every hour with
at least one reading for each batch of asphalt-rubber binder. The Contractor shall log these
results, including time and asphalt-rubber binder temperature, and a copy of the log shall be
submitted to the Engineer daily. The Contractor shall either notify the Engineer at least 15
minutes prior to each test or provide the Engineer a schedule of testing times. The Contractor
shall immediately notify the Engineer if any viscosity reading falls below 1000 Pa-s (x107%) when
tested at 185°C.

Subsection 401.15 shall include the following:

The minimum mix discharge temperature for PG 64-28TB and PG 64-28WP shall be 320°F. The
minimum delivered mix temperature for PG 64-28TB and PG 64-28WP shall be 280°F.

Subsection 401.17 shall include the following:

Further compaction effort shall not be applied to HMA containing PG 64-28TB or PG 64-28WP
when the surface temperature of the mixture falls below 230 °F.

Subsection 401.22 shall include the following:
Facilities for blending and storing PG 64-28WP will not be measured and paid for separately, but

shall be included in the work. Facilities for storing PG 64-28TB will not be measured and paid
for separately, but shall be included in the work.
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Subsection 403.02 shall include the following:

The design mix for hot mix asphalt shall conform to the following:

Note:
Note:

Note:

Note:

Table 403-1
Property Test Value For Grading
Method | SX(100) SX(100)
ﬁl\lzd\gs(,)igr?)’ percent at: CPL 5115
35-45 35-45
Lab Compaction
(Revolutions): CPL 5115 100 100
N (design)
Stability, minimum CPL 5106 30 30
Aggregate Retained on the
4.75 mm (No. 4) Sieve with
at least 2 Mechanically CP 45 60 60
Induced fractured faces, %
minimum
Accelerated Moisture Sus-
ceptibility Tensile Strength CPL 5109
. - Method B 80 80
Ratio (Lottman), minimum
Minimum Dry Split Tensile | CPL 5109
Strength, kPa (psi) Method B 205 (30) 205 (30)
Grade of Asphalt Cement, PG 64-28TB | PG 64-28WP
Top Layer
Voids in the Mineral
See Table See Table
Aggregate (VMA) % CP 48 403-2 403-2
minimum
Voids Filled with Asphalt
(VFA), % Al MS-2 65 - 75 65 - 75
Dust to Asphalt Ratio
Fine Gradation CP 50 06-12 06-12
. 08-16 08-16
Coarse Gradation

Al MS-2 = Asphalt Institute Manual Series 2
The current version of CPL 5115 is available from the Region Materials Engineer.

Mixes with gradations having less than 40% passing the 4.75 mm (No. 4) sieve shall be
approached with caution because of constructability problems.

Gradations for mixes with a nominal maximum aggregate size of one-inch or larger are
considered a coarse gradation if they pass below the maximum density line at the #4
screen. Gradations for mixes with a nominal maximum aggregate size of % inch or
smaller are considered a coarse gradation if they pass below the maximum density line
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at the #8 screen.

All mix designs shall be run with a gyratory compaction angle of 1.25 degrees and properties
must satisfy Table 403-1. Form 43 will establish construction targets for Asphalt Cement and all
mix properties at Air VVoids up to 1.0 percent below the mix design optimum.

Table 403-2
Minimum Voids in the Mineral Aggregate (VMA)
Nominal ***Design Air Voids **
Maximum Size*,
mm (inches) 3.5% 4.0% 4.5%
37.5 (1%) 11.6 11.7 11.8
25.0 (1) 12.6 12.7 12.8
19.0 (%) 13.6 13.7 13.8
12.5 (%2) 14.6 14.7 14.8
9.5 (34) 15.6 15.7 15.8
*  The Nominal Maximum Size is defined as one sieve larger
than the first sieve to retain more than 10%.
** Interpolate specified VMA values for design air voids between
those listed.
*** Extrapolate specified VMA values for production air voids
beyond those listed.

The Contractor shall prepare a quality control plan outlining the steps taken to minimize
segregation of HMA. This plan shall be submitted to the Engineer and approved prior to
beginning the paving operations. When the Engineer determines that segregation is unacceptable,
the paving shall stop and the cause of segregation shall be corrected before paving operations
will be allowed to resume.

A minimum of 1 percent hydrated lime by weight of the combined aggregate shall be added to
the aggregate for all hot mix asphalt.

Acceptance samples shall be taken at the location specified in either Method B or C of CP 41, as
determined by the Engineer.

Subsection 403.03 shall include the following:
The Contractor shall construct the work such that all roadway pavement placed prior to the time
paving operations end for the year, shall be completed to the full thickness required by the plans.

The Contractor's Progress Schedule shall show the methods to be used to comply with this
requirement.
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Subsection 403.05 shall include the following:

The accepted quantities of hot mix asphalt will be paid for in accordance with subsection 401.22,
at the contract unit price per ton for the bituminous mixture.

Payment will be made under:

Pay Item Pay Unit
Hot Mix Asphalt Grading SX(100)PG 64-28TB Ton
Hot Mix Asphalt Grading SX(100)PG 64-28WP Ton

AGGREGATE, ASPHALT RECYCLING AGENT, ADDITIVES, HYDRATED LIME, AND
ALL OTHER WORK NECESSARY TO COMPLETE EACH HOT MIX ASPHALT ITEM
WILL NOT BE PAID FOR SEPARATELY, BUT SHALL BE INCLUDED IN THE UNIT
PRICE BID. WHEN THE PAY ITEM INCLUDES THE PG BINDER GRADE, THE
ASPHALT CEMENT WILL NOT BE MEASURED AND PAID FOR SEPARATELY, BUT
SHALL BE INCLUDED IN THE WORK.

Subsection 702.01(a) Table 702-1 shall include the following:
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REVISION OF SECTIONS 401, 403 AND 702
RUBBERIZED ASPHALT PAVEMENT

Table 702-1A
Specification
Grade
Property AASHTO
Test PG64-28TB PG 64-28WP
Method
Original Binder

Flash Point, Minimum °C T48 230 230
Solubility, Minimum % T44 97.5 80
% Rubber Content, %, min. - 10 10
Viscosity at 135°C, T316

Maximum, Pa‘s 3.0 3.0
Dynamic Shear, T315

Test Temp. at 10 rad/s, °C 64 64

Minimum G*/sin(delta), kPa 1.00 1.00
Ductility @ 4C, 5cm/min, cm, Min. T51 40 10
RTFO Test, CP-L 2215

Mass Loss, Maximum, % 1.00 1.00

RTFO Test Aged Binder

Dynamic Shear, T315

Test Temp. at 10 rad/s, °C 64 64

Minimum G*/sin(delta), kPa 2.20 2.20
Ductility @ 4C, 5cm/min, cm, Min. T51 20 5
PAV Aging, R28

Temperature, °C 100 100

RTFO Test and PAV Aged Binder

Dynamic Shear, T315

Test Temp. at 10 rad/s, °C 22 22

Minimum G*sin(delta), kPa 5000 5000
Creep Stiffness, T313

Test Temperature, °C -18 -18

Maximum S-value, MPa 300 300

Minimum M-value 0.300 0.300

The binder formulations for PG 64-28TB and PG 64-28WP shall include the following

information:

1. Paving Asphalt and Modifiers:
(1) Source and grade of paving asphalt.
(2) Source and identification (or type) of modifiers used.
(3) Percentage of the combined blend of paving asphalt and asphalt modifier by total
mass of asphalt-rubber binder to be used.
2. Crumb Rubber Modifier (CRM):
(1) Source and identification (or type) of scrap tire CRM.
(2) Percentage of scrap tire CRM by total mass of the asphalt-rubber blend.
(3) If CRM from more than one source is used, the above information is required for
each CRM source used.
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REVISION OF SECTIONS 401, 403 AND 702
RUBBERIZED ASPHALT PAVEMENT

3. Asphalt-Rubber Binder: The minimum temperature and minimum reaction time in the
storage vessel.

The paving asphalt and asphalt modifier shall be combined into a blended mixture that is
chemically compatible with the crumb rubber modifier to be used. The tire rubber material shall
be totally incorporated into the asphalt cement yielding a homogenous product of a singular
composition. The tire rubber shall not settle or phase separate.

PG 64-28TB shall not be diluted with extender oil, kerosene, or other solvents. PG 64-28TB
asphalt binder so contaminated shall not be used. Kerosene or other solvents used in the cleaning
of equipment shall be purged from the system prior to subsequent use of that equipment.

Subsection 702.01 shall include the following:

(c) Crumb rubber modifier (CRM). Crumb rubber modifier (CRM) shall consist of scrap tire
CRM. The scrap tire CRM shall consist of ground or granulated rubber derived from of
automobile tires, truck tires, tire buffing, or a combination thereof. Steel and fiber separation
may be accomplished by any method. Cryogenic separation, if utilized, shall be performed
separately and shall be prior to grinding or granulating. CRM shall be ground or granulated at
ambient temperature. Cryogenically produced CRM particles which can pass through the
grinder or granulator without being ground or granulated respectively shall not be used. CRM
shall not contain more than 0.01 percent wire (by mass of CRM) and shall be free of other
contaminants, except fabric. Fabric shall not exceed 0.05 percent by mass of CRM. A
Certificate of Compliance certifying these percentages shall be furnished to the Engineer in
conformance with the subsection 106.12. The CRM shall be sufficiently dry so that the CRM
will be free flowing and not produce foaming when combined with the blended paving asphalt
and asphalt modifier mixture. Calcium carbonate or talc may be added at a maximum amount
of 3 percent by mass of CRM to prevent CRM particles from sticking together. The CRM
shall have a specific gravity between 1.1 and 1.2. Scrap tire CRM shall be delivered to the
production site in separate bags and will be sampled and tested separately. CRM material shall
conform to the following requirements of ASTM D 297:

SCRAP TIRE CRUMB RUBBER MODIFIER

Percent
Test Parameter Min. Max.
Acetone Extract 6.0 16.0
Ash Content — 8.0
Carbon Black Content 28.0 38.0
Rubber Hydrocarbon 42.0 | 65.0
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REVISION OF SECTIONS 401, 403 AND 702
RUBBERIZED ASPHALT PAVEMENT

The CRM for asphalt-rubber binder shall conform to the gradations specified below when

tested in conformance with the requirements in ASTM C 136, except as follows:

1. Split or quarter 100 g £ 5 g from the CRM sample and dry to a constant mass at a
temperature between 130°F and 145°F and record the dry sample mass. Place the CRM
sample and 5.0 g of talc in a 0.5-L jar. Seal the jar: then shake it by hand for a minimum
of one minute to mix the CRM and the talc. Continue shaking or open the jar and stir
until particle agglomerates and clumps are broken and the talc is uniformly mixed.

2. Place one rubber ball on each sieve. Each ball shall have a mass of 8.5 g + 0.5 g, have a
diameter of 24.5 mm + 0.5 mm, and shall have a Shore Durometer "A" hardness of 50 + 5
in conformance with the requirements in ASTM Designation: D 2240. After sieving the
combined material for 10 minutes + 1 minute, disassemble the sieves. Material adhering
to the bottom of a sieve shall be brushed into the next finer sieve. Weigh and record the
mass of the material retained on the 850 um sieve and leave this material (do not discard)
on the scale or balance. Observed fabric balls shall remain on the scale or balance and
shall be placed together on the side of the scale or balance to prevent the fabric balls from
being covered or disturbed when placing the material from finer sieves onto the scale or
balance. The material retained on the next finer sieve (425 pm sieve) shall be added to
the scale or balance. Weigh and record that mass as the accumulative mass retained on
that sieve (425 um sieve). Continue weighing and recording the accumulated masses
retained on the remaining sieves until the accumulated mass retained in the pan has been
determined. Prior to discarding the CRM sample, separately weigh and record the total
mass of fabric balls in the sample.

3. To account for the 5 g of talc added to the sample, determine the mass of passing the 150
pm sieve (or mass retained in the pan) by subtracting the accumulated mass retained on
the 150 um sieve from the accumulated mass retained in the pan. If the material retained
in the pan has a mass of 5 g or less, cross out the recorded number for the accumulated
mass retained in the pan and copy the number recorded for the accumulated mass retained
on the 150 um sieve as the accumulated mass retained in the pan. If the material passing
the 150 um sieve (or mass retained in the pan) has a mass greater than 5 g, cross out the
recorded number for the accumulated mass retained in the pan, subtract 5 g from that
number and record the difference next to the crossed out number.

CRM GRADATIONS

Sieve Size Scrap Tire CRM
Percent Passing
No. 20 (850 pum) 100
No. 40 (425 pum) 85-100
No. 60 (180 pum) 10-50
No. 80 (150 pum) 5-30
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APPENDIX D — Quality Control Data
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S.A 18522 Grading: SX {100}, PG B4-28 {SGLP | Suncor)
" Location: SH 34 Bypxas
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A MEQAE INCUSTT M, Yvoul Lvilal haghon
Technical Services Departmant

Projoct: WH 0841073
8.4 16822
Location: SH 34 Bypaas

CDOT Mix Design # : 170347
Agg Ind Mix Design #: 84 (Groaley plant)
Grading: SX {100}, PG 64-2€ [SGLP ! Suncor)

st

Tuppar= 52 HeRM2
#8 Skeva T lower = 42
Toat % Quafity
Numb [ Famsing | Levsl Maan a | Gupper| Giowar [P uppsr | P lower
1 [TiF] &
Z - a7
3 DOAE 4T 100 B33 115 %61 378 100 100
) DaAd [id 105 650 100 [ 5=0 450 100 00
5 DEAT [ 0¢ 4890 .10 520 | ae3 100 10¢
[ e 47 i0c 285D .55 5.4 514 100 ]
7 06 aq 00 46.00 1, 4.4 2B 100 0
] [ a7 100 .00 14 [¥T Z 100 i3]
] a7 100 #3500 141 .22 28 00 00
10 [ 44 (] 4560 TB4 Xl X i) [
1 L7 3 3 G0 187 374 | 180 100 36
72 06728 a4 o 45,00 187 R 160 100 [
IE] D60 ) ] 60 Z88 1% 12 7] 0
14 T a8 A8 4574 ? 68 340 | 135 a6 B0
5 706 ) B8 B 56 zZ 162 | 148 1) [N
& 077 28 BE 47,88 148 66 | war ] ]
7 [+ ] a5 B8 4512 ) 6T | 3¢ o [
[ [ ] [LETS 167 TE 250 ] =
19 [ 48 73 47 06 185 380 788 [ [
0 DB 47 o aEL44 0.60 G20 | 485 (3] )
H (/i 48 ] 4B 70 2 .18 | 468 E] )
) [ifiFid 45 26 703 ¥ 50 B 9 3
7 [T77F] a7 56 A7T.03. 8 4371 _| 4% ] 80
21 [oEirE] 45 ] AEB0 30 At | anl [ o]
F Tire4 [ 58 2662 135 350 B8 £
) 077 a6 00 a6.40 167 335 | @@ 100 T80
Fid Prie] a5 00 A5ED 0.5 716 _| 402 106G 00
28 06T a8 00 4538 0.52 12688 | A48 100 I
) [l [ 00 2506 123 457 328 00 10
E) 08/19 45 [E] 48.02 1.18 603 .38 109 100
a1
P B Sava - Spac, AZ-AT - 62 e
2
&
r -
0BME SR O8MT DAMQ 06y OATE  DaT) nrﬂmm OyH0 e7AT OTRE OWM D20 oane

# B Sieve - Quality Level

-

Cuaikty Lavel
SEJdRESE

74



Tochnlcal Servioes Departmant CDOT Mix Daslgn # : 170847 POREIATE
Project: NH 0841073 Agp Ind Mix Deslgn # : &4 [Greoley plang)
SA. 18522 Grading: SX (100}, PO §4-28 ($GLF [ Suncar
Location: 3H 34 Bypans
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CDOT Mix Design # : 170947
Agg Ind Mix Deaign # : &4 (Greskay plant)

Technical Barvices I.'l;lpnmmm' nent
Project: NH 0641-073

SA 1850 Grading: SX {100) , PO §4-28 (SGLP / Suncor)
Location: SH 34 Bypasa
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PRODUCTION SAMPLE TEST REPORT

FNBUEN Y HOT MIX ASPHALT
45 Nampo Sircat REPQRT DATE: August 7, 2008
Danmver, OO0 203 MK DESIGN NO.: 251808
00, FTES0E, Fuc S(.670. 8500 GYRATIONS, INITIAL - DESIGN: 8- 100
DATE SAMPLED: August 3, 2002
PROJECT: US 34 Bypass Crumb Rubber DATE RECEIVED: August 3, 2008
WesTest PROJECT NO.: 258800 DATE TESTED: Augusi4, 2009
GLIENT: Agoregats Intdustrias SAMPLED BY: Client
~John Cheaver SAMPLE LOCATION: Defversd
1705 5. Acoma Strael
Dargar, CO 80223 MATERIAL DESCRIFTION; SX {100} PG 64-28 TB
SAMPLE NO.: 1
AGGREGATE PROPERTIES (CP - 31A & 318
Sample Job COoT Production
Siova Size Parcant Mb: Grading Gradation
Pazsing Formula Specification Tolarancs
1-1/2"
=
Y
117"
g
e
#3
#16
#30
=]
#100
200
M X PROPERTIES
Production T
Tesl Procedure Sample Design
Reaulls Tolerance ! Target
[FEFRALT CEMENT CONTENT (%)
MNuclsar Mnm&g 85) 5,16
Iinlitier Mathod [ 51201 ] 53-58
THEDRE TICAL MAXIMUM SPECIFIC GRAVITY (CP 51} 2.457 2438
TY (FUF) 152.9 1EE
YOIDS RN TOTAL MIX (%] (CP-L 5115}
GYRATIONS {INFORMATION ONLY) 111
DEAION 4.6 27-51
A
BULK SPECIFIC GRAVITY [CP 44) 2,344 2.344
VOIDS N MINERAL AGGREGATE (%) (CP 48) 14.5 13,7 - 16.1
[ K] 738
L5 30 Whn,
COMPACTION TEMPERATURE [°F) 300 ]
LOTTMAN MOISTURE SENSITIVITY TEST RESULTS {CP-L 5108, Method B}
[AVERAGE SPECIMEN VOID CONTENT (%} 75 60-8.0
|AVERAGE SATURATICN [%) , [
[EVERAGE DRY TENSILE STRENGTH (PS1) [ 30 Min.
A H TENSILE NG TH () [
[TEREILE STRENGTH RATIO (%) i) 70 Min.
* Canotes devielion from specification.
"t Uncormected kgnition bum

AR
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Mﬂmgm

45 Hurimg Bt
Dgmaw, OB
0075 PRES, Fax 302, BTS00

PROJECT: LIS 34 Bypass Crumh Rubbar
WeasTes! PROJECT NO.: 258808
CLIENT: Agoregats Industries

PRODUCTION SAMPLE TEST REPORT
HOT MIX ASPHALT

REPORT DATE: August 7, 2009
MiX DESIGN NO.: 261809

GYRATIONS, INITIAL - DESIGN: 8 - 100

OATE SAMPLED: August 4, 2608
DATE RESEIVED: August 5 2008
DATE TESTED: August 5-8, 2009
SAMFLED BY: Clant

John Cheaver SAMPLE LOCATION: Deliversd
1705 5. Acoma Sireat
Danver, CO 80223 MATERIAL DESCRIPTION: 8X {100) PG 84-28 TH
SAMPLE NO.; 2
AGSGREGATE PROPERTIES [CF - 314 & 31B)
Sample Job cooT Production
Sheve Size Percant Mlx Grading Gradatian
Pegsing Farmulg Specification Tolerance
1 - 12"
qn
ey
152"
EN
T
H
[al]
&40
[i]
HT00
| i)
MiX FROPERTIES
Production Wit
Tast Procecurs Samphe Demign
Resuls Taolerance f Taget
ASPHALT CEMENT CONTENT (5%}

[Nuciear Method (GP 85] 510 53-50
[THEORETICAL MARIMUM SPECIFIC GRAVITY [P 511 FETT] 2438
[THEGRETCAL MEXTMUR DERSITY [PCr) 1514 155
VOIDS [N TOTAL MIX (%) (GP-L 5115)

o, BYHATIONS {INFORMATION ONLY) 108
. 3.2 2.4 =31
2,330 2,344
14.7 13.7 - 16.1
71.6 EEE]
3 300 i)
LOTTMAN MOISTURE SENSITIVITY TEST RESULTS (CP-L 5109, Method B)
MEN VOID COMTENT (%)
AVERAGE GATURATION {5
EVERABE DRY TENSKE STRENGTH [PS0)
WVERAGE CONDNTEONED TENSILE STRENGTH (PSI} —
TENSILE STRENGTH RATK) (Ta)

* Denotes daviatfon from specification,

EELFINET BV
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LEEL

E45 Mo Bl
Donvee, CO BRI
3. GTS.0050, Fao: 3030765004

PROJECT: US 34 Bypase Crumb Rubber

WeaTest FROJEGT NO.: 268809
CLIENT: Aggregate Indusiries
Jahn Chaaver
1705 5. Acoma Sireet
Danver, SO 80223

AGGREGATE FROPERTIES (CF - 31A & 3B)

PRODUCTION SAMPLE TEST REPORT
HOT MIX ASFHALT

REPORT DATE: August 10,2000

MIX DESHSN NO.: 251908

GYRATIONS, INITIAL - DESIGN: & - 100
DATE SAMPLED: August 10, 2008
DATE RECEIVED: August 12, 2008
DATE TESTED: August 43, 2003

SAMPLED BY: Client
SAMPLE LOCATION: Delvered

MATEREAL DESCRIPTION: SX (100) PG 64-28 WP
SAMPLE NO.: 1-WP

Sampla Job CDOT Production
Sleve Size Parcent Mix Gracihg Gradation
Passing Formula Specification Tolerance
1-12"
g
34
5
e
#
w3
w16
£
#50
#10Q
#200
M PROPERTIES
M Froducicn Mix
Test Procedure Sample Design
. Resulls Toleranca ! Target
ASPHALT CEMENT CONTENT (J]
Nudlesr Mathod [CP 85} 5 58-64
TH ECIFIC GRAVITY {CF 61 2421 2417
150.7 1604
VODE N TOTAL MIX CP-L 511
T THON ONLY] 10.9
GTRATIONE 14 3T-55
BULK SPECIFIC GRAWITY [CP 44 2,214 2.313
[VEIS 1N MINERAL Eﬁﬁﬁéﬁﬁ Toe) (P Al 16.3 15.3- 7.7
LL| PHALT (%) 72a 3.9
|HVEEM STABILITY [CPL 5106) FLd 30 min,
RA 300 300
LOTTMAN MOISTURE BENGITIVIIY TEST RESULTS [CP4 5108_Methed B)
AVERAGE SPECIMEN VOID CONTENT (%) [X] 5.0 -8.0
AV 7] [
AV E ] BE 30 min.
AVERAGE COND D TENSILE STREMNGTH (P8I} B
[TENSILE, 5 TRENG TH RATRS (%] % 70 m.
* Danotas deviation from spacificaticn.
RS By
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m’ PROBDUCTION SAMPLE TEST REPCRT
¥ HOT MIX ASPHALT

5 Wi et REFORT DATE: August 17, 2008
Donvet, C0 80904 MiX DESKGN NO.: 251809
kTSP, s 300,87, 6009 GYRATIONS, INITIAL - DESIGN: B - 100
DATE SAMPLED: August 11, 2008
PROJECT: US 34 Bypass Crumb Rubber DATE RECEIVED: August 12, 2008
WeaTest PROJECT NO.: 258809 DATE TESTED; August 14, 2000
CLIENT: Aggregale Industriea SAMPLED BY: Cliset
Johin Cheaver SAMPLE LOCATICN: Sta. 61+ 50, 22147 tons
1705 5. Acoma Strwat
Demver, GO 80223 MATERIAL DESCRIPTION: SX {100) PG 64-28 WP

SAMPLE NO.: WP

AGGREGATE PROPERTIES (CP - 314 & 318)
Bamgia

cooT Production
Shava Sze Parcant Mix Grading Gradation
Passing Farmula Spacihication Toleranca
1-12"
s
A
12"
N
#H
]
#HE
30
#50
¥100
#200
MIX PROPERTIES
Praduction Mix
Tast Procadure Sample Dieaign
Rasgulis Tolerancs / Targst
ASPHALT CEMENT CONTENT (%
;P B} 627 GB-04
THEORETICAL MAXIMUM SPECIFIC GRA\I'IT\" [CF 51 2412 2417
THEGRETICAL MAXMUM DENSITY (PCr) 150, 150.4
WOIDS IN TOTAL MIX {%) {CP-L 5115}
va‘rwms [INFORMATION ONLY} 112
4.8 31-55
2301 2313
TE (%) (GF 48] 17 0 153-77.7
LEE] 3.9
300 300
LOTTMAN MOiSTUFIE SENSITWITY TEST RESULTS (CP-L 5109, Mathod B)
WVERAGE SPECIMEN YOI CONTENT (%)
VERAGE SATURATION [%)
AVERAGE DRY TENGILE STRENGTH [PS])
AVERAGE CONDITIDNED TENSHE STRENGTH (PSI) 1
TENSILE STREMNGTH RATIO (%) |
* Dennisa denviation from specification,
AFVIFUFET By
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m NUCLEAR A.C. GAUGE CALIBRATION
L —T 7]

PROJECT NO,: 258808 DATE: 0B/03/09
CLIENT: Agaragate Indushies GAUGE NO.: -]
PROJECT: US 34 - Bypass

MIX NO.: WT 251809, CDOT 180610TR

AC. BRAND /| GRADE: Wright PG 84-28 TR
OPTIMUMALC.: 55

BASE WEIGHT: 7000 g
CALIBRATION NO.: 25881
A.C. CONTENT
4.80% 5.60% 6.60%
10% 374" Rock - 35th Ave. 672.6 665.5 B658.5
17% 1/2" Rock - 35th Ave, 1143.4 1131.4 1119.4
35% Crusher Fines - Distel 23540 23293 Z304.6
22% Class 7 - 83rd Ave. 1479.7 1464.1 1448.6
15% Concrete Band - 83rd Ave. | 1008.9 908.3 987.7
1% Lime - Pete Lien 67.3 86.6 85.8
100% TOTAL AGG. WT. B6725.7 REB6.2 8584.7 i
A.C. 3243 3848 465,23
TOTAL MIXWT 7050.0 7050.0 7050.0
GAUGE COUNT .
DEVIATICN
CORRELATION FACTOR Al:
A
Ad:
COMMENTS:

ShiptheriwastesBAgaragals Industias\2005\265809 - US 34 Bypass Crumb Rubbanz5881 Nue AG Calibration
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m NUCLEAR A.C. GAUGE CALIBRATION
[ ——T]

PROJECT NO.: 258808 DATE: (8m3ns
CLIENT: Aggragate Industries BAUGE NO.: 6
PROJECT: US 34 - Bypass

MIX NO.: WT 251908, CDOT 18061 0WP

A.C, BRAND / GRADE: Ecopath PG 64-28 WP
OPTIMUM A.C.: 6.1

BASE WEIGHT: 7000 g
CALIBRATION NO.: 25882
AC. CONTENT
§5.10% 6.10% 7.10%
10% 3/4~ Rock - 35th Ave. 669.0 B662.0 B54.8
17% 112" Rock - 35th Ave. 1137.4 1125.4 11134
35% Crusher Fines - Distal 2341.7 23170 2282.3
22% Class 7 - 83rd Ave. 1471.8 145684 1440.9
15% Concrete Sand - 83rd Ave. | 1003 6 933.0 982.4
1% Lima - Pete Lign 668.8 86.2 85.5
100% TOTAL AGG. WT. 6690.5 868204 £540.5
AL, 350.6 4201 500.6
TOTAL MIX WT 7050.0 7050.0 7050.0
GAUGE COUNT
DEVIATION
CORRELATION FACTOR Al
A2
A3
COMMENTS:

\MothertwestestiAggregate industies\ 20091258808 - US 34 Bypass Grumb Rubberi25832 Muc AC Cabbration
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Grumb Rubber Control Site - Pausing Lane Lt

Equivalant Watar [+ ws. Uslng ROMUS Alr Parmoamgtar Dala

Visgamty of g 1.BaE-0% gimry

Almiespheris Bressure 101352 Bg

Wilurme of qir Cnambear QAZ18E m*3 L -al -

Di=nsity ol water 1000 kgir'd

WieccuRy of wadar 0IM KOs

Test L A L] ] b L *iee bz kg ey Ky Rexvurnn
Zampla NMAY Veids  Gmadation im) () {wect (] {sac) {eec)  {10%omis} (10 emin) (10 e} {10 cmin} (16 emied (40 omis)

STAG1460 5% 0425 Q0824 T4 DAM 1,068 1442 a8 144 150 182 148 147
STHG1460 2K o425 401824 278 DAE3 1.403 1.677 129 136 141 151 114 134
STH 81160 8% 00E5 nE24 0794 D8 1.168 1,967 124 129 133 114 128 123
5T 51460 5% oneh 0.0dg2e AT 0,544 1,174 1,908 124 137 1232 115 125 123
ET4 61410 X a.025 E01524  [AS 078 =13 161 182 180 itsd 13 1% 146
STA B1+10 X anas 1524 BEAE 0TS 0538 1618 148 155 181 1% 150 148
ETA Ei+10 &2 a6 noig2a  pESA AT 0.947 161% 149 155 161 13 150 L]
STA 61430 & 0.026 COW24  ReAs OT4T (EZB 1.315 153 162 168 167 182 164
STAEIIE X n0Zs DMz DEsT AT D 1627 e 155 182 135 150 147
HTA B30 & D25 0MHEZ:  0ER4 D75 0.4 1281 151 184 186 174 162 154
ETA B4 &% L.a2s 0.HMBZ4  DES AR DRl 1842 150 155 182 1M 151 147
STA G130 ax (3] QMHEM 0881 L7TE 0862 4.648 148 L1 154 133 L] 147
STA B0 = 0.02s 0C1824 0874 DITE 0865 1615 146 155 161 18 150 147

41) Thimeness af sperimen or kyer
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Crumb Rubber: Terminal Blend TEHI2009

‘atar F [+ anm Using ROMU 34 |r Permenmter Dala
Wigcoaty of aF 1.84E-06 Ng/M'E
Atmespheric Pressure 1138% Pa
Wolurne of alr Chamber 0.021B8 m*3 002186
Dansiy of water 1000 kgimt3
Vireosky of watar 0401 kgim'a
Toat u i 1, % 5 f ki [ [ on bog  Honm
Hampla HMAS Volds  Gradatlon {m) fmi'} {zag) {nac) [wec) {san)]  (10°cmin] (10 ore) (10°Cnue] (0TEE] (0 eRU (10 Cmisk
ETA120+T0 =X 0.025 Q.01824 1.1 1.1B0 1.490 2386 3 104 4 o a4 =11
BTA 12870 5X 0.025 A.01B24 1.02 122 1.53 zavT a7 1] A2 a8 B =]
STA128+70 X 0.025 d.01824 1.004 1.23 1.638 2245 B k1] i01 il ] 8
STA 130+00 8X 0.025 D.o1E24 2.516 a0 £.02% 565 - 3 R aw ] 1n
STA 130+ = 4.028 n.olazs 2,628 3267 ERE LFiprd 34 =T - k'] 37 ar
STA 130+00 BX 0.025 01524 2.653 a.2ma 4253 §.028 7 ar hrl ar ar ar
ETA 13045 £ 9.025 BO1B24 1381 1668 2004 2019 Fal L T4 76 73 |
BHTA 13+ 5 =5 4.026 Cua1824 1.426 173 2.188 3138 B9 mn T2 m " m
STA 13045 8X LOZE 01824 1.487 1.7 2221 3427 &7 g2 il [ =] &7
STA 13045 X 025 D01a2% 1489 1,780 22T 139 56 EG L) €8 7 a7

(11 Thichremss of apacimen o [ayos
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Crumb Rubber: Terminal Blend TEHI2009

‘atar F [+ anm Using ROMU 34 |r Permenmter Dala
Wigcoaty of aF 1.84E-06 Ng/M'E
Atmespheric Pressure 1138% Pa
Wolurne of alr Chamber 0.021B8 m*3 002186
Dansiy of water 1000 kgimt3
Vireosky of watar 0401 kgim'a
Toat u i 1, % 5 f ki [ [ on bog  Honm
Hampla HMAS Volds  Gradatlon {m) fmi'} {zag) {nac) [wec) {san)]  (10°cmin] (10 ore) (10°Cnue] (0TEE] (0 eRU (10 Cmisk
ETA120+T0 =X 0.025 Q.01824 1.1 1.1B0 1.490 2386 3 104 4 o a4 =11
BTA 12870 5X 0.025 A.01B24 1.02 122 1.53 zavT a7 1] A2 a8 B =]
STA128+70 X 0.025 d.01824 1.004 1.23 1.638 2245 B k1] i01 il ] 8
STA 130+00 8X 0.025 D.o1E24 2.516 a0 £.02% 565 - 3 R aw ] 1n
STA 130+ = 4.028 n.olazs 2,628 3267 ERE LFiprd 34 =T - k'] 37 ar
STA 130+00 BX 0.025 01524 2.653 a.2ma 4253 §.028 7 ar hrl ar ar ar
ETA 13045 £ 9.025 BO1B24 1381 1668 2004 2019 Fal L T4 76 73 |
BHTA 13+ 5 =5 4.026 Cua1824 1.426 173 2.188 3138 B9 mn T2 m " m
STA 13045 8X LOZE 01824 1.487 1.7 2221 3427 &7 g2 il [ =] &7
STA 13045 X 025 D01a2% 1489 1,780 22T 139 56 EG L) €8 7 a7

(11 Thichremss of apacimen o [ayos
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Grumb Rubber Gontrel Site -- Driving Lane 202009

Equivalcmnt Watar Pormpablisy Salculsliong Using RONU S (r Parmaimetar Data

Wiscamby of ar 1.B4E- ¥ gfres

Almcapharic Pregsure 101353 Pa

‘Welmg of ar Chambar 0,021 88 mhd o.0z186

Danaily of waler 1000 hgirerd

Wisceaky of water Q.001 Myier's

Tewt L X W E o u ki Hart Hay ot oy Kowmesn
Samphe NMAS Volds  Geadation m [ [mc] (] (] fomt]  {10%mis) (10 emis) (10 ) (10 emis) (10 cmis) (10 cmis)

BTA 20+30 =X 0.025 1.01824 0.500 nars 4.820 1.3 187 172 190 153 142 184
STA 2030 5 0.025 0.01824 0.607 DAGE 0647 1408 183 174 184 149 187 164
ETA 20+a0 X LiXuel] BOiE2a 0.818 oriz [1 1= 1.43 168 170 181 183 166 164
STA 2+3 EX 4025 L0524 1.628 0Te LETD 1.347 158 188 17 167 186 164
ETA 24 B [ Cras [FEAL L] {498 0.568 METS 1.0A7 184 216 229 2m 211 210
STA 20+40 X 0zZs 101824 L 504 0568 1.686 1.058 198 212 o] 208 210 210
STA 20040 ax Dozs nowza (514 0.578 Lo 1.031 192 20m 221 213 209 210
STA 2040 11 D028 001824 oET 0.658 [k B 1.014 191 208 k] T 208 My
STA 20+30 85 0a25 0iHB24 D4R 0.542 nase 1.147 o 223 278 131 24 Fali)
ST 2030 &X 0.025 0431824 DBz 0.652 0avs 111 2011 219 21 198 nz 210
STA =30 g% Q025 0,082+ D50z 9.552 068 1078 187 215 22 204 gt} 210
STa 2030 8% 1l 0.0a2d 0BT 0.874 [ukif=x] 1.0%94 145 219 23 Pl Pl 2a

(1} Thicknees of apaciman or layar
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Crumb Rubber Control Site — Passing Lane FriI2000

Equivalart Walar Parmoability Calculations Using ROML 24|r Permosmoter Data

Whoosky of Blr 1A4E-DS kgim's
Afmaspherc Pressue 101353 PR
Welume o alr Chamber D286 mh3 an21ds
Dansity of water 10040 kg3
Wimtasity of weter A.001 kgim's
Test u A 4 t t " ey Wt e e ba b
e HMas Volde  Gradation {rm} im"} {zac] {aan) [=mac] {men)  (10r'omis) {10 omisp (90 ey (10 cms) (10 emes) (10 %cmi)
STA 25+ =t 0.025 024 2.407 2842 3614 4 406 41 42 a4 L] 44 46
STA Z5HK X 0,025 fo1Ema 2asa 2w 36 5004 an 4 43 44 42 4z
gTA 25+ sx 0,025 Lotazd 251 2088 0698 4,804 % 40 42 45 42 42
STA 2500 =t 4025 BO1E24  ZE4B 3.049 E ) | S129 8 0 42 43 4 41
STA 28400 et 4,025 D014 2526 ERE] 2B 4045 kL) 1 42 45 42 42
STA 24+80 =X 028 DO1824  2.3an 2.v4 415 4.8 42 &3 a5 a7 - 45
STA 24-80 K 4a28 DAat824 2.586 283 3422 48231 a1 43 48 47 4k 45
ETA 2480 EX a8 001824 138 2833 34498 4.608 a1 43 45 4B 4+ 45
STA 2480 3K 0026 [RE5 I'FEY z4 2857 3402 4511 LAl 42 48 45 L) 48
BTA 470 5 025 natE2s 4.857 o442 B8EE B.591 21 az 23 il 2% 23
STA 2470 X [l Oiegd  a.6m8 5245 BE1Z 0 458 ] FE] 24 . 24 24
STA 24470 1.4 0025 0.01324 4 4BG 6.2a1 B.532 ar x» 23 4 x 24 24
HTA M470 5K D25 0mags 4323 5124 6.3 T3 ) 24 &5 ) a5 B3

11 Thickrass of speciman or lever
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pa-z

- Rubber Piant Daily Report
ac $ PAT H Operatar: dpd Afiquern | Dayh_Jes_
e Shest#: 2 Date:__ Ff/wfzpad cGfmy
chonginng Plant Location: Jug LoivwTtes . Sesdry Lo
N il reads Customer Name: " glag Boperernrs
. ‘_TU Project Location: 3y agzs  Fef
: qq .‘l O?) } Project Number: 447 F/ x5
"iﬁ} i Bland Data :
: Tons T3
nd SEETime  Stap Tine AL Ternp Tons AL Tons Rubber Blend % Rubber Vice at 358 °F
5§ Fietw | Fope” 292" i e | s 4.6 T st
—|- = ki 55 PALw ]
I |
g9 tad
. .- Ll s B
# Bags
Usg-2| _F?F 2 FF | - .
2 2 -
3 3 — 7]
a - ] ] 4
: DR . —
B &
7 - ‘rotal delfvered today = -
g ) Total defiverad previous| Fg7 79 7
bl Tata! delivered tadate| 70 TS Ik
1. Total used today| Lo d7 |28
11 ] ‘Total used previows | o o I
12 i Tatal used to date| /5 faw i —
Tulal defivered taday] .9 F Bakance| 25 273 rid
Total delivered pravious| 9%, 7 e N
Total delivered to date] 45, A R R Y e i
Tatal used today KE] Gty |Tns)
Total used prnsous| 54 73 Totzl dellvered toden] s panl o
Total used to date| LS, 3 Total dalfvered previous gfae| !
Batance . Total delivered to date|  7a 267 S
Total usad woday]  SF, 4] ™,
Tank 1 Tank 2 Tank 3 Total used previous| A&l 40
- [inches g, Totalused to dane|  #2.2¢ .
" Welume SRR e Balanc o} 4
Density gad o
Total Tons U Rt 2 %
Inches Oy {Gal)
" wolume | . Total dafivered today =
Denaty T Total defivered previcus|  fap., o
 [rotai Tons| T § Total delivered to date|_F g 2
snﬁlvcfwﬂﬂrnﬁ}%ﬁ&mﬂ:_ jg’ -r Slgnature, Ioh title, & date:
Additional quantity: Sgnature, Job tite, & date:
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p.3
- = Rubber Mant Daily Raport . .
a‘ QPATH . Opaﬂnnm Dayiid ¢ 2
e Sheets:_§° —  Date glos p!m :
chonging P‘anf-mﬂﬂm%;mzﬁLM
_____ . Customer Name: ey Taiposires :
our warkd’s mmads Project Location: e 7 -
Project Numbar: Q80 #7135
Blend Data :
. : Tans AR
nd Start Time Stog Tims AC Temp Tons AL _Tun:!'uhber e % Rubder Viscat 350 "F
{ | ttze 2030 723”7 2022 | 298 { 30| F.92%] 1500 e
L |wioe | g ivf” Frrad 2293 | 2.7 [30.27]| Ty I Fls,
4
S S—
1 42704 Fita
2] 2
" 3 ]
4 4
& 5
5 L & ] -
7 ] Taks delvered today| 33797 i
:1 Total delhvered previous -5 =
g Total delivered to date| 3¢ 339 Ix .
10 Totol used today| 7o'z &=
F 1 e I Total used provieus| 5
12 Totalusedwodete| /a8 | |
Total delivered today S5 ¥ Balapce| 27339 2F
Tota! daltvered pravious i
Tatal delivered to date 55.FF -‘-
Total used today| 5533
Total used previaus g Totsldelrred taday)  bh28™F A
Totelused todate] 5.5, 73 Total deftvered previows| f
’ Balance & ] Total defvered todate] & Az0 |
Tata used today]  jof.p s ™h,
Tank 1 Tark 2 Fank - Total used previcus & e
Inchas e Total used o date| ~¢"-Lv | /7
. Vohime Balance| s’ -_T
" |oenstty >~
Tatal Tans TS e T
Inches F3" o Oby {Eal}
o |Volume HMEIR S | Total defivered today| &
Denisity i Toral delivered preious]  ——-
 {Tomt Tons HE L Tatal delivered to date}_Feas. U |
wantity of asphalk rubber ordered: . Signature, Job thtle, & date:
Acditenal quantity: Sigrature, lab tide, & date:
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Colornda Cepartmen of Transpartation

PROJECT PRODUCED HOT MIX ASPHALT

Sample No! 1 Profect Mo NHOS41 073
Flold Shaut Ho: 1457% Lodalion: |50 RYPASS RESURFACING T4
Dato Recslved: 4/10:2000 13:36:00 SubAedl No: 165622
Aampls Desc: 1st 10K/ |AT, F5¢ 14576 Mix Boplgn: Mow
Fremarke; Final Fagon Fegion: 04
Tested By: A4 Lac
SuperPeve fom M
Form 43 Dpty: 708000 Refingry; ECOPATH
Furmit 43 No: 180E10WP Binder: PG E4-280WF
Grading: SX Conlractor: Aggregale Induslries
H(des): 10D PiL: 35t Ave (LaFange), Dietal, Bnd
Yolgs Propertios
Extluded Spasimen Ba: 0
Epecimen: Statiyn Bpwoilcations
%6 AC: 6.a7 Pass B0 4+ 0.3
Mun Sp Gr: 2415 Insido Bard 2447 45 0
Spechmen ;  GpSdimendl SoeCiman: A0S  Swius  Soecificatons
Bulk 3G: 2.29% 2286 2268 2282
Rt M (Deslpnl 611 B3 LR 831
Volds i3 Mioas): 48 53 253 51 Pags a9+ 12
VHIA G Nickos): 172 176 17.6 17.8 Pass 153 - 177
VFA G Mdes): 724 701 0.1 704 Masy 8 - 7B
- Gradwion Aesults Stablilty Reaults

Testing: Yods Aoccmico

Apgrepale Corrertinn: Mo
M TeotBseuMs
Slove mm (] % Pegy Min A Papgbar  Stetys X Pegsy

Exciuded Spechnen No: ©

Slability Compacted By: BD
Sinhilsmater Aua By: BC

TS 1 WA L]
2680 (1) MiA il
Specimen 1: %
19.0 (3049 100,00 A 100 Specimen 2. -
125112 Y00 19000 Pass ™ Specknen 3: 2 Slalus
85 (36 B.00 52,00 Fasg ] Awernge: 28 Fai
475-#M 57.00 E7.00 Peag &0
236-#8 4200 52.00 Pasz a6 Lotiman Resylts
1.18-HE HA 3 Lotiman ay. bt
sam. -0 A = Pees @ Lotiman Loads By: BO
300 mikc. - #50 A 13
150 mic. - £100 A g N
76 mic. 9200 380 7.8 Pags 54 Wothmg TE:  T64
_ hyggreqetePropertes 00 Drydwg. 1.5 FI6 P 0
Widea): 100 Graation By: BC 1&3-::?::: 59;
TeaiResyll  Stabus Job M TS Retamed: b1 Pass ™
Sagutarily T304 44,1 Fa# 50
Bubh SG of Aggreguits: 26
Bulk G of Flne Aggiegste: 2508
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Calorado Depeitmant of Tranaporiabon
PROJECT FRODUCED HOT MIX ASPHALT

Sompla Ho: 2 Projser No: MHI 073
Fleid Steel No: 14680 Localinn: (S14-BYPASS RESLRFACING 71
et Fincadwad: /1 12008 U514 SutAcct, No: 16522
Sample Deec: Tesl 52, FS¥ 14980 Mix Dosign: Maw
Rernbtics: Frial Repart Region: 04
Tested Byz R4 Leb
SuperPave em 40
Form 43 Dade: 72872009 Rofinery: ECOPATH
Fonm 43 Ho: 1BU610WF Binder: PO 84-25WF
Grading: SX Coniraetor; Aqgregair indusirias
Mides]: 100 Pit: 351 Awm (LaFare), Distel, B
¥oids Properties

Exchided Speckmen Mo: 0
Soecimen; Siaius Spacliicgions

% AC: 8. Pass HI0 « 03
Max 5p. Gr.; 2413 Inside Barnd 2417 «- D01
SRocimenl: Spesimend: Soocmenl:  Aversge  Stalug 1B tions
Bulk 5G: P, 244 2286 2205
Hi. N Dosign): [<K| Ba.2 E3.2 632
Volds @ M{des): 48 48 44 48 Pasa: 390 & 12
VMA@ Hides): 17.3 17.4 173 173 Pass 153 - 7.7
YFA  Michea): 718 716 na T8 Pass B - 75
—_— Gndalion Fesylis Stablity Resuits
Temting: Woids Accesptanae Agprogets Carmction: Mo Excluded Specimen Ha: 0
— b Tesl Hosuta '
) I tn Stabiity Compacied By: BC
Sweve i (] % Pass Min 3% Pasa bar  Slatus 3% Pess Stpbdlamutor Run By BC
TS (1 1) NeA
25041} MR 100
19.0 {24y 10000 T 100 Specimen 1: a0
WEHE 5000 0BOR Pass 65 Specimen : 3
%5(28) a0.00 2.0 Pass &7 Specimen 3: un S
4753 57.00 &7.00 Paga - Averape: a1 Pass
2.35- 28 4240 52.00 Pass 52
148 - 415 hek g —  lottmanResuhs
600 mic. - N30 18.00 2E.00 Pass 4
Lutirman !
00 mie. - #50 [T 16 Sompectad By
150 mie. - #00 WA 10 battman Loads By:
TS mic. - #2060 380 7RO Pass 67
Avorage  Steluz  Job Mix
Aogregate Pioper s Wet Avg. TE:
Mides): 100 Gradatinn By- BC Dey Ang. T3 B E
A Methvod: AC Mucker Galne % 5:'::‘::3 oo
Tes! Reaull  Staluz  Job Mis T 5. Retolned: 1] Ay T
AnuMMty T304: 444 Fal 45.0

Bulk 30 of Aggrogeie: 25
Bulk S of Fine Sgregebe: pio:

T ——T————
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Colorado Department of Transpartation
____ PROJECT PRODUCED HOT MIX ASPHALT

Sample Na: 3 Project Mo: HMHE41.073
Flielct Sheat Bo: 145891 Loahtion: ||534 BYPASE AESLIAFACING 71
Dintg Resemived - f4 12008 10:42:00 Subkeet. Mo: 15522
Samphe Deac: Teal 83, FES 14881 Mllx Daalyn: Now
Fpmarks: FiNEl Fepor Reglon: 04
Testnd Ey: R4 Lab
SudpiPove ftem,
Form 43 Dats: 7282008 Ratinary: ECOPATH
Form 43 No: {8061 CWF Bindae: PG 54-200P
Grading: SX Conbractor; Aggreqale Industrics
Hidas): 100 Pit: 3fih fwe (LaFangs), Disiel, Bim
¥algs Properiics

Excluded Speciman MNo: T
Foedimen; Slalup Saecificafions
AL B.ES Pess B0 4~ 03
Max Sp. Gr.: 2412 Inaiga Band 207 +- OdA

Spacimen 1:  Semcimen2: Specimend:  Avorage  Stalg  Specilioaions

Bulk £6: 2380 2z 2.am 3320
HL M {Deaigni: £2.0 G 827 28
Volds & Midas): 3.6 as a4 3.4 Paza 393 + 1.2
VA & W desh: 6.0 65,1 6.0 ] Pags 153 - 10T
YFA @ Nichm]: TE.4 785 e .5 Fail 86 - 7E
———  GrogpliONReguitg — e iabily Romlts
Testing: Mo Grutalion Tesling Bggibgala Cormedtian: Ma Exclused Spaoimen No: 0
_ JohMiz _ TouPesuhs :
M Stabllity Compaciad By: B
Slave m ) 6 PAes Mip 5 Petg Mex  Shakis % Pags Siablometer Aun By: BC
IS 1E MR +
#5.0 (1} [T 0
190 (24 100,00 N 1] Speciman 1; =2
’ Speciman 2: 5]
128 (1) $0.00 100,08 Hia o .
o8 CuR} 800 4200 WA o Specimen 3: H Statis
ATE -84 5700 ET00 Y o Avaromge: e Pass
-0 4200 2.0 Nia, il
118 -8 Mty 1] Lotiman
00 mic. - ;. 17
mio. #2080 2.0 N Lotimpn Compactad By:
300 mbe. - #50 'L a )
150 mic. - #100 o 0 Lotiman Loads By:
THrdc.-#200 380 740 HiA 40
Aversae  GlADNS  JORMIX
P Wat Avg. T.5.2
Hides): 100 Gragatian By: BC Dwy &vwg. T5.: HiA kY
RG Methad: A Nuclear DaLgs s iy "'::::: oo
Tesd Resull  Satus  Job Mix T.5. Retahed: o [Ty T
Angulary T 304: B HiA a5

Bulk 3G of Aggregate: 28
Bulk 50 of Fine Aggreate:  2.569

COGT Form 4580 012007
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Colorado Department of Transpartation
____ PROJECT PRODUCED HOT MIX ASPHALT

Sample Na: 3 Project Mo: HMHE41.073
Flielct Sheat Bo: 145891 Loahtion: ||534 BYPASE AESLIAFACING 71
Dintg Resemived - f4 12008 10:42:00 Subkeet. Mo: 15522
Samphe Deac: Teal 83, FES 14881 Mllx Daalyn: Now
Fpmarks: FiNEl Fepor Reglon: 04
Testnd Ey: R4 Lab
SudpiPove ftem,
Form 43 Dats: 7282008 Ratinary: ECOPATH
Form 43 No: {8061 CWF Bindae: PG 54-200P
Grading: SX Conbractor; Aggreqale Industrics
Hidas): 100 Pit: 3fih fwe (LaFangs), Disiel, Bim
¥algs Properiics

Excluded Speciman MNo: T
Foedimen; Slalup Saecificafions
AL B.ES Pess B0 4~ 03
Max Sp. Gr.: 2412 Inaiga Band 207 +- OdA

Spacimen 1:  Semcimen2: Specimend:  Avorage  Stalg  Specilioaions

Bulk £6: 2380 2z 2.am 3320
HL M {Deaigni: £2.0 G 827 28
Volds & Midas): 3.6 as a4 3.4 Paza 393 + 1.2
VA & W desh: 6.0 65,1 6.0 ] Pags 153 - 10T
YFA @ Nichm]: TE.4 785 e .5 Fail 86 - 7E
———  GrogpliONReguitg — e iabily Romlts
Testing: Mo Grutalion Tesling Bggibgala Cormedtian: Ma Exclused Spaoimen No: 0
_ JohMiz _ TouPesuhs :
M Stabllity Compaciad By: B
Slave m ) 6 PAes Mip 5 Petg Mex  Shakis % Pags Siablometer Aun By: BC
IS 1E MR +
#5.0 (1} [T 0
190 (24 100,00 N 1] Speciman 1; =2
’ Speciman 2: 5]
128 (1) $0.00 100,08 Hia o .
o8 CuR} 800 4200 WA o Specimen 3: H Statis
ATE -84 5700 ET00 Y o Avaromge: e Pass
-0 4200 2.0 Nia, il
118 -8 Mty 1] Lotiman
00 mic. - ;. 17
mio. #2080 2.0 N Lotimpn Compactad By:
300 mbe. - #50 'L a )
150 mic. - #100 o 0 Lotiman Loads By:
THrdc.-#200 380 740 HiA 40
Aversae  GlADNS  JORMIX
P Wat Avg. T.5.2
Hides): 100 Gragatian By: BC Dwy &vwg. T5.: HiA kY
RG Methad: A Nuclear DaLgs s iy "'::::: oo
Tesd Resull  Satus  Job Mix T.5. Retahed: o [Ty T
Angulary T 304: B HiA a5

Bulk 3G of Aggregate: 28
Bulk 50 of Fine Aggreate:  2.569

COGT Form 4580 012007
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Colorado Deparment of Transporiation
PROJECT PRODUCED HOT MIX ASPHALT

Earnpln Wo: 138 HD Project Ho: MHE31-073
Fleid Sheol No: 1497 Locathon: 1534 BYPASS AESLAFACING 71
Dote Recaived: 5911/2009 14:14:14 Subfoct Mo 16522
Sampls Desc: 18t 100 Latt, IAT, FS# 14879 Min Desin: Mew
Remarks: C-F eppiled Reglon: 4
Tayied By: Hi} Lab
SuperPave hem 403
Fonm 43 Dase: 7282005 Rofingry- ECOPATH
Form 43 Ho: 18051BWE Binder: PG (4-20WF
Gracitng: SX Contractorn: Aggregats IrdLetice
Nidea): 100 PlL: 351h Ave [LaFarpal. Diswel, 83w
_Wolkds Propeies
Exchidéd Bpecimen No: 0
Sotcimen: FLLT] Apes Hlcalons
LY 13 (¥ Fall 810w~ 03
Max Sp. Gr.: 2427 Oultice Barwt 2417 +- 0.01

Spegimenl: Epscimend: Jpescimand:  Swarage  Slslue Spocifcations
2300

Hulk 53 apgh 2,306 2301
Ht. W (Decabgn}: 519 =] .0 BB
Vieids @ Nides): 55 Y] 5.2 B2 Fail 380 H- 1.2
YNA & Nides): 174 16.8 172 172 Pass 1Ba - 177
VFA @ N[dea}: 6a.7 Ealls) 685 887 Pats B - 78
—_— Grodabion Healts StabiAly Resups
Testing: Voide Acceplance Agiragte Contctlan: No Mo 0
—  JobMlx _ TegiRosuls Stabflity Compagtod By: Kinncs, Paul
Slave Mingln) % Paesk Min % Pady Max  Strlies % Pags Stabometsr Aub By: Kinnes, Paul
IS 1Y N
250 (1) L m
180 (304} 100000 WA 100 Specimen 1: a
e K00 160,00 Pass ] s"“’"""‘;f :ﬁ —
9.5 () 0.0 B200 Bage BE 5
ATE - 24 E7.00 B7.00 Pass 13 Bverege: o Pass
235-#3 4200 5200 Fays 52
118 -#18 A 36 _Lotiman Resyls =
GO0 ke, - W30 1840 .00 Pass 23 Letoman tiompneiad By: Kinnse, Pl
300 mic, - ¥ A 14 '
150 mig. - £100 " 9 Lottman Loads By: Knires, Pl
7Smic, - #2M 5ED 740 Pass 58
Avernge  Dtatus  Job Mix
——Aggregate Properiles Wet Avg. TS 717
Woesy; 100 Gradation BY: Lopez, Damcie L Dwy Avg. TS5 826 Paes a0
AL Motk Pyrolysis Dvgn e e 04
Test Ragull  Stetues  Job Al T.5. Ralained: B7 Paca E

ADQUEAL T 3H: O i a0
Bulk SG of Aggrogabe: 25
Bulk SG of Fine Aggregade: 2506

BTl T S T S
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Golorade Depariment of Tranaporiation
PROJECT PRODLICED HOT MiX ASPHALT

Samgls Mo: 118 HQ
Rald 3hesl Mo: 14875
Dabe Facabved: &/2500)d 15:00:00

Praject Ho: NHI341-073
Loentian: | 534 BYPASS RESURFACING T1
SubAcet Mo: 16522

Sample Deac: Infa only / Raseach, FS¥ 14576 Mix Deslgn: Mew
Famarks: 5.F appled Roghon: 04
Testod By: HO Lab
SuperPeve ftem 413
Form 43 Dale; 7252005 Rafliery: WRIGHT

Form 43 Mo: T80&10TR Blnder: P4 E4-2ETE

Tosling: Voids Acceplance

Grading: SX Contractar: Agoregate MousiTes
Hides}: 103 Pit: 35th Ave (LaFarga), Disbel, 83d
Yoigs Froimiiies
Edcludid Specliien No: 0
SPECHN; Siatus Specificaligns
% ALC: 5.58 Pacs E80 +~ 03
Max 3p. Gr.: 2454 Culslds Barad 243 - DI

Suechnen 1;:  fpodimon®: Soecimond: Auwmge  Stwius  Eperifications

BuMk 3G: 2353 oART 2.358 2357
Mt. H (Design): 640 4.5 544 4.4
Wi 4 (3 Mdhesk 4.1 a4 3.4 4.0 Pags .80 +- 1.2
YMA B H{dsa): 14.5 1d.4 14.3 T4 Pase 137 - 151
VFA (2 Ndeal: ma 26 T30 125 Pess B2 - b=
—_ Gredation Hesulty Stabliiry Rgsul

Bprprbgats Comection: Mo Exaluckn] Epecimen Na: [

Job My _ ToytRpsylty "
Shabiity Compacted By: Logez. Darcie L
Sheve i (In] %6 Pags My 3 Pass Max  Ftatus 6 Paes Sisbicmeder Aun B Lam, Jonnay
361 1 MA
250 (1) A i
19,0 {3M4) 100.00 A 100 Specimen 1: 3%
Specimen 2: 4o
125019 SO0 OO0 Pass 98 .
Spacimen 3 an Sy
25028 BROD 62.00 Pags ] e
4.7H- 84 57.00 £7.00 Py 13 Average: o Pazs
236-88 42.00 52.00 Pass 50
118418 NiA 37 —  lowmanPesuts
500 mic. - #30  18.00 26.00 Pas 5
Lotiman Co tod By: , Darcd
00 mic. - #50 oy % n Compac y: Laopes, Darcie L
150 mic 100 A, 10 Lottman Losos By: Lopaz, Dande L
75 mic. - #200 330 7.80 Fase 1]
fgmwege  Spius  ooblx
e Mgregats Proparties Wel g TS: E3E
Widus); 100 Gradation By: Lam, Jchiry Dry MV TE: Tz Pass an
- . <% Volds: T3
A Mirthod: Pyralysis Gvon % Saurallon: B0
Tagl Result  Swius  Job Mix TS Aetsned: A7 Pass o
Angubarty T 304 k! A 450
Bulk 3G ol Aggnegate: 28
Bubk 8G of Fina Agoregaie: 2585
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Golorade Depariment of Tranaporiation
PROJECT PRODLICED HOT MiX ASPHALT

Samgls Mo: 118 HQ
Rald 3hesl Mo: 14875
Dabe Facabved: &/2500)d 15:00:00

Praject Ho: NHI341-073
Loentian: | 534 BYPASS RESURFACING T1
SubAcet Mo: 16522

Sample Deac: Infa only / Raseach, FS¥ 14576 Mix Deslgn: Mew
Famarks: 5.F appled Roghon: 04
Testod By: HO Lab
SuperPeve ftem 413
Form 43 Dale; 7252005 Rafliery: WRIGHT

Form 43 Mo: T80&10TR Blnder: P4 E4-2ETE

Tosling: Voids Acceplance

Grading: SX Contractar: Agoregate MousiTes
Hides}: 103 Pit: 35th Ave (LaFarga), Disbel, 83d
Yoigs Froimiiies
Edcludid Specliien No: 0
SPECHN; Siatus Specificaligns
% ALC: 5.58 Pacs E80 +~ 03
Max 3p. Gr.: 2454 Culslds Barad 243 - DI

Suechnen 1;:  fpodimon®: Soecimond: Auwmge  Stwius  Eperifications

BuMk 3G: 2353 oART 2.358 2357
Mt. H (Design): 640 4.5 544 4.4
Wi 4 (3 Mdhesk 4.1 a4 3.4 4.0 Pags .80 +- 1.2
YMA B H{dsa): 14.5 1d.4 14.3 T4 Pase 137 - 151
VFA (2 Ndeal: ma 26 T30 125 Pess B2 - b=
—_ Gredation Hesulty Stabliiry Rgsul

Bprprbgats Comection: Mo Exaluckn] Epecimen Na: [

Job My _ ToytRpsylty "
Shabiity Compacted By: Logez. Darcie L
Sheve i (In] %6 Pags My 3 Pass Max  Ftatus 6 Paes Sisbicmeder Aun B Lam, Jonnay
361 1 MA
250 (1) A i
19,0 {3M4) 100.00 A 100 Specimen 1: 3%
Specimen 2: 4o
125019 SO0 OO0 Pass 98 .
Spacimen 3 an Sy
25028 BROD 62.00 Pags ] e
4.7H- 84 57.00 £7.00 Py 13 Average: o Pazs
236-88 42.00 52.00 Pass 50
118418 NiA 37 —  lowmanPesuts
500 mic. - #30  18.00 26.00 Pas 5
Lotiman Co tod By: , Darcd
00 mic. - #50 oy % n Compac y: Laopes, Darcie L
150 mic 100 A, 10 Lottman Losos By: Lopaz, Dande L
75 mic. - #200 330 7.80 Fase 1]
fgmwege  Spius  ooblx
e Mgregats Proparties Wel g TS: E3E
Widus); 100 Gradation By: Lam, Jchiry Dry MV TE: Tz Pass an
- . <% Volds: T3
A Mirthod: Pyralysis Gvon % Saurallon: B0
Tagl Result  Swius  Job Mix TS Aetsned: A7 Pass o
Angubarty T 304 k! A 450
Bulk 3G ol Aggnegate: 28
Bubk 8G of Fina Agoregaie: 2585
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Colarada Dopartment of Transportation
PROJECT PRODUCED HOT MIX ASFHALY

Samphe Ko: 126 HQ
Field Sheet No: 14077

Project No: MH031-072
Localon: 524 BYPAGS RESURFACING 71

Dwte Recebved: §%5900a 09t 1700 Subkect, Ho: 18522
Sampha Deac: AT, FS4 14077 Mz Desiph; Mew
Ramarka: CF applied Raglon; 04
Tiested By; HO Lab
Suparbye llarm 193
Form 43 Dale: Ti2e2004 Refinery: WRIGHT
Fowm 43 Ho: 180610TE Binder: PG 64-28TE
Grading: SX Contraclar: Agyregate Indusiics
Mides): 100 PH: 361 Ave JLaFarga), Dislel, 85
Yolds Properties
Excluded Spacimon Ho: 0
Spechiun: St Soon fleaong
AL 543 Pass 50+ 0F
Max Sp. G 2452 Insite Band 2435 +- 0.m

Specimenl: Specimen p;. Spechnen 3 Aversse Stalyy  Specificationt
a4 PE

Bulk £G: 2356 2358
HL N {Deaign): 41 6.2 4.4 B2
Yolds 63 M{des): a9 L ¥ 4.0 34 Pass 380 H- 12
YHA & Widas): 14.4 14 tdd 144 Fass 1P - 15
VEA (@ M 728 731 724 728 Past @& - 75
Gradation Reaulia Stapiiity Resuils
Tealing: Yoida Acceptanca Aggragats Cormection: Mo Exciuded Specimen Noz 0
—dabMix = FestPesgita Sinblity Campostod By: Lopez, Darcie L
Slovemmiin) % Pegs Min % Posabax  Shivs % Poss Stablloretr Bun By: Kimcs, Pad
ELCTRRE 13 LN
26011} A o
140 (34 100, i 100 Specdman 1: &
Spedmen 2: 40
1251 a0.00 100.00 F =]
{124 ase Speciman 3: ] Hetug
LYK L) a0.00 q2.00 Fass o]
475-# 57.00 a7.00 Page &5 Avernge: £ Pass
2.3 - 40 Az 52,00 Fass ]
118416 M ar Lottman Results
8ol mde.-#30 1840 2600 Pass 5
Lot Compacted By:
200 b - 250 NI & men Compacted By: Lopez, DarcTeL
150 i - #100 A 10 Lotiman Losds BY: Lopez, Darcse L
75 mic- - #2200 281 B P 52
Rintage  Sfehes  Job Mid
Anqregate Froperties Wet Avg. TS THE
Hides): 100 Gradwion By: |am, Jahriny Ovy Awg T.E: 307 Pasa a
) % Volds: T
AC Msthod: Pyralysis Cai “s o o5
Tesl Resull  Status ol MW T.5. Rgtnbned: By Foss T
Angularity T 304: . A 45.0

Bulk SG of Aggregale: 2B
Bulk G of Fine Aggragale;  2.506
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Colorado Depaiiment of Transporiation

SampleMe: 3
Fiald Bheal Mo: 14973
Diwte Flacaived: B4/2000 ¥1:11200

Project Ho: NHGE41-073
Location: [#34-BYPASS RESLAFACING T
Bubloct. Hg: 16527

Samphw Dewc: Toc1 3, P 14575 Mix Dusign: Haw
PR purs: il Reapert Aeglan: 04
Toated By: A4 Lao
Sumerfave tem 405
Foem 43 Dals! 7/28/2009 Rufmeny: WRIGHT

Form 43 Mo: 130651076 Binder: PG 64-28TB

Gracg: X Conlracior: Ayiegale rdisios
Hidas): 100 Plt: 35 Ave LaFarpel, Cielel, 83
Voids Propertien
Exglutied Spedalman Na: §
Sptgimen: Statue Epgcificalions
e AC: 540 Pags SE1 + 03
Maox Sp. G 247 side Band 2489 +- D.D1
Bulk 5G: o966 P 2361 2364
Hi. N {Design): B3B 838 844 6.9
Yolds & Mdas): aa as a5 3.4 Pass 390 +- 1.2
VMA G e 13.9 LER:] 141 40 Pass 137 - 151
VEA @ Nides) 781 8.1 5.0 75.7 Fail % - 75
—_— Cradition FesuNs It uhs
Tasting; Wuics Acceplance Aggregetn Camacdon: Ma Excuded Spacimen Na: 0
— JobMix = TestResulty
x Stabilty Compnoted By: DHE
Sleve i (I} % Pest Wi 5 Piads Moz Stolus % Pags Stabillomebr Bun By: BC
IT5(1 172 [y
201 N 100
190 (304 100.00 A, 100 speﬂ_man i H 3
12,5 (vap 0 10,00 Pass o Spocimeh 2: "3
9.5 (5} s0.00 2200 Fass 8 Spechmen 3: “ Status
47544 S7.0% G700 Pasg 63 Averapa: 43 Pads
236 - 8 42,00 5200 Pass &0
1.18-18 WA 3 o Letimanfeaytts =~
600 mic. - 530  18.00 26.00 Pams a4
Lethmat Ca ;
300 Mk, - W50 A 15 mwcted B)".
150 mie - #1100 WA in Lottman |_onds By:
TEmic. - #200 38D 780 Pass a7
Auormge  Status  Joh Mix
—  MoegmePropeties 000 00 Wot Aug. T8
Hides): 100 Gradation By: DKE Dy Avg. T.5: b
% Volds: DO
AC Mathod: AC Muclear Gauge 5% Suturation:
Tesl Rosult  Satus  Job MLx TS Retsired: 0 WA T

Angularity T 304: 440 FFail 450
Bulk 5G of Aggrogute: 26
Bulk S0 of FAne Aggregate: 2695

T Frees AR A ARG
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Caolorada Depariment of Trareporsdon
PROWECT PRODUCED HOT MIX ASPHALT

Sampia No: 2 Project Mo; NHE341-073
Fiold Shest Mo: 14877 Lochtion: L5348 1PASE RESURFACING T
Dot R vz BLG/200% 11510000 Subkert Mo 16522
Samptes Desc: Toel 42, FSE 14877 Mix Bosign: Mew
Famarks: Fina Fopar Reglon: 04
Teatad Ey: 4 Lab
Superfave lkem 403
Fonm A3 Dals: 72RP000 PAafinery: WRIGHT
Farm 43 tho: 1B0G10TE BArder: P 64-2ETE
Grmfng: SX Comiractor: Apgregate industrics
MNeaesl: 100 PR 3510 Ave (LaFaige), Distel, B3
VYolde Propertles

Excluded Specimen No: O
s g St Iratne
% MG 5.26 Fall 580 +- DA
Max Sp. Gr.: 244 Inskle Band 2.438 - &0

Specithen 1:  Spechiwnd.  Specinand: Aveine  Gighe  Specllllons
237§ eam

Bulk SG: 2378 2.574
HIL. N {Besighij: B3.5 1] 815 B35
Vit & Ndea): 30 21 an a0 [3:1::] 380 +- 1.2
VMA S Ndes): 13.4 135 134 134 Fall 1T - 154
VFA G Mdaak e 74 ma T Fail BF - TR
- (iradetion Reaulis Stabitty Reeutta
Testing: Woits Acaptance Aguragae Comecton: Ho Excluded Spociman No: D
_ dJobMik 000 TestResulx
Mix Tost Re Stebliity Compacted By: DK
Sevemmil) %Fegasin % Pase Max Zmus % Pesy Stabllomoter Run By: BG
krA-TIRT] LY
254 {4} Hed 100
18,0 (304) TOAR Hih 10 Speciisn 1:
Spaciman Z; 41
12, . .
2.8 (102} .00 100,00 Fass 6 Srodmens: - .
2.5 (38} eipa 9200 Pass 87 Stalu
LT 57.00 EFLHY Pass B4 Averspe: 42 Pasz
238-28 4200 5200 Pass £t
116 16 [ ar Letiman ks
L - | Py
00 mic, - ¥ 1E00 28.00 ‘B8 25 f an £ ) By:
300 mic, - #50 [ 16 L Loads By:
150 mle. - HOB KA 10 otiman Loads By-
75 milc. - #200 3.50 T.ED Pass T
Average  EEE M MK
el Avg. T3,
Hidea): T Gradallan By: DHE Diry fagy TE.: Y 30

% Volds: a0
A5 Whatived: 4G Nuclear Gauge e At TG

Tesi Aesull  Stoms Job Mix T.& Rednired: a WA i
Anguinriy T3M: 440 Fall 45.0
Bulk B of Aggregete: 25
Bulk 30 of Fie Apgregaie: 2559

T AR M TR R R
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Asphialt Cement Reiielts and Final Quantity - PG 64-

Sobgorount:  16522P0G64-28
Froject; MWH 0341-073
Law:ete: US 34 Bypass Resurfacing 7151 - Bth Ave.
Hepin: 4
Girada: PGE4-2B
Refinery: SUNCOR, Demer
F&# Lot Fof Samp# Datr Sprc Tevod,
Lans FAT  Xamp iz Fise
AASHTO Max
Ypecification Ipa-y
44106 1 0 1 Ay E165/B00R
ITeEE 1 T 2 EE208
41y & o H ¥ TR ]
2TH z 7 13 TH200%
T - T 16 THN2ANS
76T 4 2 1 AMS200%

Subercount: 16522PGE4-23

Wednerame, Septomber (2, XY

Febis

M
LA )

1.66
166
1%
1.55
155

163

* duptates deviarion frie fpecs

Thrat

Mir
an

BQ.0
B0
-4 ]

100

Fough

Min
1tk

Ll
210.0
249.0
180.0
1500
2134

Tener

Min
TEilp

1740
184.0
i
13en
136.0
157.0

Calorade Pepertient of Frausporaiog
Mifamincecy Faedt 303-3108-6330
570 Wolly Se, Lk 4
Demver, Co, 80216

Towt Metheade: AATHITY AT

Lo RTROD
SR
Mex Joes Min
L 220 hPa
a8
a.zn

3.32

324

RFF0
Duger
Min 20

oA
41.0
0

310

Page § of 2

HER
5
Mar
ELICE Cr
1%
122

137

COOT Foen 67 4417

FER m

Min
1.

363

247

Dir
Tems

IR



Asphalf Cement Resulis Crumb Rubber Kesearch FU 64-28TH

Subacoount:  1G522PGE4-26TH

Progeci: MH 0341-073

Locediun: U3 34 Bypass Resurfacing 715t 1o 8th Ava.
Repton: L

Grade: B4-28TH

Rafiaoey: Wright , Channebview, TX

FS# o & of Sumpi! Darier Spee  freok OSR
Cewes AT Swnap {irar Vinr
AARHTIE Mg Min
Sireciffearian Jpaer LAOWkPa
4114 1 o 1 ¥ Ridr2a0 210
1 ' o 1 B2 24
ataT 1 3 2 E/2008 2m:
Ttz spmmaer af A somgalay op Ks prafect: 3
Forlad momher of PAT camyphes oo Wir goen 4
Fod fors of Mir 7 fieder covered: (E L]
Fimal guey guessidity: . . e Bonk aof Wi S Binder
Approved bp:

Fainteirunon: Bogivme deaierids
Rogizn e
Froject File

Subaccornr 18522PGES-20TH
Thieriduy, Angest 20, 2069

hect Tongh
Min Min
B Mo
i Iz *
v Y 115.0
283 1050

Rk G HRE

 domites deviarion o tamfard BT G428 Spers

101

Colerade Liepartrrent of Crensperietion
Ritrrinons L'ngt J03-103-65360

670 Holly Se, Tnir A

Demegr, Co. SEZIE

Tesr Methnds: AASHTO-ASTL

Temure I{MH RTFO RTF BEE REBR ni
DSE e 5
Min Mir four Mim  Afie 2y My Mln
P Lt 220 ki Wi MPa  G3NG
N 348 1k * "r BEE
an T 3.35 Lt P -
187 348 160" 124 353
PR Fasa 7 a2
Page [ of 1

Dir
Ters
Mim
o



Asphalt Cemrent Resulis Crionk Ribher PG /4-28 WP

Subwcrernul- JES2HPESS-29WP

Trarfeet; NH 0341073

Lecagien: US 34 Bypass Fesurfacing 71st - 8th Ave.
Repion: 4

foradie: 64-2B P

Kefiners: EcaPath

PEF Lo ol Sempd Date
Cunsg FAT Samp
AASNTYT)
Sppecifecativa
7672 1 3 1 B10e200d
1B 1 i} 1 ¥ BAQ2005

Traread smewnfer o QA el ar Hhiv o
Fooieal smeemnber of TAV seppales emn o prrofeci:
Potal ey o Mis £ Rinder covered:

Fincl pecy gueaniete:

Approved fp;

Sper
Gy

FReeihution: Wegise Meeeizfs Engrimeer
Sheriem Dpgginen i Loy
Frrogeet Fite

Subaceount: 16522PGEI-2BWP
Wodnesulmy, Augaea 26, 2009

Broci
Visc

Jpu-¢

3
]
07g

_ . rong of Mix £ Binder

D5

Min
10 kb

206

(K]

Blueet Tongh T

Min Min Min
B P 75ilp
an® aou * a0 *
A nan A0

= degartes deveetlon frowr feiod PO oS-28 dpecs

102

Coloredo Depertment uf Tromsporiation
Disuminows Ukit 103-388-653¢

#4570 Hully St, Crei A

fdgnver, Co, 8U276

Tt Methads, AASHE ANTW

LaH  RTF}  RTF0D BER EBR m
OSSR Bhuct 5
Mivy Jors Min  Mip 20 My Min
L 2,20 kP Ji Ml X
4.47 a3 145 308
4.85 45 e JJ0B

CDOT Foeg 57 807
Fager § of 1

Bir
Tens
Mirn
Sy



