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1.0 PROJECT OBJECTIVE AND DESCRIPTION

This report documents the geotechnical engineering investigation and pavement design
performed by RockSol Consulting Group, Inc. (RockSol) for the Horizon Drive and G Road

Grand Junction
Regional Airport

=

H g -.»

" Figure 1 - Project Site Location Map (Google Earth)

This project focuses on the design and construction of a proposed multi-lane roundabout for the
City of Grand Junction. A new roundabout is proposed at the 4-way intersection of Horizon Drive
and G Road. Improvements also include drainage, curb, gutter, and sidewalk.

The geotechnical investigation was conducted by RockSol for the City of Grand Junction. The
scope of work for this geotechnical investigation included:

o Preparing a drilling/sampling program to perform a subsurface investigation and
implementing the program to collect soil samples for laboratory testing.

e Performing laboratory tests and analyzing the data.

e Preparing a report that presents subsurface conditions encountered, the results of
the laboratory testing, pavement design recommendations, and earthwork/subgrade
recommendations.

Surface and groundwater hydrology, hydraulic engineering, and environmental evaluation of site
soils and groundwater for possible contaminant characterization were not included in RockSol’s
geotechnical scope of work.

RockSol Project No. 599.76 1 August 31, 2023
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Unless otherwise specified, all recommendations presented in this report are based on the
Colorado Department of Transportation (CDOT) 2022 Standard Specifications for Road and
Bridge Construction; the City of Grand Junction Standard Specifications for Road and Bridge
Construction; and the City of Grand Junction Transportation Engineering Design Standards.

2.0 PROJECT SITE CONDITIONS

A combination of commercial, residential, and undeveloped land surrounds the project limits (See
Figure 1). Currently, Horizon Drive consists of two travel lanes in each direction within the project
limits with dedicated left turn lanes in each direction. G Road currently consists of two lanes, one
in each direction and a dedicated right and left turn lane as it approaches Horizon Drive from the
west. G Road turns into 27 2 Road to the east of Horizon Drive which consists of one travel lane
in each direction with a dedicated right and left turn lane. The existing lanes are approximately 12
feet wide and surfaced with asphalt pavement throughout the project vicinity.

Topography throughout the project limits of consist of nearly flat slopes with mild slopes rising to
the southwest along 27 72 Road.

3.0 GEOLOGICAL CONDITIONS

Based on information presented in the United States Geological Survey (USGS) Geologic Map
(See Figure 2, Site Geology Map) of the Grand Junction Quadrangle, Mesa County, Colorado, by
Roger B. Scott, Paul E. Carrara, William C. Hood, and Kyle E. Murray, dated 2002, the project
site is predominantly underlain by alluvium deposited by tributary streams (Holocene and late
Pleistocene) (Qa). Alluvium generally consists of silt, sand, and gravel. Alluvium and colluvium
(Qac) deposits are mapped near the project site. The colluvium generally consists of sandy silt,
silty to clayey sand, and sandy clay. The materials identified by the USGS mapping were
consistent with native soils encountered during our geotechnical investigation. Mancos Shale
bedrock (Km) is mapped at or near the surface to the west and southeast of the project site,
however, no bedrock was encountered during this investigation.

RockSol Project No. 599.76 2 August 31, 2023
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Flgure 2- Site Geology Mép (Grand Junction, Mesa County, Colorado 2002)

4.0 SUBSURFACE EXPLORATION

For this investigation, RockSol completed a total of 4 boreholes identified as BH-1 through BH-4,
shown in Figure 3. All boreholes were drilled for the purpose of soil investigation for pavement
design of the proposed roundabout intersection. Boreholes extended to an approximate depth of
10 feet below existing grade.

The locations of the geotechnical investigation boreholes are summarized below in Table 1 and
shown in Figure 3 — Borehole Location Plan. Boreholes are shown in relation to 30% design
drawings supplied by the City of Grand Junction in Appendix A. The boreholes were drilled on
April 11, 2023.

Table 1 — Borehole Location Summary

Borehole ID Borehole Location
BH-1 Eastbound G Road, Right Turn Lane
BH-2 Southbound Horizon Drive, Left Turn Lane
BH-3 Westbound 27 %2 Road, Left Turn Lane
BH-4 Northbound Horizon Drive, Left Turn Lane

RockSol Project No. 599.76 3 August 31, 2023
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The boreholes were advanced with a truck mounted Simco 2800 drill rig using 6-inch outside
diameter solid stem auger. The boreholes were logged in the field by a representative of RockSol
with the depth to groundwater, if encountered, noted at the time of drilling. The boreholes were
backfilled at the completion of drilling and groundwater level checks and patched with surface
asphalt patch mix when drilled within existing pavement.

Subsurface materials were sampled via bulk samples from auger cuttings. Depths at which the
samples were taken are shown on the Borehole Logs (See Appendix B).

5.0 SURFACE AND SUBSURFACE CONDITIONS

The surface and subsurface materials encountered by RockSol at our borehole locations included
asphaltic pavement, road subbase (aggregate base course/pit run material), and native soils.
Field logging of the soil encountered in the boreholes was per procedures presented in ASTM D-
2488. A brief description of the materials encountered is presented below.

5.1 Existing Asphalt Pavement Sections

Asphalt pavement was encountered in all boreholes. The asphalt pavement ranged in thickness
from 6 to 7 inches and was underlain by 18 - 30 inches of imported fill gravel base except at BH-
3 which was underlain by 18 inches of aggregate base course (ABC). The ABC appeared to be
similar to CDOT Class 6 ABC when observed in the field. The fill gravel material generally

RockSol Project No. 599.76 4 August 31, 2023
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consisted of 2-4 inches rounded cobbles in a soil matrix. A woven geotextile was encountered
between the asphalt and the subbase in Borehole BH-3, shown in Figure 4. A summary of existing
pavement section thickness encountered at each borehole location is presented in Table 2.
Existing pavement section thicknesses are also shown on the individual borehole logs found in
Appendix A.

Table 2 — Existing Pavement Sections

Borehole ID I::.“:Q:::::Z?nr;t Base Thickness (in) Base Material Type
BH-1 7.0 5.0 Fill Gravel
BH-2 6.0 30.0 Fill Gravel

BH-3 (Note 1) 6.0 18.0 ABC
BH-4 6.0 30.0 Fill Gravel

HMA = Hot Mix Asphalt; ABC = Aggregate Base Course
Note 1: Woven geotextile fabric located between HMA and ABC
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5.2 Native Subgrade Soils

Native soils were encountered below existing pavement and subbase materials and extended to
maximum depths drilled at all borehole locations. Native soils encountered generally consisted of
very soft to very stiff, slightly moist to wet, tan-gray to tan-brown, sandy to silty clay. The native
soils encountered by RockSol are generally consistent with the alluvium and colluvium materials
identified on the USGS Geological Map (See Figure 3) found in Section 3.0 of this report.

5.3 Sedimentary Bedrock
Sedimentary Bedrock was not encountered to total depths drilled during drilling operations.

RockSol Project No. 599.76 5 August 31, 2023
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54 Groundwater

Groundwater was encountered during drilling/sampling activities at BH-4 at an approximate depth
of 4 feet below existing grades at the time of drilling operations. Depth to groundwater where
encountered is presented on individual borehole logs in Appendix B. Groundwater encountered
at the site may be associated with the alluvium identified in Section 3.0.

Depth to groundwater is subject to change depending on climatic conditions, water flows in nearby
drainage channels, local irrigation practices, changes in local topography, and changes in surface
storm water management. Long-term monitoring of groundwater elevations is required to
establish groundwater fluctuations.

6.0 LABORATORY TESTING

Soil samples retrieved from the borehole locations were examined by the project geotechnical
engineer in the RockSol laboratory. Selected samples were tested and classified per the Unified
Soil Classification System (USCS). The following laboratory tests were performed in accordance
with the American Society for Testing and Materials (ASTM), American Association of State
Highway and Transportation Officials (AASHTO), and current local practices:

Percent Passing No. 200 Sieve (ASTM D-1140)

Liquid and Plastic Limits (ASTM D-4318)

Gradation (ASTM D 6913)

Water-Soluble Sulfates (CDOT CP-L 2103)
Water-Soluble Chloride Content (CDOT CP-L 2104)
Standard Test Method for pH of Soils (ASTM D4972-01)
Soil Resistivity (ASTM G187 - Soil Box)

Soil Classification (ASTM D-2487 and AASHTO M145)
Resistance Value (AASHTO T-190)

R-Values (Resistance Values) were tested by CMT Technical Services. All other laboratory tests
were performed by RockSol. Laboratory test results are presented in Appendix C and are also
summarized on the Borehole Logs presented in Appendix B.

7.0 SUBGRADE CHARACTERIZATION

Laboratory test results were used to characterize the engineering properties of the subsurface
material encountered. For soil classification, RockSol conducted sieve analyses and Atterberg
Limits tests. Lab testing was also performed on selected samples to determine the water-soluble
sulfate content of subsurface materials to assist with cement type recommendations. A summary
of physical and chemical test results is included in Appendix C.

71 Roadway Subgrade Soil Classification

Subgrade bulk samples of existing roadway grades were obtained at various depths from each
pavement borehole location and were tested for AASHTO soil classification. The native subgrade
soils tested were classified as A-4 AASHTO soil types. Fill soils and ABC soils tested classified as
A-1-b AASHTO soil types. A summary of the roadway subgrade soil classifications is presented in
Table 4.

RockSol Project No. 599.76 6 August 31, 2023
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Table 4 — Roadway Subgrade Soil Classifications

Borehole Location Depth (feet) AASHTO Classification
BH-1 1-10 A-4 (7)
BH-2 0.5-55 A-4 (1)
BH-2 55-10 A-4 (2)
BH-3 05-2 A-1-b (0)
BH-3 2-10 A-4 (6)
BH-4 3-4 A-4 (0)
BH-4 4-10 A-4 (3)

7.2 Water-Soluble Sulfate Content

Cementitious material requirements for concrete in contact with soils or groundwater are based
on the percentage of water-soluble sulfate. Mix design requirements for concrete exposed to
water-soluble sulfates in soils or water is considered by the Colorado Department of
Transportation (CDOT) as shown in Table 5 and in the 2022 CDOT Standard Specifications for

Road and Bridge Construction. Water-soluble Sulfate Testing Results are summarized in Table
6.

Table 5 — Requirements to Protect Against Damage to Concrete
by Sulfate Attack from External Sources of Sulfate

Water-Soluble Sulfate (SO.) Sulfate (SO.) Cementitious Material
In dry soil, percent In water, ppm Requirements
0.00t0 0.10 0 to 150 Class 0
0.11t0 0.20 151 to 1,500 Class 1

0.21t0 2.0 1,501 to 10,000 Class 2
2.01 or greater 10,001 or greater Class 3

Table 6 — Water-Soluble Sulfate Testing Summary

Borehole Sample Depth Water-Soluble Sulfate (SO4) | Cementitious Material
I.D. (Feet) In dry soil, percent Requirements
BH-1 1-10 0.54 Class 2
BH-2 0.5-55 0.53 Class 2
BH-2 55-10 1.34 Class 2
BH-3 2-10 0.12 Class 1
BH-4 4-10 0.60 Class 2

The concentration of water-soluble sulfates measured in soil samples obtained from RockSol's
exploratory boreholes ranged from 0.12 percent to 1.34 percent by weight (See Appendices B
and C). Based on the results of the water-soluble sulfate testing, Exposure Class 2 may be
considered for concrete in contact with subgrade materials at the Horizon Drive and G Road
Roundabout. Refer to CDOT’s current Specifications in Section 601 for concrete mixtures that
satisfy appropriate sulfate exposure Class 2 requirements.

7.3 Corrosion Resistance Level

Water-soluble chloride content, water-soluble sulfate content, pH, and electrical resistivity tests
were performed on bulk samples obtained from the boreholes. All corrosion testing was performed
in the RockSol laboratory and is summarized in Table 7.

RockSol Project No. 599.76 7 August 31, 2023
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Table 7 — Corrosivity Test Results

Borehole Sample Water-Sc_)IubIe Water-Soluble CR
Location Depth Chloride Sulfate pH Level
(Feet) (% by weight) (% by weight)
BH-1 1-10 0.0162 0.54 - CR4
BH-2 05-55 0.0162 0.53 - CR4
BH-2 55-10 0.0162 1.34 - CR5
BH-3 2-10 0.0444 0.12 - CR2
BH-4 4-10 0.0246 0.60 7.8 CR4

Comparison of the test results of the sulfate, chloride, and pH testing performed with Table 1 -
Guidelines for Selection of Corrosion Resistance Levels as presented in the CDOT Pipe Materials
Selection Guide, dated April 30, 2015, suggests corrosion resistance levels of CR 2, CR 4, and
CR 5 are present within the project limits. Additional testing at specific structure locations may be
performed to provide structure specific corrosion resistance recommendations. Of the three
variables (water-soluble sulfate, water-soluble chloride, and pH) that are used in determining the
CR level, the water-soluble sulfate is the predominant component affecting the CR level selection.

Electrical resistivity testing was performed on a bulk sample from 2 feet to 10 feet in Borehole
BH-3 and on a bulk sample from 3 feet to 4 feet in Borehole BH-4 using the soil box method
(ASTM G-187) and resulted in resistivities of 370 and 760 ohm-cm, respectively. Based on
AASHTO LRFD Bridge Design Specifications, Ninth Edition, Section 10.7.5, resistivity less than
2,000 ohm-cm indicates an aggressive condition. Based on AASHTO criteria, the site soils exhibit
an aggressive condition to metals such as steel.

Comparison of the results of the electrical resistivity and pH testing performed with Table 2 —
Minimum Pipe Thickness for Metal Pipes Based on The Resistivity And pH of the Adjacent Soil
as presented in the CDOT Pipe Materials Selection Guide, effective April 30, 2015, suggests the
minimum required gauge thickness for metal pipe material, if used, for this project is 0.052 inches
(18 Gauge) Polymer Coated. Additional testing at specific structure locations may be performed
to provide structure specific recommendations.

7.4 Subgrade Support Test Results (R-Value)

To test the subgrade support characteristics of soils representative of the project site, two R-Value
laboratory tests were performed on bulk samples obtained from Borehole BH-1 from a depth of 1 to
10 feet below existing grade and Borehole BH-3 from a depth of 2 to 10 feet below existing grade.
R-Value test results of 12 and 14 were obtained from these samples, respectively. The Colorado
Department of Transportation (CDOT) Pavement Design Manual equation 4-1 was used to
determine the resilient modulus of 6,815 psi and 7,111 psi, respectively.

8.0 PAVEMENT DESIGN RECOMMENDATIONS

Horizon Drive and G Road are classified as minor arterials, and 27 2 Road is classified as a
major collector by the City of Grand Junction. The roadway classifications for this project were
found on the website for the City of Grand Junction’s Transportation Map as shown in Figure 5.

RockSol Project No. 599.76 8 August 31, 2023
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Figure 5 — Roadway Classifications (City of Grand Junction Transportation Map)

A 2-lane roundabout is planned at the intersection of G Road, Horizon Drive, and 27 %2 Road. In
this report Hot Mix Asphalt (HMA) pavement is identified as flexible pavement. Portland Cement
Concrete (PCC) pavement is identified as rigid pavement.

Pavement thickness evaluation for the development of flexible and rigid pavement design
recommendations within the City of Grand Junction right of way were performed in accordance
with CDOT’s 2021 M-E Pavement Design Manual as modified in 2022 which uses Version 2.3.1
of AASHTO’s Pavement Mechanistic-Empirical Design (PMED) software, Subsection 29.32 —
Pavements and Truck Routes in the City of Grand Junction Municipal Code as passed in
Ordinance 5136 on March 15, 2023, and a spreadsheet developed by RockSol to replicate the
1993 AASHTO flexible pavement design as recommended in 29.32.040(a).

8.1 Traffic Loading

Traffic loading was estimated for a 20 and 30-year flexible pavement design life and 30-year rigid
pavement design life in accordance with the City of Grand Junction Municipal Code (Subsection
29.32). The average daily traffic (ADT) was taken from current data supplied by the City’s
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Transportation Engineer and the City of Grand Junction’s Transportation Map (Traffic Counts).
Based on discussions with the City’s Transportation Engineer, it was decided to use the highest
traffic count in the pavement designs with a compound growth rate of 2.0 percent.

The ADT from traffic station 1046 for G Road ranged from a low of 4,775 in 2023 to a high of
5,782 in 2007. Using the highest ADT of 5,782 as the 2023 ADT and the compound growth rate
of 2 percent, the 2024 ADT used for the pavement design for G Road is 5,898.

The ADT from traffic station 1175 for 27 2 Road ranged from a low of 10,018 in 2004 to a high
of 11,864 in 2018. Using the highest ADT of 11,864 as the 2023 ADT and the compound growth
rate of 2 percent, the 2024 ADT used for the pavement design for 27 2 Road is 12,101.

The ADT from traffic station 1172 for Horizon Drive ranged from a low of 13,319 in 2023 to a high
of 23,768 in 2009. Using the highest ADT of 23,768 as the 2023 ADT and the compound growth
rate of 2 percent, the 2024 ADT used for the pavement design for Horizon Drive is 24,243.

The Average Annual Daily Truck Traffic (AADTT) has a significant effect on the predicted
pavement performance as compared to cars and pick-up trucks. For this project, predominately
Class 5 vehicles when using the Federal Highway vehicle type classification system were noted
on all roads. Based on discussions with the City’s Transportation Engineer, an average of 15.0
percent will be used to determine the AADTT for this project. The compound growth rate of 2
percent was used over a 20-year and 30-year design life to develop the 18,000-pound equivalent
single axle loads (ESAL’s). The calculated ESAL’s was derived from the PMED software. The
AADTT used for the pavement designs of roadway segments is shown in Table 8. Based on
CDOT’s Pavement Design Manual, Cluster 1 truck percentages will be used to model the truck
traffic in the PMED software.

Table 8 — Summary of Traffic Loading

20-Year 30-Year 30-Year
Pavement Section 2024 Estimated Flexible Flexible Rigid
Location ADT AADTT Design Life Design Life | Design Life
18k ESALS 18k ESALS | 18k ESALs
G Road 5,898 890 3,050,000 5,090,000 6,580,000
27 2 Road 12,101 1,820 6,240,000 10,410,000 13,460,000
Horizon Drive 24,243 3,640 9,350,000 16,620,000 | 20,190,000
Roundabout
(GRA. +27 % Rd. + | 42,242 6,350 16,320,000 27,250,000 | 35,220,000
Horizon Dr.)

8.2 Pavement Subgrade Characterization

Based on R-Value testing, a conservative R-Value of 10 with a corresponding subgrade resilient
modulus value of 6,482 psi was used by RockSol as the design R-value for evaluation of new
pavement constructed on the existing soils for this project.

To provide an appropriate structural layer for Hot Mix Asphalt (HMA), RockSol recommends 8 inches
of a subbase layer of non-stabilized A-1-b CDOT Class 2 Aggregate Base Course (ABC) material
be included as part of the pavement design section in addition to 8 inches of CDOT Class 6 ABC
directly underlying the pavement. A structural coefficient of 0.12 was used for Class 6 Aggregate
Base Course (ABC), 0.11 for Class 2 ABC, and 0.44 for HMA. The Class 2 material must have an
R-Value of at least 40 and the Class 6 material must have an R-Value of at least 78 when tested in
accordance with AASHTO T 190.

RockSol Project No. 599.76 10 August 31, 2023
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8.3 Pavement Section Recommendations,

Three pavement thickness design procedures were used for the 20 and 30-year design life of new
flexible pavement and 30-year design life of new concrete pavement. The first procedure used for
flexible and rigid pavement design was performed in accordance with the 2021 Colorado
Department of Transportation M-E Pavement Design Manual as modified in 2022 and the PMED
software, Version 2.3.1.The second procedure used a spreadsheet developed by RockSol to
replicate the 1993 AASHTO flexible pavement design since the AASHTOWare DARWiIn version
3.1 Pavement Design and Analysis System recommended in subsection 29.32.040 (a) of the City
of Grand Junction Transportation Engineering Design Standards is no longer available. The third
procedure used the 1998 version of the AASHTO Guide for the Design of Pavement Structures
in accordance with subsection 29.32.040 (b) of the City of Grand Junction Transportation
Engineering Design Standards. Typical flexible pavement designs for the City of Grand Junction
usually include a layer of Class 2 aggregate base course below the Class 6 ABC to help provide
a stable platform for the pavement. The concrete pavements typically do not require the Class 2
material, therefore the aggregate base sections presented in this report for concrete pavements
are reduced.

8.3.1 Flexible ME-Pavement Design Recommendations

A summary of the PMED minimum pavement section thicknesses for flexible pavement are
presented in Table 9 for the 20-year design life and Table 10 for the 30-year design life with the
pavement design output sheets included in Appendices D through G.

Table 9 — Flexible Pavement Section Minimum Thickness Recommendations
(PMED) (20 Year Design Life)

Pavement Section Material Type Thickness (inches) Appendix

HMA SX(100) PG 64-22 2.0
HMA S(100) PG 64-22 5.0

G Road ABC Class 6 8.0 D
ABC Class 2 8.0
HMA SX(100) PG 64-22 2.0
, HMA S(100) PG 64-22 7.0

27 72 Road ABC Class 6 8.0 E
ABC Class 2 8.0
HMA SX(100) PG 64-22 2.0
. . HMA S(100) PG 64-22 7.5

Horizon Drive ABC Class 6 80 F
ABC Class 2 8.0
HMA SX(100) PG 64-22 2.0

Horizon Drive and G HMA S(100) PG 64-22 9.5 G
Road Roundabout ABC Class 6 8.0
ABC Class 2 8.0

HMA = Hot Mix Asphalt; ABC = Aggregate Base Course

RockSol Project No. 599.76 11 August 31, 2023
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Table 10 — Flexible Pavement Section Minimum Thickness Recommendations
(PMED) (30 Year Design Life)

Pavement Section Material Type Thickness (inches) Appendix

HMA SX(100) PG 64-22 2.0
HMA S(100) PG 64-22 6.0

G Road ABC Class 6 8.0 D
ABC Class 2 8.0
HMA SX(100) PG 64-22 2.0
. HMA S(100) PG 64-22 8.0

27 7: Road ABC Class 6 8.0 E
ABC Class 2 8.0
HMA SX(100) PG 64-22 2.0
, . HMA S(100) PG 64-22 9.5

Horizon Drive ABC Class 6 8.0 F
ABC Class 2 8.0
HMA SX(100) PG 64-22 2.0

Horizon Drive and G HMA S(100) PG 64-22 10.5 G
Road Roundabout ABC Class 6 8.0
ABC Class 2 8.0

HMA = Hot Mix Asphalt; ABC = Aggregate Base Course

8.3.2 Rigid ME-Pavement Design Recommendations

A summary of the PMED minimum pavement section thicknesses for the 30-year design life of
rigid pavement are presented in Table 11 and the pavement design output sheets are included in
Appendices H through K.

Table 11 — Rigid Pavement Section Minimum Thickness Recommendations
(PMED) (30 Year Design Life)

Pavement Section Material Type Thickness (inches) Appendix
PCC 9.50r10.0
G Road ABC Class 6 8.0 H
PCC 10.0
;
27 72 Road ABC Class 6 8.0 !
, . PCC 10.0
Horizon Drive ABC Class 6 80 J
Horizon Drive and G PCC 10.50r 11.0 K
Road Roundabout ABC Class 6 8.0

PCC = Portland Cement Concrete; ABC = Aggregate Base Course
8.3.3 AASHTO 1993 Flexible Pavement Design

A summary of the AASHTO 1993 minimum pavement section thicknesses for the 20-year design
life of flexible pavement are presented in Table 12 and the 30-year design life of flexible pavement
are presented in Table 13. The pavement design output sheets are included in Appendix L.
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Table 12 — Flexible Pavement Section Minimum Thickness Recommendations

(AASHTO 1993) (20 Year Design Life)

Pavement Section Material Type Thickness (inches)
HMA SX(100) PG 64-22 2.0
HMA S(100) PG 64-22 3.5
G Road ABC Class 6 8.0
ABC Class 2 8.0
HMA SX(100) PG 64-22 2.0
] HMA S(100) PG 64-22 4.0
27 72 Road ABC Class 6 8.0
ABC Class 2 8.0
HMA SX(100) PG 64-22 2.0
Horizon Drive HMA S(100) PG 64-22 5.0
ABC Class 6 8.0
ABC Class 2 8.0
HMA SX(100) PG 64-22 2.0
Horizon Drive and G HMA S(100) PG 64-22 55
Road Roundabout ABC Class 6 8.0
ABC Class 2 8.0

Table 13 — Flexible Pavement Section Minimum Thickness Recommendations

(AASHTO 1993) (30 Year Design Life)

Pavement Section Material Type Thickness (inches)
SX(100) PG 64-22 2.0
S(100) PG 64-22 4.0
G Road ABC Class 6 8.0
ABC Class 2 8.0
SX(100) PG 64-22 2.0
] S(100) PG 64-22 5.0
27 72 Road ABC Class 6 8.0
ABC Class 2 8.0
SX(100) PG 64-22 2.0
Horizon Drive S(100) PG 64-22 55
ABC Class 6 8.0
ABC Class 2 8.0
SX(100) PG 64-22 2.0
Horizon Drive and G S(100) PG 64-22 6.5
Road Roundabout ABC Class 6 8.0
ABC Class 2 8.0

8.3.4 AASHTO 1998 Rigid Pavement Recommendations

A summary of the AASHTO 1998 minimum pavement section thicknesses for the 30-year design
life of rigid pavement are presented in Table 14 and the pavement design output sheets are

included in Appendix M.
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Table 14 — Rigid Pavement Section Minimum Thickness Recommendations
(AASHTO 1998) (30 Year Design Life)

Pavement Section Material Type Thickness (inches)
PCC 9.0
G Road ABC Class 6 8.0
PCC 10.0

1
27 72 Road ABC Class 6 8.0
Horizon Drive PCC 10.0
ABC Class 6 8.0
Horizon Drive and G PCC 10.50r 11.0

Road Roundabout ABC Class 6 8.0

8.4 RockSol Pavement Section Recommendations

After reviewing the various designs, the recommended section by RockSol for the construction of
the Horizon Drive and G Road Roundabout is a minimum of 10.5-inches of PCCP with 1.5-inch
dowel bars. However, a 11-inch-thick PCCP section may be better suited for construction.

The recommended transverse and longitudinal joint spacing for PCCP should be a maximum of
15 feet. The 8 inches of ABC should consist of material meeting CDOT Class 6 Aggregate Base
Course per CDOT 703.03. In order to reduce the constructability issues and to develop a
consistent section outside the roundabout, on G Road, 27 %2 Road, and Horizon Drive, RockSol
recommends using the 10.0-inch section with 1.25-inch diameter dowel bars with a maximum
joint spacing of 15 feet along with the 8 inches of Class 6 ABC. The shoulder should be tied to
the curb and gutter or the driving lanes in accordance with CDOT’s M-Standards.

If the flexible pavement alternative is selected for some or all of the segments, RockSol
recommends the sections shown in Table 9 be used for this project.

Rigid or flexible pavement shall consist of CDOT-approved mix designs.
8.5 Subgrade Preparation (Prior to Pavement Construction)

Prior to construction of new pavements on subgrade soils, the underlying subgrade should be
properly prepared by removal of all organic matter (topsoil), debris, loose material, and any
deleterious material identified by the Project Engineer followed by scarification, moisture
conditioning and re-compaction. The minimum depth of scarification, moisture conditioning and
re-compaction in all cases shall be 6 inches. Based on the results of our field and laboratory tests,
A-1-b and A-4 soils are anticipated to be encountered at existing pavement subgrade elevations
within the project limits.

Materials classified as AASHTO A-1, A-2-4, A-2-5, and A-3 soils shall be compacted at plus or
minus 2 percent of Optimum Moisture Content (OMC) and to at least 95 percent of maximum dry
density determined in accordance with AASHTO T 180 as modified by CDOT CP 23. All other soil
types shall be compacted to 95 percent of the maximum dry density determined in accordance
with AASHTO T 99 as modified by CDOT CP 23. Soils with 35 percent fines or less shall be
compacted at plus or minus 2 percent of OMC. Soils with greater than 35 percent fines shall be
compacted at a moisture content equal to or above OMC to achieve stability of the compacted lift.
Stability is defined as the absence of rutting or pumping as observed and documented by the
Contractor’s Process Control Representative and as approved by the Project Engineer. If the soils
cannot be compacted and prove to be unstable at a moisture content equal to or above OMC,

RockSol Project No. 599.76 14 August 31, 2023



‘ ROCkS 01 Geotechnical Investigation and Pavement Design Report
\& Horizon Drive and G Road Roundabout

Consulting Group, Inc. City of Grand Junction, Colorado

then the required moisture content for compaction may be reduced below OMC if approved by
the Engineer.

Prior to pavement section construction, subgrade proof rolling with pneumatic tire equipment shall
be performed using a minimum axle load of 18 kips per axle after specified subgrade compaction
has been obtained. Areas found to be weak and those areas which exhibit soft spots, non-uniform
deflection or excessive deflection as determined by the project engineer shall be ripped, scarified,
wetted, or dried if necessary, and re-compacted to the requirements for density and moisture.
Complete coverage of the proof roller will be required.

Where areas of unstable subgrade soils remain after proof rolling, it is recommended that a
maximum of 6 inches of the unstable material be removed and a woven geotextile material such
as Mirafi® HP570 or similar product be placed along with 6 inches of a CDOT Class 3 ABC
meeting the following requirements:

¢ Maximum Particle Dimension: 6-inches
e Minus 200 Screen Size: 20% max.
e Liquid Limit (LL): 35 maximum

If the area remains unstable after proof rolling the Class 3 ABC, it is recommended that another
layer a woven geotextile material such as Mirafi® HP570 or similar product be placed prior to
placing the Class 6 ABC.

9.0 EARTHWORK

To accommodate the new roundabout, new embankment may be required along the roadway
alignments. At some locations minor cuts may be required. Materials used to construct
embankments, roadway side slopes, structure backfill, and aggregate base course materials
should meet the material and moisture density control requirements specified Section 8.5 of this
report.

At a minimum, the ground surface underlying all embankment fills should be carefully prepared
by removing all organic matter (topsoil), scarification to a minimum depth of 6 inches and
recompacting to the requirements for maximum dry density/compaction and moisture content
presented in Section 8.5 of this report prior to fill placement.

Where fill material is to be placed on existing slopes steeper than 4 (H):1 (V), benching must be
performed to tie the new fill into the existing slope. Benching into the existing slopes shall allow
sufficient bench width to accommodate placing and compaction equipment to operate in a
horizontal orientation.

Broken concrete, broken asphalt, or other solid materials more than 6 inches in greatest
dimension shall not be placed within embankment areas supporting the roadway shoulders and
pavement structure. Claystone/shale materials shall not be used for construction of new
embankment. Imported fill material used for embankment constructed shall be compatible with
designed side slopes. Material excavated from utility trenches may be used for backfilling
provided it does not contain unsuitable material. Unsuitable material includes, but is limited to,
topsoil, vegetation, brush, sod, trash, and other deleterious substances.

10.0 OTHER DESIGN AND CONSTRUCTION CONSIDERATIONS

Proper construction practices, in accordance with the Colorado Department of Transportation
(CDOT) 2022 Standard Specifications for Road and Bridge Construction; the City of Grand
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Junction Standard Specifications for Road and Bridge Construction; and the City of Grand
Junction Transportation Engineering Design Standards, should be followed during site
preparation, earthwork, excavations, roadway and bridge construction, and embankment and
retaining wall construction for the suitable long-term performance of the proposed improvements.
Excavation support should be provided to maintain onsite safety and the stability of excavations
and slopes. Excavations shall be constructed in accordance with local, state, and federal
regulations including OSHA guidelines. The contractor must provide a competent person to
determine compliance with OSHA excavation requirements. For preliminary planning, existing fill
material and native soils may be considered as OSHA Type C soils.

Surface drainage patterns may be altered during construction and local landscape irrigation (if
any) must be controlled to prevent excessive moisture infiltration into the subgrade soils during
and after construction.

Environmentally contaminated material, if encountered, should be characterized, and removed under
the direction of the project environmental consultant. Design and construction plans should be
reviewed, and onsite construction should be observed by the professional engineers.

11.0 LIMITATIONS

This geotechnical investigation was conducted in general accordance with the scope of the work.
RockSol’s geotechnical practices are similar to those used in Colorado with similar soil conditions
and based on our understanding of the proposed work. This report has been prepared for use by
the City of Grand Junction for the project described in this report. The report is based on our
exploratory boreholes and does not consider variations in the subsurface conditions that may
exist between boreholes. Additional investigation is required to address such variation. If during
construction activities, materials or water conditions appear to be different from those described
herein, RockSol should be advised at once so that a re-evaluation of the recommendations
presented in this report can be made. RockSol is not responsible for liability associated with
interpretation of subsurface data by others.
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Q RockSol

Consulting Group, Inc.

CLIENT _City of Grand Junction

PROJECT NUMBER _599.76

LEGEND

PROJECT NAME _Horizon Drive and G Road Roundabout Investigation
PROJECT LOCATION _Grand Junction, Colorado

LITHOLOGY
I Asphalt Pavement

=7 Fill - SAND, clayey to
== silty
Native - CLAY

SAMPLE TYPE
Auger Cuttings

¥ GROUND WATER LEVEL AT TIME OF DRILLING

Fill - Aggregate Base
Course

Native - SAND, silty
Fill - GRAVEL, silty

Fines Content indicates amount of material, by weight, passing the US No 200 Sieve (%)
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Q RockSol

Consulting Group, Inc.

CLIENT _City of Grand Junction

PROJECT NUMBER _599.76

BORING : BH-1

PAGE 1 OF 1

PROJECT NAME _Horizon Drive and G Road Roundabout Investigation

PROJECT LOCATION _Grand Junction, Colorado

DATE STARTED 4/11/23 COMPLETED _4/11/23
DRILLING CONTRACTOR _Colorado Drilling and Sampling

DRILLING METHOD _Solid Stem Auger HOLE SIZE 6.0"
LOGGED BY _A. Mannelein HAMMER TYPE _Automatic
NOTES _Center of Lane

GROUND ELEVATION STATION NO.
NORTH EAST

BORING LOCATION: _Eastbound G Road, Right Turn Lane

GROUND WATER LEVELS:
WATER DEPTH None Encountered on 4/11/23

W — ATTERBERG E
R S|k e LIMITS
pd o | R w L
0 > " S| = < =
e_|E_|To Fol oz 22w e (Bl (o 2 2o
<E|LE|Z0 MATERIAL DESCRIPTION w 03 |EE| K |Z8|EG|e|P|ox|88
> L <3 o = Sz T |58 |5= =|=Ww|Oo=
o |a | 29 |pu| Y ozl|g2|22|59|n
o © = © El S| [|36|33|33|2z|w
& 8 »1a o7 |z |37z
Asphalt pavement, approximately 7 inches thick
e (Fill) GRAVEL, sandy to slightly silty, approximately 5
B N o inches thick ¥ BULK 238
(Native) CLAY, with sand and cobbles, moist, tan-brown
2.5
5.0
Appro_xim_atg Bulk Depth 1-10
T Iﬁ‘gi'ﬁclﬂmt:f;g; B((BULK] 0.54 34 | 25| 9 |785
Plasticity Index= 9
- - Fines Content= 78.5
Sulfate= 0.54
7.5
10.0
Bottom of hole at 10.0 feet.




LOG - STANDARD 599.76_HORIZON DR AND G RD ROUNDABOUT.GPJ  5/18/23

Q RockSol

Consulting Group, Inc.

CLIENT _City of Grand Junction

PROJECT NUMBER _599.76

BORING : BH-2

PAGE 1 OF 1

PROJECT NAME _Horizon Drive and G Road Roundabout Investigation
PROJECT LOCATION _Grand Junction, Colorado

DATE STARTED _4/11/23 COMPLETED _4/11/23 GROUND ELEVATION STATION NO.
DRILLING CONTRACTOR _Colorado Drilling and Sampling NORTH EAST
DRILLING METHOD _Solid Stem Auger  HOLE SIZE 6.0" BORING LOCATION: _Southbound Horizon Drive, Left Turn Lane
LOGGED BY _A. Mannelein HAMMER TYPE _Automatic GROUND WATER LEVELS:
NOTES _Center of Lane WATER DEPTH _None Encountered on 4/11/23
W — ATTERBERG E
X T | E e LIMITS
Z o | R w S~ L
o) 0 > n e i E
E_|rFo|Zo " zE |d=| w |Ec|Dk o |E_|2<
<E|0E|2o MATERIAL DESCRIPTION 4 95 El < |Z8|HU|8|EE|o)l |3
> L <3 o —'O =z w O |Zk|Ds|pn=s W o<
w a o = 08 |oW| I | > oz|g2|%2 B0 o
—l (O] El D | & So|54 a0 g Z W
L (</(J ol » a O - o 37 |1Z
o o |
0.0
Asphalt pavement, approximately 6 inches thick
i P No (Fill) GRAVEL, silty to clayey with sand, slightly moist,
e gray-brown
D
- — G:) )C
0
o\
DGD D
e 32 [
- o MNe
>c D
2.5 LO(C
>° Q‘J Approximate Bulk Depth 0.5-5.5
g D Liquid Limit= 25
- P  Plastic Limit= 18 B(|BULK 0.53 25 | 18 | 7 |48.8
o[\ Plasticity Index=7
N P Fines Content= 48.8
LD q Sulfate= 0.53
B o MNe
DGD D
e 32 [
— ] MN\e
50 DGD D
: d
o\
B >c D
(Native) CLAY, sandy to silty, moist, tan-gray
Approximate Bulk Depth 5.5-10
7.5 Liquid Limit= 28
Plastic Limit= 23
Plasticity Index= 5 B8l BULK| 1.34 28 | 23| 5 |67.1
B T Fines Content= 67.1
Sulfate= 1.34
10.0
Bottom of hole at 10.0 feet.
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Q RockSol

Consulting Group, Inc.

CLIENT _City of Grand Junction

PROJECT NUMBER _599.76

BORING : BH-3

PAGE 1 OF 1

PROJECT NAME _Horizon Drive and G Road Roundabout Investigation

PROJECT LOCATION _Grand Junction, Colorado

DATE STARTED _4/11/23
DRILLING CONTRACTOR

COMPLETED _4/11/23
Colorado Drilling and Sampling

DRILLING METHOD _Solid Stem Auger
LOGGED BY _A. Mannelein
NOTES _Center of Lane

HOLE SIZE _6.0"
HAMMER TYPE

Automatic

GROUND ELEVATION

NORTH EAST

STATION NO.

BORING LOCATION: _Westbound 27 1/2 Road, Left Turn Lane

GROUND WATER LEVELS:
WATER DEPTH None Encountered on 4/11/23

— ATTERBERG |-
2 | w gl gls |wgl umts g
(@] T = > w - < " > =
E~|lF~|TO = =E O W [ Es|SE = Z
<E|LE|Z0 MATERIAL DESCRIPTION w 82 |UE| kK |28 |EG|on|8|ox|08
par < SRR CIEE|IRL(os
> L <3 o 0 =z w DE | LEF D %) L
L o o @ ouw| 5 | s oz|gZ2|Z€2|L0|w
o o 2 © |"5l 2 |z |25|33|35|%2Z|u
%) al ? | a (&} o 7 %
Asphalt pavement, approximately 6 inches thick
i Woven Geotextile Fabric encountered below asphalt
pavement
B Aggregate base course, approximately 18 inches thick
Bl (BULK NP | NP | NP |16.4
i (Native) CLAY, with sand, slightly moist, tan-brown
2.5
Approximate Bulk Depth 0.5-2
Liquid Limit= NP
L _ Plastic Limit= NP
Plasticity Index= NP
Fines Content= 16.4
5.0
Approximate Bulk Depth 2-10
Liquid Limit= 34
- 1 Plastic Limit= 27 B BULK 0.12 34 | 27 7 (834
Plasticity Index= 7
L i Fines Content= 83.4
Sulfate= 0.12
7.5
10.0
Bottom of hole at 10.0 feet.
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Q RockSol

Consulting Group, Inc.

CLIENT _City of Grand Junction
PROJECT NUMBER 599.76

PROJECT NAME _Horizon Drive and G Road Roundabout Investigation

BORING : BH-4

PAGE 1 OF 1

PROJECT LOCATION _Grand Junction, Colorado

DATE STARTED _4/11/23

COMPLETED _4/11/23

DRILLING CONTRACTOR _Colorado Drilling and Sampling
DRILLING METHOD

LOGGED BY _A. Mannelein

Solid Stem Auger  HOLE SIZE 6.0"

HAMMER TYPE _Automatic

NOTES _Center of Lane

GROUND ELEVATION
NORTH

EAST

STATION NO.

BORING LOCATION: _Northbound Horizon Drive, Left Turn Lane

GROUND WATER LEVELS:
Y WATER DEPTH 4.0 ft on 4/11/23

W — . ATTERBERG E
X T | E e LIMITS
pd o | R w L
(@] > %) s |2 ~
8,\ F_|[To - =t 42| w |Ex DD:E o |E z_
<E|LE|Z0 MATERIAL DESCRIPTION w 03 |UE| % |28 |FEf|o|2|ox|9%
> W= |<3 p =Z| I |Se|n|SEIEE|IRQW|OT
U o | < 8 oWl L |XT|0z|a2|22|52e
o © < El S | |20|533|33|%z|w
@ 1 @ |a o |37z
Asphalt pavement, approximately 6 inches thick
i P No (Fill) GRAVEL, sandy with clay, 2-4 inch cobbles, pit run
>° -« material
- - CD D
e 1|
o\
>c D
LO Q B BULK 3.3
- 1o\ Approximate Bulk Depth 3-4
Y Liquid Limit= 20
25 L,Oq Plastic Limit= 17
oN\e Plasticity Index= 3
D] Fines Content= 47.3
B g b
SN (Native) SAND, silty with clay and gravel, brown
S S BIBULK 20 | 17 | 3 |47.3
| aB0,
(Native) CLAY, slightly sandy, wet, tan-gray
5.0
] Approximate Bulk Depth 4-10
Liquid Limit= 29
B 7] Plastic Limit= 24 B BULK 0.60 29 | 24 | 5 [736
Plasticity Index= 5
7.5 Fines Content= 73.6
Sulfate= 0.60
10.0
Bottom of hole at 10.0 feet.
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SUMMARY OF LABORATORY TESTS RESULTS
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Q RockSol

Consulting Group, Inc.,

CLIENT _City of Grand Junction

PROJECT NUMBER _599.76

SUMMARY OF PHYSICAL & CHEMICAL TEST RESULTS
PAGE 1 OF 1

PROJECT NAME _Horizon Drive and G Road Roundabout Investigation

PROJECT LOCATION _Grand Junction, Colorado

Borehole | Depth | Liquid | Plastic |Plasticity| ,Sael | %<#200|  Classification Contont | ety Gompressive | Sufate| Resistvty oH | Chlorides SeStonars b
(ft) Limit Limit Index (%) Sieve UsCcs AASHTO (%) (pcf) St(rﬁgi?th (%) | (ohm-cm) (%) MDD | oMmc [smMm
BH-1 0.58-1 24
BH-1 1-10| 34 25 9 79 ML A-4(7) 0.54 00162 | 109.8 16.5 | S
BH-2 05-55 25 18 7 49 | GC-GM| A-4(1) 0.53 0.0162
BH-2 55-10 28 23 5 67 ML A-4 (2) 1.34 0.0162
BH-3 0.5-2| NP NP NP 16 GM A-1-b (0)
BH-3 2-10| 34 27 7 83 ML A-4 (6) 0.12| smezs» |8.4 | 0.0444
BH-4 0.5-3 3 GW
BH-4 3-4 20 17 3 47 SM A-4 (0) 760 @ 22.1%
BH-4 4-10| 29 24 5 74 ML A-4 (3) 0.60 7.8 | 0.0246




ATTERBERG LIMITS - STANDARD 599.76_HORIZON DR AND G RD ROUNDABOUT.GPJ ROCKSOL TEMPLATE.GDT 5/10/23

Q RockSol

Consulting Group, Inc.

CLIENT _City of Grand Junction
PROJECT NUMBER 599.76

ATTERBERG LIMITS RESULTS
AASHTO T89 Method A/T90

PROJECT NAME _Horizon Drive and G Road Roundabout Investigation

PROJECT LOCATION _Grand Junction, Colorado

60 @ @ //
50 %
] 7
é 40 /
T /
o /
T30 -
Y
N 20 /7 /
D
X S
” yd
T ®
) CL-ML L A& @ @
20 40 60 80 100
LIQUID LIMIT
Specimen ldentification LL| PL Pl [Fines | Classification
@ BH-1 1.0-10.0| 34| 25 9| 78.5| SILT with SAND (ML) (A-4)
X BH-2 0.5-55| 25| 18 48.8 | SILTY, CLAYEY GRAVEL with SAND (GC-GM) (A-4)
A|BH-2 55100 28| 23 67.1 | SANDY SILT (ML) (A-4)
*| BH-3 0.520 NP| NP| NP| 164 SILTY GRAVEL with SAND (GM) (A-1-b)
©|BH-3 20-10.0| 34| 27 7| 83.4| SILT with SAND (ML) (A-4)
& BH-4 3.040 20| 17 47.3 | SILTY SAND with GRAVEL (SM) (A-4)
O| BH-4 40100 29| 24 73.6 | SILT with SAND (ML) (A-4)




GRADATION - STANDARD 599.76_HORIZON DR AND G RD ROUNDABOUT.GPJ ROCKSOL TEMPLATE.GDT 5/10/23

R\ RockSo] RockSol

Con:

sulting Group, Inc.

GRAIN SIZE DISTRIBUTION

CLIENT _City of Grand Junction PROJECT NAME Horizon Drive and G Road Roundabout Investigation
PROJECT NUMBER 599.76 PROJECT LOCATION _Grand Junction, Colorado
U.S. SIEVE OPENING IN INCHES | U.S. SIEVE NUMBERS | HYDROMETER
6 4 3 15 1 1/23/8 3 4 6 810 1416 20 30 40 50 60 100 140200
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100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL, ,SAND - SILT OR CLAY
coarse | fine coarse | medium | fine
Specimen Identification Classification LL PL Pl Cc | Cu
®| BH-1 0.6-1.0
X| BH-1 1.0-10.0 SILT with SAND (ML) (A-4) 34 25 9
A| BH-2 0.5-5.5 SILTY, CLAYEY GRAVEL with SAND (GC-GM) (A-4) 25 18 7
*| BH-2 5.5-10.0 SANDY SILT (ML) (A-4) 28 23 5
®| BH-3 0.5-2.0 SILTY GRAVEL with SAND (GM) (A-1-b) NP | NP | NP
Specimen Identification | D100 | D60 | D30 | D10 | %Gravel | %Coarse Sand|%Fine Sand | %Silt %Clay
® | BH-1 0.6-1.0 19 3.163 | 0.157 44.7 7.4 241 23.8
X | BH-1 1.0-10.0 19 7.2 4.2 10.1 78.5
A | BH-2 0.5-5.5 50 1.224 37.7 7.2 6.3 48.8
* | BH-2 5.5-10.0 19 9.8 44 18.7 67.1
® | BH-3 0.5-2.0 19 5.476 | 0.346 56.3 11.4 16.0 16.4




GRADATION - STANDARD 599.76_HORIZON DR AND G RD ROUNDABOUT.GPJ ROCKSOL TEMPLATE.GDT 5/10/23

R\ RockSo] RockSol

Consulting Group, Inc.

GRAIN SIZE DISTRIBUTION

CLIENT _City of Grand Junction PROJECT NAME Horizon Drive and G Road Roundabout Investigation
PROJECT NUMBER 599.76 PROJECT LOCATION _Grand Junction, Colorado
U.S. SIEVE OPENING IN INCHES | U.S. SIEVE NUMBERS | HYDROMETER
100 els 4 3H2 1i5 ? 3a 1f2*~3 4 _e's\ 810 1|41|6 2|o 30 40 50 60_100 140200
95 : 3 \1“'\\*“ L
: : T T
s JHE S 111 z '\\ i
8 "i é é || NN
| | RN
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100 10 1 0.1 0.01 0.001
GRAIN SIZE IN MILLIMETERS
COBBLES GRAVEL, ,SAND - SILT OR CLAY
coarse | fine coarse | medium | fine
Specimen Identification Classification LL PL Pl Cc | Cu
®| BH-3 2.0-10.0 SILT with SAND (ML) (A-4) 34 27 7
X| BH4 0.5-3.0 WELL-GRADED GRAVEL (GW) 2.50 | 7.04
A| BH4 3.0-4.0 SILTY SAND with GRAVEL (SM) (A-4) 20 17 3
*| BH-4 4.0-10.0 SILT with SAND (ML) (A-4) 29 24 5
Specimen Identification | D100 | D60 | D30 | D10 | %Gravel | %Coarse Sand|%Fine Sand | %Silt %Clay
® | BH-3 2.0-10.0 9.5 2.0 4.2 10.3 834
X | BH-4 0.5-3.0 63 21.726(12.952| 3.088 91.5 2.6 2.6 3.3
A | BH4 3.0-4.0 19 0.364 30.2 8.5 141 47.3
* | BH-4 4.0-10.0 12.5 4.1 2.6 19.7 73.6




CImrT

TECHNICAL ARSI
S ERVICES
R-VALUE TEST GRAPH (ASTM D2844)
Project Number: 23.022, Rocksol Consulting Date: 04/19/23
Project Name: City of GJ Horizon and G (RockSol Project No. 599.76) Technician: J. De Los Santos
Lab ID Number: 232294 Reviewer: G. Hoyos
Sample Location: BH-3; west bound G Road Lt. Center Turn Lane at 2 to 10 feet (RockSol ID No. GJ 23-56)
Visual Description: CLAY, sandy, light brown
100
80
60
o
=
>
40 &
20
" =roq-ro-liar
0
800 700 600 500 400 300 200 100
Exudation Pressure (psi)
R-Value @ Exudation Pressure 300 psi: 14
Specification:
CDOT Pavement Design Manual, 2011.
Eq. 2.1 & 2.2, page 2-3.
Test Specimen: 1 2 3
S; =[(R-5)/11.29]+3 S;= 3.80 Moisture Content, %: 17.1 18.8 21.4
Mg =101, +18-72)/6.24] Mp= 4,060 Expansion Pressure, psi: 1.06 0.70 -0.09
Mg = Resilient Modulus, psi Dry Density, pcf: 115.9 112.1 105.1
S; = the Soil Support Value R-Value: 15 13 10
R = the R-Value obtained Exudation Pressure, psi: 351 257 173

Note: The R-Value is measured; the My is an approximation from correlation formulas.

Colorado Regional Office: 7108 South Alton Way, Building B e Centennial, Colorado 80112
R-Value 232294 Phone 303-220-0300 e www.cesareinc.com

Rev. 3/30/12




cCrmrT

TECHNICAL

S ERVICES

R-VALUE TEST GRAPH (ASTM D2844)

Project Number: 23.022, Rocksol Consulting
Project Name: City of GJ Horizon and G (RockSol Project No. 599.76)
Lab ID Number: 232295

Date: 04/21/23
Technician: J. Holiman

Reviewer: G. Hoyos
Sample Location: BH-1; east bound G Road right turn lane 12 inches to 10 feet (RockSol ID No. GJ 23-54)

Visual Description: SAND, clayey, with gravel, light brown

100
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]
3
S
>
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l
— \\\
e 20
i
I~
o Ay S W B EpyR
\\
I‘ 0
800 700 600 500 400 300 200 100
Exudation Pressure (psi)
R-Value @ Exudation Pressure 300 psi: 12
Specification:
CDOT Pavement Design Manual, 2011.
Eq. 2.1 & 2.2, page 2-3.
Test Specimen: 1 2 3
S; =[(R-5)/11.29]+3 S;= 3.60 Moisture Content, %: 14.7 17.2 19.3
Mg = 1015, #1872)/6.24] Mq= 3,778 Expansion Pressure, psi: 4.91 0.76 0.06
Mg = Resilient Modulus, psi Dry Density, pcf: 120.6 114.3 108.6
S, = the Soil Support Value R-Value: 31 11 6
R = the R-Value obtained Exudation Pressure, psi: 559 292 196

Note: The R-Value is measured; the My is an approximation from correlation formulas.

Colorado Regional Office: 7108 South Alton Way, Building B e Centennial, Colorado 80112

R-Value 232295 Phone 303-220-0300 e www.cesareinc.com

Rev. 3/30/12




Geotechnical Investigation and Pavement Design Report
\@ ROCkS Ol Horizon Drive and G Road Roundabout

Consulting Group, Inc. City of Grand Junction, Colorado

APPENDIX D

G ROAD
20 AND 30-YEAR DESIGN LIFE FOR FLEXIBLE PAVEMENT
M-E DESIGN OUTPUT SHEETS

RockSol Project No. 599.76 August 31, 2023



G Road HMA (64-22) Design

AASHTOW;

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

Design Inputs
Design Life: 20 years Base construction: May, 2024 Climate Data 39.134, -108.538
Design Type: FLEXIBLE Pavement construction:  July, 2024 Sources (Lat/Lon)
Traffic opening: September, 2024
Design Structure Traffic
Layer type Material Type Thickness (in) olumetric at Construction: Age (year) Heavy Trucks
. R2 Level 1 SX(100) PG Effective binder (cumulative)
Flexible 2.0 o 11.2
6R‘:|2_2 TS0 P E content (%) 2024 (initial) 890
. eve - ir voids (©
Flexible Dy 5.0 Air voids (%) 51 | [2034 (10 years) | 2,135,670
NonStabilized Crushed gravel 8.0 2044 (20 years) 4,739,040
NonStabilized CDOT Class 2 ABC 8.0
Subgrade A-4 6.0
Subgrade A-4 Semi-infinite
Design OQutputs
Distress Prediction Summary
: Distress @ _Specmed Reliability (%) Criterion
Distress Type Reliability Satisfied?
Target Predicted Target Achieved )
Terminal IRI (in/mile) 200.00 153.45 90.00 99.73 Pass
Permanent deformation - total pavement (in) 0.80 0.77 90.00 93.94 Pass
AC bottom-up fatigue cracking (% lane area) 25.00 1.78 90.00 100.00 Pass
AC thermal cracking (ft/mile) 1500.00 83.55 90.00 100.00 Pass
AC top-down fatigue cracking (ft/mile) 3000.00 266.28 90.00 100.00 Pass
Permanent deformation - AC only (in) 0.65 0.15 90.00 100.00 Pass
Report generated on: Version: by: by:
5/24/2023 5:33 PM 2.3.1466 Created e 8/5/2016 12:00 AM APPrOVed 1\ 8/5/2016 12:00 AM Page 1 of 23



Distress Charts

G Road HMA (64-22) Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

AASHTOW;

IRI Total RutDepth (PermanentDeformation)
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= Threshold Value ===+ @ SpecifiedReliability ==~ @ S0% Reliability
Report generated on: Version: Created?: by:
5/24/2023 5:33 PM 2.3.1+66 1eaeCon: 8/5/2016 12:00 AM APPrOVed 1\ 8/5/2016 12:00 AM Page 2 of 23



Py G Road HMA (64-22) Design o)

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

| Traffic Inputs
I Graphical Representation of Traffic Inputs
Initial two-way AADTT: 890 Percent of trucks in design direction (%): 60.0
Number of lanes in design direction: 1 Percent of trucks in design lane (%): 100.0
Operational speed (mph) 35.0
- AADTT Distribution by ¥Yehicle Class Truck Distribution by Hour
-~
o 60 1 56.1%
&
5%
-
=)
0 40
= This chart does not apply to the design type
2 w0
E 21.1%
Q 201 14.2%
=i
10 4
L 0.3% 0.7% |0.7% [0.2% |0.2%
0 . . . . . .
4 5 6 7 8 9 10 1 12 13
Vehicle Class
.- Growth Factorby ¥Yehicle Class .5 Axles perTruck by Yehicle Class
| g |g|g|e|e|e|¢e|¢g|¢ o | B
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Traffic Volume Monthly Adjustment Factors
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Now : 2 2 . S
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Jul : ! i 9 £ 1 4
Jun
May : bt 2 K : :
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Mar 9 9 S
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Adj. Factor Adj. Factor Adj. Factor Adj. Factor Adj.Factor Adj. Fad:or Adj. actor Adj. Factor Adj. Factor Adj. Factor
Report generated on: Version: by: by:
5/24/2023 5:33 PM 2.3.1+66 Created n: 8/5/2016 12:00 AM APPrOVed 1\ 8/5/2016 12:00 AM Page 3 of 23



m G Road HMA (64-22) Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm
Tabular Representation of Traffic Inputs

Volume Monthly Adjustment Factors Level 3: Default MAF

Vehicle Class
Month
4 5 6 7 8 9 10 11 12 13
January 0.9 0.8 0.8 0.7 0.8 0.9 0.9 0.9 0.9 0.9
February 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 1.0 0.8
March 1.0 0.9 0.8 1.1 1.0 1.0 1.0 1.0 0.9 0.9
April 1.0 1.0 0.9 1.0 1.0 1.0 1.1 1.0 1.0 1.1
May 1.1 1.1 1.0 1.3 1.1 1.0 1.1 1.1 1.1 1.0
June 1.1 1.1 1.2 1.1 1.1 1.0 1.1 1.0 1.1 1.0
July 1.1 1.2 1.5 1.3 1.2 1.0 1.1 1.1 1.1 1.3
August 1.1 1.2 1.3 1.0 1.1 1.0 1.1 1.1 1.1 1.0
September 1.1 1.1 1.1 1.0 1.1 1.0 1.1 1.1 1.0 1.1
October 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 1.1
November 0.9 0.9 0.9 0.9 0.9 1.0 1.0 1.0 1.0 1.0
December 0.9 0.8 0.8 0.8 0.8 0.9 0.8 0.9 0.9 0.9
Distributions by Vehicle Class Truck Distribution by Hour does not apply
. . 'L_\AD_TT Growth Factor
Vehicle Class | Distribution (%)
(Level 3) Rate (%) Function
Class 4 2.1% 2% Compound
Class 5 56.1% 2% Compound
Class 6 4.4% 2% Compound
Class 7 0.3% 2% Compound
Class 8 14.2% 2% Compound
Class 9 21.1% 2% Compound
Class 10 0.7% 2% Compound
Class 11 0.7% 2% Compound
Class 12 0.2% 2% Compound
Class 13 0.2% 2% Compound
Axle Configuration Number of Axles per Truck
Traffic Wander Axle Configuration Vehicle |Single| Tandem| Tridem| Quad
Mean wheel location (in) 18.0 | |Average axle width (ft) 8.5 Class | Axle | Axle | Axle | Axle
Traffic wander standard deviation (in) 10.0 | [Dual tire spacing (in) 12.0 Class4 | 153 | 045 0 0
Design lane width (ft) 12.0 Tire pressure (psi) 120.0 Class 5 | 2.02 0.16 0.02 0
Class6 | 1.12 0.93 0 0
Average Axle Spacing | | Wheelbase does not apply Class7 | 1.19 | 0.07 0.45 0.02
Tandem axle 516 Class 8 | 2.41 0.56 0.02 0
spacing (in) Class9 | 1.16 | 1.88 | 0.01 0
Tridem axle 492 Class 10| 1.05 | 1.01 [ 0.93 | 0.02
spacing (in) . Class 11| 4.35 0.13 0 0
((?#)ad axle spacing | 49 5 Class 12| 345 | 1.22 | 0.09 | o0
Class 13 | 2.77 1.4 0.51 0.04

Report generated on: Version: Creat dby: by:
5/24/2023 5:33 PM 2.3.1+66 1eaeCon: 8/5/2016 12:00 AM APPrOVed 1\ 8/5/2016 12:00 AM Page 4 of 23



AADTT (Average Annual Daily Truck Traffic) Growth

G Road HMA (64-22) Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

* Traffic cap is not enforced

AADTT(Average Annual Daily Truck Traffic)

AADTT(Average Annual Dally Truck Traffic)

Heavy Trucks{curmulative)

Report generated on:
5/24/2023 5:33 PM
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G Road HMA (64'22) Design AASHTOM

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

Climate Inputs

Climate Data Sources:
Climate Station Cities: I

GRAND JUNCTION, CO

Location (lat lon elevation(ft))
39.13400 -108.53800 4839

Annual Statistics:

Rair_-fall (in) (mean (std dew))

Monthly Rainfall Statistics

0.87)
2] (0.87)

0.6 .
0.42
(0.46) | 3g)

. ° 04
Mean annual air temperature (°F) 53.75 c 4 5 5 = c 5 e a g = 9
C . A L = o = A g W o =z 0
Mean annual precipitation (in) 7.96
Freezing index (°F - days) 360.58
Water table depth
Average annual number of freeze/thaw cycles: 111.77 (ft) P 4.00
Monthly Climate Summary:
110 Monthly Temperature Summary
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G Road HMA (64-22) Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

Hourly Air Temperature Distribution by Month:
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G Road HMA (64-22) Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

Design Properties

HMA Design Properties

Use Multilayer Rutting Model False Interface
—— by ) dg| — - Layer Name Layer Type heha
* based model (not nationa

it ( ' y False Layer 1 Flexible : R2 Level 1 SX .
calibrated) (100) PG 64-22 Flexible (1) 1.00
Is NCHRP 1-37A HMA Rutting Model True Layer 2 Floxible R4 Level 1S
Coefficients : ;

! — (100) PG 64-22 Flexible (1) 1.00
Endurance Limit - Layer 3 Non-stabilized Base :
Use Reflective Cracking True Crushed gravel ' Non-stabilized Base (4) [1.00
Structure - ICM Properties Ic_;agg[r4cll\lac;ns-sétit)élged Base : Non-stabilized Base (4) [1.00
AC surface shortwave absorptivity 0.85 Layer 5 Subgrade : A-4 Subgrade (5) 1.00
Layer 6 Subgrade : A-4 Subgrade (5) -
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G Road HMA (64-22) Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

Thermal Cracking (Input Level: 1)

AASHTOW,

Creep Compliance (1/psi)
Indirect tensile strength at 14 °F (psi) [451.00 Loading time (sec)| 4 °F 14 °F 32 °F
Thermal Contraction 3.34e-007 4.19e-007 4.99¢e-007
Is thermal contraction calculated? True 3.53e-007 4.64e-007 6.19e-007
Mix coefficient of thermal contraction (in/in/°F) - 5 3.79e-007  |5.15e-007  |7.49e-007
Aggregate coefficient of thermal contraction 5.06-006 10 4.05e-007 5.70e-007 9.08e-007
9 )
i'/”’_ 'c:" E)M_ — — — 20 4316-007 |6.266-007 |1.086-006
oids in Mineral Aggregate (%) : 50 487e-007 |7.276:007 |1.43e-006
100 5.05e-007 8.41e-007 1.79e-006
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m G Road HMA (64-22) Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

HMA Layer 1: Layer 1 Flexible : R2 Level 1 SX(100) PG 64-22
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m G Road HMA (64-22) Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

HMA Layer 2: Layer 2 Flexible : R4 Level 1 S(100) PG 64-22

vaster Curve HMA Layer 2
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G Road HMA (64-22) Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm
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G Road HMA (64-22) Design

AASHTOW;

m File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm
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G Road HMA (64-22) Design

Rutting (Permanent Deformation) at 50% Reliability
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0.7 4

Rut Depth (in)

l Total @ Subtotal Subgrade 3 Subtotal AC A SubtotalBase

AASHTOW;
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G Road HMA (64-22) Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm
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Py

Layer Information

G Road HMA (64-22) Design

Layer 1 Flexible : R2 Level 1 SX(100) PG 64-22

General Info

AASHTOW,

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

Asphalt

Thickness (in) P.0

Unit weight (pcf) 145.0

Poisson's ratio Is Calculated? True
Ratio -
Parameter A -1.63
Parameter B 3.84E-06

Asphalt Dynamic Modulus (Input Level: 1)

Name Value
Reference temperature (°F) 70
Effective binder content (%) 11.2
Air voids (%) 5.1
Thermal conductivity (BTU/hr-ft-°F)  10.67
Heat capacity (BTU/Ib-°F) 0.23
Identifiers

Field Value

Display name/identifier

R2 Level 1 SX(100) PG 64-22

T (°F) 0.5 Hz 1Hz 10 Hz 25 Hz
14 2333549 2642179 2861449 2027779
40 1309490 1791270 2219829 2365949
70 379514 695090 1127310 1318450
100 87238 174824 349546 452545
130 29326 49265 92795 122034

Description of object

Mix ID # FS1938

Asphalt Binder

Author CDOT
Date Created 4/3/2013 12:00:00 AM
Approver CDOT

Date approved

4/3/2013 12:00:00 AM

State

Colorado

District

County

Temperature (°F) Binder Gstar (Pa) Phase angle (deg)
147.2 1857 81.6
158 889 83.1
168.8 451 85
Report generated on: Version: by:
5/24/2023 5:33 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1 SX
User defined field 2

User defined field 3
Revision Number 2

Approvedby:

on: 8/5/2016 12:00 AM
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G Road HMA (64-22) Design

Layer 2 Flexible : R4 Level 1 S(100) PG 64-22

General Info

AASHTOW,

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

Asphalt

Thickness (in) 5.0

Unit weight (pcf) 150.7

Poisson's ratio Is Calculated? True
Ratio -
Parameter A -1.63
Parameter B 3.84E-06

Asphalt Dynamic Modulus (Input Level: 1)

Name Value
Reference temperature (°F) 70
Effective binder content (%) 10.59
Air voids (%) 6.34
Thermal conductivity (BTU/hr-ft-°F)  |0.67
Heat capacity (BTU/Ib-°F) 0.23
Identifiers

Field Value

Display name/identifier

R4 Level 1 S(100) PG 64-22

T (°F) 0.5 Hz 1Hz 10 Hz 25 Hz

14 3066800 3098200 3172300 3192100
40 2806000 2874100 3039900 3085600
70 2266800 2396000 2735700 2835600
100 1522600 1696200 2219300 2393200
130 820200 975200 1545400 1773100

Description of object

Mix ID # FSA 0931-031

Asphalt Binder

Author CDOT
Date Created 5/3/2016 12:00:00 AM
Approver CDOT - MP

Date approved

5/3/2016 12:00:00 AM

State

Colorado

District

County

Temperature (°F) Binder Gstar (Pa) Phase angle (deg)
168.8 451 85
147.2 1857 81.6
158 889 83.1
Report generated on: Version: by:
5/24/2023 5:33 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1 S
User defined field 2

User defined field 3
Revision Number 0

Approvedby:

on: 8/5/2016 12:00 AM
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G Road HMA (64-22) Design

Layer 3 Non-stabilized Base : Crushed gravel

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

25000.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -
Identifiers
Field Value

Display name/identifier

Crushed gravel

Description of object

Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles

)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 42
Report generated on: Version: by:
5/24/2023 5:33 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

AASHTOW,

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |False 127.7
(stﬁ;;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Water Content (%) False 7.4
User-defined Soil Water Characteristic Curve
(SWCC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
11/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6
Appro"edgzi 8/5/2016 12:00 AM Page 18 of 23



G Road HMA (64-22) Design

Layer 4 Non-stabilized Base : CDOT Class 2 ABC

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

12000.0

Use Correction factor for NDT modulus? | -

NDT Correction

Factor: -

Identifiers

Field

Value

Display name/identifier

CDOT Class 2 ABC

Description of object

Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles

)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
5/24/2023 5:33 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

AASHTOW,

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 127.7
(st:#;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Water Content (%) False 7.4
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6
Approved ! 8/5/2016 12:00 AM Page 19 of 23



G Road HMA (64-22) Design

Layer 5 Subgrade : A-4

Unbound

Layer thickness (in) 6.0

Poisson's ratio

0.35

Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

AASHTOW,

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

NDT Correction Factor: -

Identifiers
Field Value
Display name/identifier |A-4

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
5/24/2023 5:33 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 20 of 23



Layer 6 Subgrade : A-4

G Road HMA (64-22) Design

Unbound

Layer thickness (in) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input Level: 3)

AASHTOW,

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -
Identifiers
Field Value

Display name/identifier |A-4

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0

Version:
2.3.1+66

Report generated on:
5/24/2023 5:33 PM

by:
Created
Teaed on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 21 of 23



G Road HMA (64-22) Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

Calibration Coefficients

AC Fatigue
k1: 0.007566
1 kzﬁfz 1 kalefa
N; = 0.00432 4 C+ Bk (;) (5)  |k2:39492
§ k3: 1.281
c=1w0 Bf1: 1
M =484 (V Lj‘_’v - 0.59) Bf2: 1
o Bf3: 1
AC Rutting
£p
£k 10% 2 Tk2Prz pykabrs .
;,  Kabr £, = plastic strain("/;, )
ks = (Cy + C; + depth) « 0.32819697" &, = resilient strain(*/; )
C,=00172+«H:Z —1.7331=H, + 27428 N = number of load repetitions
Where:
H,. = total AC thickness(in)
AC Rutting Standard Deviation 0.24 * Pow(RUT,0.8026) + 0.001
AC Layer K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1

Thermal Fracture

Cp = observed amount of thermal cracking(ft/500ft)
IOg C ;’F hac k =refression coef ficient determined through field calibration
—= % ) O =stendard normal distribution evaluated at()
o3 o = standard deviation of thelog of the depth of cracks in the pavments
. . " —_— " " " C = crack depth(in)
— / AFT b, =thickness of asphalt layer(in)
AC (ff— ﬁf r ATAK AC = Change in the erack depth due to a cooling cycle

C, =400 *N(

AK = Changa in the stress intensity factor due to a cooling cycle
1y 43892 52%0gl E¥a, *x) | An=Fracture parameters for the asphalt mixture
’1 — 10 E = mixture stif fness
oy = Undamaged mixture tensile strength
B = Calibration parameter

Level 1 K: 1.5 Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 K: 0.5 Level 2 Standard Deviation: 0.2841 * THERMAL + 55.462
Level 3K: 1.5 Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422
CSM Fatigue

by Bos C;_sr) Ny = number of repetitions to fatigue cracking
] g= Tensile stress(psi)
N = 10 2Pcz M, = modulus of rupture(psi)

k1: 1 |k2: 1 [Bc1: 0.75 |Bc2:1.1

Report generated on: Version: Creat dby: by:
5/24/2023 5:33 PM 2.3.1+66 1eaeCon: 8/5/2016 12:00 AM APPIOVed ' 8/5/2016 12:00 AM Page 22 of 23



G Road HMA (64-22) Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) Design.dgpx..Zasm

Subgrade Rutting

8, = permanent deformation for the layer
o _(ﬁ)ﬁ N = number of repetitions
6, (N) = ﬁsi kie h (—) e | £, = average veritcal strain{(in/in)
Er £q. 3 p = material properties
£, = resilient strain(in/in)
Granular Fine
k1: 2.03 [Bs1: 1 k1:1.35 Bs1: 1

Standard Deviation (BASERUT)
0.1477 * Pow(BASERUT,0.6711) + 0.001

Standard Deviation (BASERUT)
0.1235 * Pow(SUBRUT,0.5012) + 0.001

AC Cracking

AC Top Down Cracking

AC Bottom Up Cracking

FC 6000 ( 1 )
= | —
14 E(ﬁ',_e:ﬂ',r_-l-rl'zsﬂ';ipgm(ﬂaiﬂl}}} 60

C
FCpop = ( 2 )* 10.56
1 + elCa—Cavlogso(Damage)) Ch = —2.40874 — 39.748 « (1 + h,, )~ 28%¢
Ci=—-2xCy
c1: 7 [c2:35  [c3:0 kc4: 1000 [c1: 1 [c2: 1 [c3: 6000

AC Cracking Top Standard Deviation

AC Cracking Bottom Standard Deviation

200 + 2300/(1+exp(1.072-2.1654"LOG10
(TOP+0.0001)))

1.13 + 13/(1+exp(7.57-15.5"LOG10
(BOTTOM+0.0001)))

CSM Cracking

IRI Flexible Pavements

FC —C + Cg 1 - Rutting 23 - Trangwerse Crack
cth - 1 1 n 303—15'4 { Denggey |2 - Fat,igue Crack 4 - Site Factors
c:0 [c2:75 |c3:5  [c4:3 C1:40 [C2:04 [C3:0.008 |C4:0.015
CSM Standard Deviation
CTB*1
Report ted on: Version: by: by:
5/94/2023 5:33 PM | 23,1466 Created " 8/5/2016 12:00 AM Approved 8/5/2016 12:00 AM
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G Road HMA (64-22) 30-year Design )

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) 30-year Design.dgpXcsrs

Design Inputs
Design Life: 30 years Base construction: May, 2024 Climate Data 39.134, -108.538
Design Type: FLEXIBLE Pavement construction:  July, 2024 Sources (Lat/Lon)
Traffic opening: September, 2024
Design Structure Traffic
Layer type Material Type Thickness (in) olumetric at Construction: Age (year) Heavy Trucks
. R2 Level 1 SX(100) PG Effective binder (cumulative)
Flexible 2.0 o 11.2
6R‘:|2_2 TS0 P E content (%) 2024 (initial) 890
. eve - ir voids (9
Flexible Dy 6.0 Air voids (%) 51 | 2039 (15 years) | 3,372,970
NonStabilized Crushed gravel 8.0 2054 (30 years) 7,912,540
NonStabilized CDOT Class 2 ABC 8.0
Subgrade A-4 6.0
Subgrade A-4 Semi-infinite
Design OQutputs
Distress Prediction Summary
: Distress @ _Specmed Reliability (%) Criterion
Distress Type Reliability Satisfied?
Target Predicted Target Achieved )
Terminal IRI (in/mile) 200.00 183.40 90.00 95.95 Pass
Permanent deformation - total pavement (in) 0.80 0.79 90.00 91.78 Pass
AC bottom-up fatigue cracking (% lane area) 25.00 1.72 90.00 100.00 Pass
AC thermal cracking (ft/mile) 1500.00 84.12 90.00 100.00 Pass
AC top-down fatigue cracking (ft/mile) 3000.00 259.35 90.00 100.00 Pass
Permanent deformation - AC only (in) 0.65 0.19 90.00 100.00 Pass
Report generated on: Version: by: by:
8/31/2023 4:54 PM 2.3.1+66 Created i 8/5/2016 12:00 AM APPrOVed 1\ 8/5/2016 12:00 AM Page 1 of 23



m G Road HMA (64-22) 30-year Design misToN)
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Distress Charts

IRI Total RutDepth (PermanentDeformation)
220 1
200 )
200 T2 0.9 0.8 0.7
180 4 0.8
= 15: 9T = 0.7 B PP T L L 0.6
1 wear® = anameernett -
'-E 0 .._-_.-,.u 13750 i ."‘__......- --—_______-
é 140 4 .--"".-‘. - § 0.5 -"." ——-——"-‘—__
—_ ] '“.-.,..-.-- —‘_——— A 0 ....‘ -
& 120 e 2 (e ’,a‘
. - =) PO
100 4 Soemet ST & 51] e
80 {Initial IRL: 59.87" I e
L F 0.1
10 T T T T T 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Pavement Age (years) Pavement Age (years)
AC Bottom-Up Cracking (Alligator) Thermal Cracking: Total Length vs. Time
0 1800
25 0 3 1500
g 25 @lmf
o é 1400 4
[
= 204 £ 1200 1
o ~r
S =] -‘310 0 4
a c 8004
3 3
£ 10 = 600
o o
£ . g 1004
@ ] ~
0 T T T T u 0 T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Pavement Age (years) Pavement Age (years)
= Threshold Value ===+ @ SpecifiedReliability ==~ @ S0% Reliability
Report generated on: Version: Created?: by:
reate Approved - 8152016 12:00 AM Page 2 of 23
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m G Road HMA (64-22) 30-year Design )

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) 30-year Design.dgpX

| Traffic Inputs
I Graphical Representation of Traffic Inputs
Initial two-way AADTT: 890 Percent of trucks in design direction (%): 60.0
Number of lanes in design direction: 1 Percent of trucks in design lane (%): 100.0
Operational speed (mph) 35.0
- AADTT Distribution by ¥Yehicle Class Truck Distribution by Hour
-~
o 60 1 56.1%
&
5%
-
=)
0 40
= This chart does not apply to the design type
2 w0
E 21.1%
Q 201 14.2%
=i
10 4
L 0.3% 0.7% |0.7% [0.2% |0.2%
0 . . . . . .
4 5 6 7 8 9 10 1 12 13
Vehicle Class
.- Growth Factorby ¥Yehicle Class .5 Axles perTruck by Yehicle Class
| g |g|g|e|e|e|¢e|¢g|¢ o | B
(=} (=} (=} (=} (=} (=} (=} (=} (=} (=}
(¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ ET'“'"’“"*' )
— 27 3.5
EE Tn:lem
S o 4
1.5 1 o (] Quae Z |
@ = 251 72 %
a % Z %
= % % %
£ ® 24y ’ 5
2 1- 7 Z = Z %
5 ’ 7 = 7 7
s L54y 7 % = 7 %
G} VY ) % = Z
A A D % A P
17 Z % 2 Z o
0.5 4 7% 7% 7. 7% 7% o
: 7 |2 7 |2
A A A A
1l e
Z iz
04 0 - T Z= T T 2 T T 2
a 5 6 7 8 9 10 1 12 13 a 5 7 8 9 100 1 12 13
Vehicle Class VYehicle Class
Traffic Volume Monthly Adjustment Factors
Class 6 Class 10 | Class 11 | Class 12 | Class 13
Dec
Now : 2 2 . S
Oct
Sep : b it ' '
Aug
Jul : ! i 9 £ 1 4
Jun
May : bt 2 K : :
Apr
Mar 9 9 S
Feb
Jan 3 g
é&v}-b:b .qz.h+-bnb «qw,-w.ba AT, rw.bnb r’!{éu,rb%vbnb &3&* & A s BEE T '-44 +-bnb_' AT 5 'fquu».bnb rwu
coQo CO0C0 —~—~-"0C00C0C —'—'—'- T T-T- M - R R R - S R-R-%-1 ER-R-R-F~] - CoOCO R -R-F-] - CO0CQ ——-
Adj. Factor Adj. Factor Adj. Factor Adj. Factor Adj.Factor Adj. Fad:or Adj. actor Adj. Factor Adj. Factor Adj. Factor
Report generated on: Version: by: by:
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m G Road HMA (64-22) 30-year Design srougl)

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) 30-year Design.dgpXcsrs
Tabular Representation of Traffic Inputs

Volume Monthly Adjustment Factors Level 3: Default MAF

Vehicle Class
Month
4 5 6 7 8 9 10 11 12 13
January 0.9 0.8 0.8 0.7 0.8 0.9 0.9 0.9 0.9 0.9
February 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 1.0 0.8
March 1.0 0.9 0.8 1.1 1.0 1.0 1.0 1.0 0.9 0.9
April 1.0 1.0 0.9 1.0 1.0 1.0 1.1 1.0 1.0 1.1
May 1.1 1.1 1.0 1.3 1.1 1.0 1.1 1.1 1.1 1.0
June 1.1 1.1 1.2 1.1 1.1 1.0 1.1 1.0 1.1 1.0
July 1.1 1.2 1.5 1.3 1.2 1.0 1.1 1.1 1.1 1.3
August 1.1 1.2 1.3 1.0 1.1 1.0 1.1 1.1 1.1 1.0
September 1.1 1.1 1.1 1.0 1.1 1.0 1.1 1.1 1.0 1.1
October 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 1.1
November 0.9 0.9 0.9 0.9 0.9 1.0 1.0 1.0 1.0 1.0
December 0.9 0.8 0.8 0.8 0.8 0.9 0.8 0.9 0.9 0.9
Distributions by Vehicle Class Truck Distribution by Hour does not apply
. . 'L_\AD_TT Growth Factor
Vehicle Class | Distribution (%)
(Level 3) Rate (%) Function
Class 4 2.1% 2% Compound
Class 5 56.1% 2% Compound
Class 6 4.4% 2% Compound
Class 7 0.3% 2% Compound
Class 8 14.2% 2% Compound
Class 9 21.1% 2% Compound
Class 10 0.7% 2% Compound
Class 11 0.7% 2% Compound
Class 12 0.2% 2% Compound
Class 13 0.2% 2% Compound
Axle Configuration Number of Axles per Truck
Traffic Wander Axle Configuration Vehicle |Single| Tandem| Tridem| Quad
Mean wheel location (in) 18.0 | |Average axle width (ft) 8.5 Class | Axle | Axle | Axle | Axle
Traffic wander standard deviation (in) 10.0 | [Dual tire spacing (in) 12.0 Class4 | 153 | 045 0 0
Design lane width (ft) 12.0 Tire pressure (psi) 120.0 Class 5 | 2.02 0.16 0.02 0
Class6 | 1.12 0.93 0 0
Average Axle Spacing | | Wheelbase does not apply Class7 | 1.19 | 0.07 0.45 0.02
Tandem axle 516 Class 8 | 2.41 0.56 0.02 0
spacing (in) Class9 | 1.16 | 1.88 | 0.01 0
Tridem axle 492 Class 10| 1.05 | 1.01 [ 0.93 | 0.02
spacing (in) . Class 11| 4.35 0.13 0 0
((?#)ad axle spacing | 49 5 Class 12| 345 | 1.22 | 0.09 | o0
Class 13 | 2.77 1.4 0.51 0.04

Report generated on: Version: Creat dby: by:
8/31/2023 4:54 PM 23.1+66 Teaed on: 8/5/2016 12:00 AM Approved . 6/5/2016 12:00 AM Page 4 of 23



AADTT (Average Annual Daily Truck Traffic) Growth

G Road HMA (64-22) 30-year Design

m File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) 30-year Design.dgpXcsrs

* Traffic cap is not enforced
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é

AADTT(Average Annual Dally Truck Traffic)
N

Classes 4-7
Kclassa llcress @crss ¢

AADTT(Average Annual Daily Truck Traffic)
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Climate Inputs

Climate Data Sources:

G Road HMA (64-22) 30-year Design

wsi)

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) 30-year Design.dgpXcsrs

2167 Monthly Rainfall Statistics
. . o . . 3144 1.21
Climate Station Cities: Location (lat lon elevation(ft)) - A (0.83)
£ 1.2
GRAND JUNCTION, CO 39.13400 -108.53800 4839 . -
] s
L1 2.67)
0.5 1 h 0.63
E£08 0:56 (0.56) 0.54 0.53
20 (0.45) “ln.40_}(0.51) (0.50)10.39
s (0.41) (0.34)
Annual Statistics: 2
5
H o
Mean annual air temperature (°F) 53.55 c 4 g L= c 5 g a g z §
Mean annual precipitation (in) 7.76 = & < & 0 " 4 @ =
Freezing index (°F - days) 398.73
Water table depth
Average annual number of freeze/thaw cycles: 111.77 (ft) P 4.00
Monthly Climate Summary:
110 Monthly Temperature Summary
T s0d = H P : - : : 2 : :
— - . s . ErAY d . s . .
e Y : : : A E : : ' : :
3 04\ A E : i 4 A\ : L E : : 2 s h Maximum
2 o] ll‘ : nl '"‘ ll\‘ : n\:. l" ':‘ . A\ '\\ X /" 'u‘ . '-‘ : 'p‘ : : “‘ . /'\ ' ‘; \‘ X Maximun
e N\ 2A ] n )\ HI & D i MY I A Y IR (! 7 1
3 40 4¢ || 1’ \\ /' |‘ N l‘ 3 \‘ - “ i ] \‘ 4 \‘ 1‘ \ ” H '/ ' 3 ‘, || 1 ® Average
" I
£ 30 4! (A B\ A l, \| ,l ' ,‘ \ " ‘l l' I ll v \| I’ “ 7 ‘l 4 ‘\ 1‘ Vo ,‘ “ P TP
o 204 v [ — L vy WY L \ 14 A | o Wi | F \ A Minimum
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Date
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= 1 = Precipitation | eeees Wind Speed : 16 -.'.:_,_
(= = e 14
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© e E g
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;g“ 100 -
S w0
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g
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@
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G Road HMA (64-22) 30-year Design
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Hourly Air Temperature Distribution by Month:
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Design Properties

HMA Design Properties

Use Multilayer Rutting Model False Layer Name Layer Type Interface
- - Friction
Using G* based model (not nationally False L T Floxible - B2 Level 15X
calibrated) ( fgg)rpe g:[zze -Releve Flexible (1) 1.00
Is NCHRP 1-37A HMA Rutting Model True 3 2 Flodbl R Loval 15
Coefficients ayer exible : eve .
— (100) PG 64-22 Flexible (1) 1.00
Endurance Limit - —
Layer 3 Non-stabilized Base : N bilized B s [1.00
Use Reflective Cracking True Crushed gravel on-stabilized Base (4) |1.0
Structure - ICM Properties Ic_;agg[r4cll\lac;ns-sétit)élged Base : Non-stabilized Base (4) [1.00
AC surface shortwave absorptivity 0.85 Layer 5 Subgrade : A-4 Subgrade (5) 1.00
Layer 6 Subgrade : A-4 Subgrade (5) -
Report generated on: Version: Createdby: Approve dby: Page 8 of 23
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G Road HMA (64-22) 30-year Design
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Thermal Cracking (Input Level: 1)

=)

Creep Compliance (1/psi)
Indirect tensile strength at 14 °F (psi) [451.00 Loading time (sec)| 4 °F 14 °F 32 °F
Thermal Contraction 3.34e-007 4.19e-007 4.99¢e-007
Is thermal contraction calculated? True 3.53e-007 4.64e-007 6.19e-007
Mix coefficient of thermal contraction (in/in/°F) - 5 3.79e-007  |5.15e-007  |7.49e-007
Aggregate coefficient of thermal contraction 5.06-006 10 4.05e-007 5.70e-007 9.08e-007
9 )
i'/”’_ 'c:" E)M_ — — — 20 4316-007 |6.266-007 |1.086-006
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G Road HMA (64-22) 30-year Design

m File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) 30-year Design.dgpXcsrs

HMA Layer 1: Layer 1 Flexible : R2 Level 1 SX(100) PG 64-22
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Version:
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HMA Layer 2: Layer 2 Flexible : R4 Level 1 S(100) PG 64-22
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Py G Road HMA (64-22) 30-year Design =

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) 30-year Design.dgpXcsrs
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G Road HMA (64-22) 30-year Design

m File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) 30-year Design.dgpXcsrs

Rutting (Permanent Deformation) at 50% Reliability
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G Road HMA (64-22) 30-year Design

Asphalt Mid-Quintile Sub-layer Modulus

wsi)

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) 30-year Design.dgpXcsrs
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G Road HMA (64-22) 30-year Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) 30-year Design.

Layer Information

Layer 1 Flexible : R2 Level 1 SX(100) PG 64-22

General Info

wso)
AQDXAASHIO

Asphalt

Thickness (in) P.0

Unit weight (pcf) 145.0

Poisson's ratio Is Calculated? True
Ratio -
Parameter A -1.63
Parameter B 3.84E-06

Asphalt Dynamic Modulus (Input Level: 1)

Name Value
Reference temperature (°F) 70
Effective binder content (%) 11.2
Air voids (%) 5.1
Thermal conductivity (BTU/hr-ft-°F)  10.67
Heat capacity (BTU/Ib-°F) 0.23
Identifiers

Field Value

Display name/identifier

R2 Level 1 SX(100) PG 64-22

T (°F) 0.5 Hz 1Hz 10 Hz 25 Hz
14 2333549 2642179 2861449 2027779
40 1309490 1791270 2219829 2365949
70 379514 695090 1127310 1318450
100 87238 174824 349546 452545
130 29326 49265 92795 122034

Description of object

Mix ID # FS1938

Asphalt Binder

Author CDOT
Date Created 4/3/2013 12:00:00 AM
Approver CDOT

Temperature (°F)

Binder Gstar (Pa)

Phase angle (deg)

Date approved

4/3/2013 12:00:00 AM

147.2

1857

81.6

State

Colorado

District

County

158 889 83.1
168.8 451 85
Report generated on: Version: by:
8/31/2023 4:54 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1 SX
User defined field 2

User defined field 3
Revision Number 2

Approvedby:

on: 8/5/2016 12:00 AM
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G Road HMA (64-22) 30-year Design

N MSH@
File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) 30-year Design.

Layer 2 Flexible : R4 Level 1 S(100) PG 64-22

Asphalt General Info
Thickness (in) 6.0 Name Value
Unit weight (pcf) 150.7
- : . Reference temperature (°F) 70
Poisson's ratio Is Calculated? True . .
motio Effective binder content (%) 10.59
Air voids (%) 6.34
Parameter A 1.63 Thermal conductivity (BTU/hr-ft-F)  [0.67
Parameter B 3.84E-06 ot — :
Heat capacity (BTU/Ib-°F) 0.23

Asphalt Dynamic Modulus (Input Level: 1)

Identifiers
T (°F) 0.5 Hz 1Hz 10 Hz 25 Hz
14 3066800 3098200  |3172300  [3192100 Field Value
20 2806000 2874100 3039900 3085600 Display name/identifier |R4 Level 1 S(100) PG 64-22
70 2266800 2396000 2735700 2835600
Description of object Mix ID # FSA 0931-031
100 1522600 1696200 2219300 2393200
130 820200 975200 1545400 1773100 Author cDOT
Date Created 5/3/2016 12:00:00 AM
Asphalt Binder Approver CDOT - MP

Temperature (°F) Binder Gstar (Pa) Phase angle (deg) Date approved 5/3/2016 12:00:00 AM
168.8 451 85 State Colorado
147.2 1857 816 District
158 889 83.1 County
Highway
Direction of Travel
From station (miles)
To station (miles)
Province
User defined field 1 S
User defined field 2
User defined field 3
Revision Number 0
B0 e o 25 ekt Created . o/s/2016 12:00 AM Aoproved o6 01 12:00 A Page 17 of 23



G Road HMA (64-22) 30-year Design

Layer 3 Non-stabilized Base : Crushed gravel

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

25000.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -

Identifiers

Field

Value

Display name/identifier

Crushed gravel

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 42
Report generated on: Version: by:
8/31/2023 4:54 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

AASHTOW;
File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) 30-year Design.

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True

Is User

Defined?| Value

Maximum dry unit weight (pcf) |False 127.7
Saturated hydraulic conductivity False 5.0546-02
(ft/hr)
Specific gravity of solids False 2.7
Water Content (%) False 7.4

User-defined Soil Water Characteristic Curve

(SWCC)

Is User Defined?

False

af

7.2555

bf

1.3328

cf

0.8242

hr

117.4000

Sieve Size

% Passing

0.001mm

0.002mm

0.020mm

#200

8.7

#100

#80

12.9

#60

#50

#40

20.0

#30

#20

#16

#10

33.8

#8

#4

44.7

3/8-in.

57.2

1/2-in.

63.1

3/4-in.

72.7

1-in.

78.8

1 1/2-in.

85.8

2-in.

91.6

2 1/2-in.

3-in.

3 1/2-in.

97.6

Approvedby:

on: 8/5/2016 12:00 AM
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G Road HMA (64-22) 30-year Design

Layer 4 Non-stabilized Base : CDOT Class 2 ABC

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

AASHTOW;
File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) 30-year Design.

Resilient Modulus (psi)

12000.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor:

Identifiers
Field Value
Display name/identifier |CDOT Class 2 ABC

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
8/31/2023 4:54 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True

Is User

Defined?| V2lU®

Maximum dry unit weight (pcf) |[False 127.7
Saturated hydraulic conductivity False 5.0546-02
(ft/hr)
Specific gravity of solids False 2.7
Water Content (%) False 7.4

User-defined Soil Water Characteristic Curve

(SWCC)

Is User Defined?

False

af

7.2555

bf

1.3328

cf

0.8242

hr

117.4000

Sieve Size

% Passing

0.001mm

0.002mm

0.020mm

#200

8.7

#100

#80

12.9

#60

#50

#40

20.0

#30

#20

#16

#10

33.8

#8

#4

44.7

3/8-in.

57.2

1/2-in.

63.1

3/4-in.

72.7

1-in.

78.8

1 1/2-in.

85.8

2-in.

91.6

2 1/2-in.

3-in.

3 1/2-in.

97.6

Approvedby:

on: 8/5/2016 12:00 AM

Page 19 of 23



G Road HMA (64-22) 30-year Design

P\I MSH@
File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) 30-year Design.

Layer 5 Subgrade : A-4

Unbound

Layer thickness (in) 6.0

Poisson's ratio

0.35

Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -

Identifiers
Field Value
Display name/identifier |A-4

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
8/31/2023 4:54 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 20 of 23



Layer 6 Subgrade : A-4

G Road HMA (64-22) 30-year Design

Unbound

Layer thickness (in) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input Level: 3)

AASHTOW;
File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) 30-year Design.

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

NDT Correction

Factor: -

Identifiers

Field

Value

A-4

Display name/identifier

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0

Version:
2.3.1+66

Report generated on:
8/31/2023 4:54 PM

by:
Created
Teaed on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 21 of 23



G Road HMA (64-22) 30-year Design

=)

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road HMA (64-22) 30-year Design.dgpXcsrs

Calibration Coefficients

AC Fatigue
k1: 0.007566
1 kzﬁfz 1 kalefa
N; = 0.00432 4 C+ Bk (;) (5)  |k2:39492
§ k3: 1.281
c=1w0 Bf1: 1
M =484 (V Lj‘_’v - 0.59) Bf2: 1
o Bf3: 1
AC Rutting
£p
£k 10% 2 Tk2Prz pykabrs .
;,  Kabr £, = plastic strain("/;, )
ks = (Cy + C; + depth) « 0.32819697" &, = resilient strain(*/; )
C,=00172+«H:Z —1.7331=H, + 27428 N = number of load repetitions
Where:
H,. = total AC thickness(in)
AC Rutting Standard Deviation 0.24 * Pow(RUT,0.8026) + 0.001
AC Layer K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1

Thermal Fracture

C, =400 *N(

AC

4 . l 0(4_389_2_52*103( E*g,*n)  An=Fracture parameters for the asphali mixture

Cp = observed amount of thermal cracking(ft/500ft)
IOg C ;’F hac k =refression coef ficient determined through field calibration
—= % ) O =stendard normal distribution evaluated at()
o3 o = standard deviation of thelog of the depth of cracks in the pavments
. —_— C = crack depth(in)
— (f( * ﬁf YH # 4 AF™ kg =thickness of asphalt layer(in)
\ / AC = Change in the crack depth due to a cooling cycle
AK = Changa in the stress intensity factor due to a cooling cycle

E = mixture stif fness
oy = Undamaged mixture tensile strength
B = Calibration parameter

Level 1 K: 1.5 Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 K: 0.5 Level 2 Standard Deviation: 0.2841 * THERMAL + 55.462
Level 3K: 1.5 Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422
CSM Fatigue

N = 10 M, = modulus of rupture(psi)

by Bos C;_sr) Ny = number of repetitions to fatigue cracking
o, = Tensile stress(psi)
k 2 IEI'.'-'Z

k1: 1

|k2: 1 [Bc1: 0.75 |Bc2:1.1
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G Road HMA (64-22) 30-year Design
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Subgrade Rutting

8, = permanent deformation for the layer
o _(ﬁ)ﬁ N = number of repetitions
6, (N) = ﬁsi kie h (—) e | £, = average veritcal strain{(in/in)
Er £q. 3 p = material properties
£, = resilient strain(in/in)
Granular Fine
k1: 2.03 [Bs1: 1 k1:1.35 Bs1: 1

Standard Deviation (BASERUT)
0.1477 * Pow(BASERUT,0.6711) + 0.001

Standard Deviation (BASERUT)
0.1235 * Pow(SUBRUT,0.5012) + 0.001

AC Cracking

AC Top Down Cracking

AC Bottom Up Cracking

FC 6000 ( 1 )
= | —
14 E(ﬁ',_e:ﬂ',r_-l-rl'zsﬂ';ipgm(ﬂaiﬂl}}} 60

C
FCpop = ( 2 )* 10.56
1 + elCa—Cavlogso(Damage)) Ch = —2.40874 — 39.748 « (1 + h,, )~ 28%¢
Ci=—-2xCy
c1: 7 [c2:35  [c3:0 kc4: 1000 [c1: 1 [c2: 1 [c3: 6000

AC Cracking Top Standard Deviation

AC Cracking Bottom Standard Deviation

200 + 2300/(1+exp(1.072-2.1654"LOG10
(TOP+0.0001)))

1.13 + 13/(1+exp(7.57-15.5"LOG10
(BOTTOM+0.0001)))

CSM Cracking

IRI Flexible Pavements

FC —C + Cg 1 - Rutting 23 - Trangwerse Crack
cth - 1 1 n 303—15'4 { Denggey |2 - Fat,igue Crack 4 - Site Factors
c:0 [c2:75 |c3:5  [c4:3 C1:40 [C2:04 [C3:0.008 |C4:0.015
CSM Standard Deviation
CTB*1
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Geotechnical Investigation and Pavement Design Report
\@ ROCkS Ol Horizon Drive and G Road Roundabout

Consulting Group, Inc. City of Grand Junction, Colorado

APPENDIX E
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27.5 Road HMA (64-22) Design
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AASHTOW;

Design Inputs
Design Life: 20 years Base construction: May, 2024 Climate Data 39.134, -108.538
Design Type: FLEXIBLE Pavement construction:  July, 2024 Sources (Lat/Lon)
Traffic opening: September, 2024
Design Structure Traffic
Layer type Material Type Thickness (in) olumetric at Construction: Age (year) Heavy Trucks
. R2 Level 1 SX(100) PG Effective binder (cumulative)
Flexible 2.0 o 11.2
6R‘:|2_2 TS0 P E content (%) 2024 (initial) 1,820
. eve - ir voids (9
Flexible Dy 7.0 iir voids (%) 51 | [2034 (10 years) | 4,367,330
NonStabilized Crushed gravel 8.0 2044 (20 years) 9,691,080
NonStabilized CDOT Class 2 ABC 8.0
Subgrade A-4 6.0
Subgrade A-4 Semi-infinite
Design OQutputs
Distress Prediction Summary
: Distress @ _Specmed Reliability (%) Criterion
Distress Type Reliability Satisfied?
Target Predicted Target Achieved )
Terminal IRI (in/mile) 200.00 152.75 90.00 99.75 Pass
Permanent deformation - total pavement (in) 0.80 0.76 90.00 94.99 Pass
AC bottom-up fatigue cracking (% lane area) 25.00 1.62 90.00 100.00 Pass
AC thermal cracking (ft/mile) 1500.00 83.47 90.00 100.00 Pass
AC top-down fatigue cracking (ft/mile) 3000.00 257.09 90.00 100.00 Pass
Permanent deformation - AC only (in) 0.65 0.22 90.00 100.00 Pass
Report generated on: Version: by: by:
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Distress Charts

IRI Total RutDepth (PermanentDeformation)
220
200
200 0.9
0.8
180 4 — 0.8 9.78
c ewnnnant®
F 1601 152.80 < 07 NSO LU W9
é’ 1410 4 "“"_.",...---0 § 0.6 ."-.._......- ---_—-____----
E 120 4 ‘""...._,.-.-...--' 113.10 (=] 0.5 .'..- -----,—————
- opeseretl® - + o -
100 -.-10.0"'-.-'- _—-_--"--—__ & 0.4 .-'.. ”‘
80 {Initial IRL: 59.8=m===""" 0.3 ,..-:”'
so{"" 0.2 4%
40 . . . x ; . . . . 0.1
0 2 a 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Pavement Age (years) Pavement Age (years)
AC Bottom-Up Cracking (Alligator) Thermal Cracking: Total Length vs. Time
30 1800
o 25 1600 3 1500
£ 2 0 ,:J
g £
= 204 1200 -
2 -£1000 1
G 5] & -
a c 8004
3 3
£ 104 — 6001
o o
£ . g 1004
@ ] 1.62 00 3 83.47%
heeueusfeessnsdsnsaschonsesaionsessopessasadasansachesasasfuranndeddoded 2 eeeeeeseaeedearasespaseseajusesnashersvasioeensehenserepenserededdided]
0 T T T T T T T T T 0 T T T T T T T T T
0 2 4 & 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Pavement Age (years) Pavement Age (years)
= Threshold Value ===+ @ SpecifiedReliability ==~ @ S0% Reliability
Report generated on: Version: Created?: Approve dby: Page 2 of 23

5/24/2023 5:31 PM 2.3.1+66

on: 8/5/2016 12:00 AM

on: 8/5/2016 12:00 AM



m 27.5 Road HMA (64-22) Design
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| Traffic Inputs
I Graphical Representation of Traffic Inputs
Initial two-way AADTT: 1,820 Percent of trucks in design direction (%): 60.0
Number of lanes in design direction: 1 Percent of trucks in design lane (%): 100.0
Operational speed (mph) 35.0
- AADTT Distribution by ¥Yehicle Class Truck Distribution by Hour
-~
o 60 1 56.1%
&
5%
-
=)
0 40
= This chart does not apply to the design type
2 w0
E 21.1%
Q 201 14.2%
=i
10 4
L 0.3% 0.7% |0.7% [0.2% |0.2%
04 . . . . . .
4 5 6 7 8 9 10 1 12 13
Vehicle Class
.- Growth Factorby ¥Yehicle Class .5 Axles perTruck by Yehicle Class
| g |g|g|e|e|e|¢e|¢g|¢ o | B
(=} (=} (=} (=} (=} (=} (=} (=} (=} (=}
(¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ ET'“'"’“"*' )
—~ 27 3.5
EE Tn:lem
S o 4
B 151 g | Mo 7
o = 2.5 7 7
s % 72 | %
= % % %
£ ® 24y ’ 5
2 1- 7 Z = Z %
5 ’ 7 = 7 7
s L54y 7 % = 7 %
G VY ; % = Z
A A D % A P
17 Z % 2 Z o
0.5 4 7% 7% 7. 7% 7% o
: 7 |2 7 |2
A A A A
1l e
Z iz
04 0 - T Z= T T 2 T T 2
a 5 6 7 8 9 10 1 12 13 a 5 7 8 9 10 11 12 13
Vehicle Class Yehicle Class
Traffic Volume Monthly Adjustment Factors
Class 6 Class 10 | Class 11 | Class 12 | Class 13
Dec
Now : 2 2 . S
Oct
Sep : b it ' '
Aug
Jul : ! i 9 £ ! 4
Jun
May : bt 2 K : :
Apr
Mar 9 9 S
Feb
Jan 3 g
éc{n}-b:b rlgzriu%-bnb r!gv}u’rbdnb:b AT, rw-bnb @éu,runbnb &3&* & A s BEE T '-%4 !!Mbnb_' AT 5 'fquu».bnb rwu
coQo CO0C0 —~—~-"0C00C0C —'—'—'- T T-T- M - R R R - S R-R-%-1 ER-R-R-F~] - CoOCO R -R-F-] - CO0CQ ——-
Adj. Factor Adj. Factor Adj. Factor Adj. Factor Adj.Factor Adj. Fad:or Adj. actor Adj. Factor Adj. Factor Adj. Factor
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m 27.5 Road HMA (64-22) Design
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Tabular Representation of Traffic Inputs

Volume Monthly Adjustment Factors Level 3: Default MAF

Vehicle Class
Month
4 5 6 7 8 9 10 11 12 13
January 0.9 0.8 0.8 0.7 0.8 0.9 0.9 0.9 0.9 0.9
February 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 1.0 0.8
March 1.0 0.9 0.8 1.1 1.0 1.0 1.0 1.0 0.9 0.9
April 1.0 1.0 0.9 1.0 1.0 1.0 1.1 1.0 1.0 1.1
May 1.1 1.1 1.0 1.3 1.1 1.0 1.1 1.1 1.1 1.0
June 1.1 1.1 1.2 1.1 1.1 1.0 1.1 1.0 1.1 1.0
July 1.1 1.2 1.5 1.3 1.2 1.0 1.1 1.1 1.1 1.3
August 1.1 1.2 1.3 1.0 1.1 1.0 1.1 1.1 1.1 1.0
September 1.1 1.1 1.1 1.0 1.1 1.0 1.1 1.1 1.0 1.1
October 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 1.1
November 0.9 0.9 0.9 0.9 0.9 1.0 1.0 1.0 1.0 1.0
December 0.9 0.8 0.8 0.8 0.8 0.9 0.8 0.9 0.9 0.9
Distributions by Vehicle Class Truck Distribution by Hour does not apply
. . 'L_\AD_TT Growth Factor
Vehicle Class | Distribution (%)
(Level 3) Rate (%) Function
Class 4 2.1% 2% Compound
Class 5 56.1% 2% Compound
Class 6 4.4% 2% Compound
Class 7 0.3% 2% Compound
Class 8 14.2% 2% Compound
Class 9 21.1% 2% Compound
Class 10 0.7% 2% Compound
Class 11 0.7% 2% Compound
Class 12 0.2% 2% Compound
Class 13 0.2% 2% Compound
Axle Configuration Number of Axles per Truck
Traffic Wander Axle Configuration Vehicle |Single| Tandem| Tridem| Quad
Mean wheel location (in) 18.0 | |Average axle width (ft) 8.5 Class | Axle | Axle | Axle | Axle
Traffic wander standard deviation (in) 10.0 | [Dual tire spacing (in) 12.0 Class4 | 153 | 045 0 0
Design lane width (ft) 12.0 Tire pressure (psi) 120.0 Class 5 | 2.02 0.16 0.02 0
Class6 | 1.12 0.93 0 0
Average Axle Spacing | | Wheelbase does not apply Class7 | 1.19 | 0.07 0.45 0.02
Tandem axle 516 Class 8 | 2.41 0.56 0.02 0
spacing (in) Class9 | 1.16 | 1.88 | 0.01 0
Tridem axle 492 Class 10| 1.05 | 1.01 [ 0.93 | 0.02
spacing (in) . Class 11| 4.35 0.13 0 0
((?#)ad axle spacing | 49 5 Class 12| 345 | 1.22 | 0.09 | o0
Class 13 | 2.77 1.4 0.51 0.04

Report generated on: Version: Creat dby: by:
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AADTT (Average Annual Daily Truck Traffic) Growth

27.5 Road HMA (64-22) Design
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* Traffic cap is not enforced
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Climate Inputs

Climate Data Sources:

~ERE Monthly RainfaIIStatistic's."
. . . . . ) 1.06 |(0.87)
Climate Station Cities: Location (lat lon elevation(ft)) o %7
t{
GRAND JUNCTION, CO 39.13400 -108.53800 4839 14 (0.71)
2 0.8 0.82 0.63_ 059
£ efas ., |09 (0.50|  o.50) 045
=" {0.48) ;‘,.2:_:] :;:E: ) [0.45) 0.35
0.4 (0.37) (0.31)
Annual Statistics: 251
5
o
H o
Mean annual air temperature (°F) 53.75 c 2 g = E S 5 =T g z §
Mean annual precipitation (in) 7.96 = & < & 0 " 4 @ =
Freezing index (°F - days) 360.58
Water table depth
Average annual number of freeze/thaw cycles: 111.77 (ft) P 4.00
Monthly Climate Summary:
110 Monthly Temperature Summary
= s0d—= H I pt . CR N N : . : :
- . . : . . s 3 . . : . .
S AVETA 2 A V) A Y A O AT i\
3 1) : : : ~ % VI : I i v : Iy Maximum
% sodAl fnle n l"| o n v AL fhL Al hA Nl A : H B N ,'\ 8 FAE s L *® Maximun
P R\ I MW IW S s i W I AW IR\W IR W IR
L 404 || 7 \\ A |‘ N l‘ 3 \‘ - “ 1 & \‘ 4 \‘ 1‘ \ ” H '/ ' 3 ‘, || 1 @ Average
" I
£ VWAV A Sl v W WV W W\ Vv —
o 20 v I v N \ 5 - \ [ Yy [ L B A \ o Wi 1 i \ 5 A Minimum
> 10 e l|l“ ‘\ l‘ LN ‘\ ! *Y I ! | ,’ ‘\,l' 1 ! 1 " 11 1 ! “ ! \‘,\ k
ol T wl[ = & Wil A L I V2 1 I W I
- "’ g i 0 v W 1)
-10 4 l
-20 . : . ; . : :
5/1997 4/1999 4/2001 4/2003 4/2005 4/2007 4/2009 4/2011 11/2012
Date
= 35- Monthly Precipitation, Wind Speed ‘ 8 ™
= 1 = Precipitation | eeees Wind Speed : 16 <
(= = e 14
o 2.54 12 E,,
w2 10 ©
= )} .7 s O
a 1.5 4 g - N L]
= : 6§ a
§ ’ : 1 | - . 8
& 0.51 2 c
- T T T T T T Da‘te T T T T T T =
120 - .
Monthly Sunshine
;g“ 100 -
Y w0
[
£ 60
g
S a0
@
20 4
0 , , , , , , == , , , , , ,
o Monthly # Wet Days, Maximum Frost SERP
— # Wet Days seees Blaximum Frost 5 ——
o 20 H i 5 -
o < s i i i 5 @
$ o B H S i 3 F 15
2 10 i S —8-f|——hs : | 5
* - - E S :s S HE : L Rk 1w £
S : : Py B SR : H |V Sy A~
Ss 1 : : : \J \ 3 o
0 — . + . Tt — Tt e e 0o =
5/1997 4/1999 4/2001 4/2003 4/2005 4/2007 4/2009 4/2011 1172012
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27.5 Road HMA (64-22) Design AASHTOW
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Hourly Air Temperature Distribution by Month:
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Design Properties

HMA Design Properties

Use Multilayer Rutting Model False Interface
—— by ) dg| — - Layer Name Layer Type heha
* based model (not nationa

it ( ' y False Layer 1 Flexible : R2 Level 1 SX .
calibrated) (100) PG 64-22 Flexible (1) 1.00
Is NCHRP 1-37A HMA Rutting Model True Layer 2 Floxible R4 Level 1S
Coefficients : ;

! — (100) PG 64-22 Flexible (1) 1.00
Endurance Limit - Layer 3 Non-stabilized Base :
Use Reflective Cracking True Crushed gravel ' Non-stabilized Base (4) [1.00
Structure - ICM Properties Ic_;agg[r4cll\lac;ns-sétit)élged Base : Non-stabilized Base (4) [1.00
AC surface shortwave absorptivity 0.85 Layer 5 Subgrade : A-4 Subgrade (5) 1.00
Layer 6 Subgrade : A-4 Subgrade (5) -

Report generated on: Version: Createdby: Approvedby: page 8 of 23
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27.5 Road HMA (64-22) Design

AASHTOW,
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Thermal Cracking (Input Level: 1)

Creep Compliance (1/psi)
Indirect tensile strength at 14 °F (psi) [451.00 Loading time (sec)| 4 °F 14 °F 32 °F
Thermal Contraction 3.34e-007 4.19e-007 4.99¢e-007
Is thermal contraction calculated? True 3.53e-007 4.64e-007 6.19e-007
Mix coefficient of thermal contraction (in/in/°F) - 5 3.79e-007  |5.15e-007  |7.49e-007
Aggregate coefficient of thermal contraction 5.06-006 10 4.05e-007 5.70e-007 9.08e-007
9 )
i'/”’_ 'c:" E)M_ — — — 20 4316-007 |6.266-007 |1.086-006
oids in Mineral Aggregate (%) : 50 487e-007 |7.276:007 |1.43e-006
100 5.05e-007 8.41e-007 1.79e-006
—— Creep Compliance (1/psi)
-~
@
Q.
-
T
1=
X -4 oF
g W14 oF
it @32 °F
Q
Q
g
(=]
0 : : : : : : . . . ,
0 10 20 30 40 S0 60 70 20 20 10c
Loading Time {sec)
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HMA Layer 1: Layer 1 Flexible : R2 Level 1 SX(100) PG 64-22

vaster Curve HVA Layer 1
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=
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A
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w 10004
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10
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log{Reduced Time(sec))
Shift Curve HMA Layer 1
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HMA Layer 2: Layer 2 Flexible : R4 Level 1 S(100) PG 64-22
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27.5 Road HMA (64-22) Design
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m 27.5 Road HMA (64-22) Design

Rutting (Permanent Deformation) at 50% Reliability
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27.5 Road HMA (64-22) Design

Layer Information

Layer 1 Flexible : R2 Level 1 SX(100) PG 64-22

General Info

AASHTOW,

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) Design.dgpx._Z=sm

Asphalt

Thickness (in) P.0

Unit weight (pcf) 145.0

Poisson's ratio Is Calculated? True
Ratio -
Parameter A -1.63
Parameter B 3.84E-06

Asphalt Dynamic Modulus (Input Level: 1)

Name Value
Reference temperature (°F) 70
Effective binder content (%) 11.2
Air voids (%) 5.1
Thermal conductivity (BTU/hr-ft-°F)  10.67
Heat capacity (BTU/Ib-°F) 0.23
Identifiers

Field Value

Display name/identifier

R2 Level 1 SX(100) PG 64-22

T (°F) 0.5 Hz 1Hz 10 Hz 25 Hz
14 2333549 2642179 2861449 2027779
40 1309490 1791270 2219829 2365949
70 379514 695090 1127310 1318450
100 87238 174824 349546 452545
130 29326 49265 92795 122034

Description of object

Mix ID # FS1938

Asphalt Binder

Author CDOT
Date Created 4/3/2013 12:00:00 AM
Approver CDOT

Date approved

4/3/2013 12:00:00 AM

State

Colorado

District

County

Temperature (°F) Binder Gstar (Pa) Phase angle (deg)
147.2 1857 81.6
158 889 83.1
168.8 451 85
Report generated on: Version: by:
5/24/2023 5:31 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1 SX
User defined field 2

User defined field 3
Revision Number 2

Approvedby:

on: 8/5/2016 12:00 AM

Page 16 of 23



27.5 Road HMA (64-22) Design

AASHTOW,

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) Design.dgpx._Z=sm

Layer 2 Flexible : R4 Level 1 S(100) PG 64-22

General Info

Asphalt

Thickness (in) 7.0

Unit weight (pcf) 150.7

Poisson's ratio Is Calculated? True
Ratio -
Parameter A -1.63
Parameter B 3.84E-06

Asphalt Dynamic Modulus (Input Level: 1)

Name Value
Reference temperature (°F) 70
Effective binder content (%) 10.59
Air voids (%) 6.34
Thermal conductivity (BTU/hr-ft-°F)  |0.67
Heat capacity (BTU/Ib-°F) 0.23
Identifiers

Field Value

Display name/identifier

R4 Level 1 S(100) PG 64-22

T (°F) 0.5 Hz 1Hz 10 Hz 25 Hz

14 3066800 3098200 3172300 3192100
40 2806000 2874100 3039900 3085600
70 2266800 2396000 2735700 2835600
100 1522600 1696200 2219300 2393200
130 820200 975200 1545400 1773100

Description of object

Mix ID # FSA 0931-031

Asphalt Binder

Author CDOT
Date Created 5/3/2016 12:00:00 AM
Approver CDOT - MP

Date approved

5/3/2016 12:00:00 AM

State

Colorado

District

County

Temperature (°F) Binder Gstar (Pa) Phase angle (deg)
168.8 451 85
147.2 1857 81.6
158 889 83.1
Report generated on: Version: by:
5/24/2023 5:31 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1 S
User defined field 2

User defined field 3
Revision Number 0

Approvedby:

on: 8/5/2016 12:00 AM

Page 17 of 23



27.5 Road HMA (64-22) Design

Layer 3 Non-stabilized Base : Crushed gravel

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

25000.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -
Identifiers
Field Value

Display name/identifier

Crushed gravel

Description of object

Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles

)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 42
Report generated on: Version: by:
5/24/2023 5:31 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

AASHTOW,

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) Design.dgpx._Z=sm

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |False 127.7
(stﬁ;;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Water Content (%) False 7.4
User-defined Soil Water Characteristic Curve
(SWCC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
11/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6
Appro"edgzi 8/5/2016 12:00 AM Page 18 of 23



27.5 Road HMA (64-22) Design

Layer 4 Non-stabilized Base : CDOT Class 2 ABC

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

12000.0

Use Correction factor for NDT modulus? | -

NDT Correction

Factor: -

Identifiers

Field

Value

Display name/identifier

CDOT Class 2 ABC

Description of object

Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles

)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
5/24/2023 5:31 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

AASHTOW,

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) Design.dgpx._Z=sm

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 127.7
(st:#;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Water Content (%) False 7.4
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6
Approved ! 8/5/2016 12:00 AM Page 19 of 23



27.5 Road HMA (64-22) Design

Layer 5 Subgrade : A-4

Unbound

Layer thickness (in) 6.0

Poisson's ratio

0.35

Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

AASHTOW,

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) Design.dgpx._Z=sm

NDT Correction Factor: -

Identifiers
Field Value
Display name/identifier |A-4

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
5/24/2023 5:31 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 20 of 23



Layer 6 Subgrade : A-4

27.5 Road HMA (64-22) Design

Unbound

Layer thickness (in) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input Level: 3)

AASHTOW,

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) Design.dgpx._Z=sm

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

NDT Correction

Factor: -

Identifiers

Field

Value

A-4

Display name/identifier

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0

Version:
2.3.1+66

Report generated on:
5/24/2023 5:31 PM

by:
Created
Teaed on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 21 of 23



27.5 Road HMA (64-22) Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) Design.dgpx._Z=sm

Calibration Coefficients

AC Fatigue
k1: 0.007566
1 kzﬁfz 1 kalefa
N; = 0.00432 4 C+ Bk (;) (5)  |k2:39492
§ k3: 1.281
c=1w0 Bf1: 1
M =484 (V Lj‘_’v - 0.59) Bf2: 1
o Bf3: 1
AC Rutting
£p
£k 10% 2 Tk2Prz pykabrs .
;,  Kabr £, = plastic strain("/;, )
ks = (Cy + C; + depth) « 0.32819697" &, = resilient strain(*/; )
C,=00172+«H:Z —1.7331=H, + 27428 N = number of load repetitions
Where:
H,. = total AC thickness(in)
AC Rutting Standard Deviation 0.24 * Pow(RUT,0.8026) + 0.001
AC Layer K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1

Thermal Fracture

Cp = observed amount of thermal cracking(ft/500ft)
IOg C ;’F hac k =refression coef ficient determined through field calibration
—= % ) O =stendard normal distribution evaluated at()
o3 o = standard deviation of thelog of the depth of cracks in the pavments
. . " —_— " " " C = crack depth(in)
— / AFT b, =thickness of asphalt layer(in)
AC (ff— ﬁf r ATAK AC = Change in the erack depth due to a cooling cycle

C, =400 *N(

AK = Changa in the stress intensity factor due to a cooling cycle
1y 43892 52%0gl E¥a, *x) | An=Fracture parameters for the asphalt mixture
’1 — 10 E = mixture stif fness
oy = Undamaged mixture tensile strength
B = Calibration parameter

Level 1 K: 1.5 Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 K: 0.5 Level 2 Standard Deviation: 0.2841 * THERMAL + 55.462
Level 3K: 1.5 Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422
CSM Fatigue

by Bos C;_sr) Ny = number of repetitions to fatigue cracking
] g= Tensile stress(psi)
N = 10 2Pcz M, = modulus of rupture(psi)

k1: 1 |k2: 1 [Bc1: 0.75 |Bc2:1.1
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27.5 Road HMA (64-22) Design
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Subgrade Rutting

8, = permanent deformation for the layer
o _(ﬁ)ﬁ N = number of repetitions
6, (N) = ﬁsi kie h (—) e | £, = average veritcal strain{(in/in)
Er £q. 3 p = material properties
£, = resilient strain(in/in)
Granular Fine
k1: 2.03 [Bs1: 1 k1:1.35 Bs1: 1

Standard Deviation (BASERUT)
0.1477 * Pow(BASERUT,0.6711) + 0.001

Standard Deviation (BASERUT)
0.1235 * Pow(SUBRUT,0.5012) + 0.001

AC Cracking

AC Top Down Cracking

AC Bottom Up Cracking

FC 6000 ( 1 )
= | —
14 E(ﬁ',_e:ﬂ',r_-l-rl'zsﬂ';ipgm(ﬂaiﬂl}}} 60

C
FCpop = ( 2 )* 10.56
1 + elCa—Cavlogso(Damage)) Ch = —2.40874 — 39.748 « (1 + h,, )~ 28%¢
Ci=—-2xCy
c1: 7 [c2:35  [c3:0 kc4: 1000 [c1: 1 [c2: 1 [c3: 6000

AC Cracking Top Standard Deviation

AC Cracking Bottom Standard Deviation

200 + 2300/(1+exp(1.072-2.1654"LOG10
(TOP+0.0001)))

1.13 + 13/(1+exp(7.57-15.5"LOG10
(BOTTOM+0.0001)))

CSM Cracking

IRI Flexible Pavements

FC —C + Cg 1 - Rutting 23 - Trangwerse Crack
cth - 1 1 n 303—15'4 { Denggey |2 - Fat,igue Crack 4 - Site Factors
c:0 [c2:75 |c3:5  [c4:3 C1:40 [C2:04 [C3:0.008 |C4:0.015
CSM Standard Deviation
CTB*1
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27.5 Road HMA (64-22) 30-year Design
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Design Inputs
Design Life: 30 years Base construction: May, 2024 Climate Data 39.134, -108.538
Design Type: FLEXIBLE Pavement construction:  July, 2024 Sources (Lat/Lon)
Traffic opening: September, 2024
Design Structure Traffic
Layer type Material Type Thickness (in) olumetric at Construction: Age (year) Heavy Trucks
. R2 Level 1 SX(100) PG Effective binder (cumulative)
Flexible 2.0 o 11.2
6R‘:|2_2 TS0 P E content (%) 2024 (initial) 1,820
. eve - ir voids (©
Flexible Dy 8.0 Air voids (%) 51 | [2039 (15 years) | 6,897,530
NonStabilized Crushed gravel 8.0 2054 (30 years) | 16,180,700
NonStabilized CDOT Class 2 ABC 8.0
Subgrade A-4 6.0
Subgrade A-4 Semi-infinite
Design OQutputs
Distress Prediction Summary
: Distress @ _Specmed Reliability (%) Criterion
Distress Type Reliability Satisfied?
Target Predicted Target Achieved ]
Terminal IRI (in/mile) 200.00 183.37 90.00 95.96 Pass
Permanent deformation - total pavement (in) 0.80 0.79 90.00 90.91 Pass
AC bottom-up fatigue cracking (% lane area) 25.00 1.61 90.00 100.00 Pass
AC thermal cracking (ft/mile) 1500.00 83.85 90.00 100.00 Pass
AC top-down fatigue cracking (ft/mile) 3000.00 259.00 90.00 100.00 Pass
Permanent deformation - AC only (in) 0.65 0.26 90.00 100.00 Pass
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Distress Charts

IRI Total RutDepth (PermanentDeformation)
220 1
200 )
200 T2 0.9 0.8 0.7
] 0.8 —
. T o [P RN L -1
= 160 S E 07 S
T 1404 .._-.,.....- 137.40 -.E 0.6 "_._..-_..--- --_____,-—_--
= R """ ¥ 0.5 o L
2 120 = C——— o RO
— _..-.o"" —-—'—"‘ ‘; 0.4 ..."’,'
100 4 et _‘_-_o“"' @ g3 ‘_.-';4’
so-In_ic_ialIRI:se.s‘ 0.2 L=”
60 = 0.1
10 T T T T T 0
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Pavement Age (years) Pavement Age (years)
AC Bottom-Up Cracking (Alligator) Thermal Cracking: Total Length vs. Time
0 1800
o 25 1600 1500
£ 2 R
g é 1400 4
= 204 £ 1200 1
2 1000 ]
G 5] & -
s § 800 1
£ 10 = 600
o o
£ . g 1004
@ ] 1.61 00 3 283,
 eeeeensueniussnsnsuenedusssasaensnsusssnsassasdonsnsnssssnsprneaedoih Sl Y PSSR [SUSSR RSSO £
0 ; : . . " 0 ; : . . :
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Pavement Age (years) Pavement Age (years)
= Threshold Yalue =+ @ SpecifiedReliability ==~ @ 50% Reliabilit
Y
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m 27.5 Road HMA (64-22) 30-year Design )
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| Traffic Inputs
I Graphical Representation of Traffic Inputs
Initial two-way AADTT: 1,820 Percent of trucks in design direction (%): 60.0
Number of lanes in design direction: 1 Percent of trucks in design lane (%): 100.0
Operational speed (mph) 35.0
- AADTT Distribution by ¥Yehicle Class Truck Distribution by Hour
-~
o 60 1 56.1%
&
5%
-
=)
0 40
= This chart does not apply to the design type
2 5]
E 21.1%
0 20
s 14.2%
=i
10 4
L 0.3% 0.7% |0.7% [0.2% |0.2%
04 . . . . . .
4 5 6 7 8 9 10 1 12 13
Vehicle Class
e Growth Factorby ¥ehicle Class S AxlesperTruck by Yehicle Class
| g |g|g|e|e|e|¢e|¢g|¢ o | B
(=} (=} (=} (=} (=} (=} (=} (=} (=} (=}
(¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ ET.“..._J.—. )
—~ 27 3.5
EE Tn:lem
S o 4
1.5+ a []]Q“"d ? 2
o = 251 > % %
% 7 7
=Y A A A
= % % %
£ ® 21y ’ 5
2 1- 7 Z = Z %
5 ’ 7 = 7 7
s L54y 7 % = 7 %
G VY ; % = Z
L P Y
J 117z 7% 7. 7% 7% Y=
0.3 7 |2 7 |2
A A A A
1l e
Z iz
04 0 - T Z= T T 2 T T 2
a 5 6 7 8 9 10 1 12 13 a 5 7 8 9 10 11 12 13
Vehicle Class Yehicle Class
Traffic Volume Monthly Adjustment Factors
Class 6 Class 10 | Class 11 | Class 12 | Class 13
Dec
Now : S e S b
Oct
Sep ' : b i L '
Aug
Jul ' ~ i & 3 E i B bt
Jun
May 1 L8 r < IE r r
Apr
Mar 3 3 3 S
Feb
Jan 3 =] g
ér{n}»b:b .:,”w-bnb @éu,-w.ba AT, rw-bnb Agd»u,rhtmb &3 LML TR -N:nb_' AT 5 '.quu»-bnb rwu
coQo CO0C0 —~—~-"0C00C0C —'—'—'-OOOO -—--"O0CQCQ cCooo - 000 Q - CoOCO R -R-F-] - CO0CQ ——-
Adj. Factor Adj. Factor Adj. Factor Adj. Factor Adj.Factor Adj.Factor Adj. Factor Adj. Factor Adj. Factor Adj. Factor
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Tabular Representation of Traffic Inputs

Volume Monthly Adjustment Factors Level 3: Default MAF

Vehicle Class
Month
4 5 6 7 8 9 10 11 12 13
January 0.9 0.8 0.8 0.7 0.8 0.9 0.9 0.9 0.9 0.9
February 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 1.0 0.8
March 1.0 0.9 0.8 1.1 1.0 1.0 1.0 1.0 0.9 0.9
April 1.0 1.0 0.9 1.0 1.0 1.0 1.1 1.0 1.0 1.1
May 1.1 1.1 1.0 1.3 1.1 1.0 1.1 1.1 1.1 1.0
June 1.1 1.1 1.2 1.1 1.1 1.0 1.1 1.0 1.1 1.0
July 1.1 1.2 1.5 1.3 1.2 1.0 1.1 1.1 1.1 1.3
August 1.1 1.2 1.3 1.0 1.1 1.0 1.1 1.1 1.1 1.0
September 1.1 1.1 1.1 1.0 1.1 1.0 1.1 1.1 1.0 1.1
October 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 1.1
November 0.9 0.9 0.9 0.9 0.9 1.0 1.0 1.0 1.0 1.0
December 0.9 0.8 0.8 0.8 0.8 0.9 0.8 0.9 0.9 0.9
Distributions by Vehicle Class Truck Distribution by Hour does not apply
. . 'L_\AD_TT Growth Factor
Vehicle Class | Distribution (%)
(Level 3) Rate (%) Function
Class 4 2.1% 2% Compound
Class 5 56.1% 2% Compound
Class 6 4.4% 2% Compound
Class 7 0.3% 2% Compound
Class 8 14.2% 2% Compound
Class 9 21.1% 2% Compound
Class 10 0.7% 2% Compound
Class 11 0.7% 2% Compound
Class 12 0.2% 2% Compound
Class 13 0.2% 2% Compound
Axle Configuration Number of Axles per Truck
Traffic Wander Axle Configuration Vehicle |Single| Tandem| Tridem| Quad
Mean wheel location (in) 18.0 | |Average axle width (ft) 8.5 Class | Axle | Axle | Axle | Axle
Traffic wander standard deviation (in) 10.0 | [Dual tire spacing (in) 12.0 Class4 | 153 | 045 0 0
Design lane width (ft) 12.0 Tire pressure (psi) 120.0 Class 5 | 2.02 0.16 0.02 0
Class6 | 1.12 0.93 0 0
Average Axle Spacing | | Wheelbase does not apply Class7 | 1.19 | 0.07 0.45 0.02
Tandem axle 516 Class 8 | 2.41 0.56 0.02 0
spacing (in) Class9 | 1.16 | 1.88 | 0.01 0
Tridem axle 492 Class 10| 1.05 | 1.01 [ 0.93 | 0.02
spacing (in) . Class 11| 4.35 0.13 0 0
((?#)ad axle spacing | 49 5 Class 12| 345 | 1.22 | 0.09 | o0
Class 13 | 2.77 1.4 0.51 0.04
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AADTT (Average Annual Daily Truck Traffic) Growth

* Traffic cap is not enforced
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Climate Inputs
Climate Data Sources: 2167 Monthly Rainfall Statistics
1.4 1.21
Climate Station Cities: Location (lat lon elevation(ft)) - A (0.83)
£ 1.2
GRAND JUNCTION, CO 39.13400 -108.53800 4839 . -
] s
L1 .67)
0.5 1 h 0.63
E08 2] (0.56) L 0.53
<0 —tnd 0.40__(0.51) (0.50)10.3%
s (0.41) (0.34)
Annual Statistics: 2
5
o
H o
Mean annual air temperature (°F) 53.55 c 4 g :c} = c §. 9 § g z §
Mean annual precipitation (in) 7.76 = & E " = =
Freezing index (°F - days) 398.73
Water table depth
Average annual number of freeze/thaw cycles: 111.77 (ft) P 4.00
Monthly Climate Summary:
110 Monthly Temperature Summary
100 4= o . me ’ A - O .
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[T 3 Epnc : T T : : : :
- . . . . s 3 . . : . .
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27.5 Road HMA (64-22) 30-year Design
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Design Properties

HMA Design Properties

Use Multilayer Rutting Model False Layer Name Layer Type Interface
Using G* based model (not nationall Friction
sin
,-bg ted y False Layer 1 Flexible : R2 Level 1 SX ,
calibrated) (100) PG 64-22 Flexible (1) 1.00
Is NCHRP 1-37A HMA Rutting Model True Layer 2 Flexible - R4 Lovel 15
Coefficients : i
ICI — (100) PG 64-22 Flexible (1) 1.00
Endurance Limit - —
Layer 3 Non-stabilized Base : N tabilized B » [1.00
Use Reflective Cracking True Crushed gravel on-stabilized Base (4) |1.
Structure - ICM Properties Ic_;agg[r4cll\lac;ns-sétit)élged Base : Non-stabilized Base (4) [1.00
AC surface shortwave absorptivity 0.85 Layer 5 Subgrade : A-4 Subgrade (5) 1.00
Layer 6 Subgrade : A-4 Subgrade (5) -
Report generated on: Version: Createdby: Approve dby: Page 8 of 23
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Thermal Cracking (Input Level: 1)

27.5 Road HMA (64-22) 30-year Design
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=)

Creep Compliance (1/psi)
Indirect tensile strength at 14 °F (psi) [451.00 Loading time (sec)| 4 °F 14 °F 32 °F
Thermal Contraction 3.34e-007 4.19e-007 4.99¢e-007
Is thermal contraction calculated? True 3.53e-007 4.64e-007 6.19e-007
Mix coefficient of thermal contraction (in/in/°F) - 5 3.79e-007  |5.15e-007  |7.49e-007
Aggregate coefficient of thermal contraction 5.06-006 10 4.05e-007 5.70e-007 9.08e-007
9 )
i'/”’_ 'c:" E)M_ — — — 20 4316-007 |6.266-007 |1.086-006
oids in Mineral Aggregate (%) : 50 487e-007 |7.276:007 |1.43e-006
100 5.05e-007 8.41e-007 1.79e-006
—— Creep Compliance (1/psi)
-~
@
Q.
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T
1=
X -4 oF
g W14 oF
it @32 °F
Q
Q
g
(=]
0 : : : : : : . . . ,
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HMA Layer 1: Layer 1 Flexible : R2 Level 1 SX(100) PG 64-22

vaster Curve HVA Layer 1
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HMA Layer 2: Layer 2 Flexible : R4 Level 1 S(100) PG 64-22

vaster Curve HMA Layer 2
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27.5 Road HMA (64-22) 30-year Design
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nile Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) 30-year Desig

27.5 Road HMA (64-22) 30-year Design
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27.5 Road HMA (64-22) 30-year Design

nile Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) 30-year Desig

Rutting (Permanent Deformation) at 50% Reliability
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27.5 Road HMA (64-22) 30-year Design

nile Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) 30-year Desig

Asphalt Mid-Quintile Sub-layer Modulus
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File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) 30-year Desig

27.5 Road HMA (64-22) 30-year Design

Layer Information

Layer 1 Flexible : R2 Level 1 SX(100) PG 64-22

General Info

=
agpx=-m

Asphalt

Thickness (in) P.0

Unit weight (pcf) 145.0

Poisson's ratio Is Calculated? True
Ratio -
Parameter A -1.63
Parameter B 3.84E-06

Asphalt Dynamic Modulus (Input Level: 1)

Name Value
Reference temperature (°F) 70
Effective binder content (%) 11.2
Air voids (%) 5.1
Thermal conductivity (BTU/hr-ft-°F)  10.67
Heat capacity (BTU/Ib-°F) 0.23
Identifiers

Field Value

Display name/identifier

R2 Level 1 SX(100) PG 64-22

T (°F) 0.5 Hz 1Hz 10 Hz 25 Hz
14 2333549 2642179 2861449 2027779
40 1309490 1791270 2219829 2365949
70 379514 695090 1127310 1318450
100 87238 174824 349546 452545
130 29326 49265 92795 122034

Description of object

Mix ID # FS1938

Asphalt Binder

Author CDOT
Date Created 4/3/2013 12:00:00 AM
Approver CDOT

Date approved

4/3/2013 12:00:00 AM

State

Colorado

District

County

Temperature (°F) Binder Gstar (Pa) Phase angle (deg)
147.2 1857 81.6
158 889 83.1
168.8 451 85
Report generated on: Version: by:
8/31/2023 4:51 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1 SX
User defined field 2

User defined field 3
Revision Number 2

Approvedby:

on: 8/5/2016 12:00 AM

Page 16 of 23



27.5 Road HMA (64-22) 30-year Design

N MSH@
File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) 30-year Desig

Layer 2 Flexible : R4 Level 1 S(100) PG 64-22

Asphalt General Info
Thickness (in) 8.0 Name Value
Unit weight (pcf) 150.7
- : . Reference temperature (°F) 70
Poisson's ratio Is Calculated? True . .
motio Effective binder content (%) 10.59
Air voids (%) 6.34
Parameter A 1.63 Thermal conductivity (BTU/hr-ft-F)  [0.67
Parameter B 3.84E-06 ot — :
Heat capacity (BTU/Ib-°F) 0.23

Asphalt Dynamic Modulus (Input Level: 1)

Identifiers
T (°F) 0.5 Hz 1Hz 10 Hz 25 Hz
14 3066800 3098200  |3172300  [3192100 Field Value
20 2806000 2874100 3039900 3085600 Display name/identifier |R4 Level 1 S(100) PG 64-22
70 2266800 2396000 2735700 2835600
Description of object Mix ID # FSA 0931-031
100 1522600 1696200 2219300 2393200
130 820200 975200 1545400 1773100 Author cDOT
Date Created 5/3/2016 12:00:00 AM
Asphalt Binder Approver CDOT - MP

Temperature (°F)

Binder Gstar (Pa)

Phase angle (deg)

Date approved

5/3/2016 12:00:00 AM

168.8

451

85

State

Colorado

District

County

147 .2 1857 81.6
158 889 83.1
Report generated on: Version: by:
8/31/2023 4:51 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1 S
User defined field 2

User defined field 3
Revision Number 0

Approvedby:

on: 8/5/2016 12:00 AM
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27.5 Road HMA (64-22) 30-year Design

P\I MSH@
File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) 30-year Desig

Layer 3 Non-stabilized Base : Crushed gravel

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

25000.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -
Identifiers
Field Value

Display name/identifier

Crushed gravel

Description of object

Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles

)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 42
Report generated on: Version: by:
8/31/2023 4:51 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |False 127.7
(stﬁ;;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Water Content (%) False 7.4
User-defined Soil Water Characteristic Curve
(SWCC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
11/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6
Appro"edgzi 8/5/2016 12:00 AM Page 18 of 23



27.5 Road HMA (64-22) 30-year Design

l
‘ File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) 30-year Design.dgpxsm

Layer 4 Non-stabilized Base : CDOT Class 2 ABC

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

12000.0

Use Correction factor for NDT modulus? | -

NDT Correction

Factor: -

Identifiers

Field

Value

Display name/identifier

CDOT Class 2 ABC

Description of object

Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles

)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
8/31/2023 4:51 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 127.7
(st:#;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Water Content (%) False 7.4
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6
Approved ! 8/5/2016 12:00 AM Page 19 of 23



27.5 Road HMA (64-22) 30-year Design

P\I MSH@
File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) 30-year Desig

Layer 5 Subgrade : A-4

Unbound

Layer thickness (in) 6.0

Poisson's ratio

0.35

Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -

Identifiers
Field Value
Display name/identifier |A-4

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
8/31/2023 4:51 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 20 of 23



27.5 Road HMA (64-22) 30-year Design

P\I MSH@
File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) 30-year Desig

Layer 6 Subgrade : A-4

Unbound

Layer thickness (in) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -
Identifiers
Field Value

Display name/identifier |A-4

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0

Version:
2.3.1+66

Report generated on:
8/31/2023 4:51 PM

by:
Created
Teaed on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 21 of 23



27.5 Road HMA (64-22) 30-year Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) 30-year Desig

Calibration Coefficients

=)

dgpxsrmo

AC Fatigue
k1: 0.007566
1 kzﬁfz 1 kalefa
N; = 0.00432 4 C+ Bk (;) (5)  |k2:39492
§ k3: 1.281
c=1w0 Bf1: 1
M =484 (V Lj‘_’v - 0.59) Bf2: 1
o Bf3: 1
AC Rutting
£p
£k 10% 2 Tk2Prz pykabrs .
;,  Kabr £, = plastic strain("/;, )
ks = (Cy + C; + depth) « 0.32819697" &, = resilient strain(*/; )
C,=00172+«H:Z —1.7331=H, + 27428 N = number of load repetitions
Where:
H,. = total AC thickness(in)
AC Rutting Standard Deviation 0.24 * Pow(RUT,0.8026) + 0.001
AC Layer K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1

Thermal Fracture

C, =400 *N(

AC = (;( * ﬁr'r“ # 4k A K" o= thickness of asphalt layer(in)

4 . l 0(4_389_2_52*103( E*g,*n)  An=Fracture parameters for the asphali mixture

Cp = observed amount of thermal cracking(ft/500ft)
IOg C ;’F hac k =refression coef ficient determined through field calibration
—= % ) O =stendard normal distribution evaluated at()
o3 o = standard deviation of thelog of the depth of cracks in the pavments
C = crack depth(in)

AC = Change in the crack depth due to a cooling cycle
AK = Changa in the stress intensity factor due to a cooling cycle

E = mixture stif fness
oy = Undamaged mixture tensile strength
B = Calibration parameter

Level 1 K: 1.5 Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 K: 0.5 Level 2 Standard Deviation: 0.2841 * THERMAL + 55.462
Level 3K: 1.5 Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422
CSM Fatigue

N = 10 M, = modulus of rupture(psi)

by Bos C;_sr) Ny = number of repetitions to fatigue cracking
o, = Tensile stress(psi)
k 2 IEI'.'-'Z

k1: 1

|k2: 1 [Bc1: 0.75 |Bc2:1.1

Report generated on: Version:

Createdby: by

8/31/2023 4:51 PM 2.3.1+66 on: 8/5/2016 12:00 AM Approved - 6/5/2016 12:00 AM
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27.5 Road HMA (64-22) 30-year Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road HMA (64-22) 30-year Desig

Subgrade Rutting

8, = permanent deformation for the layer
o _(ﬁ)ﬁ N = number of repetitions
6, (N) = ﬁsi kie h (—) e | £, = average veritcal strain{(in/in)
Er £q. 3 p = material properties
£, = resilient strain(in/in)
Granular Fine
k1: 2.03 [Bs1: 1 k1:1.35 Bs1: 1

Standard Deviation (BASERUT)
0.1477 * Pow(BASERUT,0.6711) + 0.001

Standard Deviation (BASERUT)
0.1235 * Pow(SUBRUT,0.5012) + 0.001

AC Cracking

AC Top Down Cracking

AC Bottom Up Cracking

FC 6000 ( 1 )
= | —
14 E(ﬁ',_e:ﬂ',r_-l-rl'zsﬂ';ipgm(ﬂaiﬂl}}} 60

C
FCpop = ( 2 )* 10.56
1 + elCa—Cavlogso(Damage)) Ch = —2.40874 — 39.748 « (1 + h,, )~ 28%¢
Ci=—-2xCy
c1: 7 [c2:35  [c3:0 kc4: 1000 [c1: 1 [c2: 1 [c3: 6000

AC Cracking Top Standard Deviation

AC Cracking Bottom Standard Deviation

200 + 2300/(1+exp(1.072-2.1654"LOG10
(TOP+0.0001)))

1.13 + 13/(1+exp(7.57-15.5"LOG10
(BOTTOM+0.0001)))

CSM Cracking

IRI Flexible Pavements

FC —C + Cg 1 - Rutting 23 - Trangwerse Crack
cth - 1 1 n 303—15'4 { Denggey |2 - Fat,igue Crack 4 - Site Factors
c:0 [c2:75 |c3:5  [c4:3 C1:40 [C2:04 [C3:0.008 |C4:0.015
CSM Standard Deviation
CTB*1
Report ted on: Version: by: by:
8/31/2023 451 PM 23,1466 Created " 8/5/2016 12:00 AM Approved 8/5/2016 12:00 AM

=
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Horizon Drive HMA (64-22) Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive HMA (64-22) Design.dgpx.z=sme

AASHTOW;

Design Inputs
Design Life: 20 years Base construction: May, 2024 Climate Data 39.134, -108.538
Design Type: FLEXIBLE Pavement construction:  July, 2024 Sources (Lat/Lon)
Traffic opening: September, 2024
Design Structure Traffic
Layer type Material Type Thickness (in) olumetric at Construction: Age (year) Heavy Trucks
. R2 Level 1 SX(100) PG Effective binder (cumulative)
Flexible 2.0 o 11.2
6R‘:|2_2 TS0 P E content (%) 2024 (initial) 3,640
. eve - ir voids (9
Flexible Dy 75 Air voids (%) 51 | [2034 (10 years) | 6,550,990
NonStabilized Crushed gravel 8.0 2044 (20 years) 14,536,600
NonStabilized CDOT Class 2 ABC 8.0
Subgrade A-4 6.0
Subgrade A-4 Semi-infinite
Design OQutputs
Distress Prediction Summary
: Distress @ _Specmed Reliability (%) Criterion
Distress Type Reliability Satisfied?
Target Predicted Target Achieved )
Terminal IRI (in/mile) 200.00 154.08 90.00 99.71 Pass
Permanent deformation - total pavement (in) 0.80 0.79 90.00 90.88 Pass
AC bottom-up fatigue cracking (% lane area) 25.00 1.64 90.00 100.00 Pass
AC thermal cracking (ft/mile) 1500.00 83.41 90.00 100.00 Pass
AC top-down fatigue cracking (ft/mile) 3000.00 257.45 90.00 100.00 Pass
Permanent deformation - AC only (in) 0.65 0.25 90.00 100.00 Pass
Report generated on: Version: by: by:
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Distress Charts

Horizon Drive HMA (64-22) Design
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m Horizon Drive HMA (64-22) Design
el

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive HMA (64-22) Design.d

| Traffic Inputs
I Graphical Representation of Traffic Inputs
Initial two-way AADTT: 3,640 Percent of trucks in design direction (%): 50.0
Number of lanes in design direction: 2 Percent of trucks in design lane (%): 90.0
Operational speed (mph) 35.0
- AADTT Distribution by ¥Yehicle Class Truck Distribution by Hour
-~
o 60 1 56.1%
&
5%
-
=)
0 40
= This chart does not apply to the design type
2 w0
E 21.1%
Q 201 14.2%
=i
10 4
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0 . . . . . .
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Traffic Volume Monthly Adjustment Factors
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m Horizon Drive HMA (64-22) Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive HMA (64-22) Design.dgpx.z=sme
Tabular Representation of Traffic Inputs

Volume Monthly Adjustment Factors Level 3: Default MAF

Month Vehicle Class
4 5 6 7 8 9 10 11 12 13
January 0.9 0.8 0.8 0.7 0.8 0.9 0.9 0.9 0.9 0.9
February 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 1.0 0.8
March 1.0 0.9 0.8 1.1 1.0 1.0 1.0 1.0 0.9 0.9
April 1.0 1.0 0.9 1.0 1.0 1.0 1.1 1.0 1.0 1.1
May 1.1 1.1 1.0 1.3 1.1 1.0 1.1 1.1 1.1 1.0
June 1.1 1.1 1.2 1.1 1.1 1.0 1.1 1.0 1.1 1.0
July 1.1 1.2 1.5 1.3 1.2 1.0 1.1 1.1 1.1 1.3
August 1.1 1.2 1.3 1.0 1.1 1.0 1.1 1.1 1.1 1.0
September 1.1 1.1 1.1 1.0 1.1 1.0 1.1 1.1 1.0 1.1
October 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 1.1
November 0.9 0.9 0.9 0.9 0.9 1.0 1.0 1.0 1.0 1.0
December 0.9 0.8 0.8 0.8 0.8 0.9 0.8 0.9 0.9 0.9
Distributions by Vehicle Class Truck Distribution by Hour does not apply
. . 'L_\AD_TT Growth Factor
Vehicle Class | Distribution (%)
(Level 3) Rate (%) Function
Class 4 2.1% 2% Compound
Class 5 56.1% 2% Compound
Class 6 4.4% 2% Compound
Class 7 0.3% 2% Compound
Class 8 14.2% 2% Compound
Class 9 21.1% 2% Compound
Class 10 0.7% 2% Compound
Class 11 0.7% 2% Compound
Class 12 0.2% 2% Compound
Class 13 0.2% 2% Compound
Axle Configuration Number of Axles per Truck
Traffic Wander Axle Configuration Vehicle |Single| Tandem| Tridem| Quad
Mean wheel location (in) 18.0 | |Average axle width (ft) 8.5 Class | Axle [ Axle | Axle | Axle
Traffic wander standard deviation (in) 10.0 | [Dual tire spacing (in) 12.0 Class4 | 153 | 045 0 0
Design lane width (ft) 12.0 Tire pressure (psi) 120.0 Class 5 | 2.02 0.16 0.02 0
Class6 | 1.12 0.93 0 0
Average Axle Spacing | | Wheelbase does not apply Class7 | 1.19 | 0.07 0.45 0.02
Tandem axle 516 Class 8 | 2.41 0.56 0.02 0
spacing (in) Class9 [ 116 | 1.88 | 0.01 0
Tridem axle 492 Class 10| 1.05 | 1.01 [ 0.93 | 0.02
spacing (in) Class 11| 4.35 0.13 0 0
Quad axle spacing | 4q 5 Class 12| 315 [ 122 [ 009 | o0
(in)
Class 13| 2.77 1.4 0.51 0.04

Report generated on: Version: Creat dby: by:
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AADTT (Average Annual Daily Truck Traffic) Growth

Horizon Drive HMA (64-22) Design

m File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive HMA (64-22) Design.dgpx.z=sme

* Traffic cap is not enforced
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m Horizon Drive HMA (64-22) Design
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Climate Inputs
Climate Data Sources: 21 Monthly Rainfall Statistics .
. . . . . ) 1.06 |(0.87)
Climate Station Cities: Location (lat lon elevation(ft)) o %7
t{
GRAND JUNCTION, CO 39.13400 -108.53800 4839~ 14 (0.71)
o 0.5 0.62 0.63 059
£ (0.49) (0.54) s B
— e 1046 L, ; (0.50) .J; L
= 0.4 i.S0L (0.31)
Annual Statistics: 251
5
o
H o
Mean annual air temperature (°F) 53.75 c 2 g :c} = 5 §. o (% g z §
Mean annual precipitation (in) 7.96 = & E " = =
Freezing index (°F - days) 360.58
Water table depth
Average annual number of freeze/thaw cycles: 111.77 (ft) P 4.00
Monthly Climate Summary:
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Horizon Drive HMA (64-22) Design AASHTOW
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Design Properties

HMA Design Properties

Use Multilayer Rutting Model False Layer Name Layer Type Interface
Using G* based model (not nationall Friction
sin
,-bg ted y False Layer 1 Flexible : R2 Level 1 SX ,
calibrated) (100) PG 64-22 Flexible (1) 1.00
Is NCHRP 1-37A HMA Rutting Model True Layer 2 Flexible - R4 Lovel 15
Coefficients : i
ICI — (100) PG 64-22 Flexible (1) 1.00
Endurance Limit - —
Layer 3 Non-stabilized Base : N tabilized B » [1.00
Use Reflective Cracking True Crushed gravel on-stabilized Base (4) |1.
Structure - ICM Properties Ic_;agg[r4cll\lac;ns-sétit)élged Base : Non-stabilized Base (4) [1.00
AC surface shortwave absorptivity 0.85 Layer 5 Subgrade : A-4 Subgrade (5) 1.00
Layer 6 Subgrade : A-4 Subgrade (5) -
Report generated on: Version: Createdby: Approve dby: Page 8 of 23
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Horizon Drive HMA (64-22) Design
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Thermal Cracking (Input Level: 1)

AASHTOW,

Creep Compliance (1/psi)
Indirect tensile strength at 14 °F (psi) [451.00 Loading time (sec)| 4 °F 14 °F 32 °F
Thermal Contraction 3.34e-007 4.19e-007 4.99¢e-007
Is thermal contraction calculated? True 3.53e-007 4.64e-007 6.19e-007
Mix coefficient of thermal contraction (in/in/°F) - 5 3.79e-007  |5.15e-007  |7.49e-007
Aggregate coefficient of thermal contraction 5.06-006 10 4.05e-007 5.70e-007 9.08e-007
9 )
i'/”’_ 'c:" E)M_ — — — 20 4316-007 |6.266-007 |1.086-006
oids in Mineral Aggregate (%) : 50 487e-007 |7.276:007 |1.43e-006
100 5.05e-007 8.41e-007 1.79e-006
—— Creep Compliance (1/psi)
-~
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X -4 oF
g W14 oF
it @32 °F
Q
Q
g
(=]
0 : : : : : : . . . ,
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Loading Time {sec)
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Horizon Drive HMA (64-22) Design

HMA Layer 1: Layer 1 Flexible : R2 Level 1 SX(100) PG 64-22

vaster Curve HVA Layer 1
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HMA Layer 2: Layer 2 Flexible : R4 Level 1 S(100) PG 64-22
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Analysis Output Charts
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Horizon Drive HMA (64-22) Design
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AC Top-Down Damage

-~
£ 0.0008,
o 0.000H — @Surface -+ (Depth=.5in)
2 0.0006-
€ 0.0005
Q  0,0004
c
= 0.0003
& 0.00021
1
a 0.0001-
Q
- 0 - - T T T T - - v v v . )
0.1 2.0 4,0 6.0 2.0 10.0 12.0 14.0 16.0 18.0 20.0
2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044
Pavernent Age (years/date)
Ly AC Bottom-Up Damage
&  0.35-
'
o |
5 0.2
£ 0.25
a8 0.2
S 0.5
1
g 0.1
Q
£ 0.05]
Q
@ 0 . - - - - - - . . . - . ,
0.1 2.0 4.0 6.0 2.0 10.0 12.0 14.0 16.0 18.0 20.0
2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044
PavementAge (yearsfdate)
2
E AC Top-Down Cracking {Longitudinal)
£ 3500,
£ 3000 - - I — - : - e
A Threshold Walue % @ 509 Reliability (Surace) M at 5056 Reliability (Depth=5in) @ @Specified Reliabilty
g 2s00
§ 2000-
S 1500
[
g 1000
a  Socd
1
e 0 . . . . . ' . . . . .
< 0.1 2.0 4.0 6.0 2.0 10.0 12.0 14.0 16.0 18.0 20.0
2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044
Pavernent Age (years/date)
‘g AC Bottom-Up Cracking {Alligator)
& 30
c 254 T eSO e '—"'@'ﬁﬁ%—kehab'mtr""“@'ﬁmrﬁed'mhabﬂtr P ——
T 20
2
© 15
s
1 104
5
£ 7
©
@ 0 . . , . - . . ' : \
0.1 2.0 4.0 6.0 2.0 10.0 12.0 14.0 16.0 18.0 20.0
2024 2026 2028 2030 2032 2034 2036 2038 2040 2042 2044
PavementAge (years fdate)
Report generated on: Version: tedbY: by:
5/24/2023 5:35 PM 2.3.1+66 Created n: 8/5/2016 12:00 AM APPIOVed ' 8/5/2016 12:00 AM Page 13 of 23



Horizon Drive HMA (64-22) Design

AASHTOW;

m File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive HMA (64-22) Design.dgpx.z=sme

Rutting (Permanent Deformation) at 50% Reliability
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Horizon Drive HMA (64-22) Design
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Asphalt Mid-Quintile Sub-layer Modulus
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Horizon Drive HMA (64-22) Design

Layer Information

Layer 1 Flexible : R2 Level 1 SX(100) PG 64-22

General Info

AASHTOW,

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive HMA (64-22) Design.dgpx.z=sme

Asphalt

Thickness (in) P.0

Unit weight (pcf) 145.0

Poisson's ratio Is Calculated? True
Ratio -
Parameter A -1.63
Parameter B 3.84E-06

Asphalt Dynamic Modulus (Input Level: 1)

Name Value
Reference temperature (°F) 70
Effective binder content (%) 11.2
Air voids (%) 5.1
Thermal conductivity (BTU/hr-ft-°F)  10.67
Heat capacity (BTU/Ib-°F) 0.23
Identifiers

Field Value

Display name/identifier

R2 Level 1 SX(100) PG 64-22

T (°F) 0.5 Hz 1Hz 10 Hz 25 Hz
14 2333549 2642179 2861449 2027779
40 1309490 1791270 2219829 2365949
70 379514 695090 1127310 1318450
100 87238 174824 349546 452545
130 29326 49265 92795 122034

Description of object

Mix ID # FS1938

Asphalt Binder

Author CDOT
Date Created 4/3/2013 12:00:00 AM
Approver CDOT

Date approved

4/3/2013 12:00:00 AM

State

Colorado

District

County

Temperature (°F) Binder Gstar (Pa) Phase angle (deg)
147.2 1857 81.6
158 889 83.1
168.8 451 85
Report generated on: Version: by:
5/24/2023 5:35 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1 SX
User defined field 2

User defined field 3
Revision Number 2

Approvedby:

on: 8/5/2016 12:00 AM
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Horizon Drive HMA (64-22) Design

Layer 2 Flexible : R4 Level 1 S(100) PG 64-22

General Info

AASHTOW;
File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive HMA (64-22) Design.dgpx.z=sme

Asphalt

Thickness (in) 7.5

Unit weight (pcf) 150.7

Poisson's ratio Is Calculated? True
Ratio -
Parameter A -1.63
Parameter B 3.84E-06

Asphalt Dynamic Modulus (Input Level: 1)

Name Value
Reference temperature (°F) 70
Effective binder content (%) 10.59
Air voids (%) 6.34
Thermal conductivity (BTU/hr-ft-°F)  |0.67
Heat capacity (BTU/Ib-°F) 0.23
Identifiers

Field Value

Display name/identifier

R4 Level 1 S(100) PG 64-22

T (°F) 0.5 Hz 1Hz 10 Hz 25 Hz

14 3066800 3098200 3172300 3192100
40 2806000 2874100 3039900 3085600
70 2266800 2396000 2735700 2835600
100 1522600 1696200 2219300 2393200
130 820200 975200 1545400 1773100

Description of object

Mix ID # FSA 0931-031

Asphalt Binder

Author CDOT
Date Created 5/3/2016 12:00:00 AM
Approver CDOT - MP

Date approved

5/3/2016 12:00:00 AM

State

Colorado

District

County

Temperature (°F) Binder Gstar (Pa) Phase angle (deg)
168.8 451 85
147.2 1857 81.6
158 889 83.1
Report generated on: Version: by:
5/24/2023 5:35 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1 S
User defined field 2

User defined field 3
Revision Number 0

Approvedby:

on: 8/5/2016 12:00 AM
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Horizon Drive HMA (64-22) Design

Layer 3 Non-stabilized Base : Crushed gravel

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

25000.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -
Identifiers
Field Value

Display name/identifier

Crushed gravel

Description of object

Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles

)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 42
Report generated on: Version: by:
5/24/2023 5:35 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

AASHTOW,

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive HMA (64-22) Design.dgpx.z=sme

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |False 127.7
(stﬁ;;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Water Content (%) False 7.4
User-defined Soil Water Characteristic Curve
(SWCC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
11/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6
Appro"edgzi 8/5/2016 12:00 AM Page 18 of 23



Horizon Drive HMA (64-22) Design

Layer 4 Non-stabilized Base : CDOT Class 2 ABC

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

12000.0

Use Correction factor for NDT modulus? | -

NDT Correction

Factor: -

Identifiers

Field

Value

Display name/identifier

CDOT Class 2 ABC

Description of object

Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles

)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
5/24/2023 5:35 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

AASHTOW,

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive HMA (64-22) Design.dgpx.z=sme

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 127.7
(st:#;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Water Content (%) False 7.4
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6
Approved ! 8/5/2016 12:00 AM Page 19 of 23



Horizon Drive HMA (64-22) Design

Layer 5 Subgrade : A-4

Unbound

Layer thickness (in) 6.0

Poisson's ratio

0.35

Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

AASHTOW,

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive HMA (64-22) Design.dgpx.z=sme

NDT Correction Factor: -

Identifiers
Field Value
Display name/identifier |A-4

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
5/24/2023 5:35 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 20 of 23



Layer 6 Subgrade : A-4

Horizon Drive HMA (64-22) Design

Unbound

Layer thickness (in) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input Level: 3)

AASHTOW,

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive HMA (64-22) Design.dgpx.z=sme

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

NDT Correction

Factor: -

Identifiers

Field

Value

A-4

Display name/identifier

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0

Version:
2.3.1+66

Report generated on:
5/24/2023 5:35 PM

by:
Created
Teaed on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 21 of 23



Horizon Drive HMA (64-22) Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive HMA (64-22) Design.dgpx.z=sme

Calibration Coefficients

AC Fatigue
k1: 0.007566
1 kzﬁfz 1 kalefa
N; = 0.00432 4 C+ Bk (;) (5)  |k2:39492
§ k3: 1.281
c=1w0 Bf1: 1
M =484 (V Lj‘_’v - 0.59) Bf2: 1
o Bf3: 1
AC Rutting
£p
£k 10% 2 Tk2Prz pykabrs .
;,  Kabr £, = plastic strain("/;, )
ks = (Cy + C; + depth) « 0.32819697" &, = resilient strain(*/; )
C,=00172+«H:Z —1.7331=H, + 27428 N = number of load repetitions
Where:
H,. = total AC thickness(in)
AC Rutting Standard Deviation 0.24 * Pow(RUT,0.8026) + 0.001
AC Layer K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1

Thermal Fracture

Cp = observed amount of thermal cracking(ft/500ft)
IOg C ;’F hac k =refression coef ficient determined through field calibration
—= % ) O =stendard normal distribution evaluated at()
o3 o = standard deviation of thelog of the depth of cracks in the pavments
. . " —_— " " " C = crack depth(in)
— / AFT b, =thickness of asphalt layer(in)
AC (ff— ﬁf r ATAK AC = Change in the erack depth due to a cooling cycle

C, =400 *N(

AK = Changa in the stress intensity factor due to a cooling cycle
1y 43892 52%0gl E¥a, *x) | An=Fracture parameters for the asphalt mixture
’1 — 10 E = mixture stif fness
oy = Undamaged mixture tensile strength
B = Calibration parameter

Level 1 K: 1.5 Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 K: 0.5 Level 2 Standard Deviation: 0.2841 * THERMAL + 55.462
Level 3K: 1.5 Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422
CSM Fatigue

by Bos C;_sr) Ny = number of repetitions to fatigue cracking
] g= Tensile stress(psi)
N = 10 2Pcz M, = modulus of rupture(psi)

k1: 1 |k2: 1 [Bc1: 0.75 |Bc2:1.1

Report generated on: Version: Creat dby: by:
5/24/2023 5:35 PM 2.3.1+66 1eaeCon: 8/5/2016 12:00 AM APPIOVed ' 8/5/2016 12:00 AM Page 22 of 23



Horizon Drive HMA (64-22) Design

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive HMA (64-22) Design.dgpx.z=sme

Subgrade Rutting

8, = permanent deformation for the layer
o _(ﬁ)ﬁ N = number of repetitions
6, (N) = ﬁsi kie h (—) e | £, = average veritcal strain{(in/in)
Er £q. 3 p = material properties
£, = resilient strain(in/in)
Granular Fine
k1: 2.03 [Bs1: 1 k1:1.35 Bs1: 1

Standard Deviation (BASERUT)
0.1477 * Pow(BASERUT,0.6711) + 0.001

Standard Deviation (BASERUT)
0.1235 * Pow(SUBRUT,0.5012) + 0.001

AC Cracking

AC Top Down Cracking

AC Bottom Up Cracking

FC 6000 ( 1 )
= | —
14 E(ﬁ',_e:ﬂ',r_-l-rl'zsﬂ';ipgm(ﬂaiﬂl}}} 60

C
FCpop = ( 2 )* 10.56
1 + elCa—Cavlogso(Damage)) Ch = —2.40874 — 39.748 « (1 + h,, )~ 28%¢
Ci=—-2xCy
c1: 7 [c2:35  [c3:0 kc4: 1000 [c1: 1 [c2: 1 [c3: 6000

AC Cracking Top Standard Deviation

AC Cracking Bottom Standard Deviation

200 + 2300/(1+exp(1.072-2.1654"LOG10
(TOP+0.0001)))

1.13 + 13/(1+exp(7.57-15.5"LOG10
(BOTTOM+0.0001)))

CSM Cracking

IRI Flexible Pavements

FC —C + Cg 1 - Rutting 23 - Trangwerse Crack
cth - 1 1 n 303—15'4 { Denggey |2 - Fat,igue Crack 4 - Site Factors
c:0 [c2:75 |c3:5  [c4:3 C1:40 [C2:04 [C3:0.008 |C4:0.015
CSM Standard Deviation
CTB*1
Report ted on: Version: by: by:
5/94/2023 5135 PM | 23,1466 Created " 8/5/2016 12:00 AM Approved 8/5/2016 12:00 AM
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Horizon Drive HMA (64-22) 30-year Design wsiong))

Me Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive HMA (64-22) 30-year Design.dgpxe

Design Inputs
Design Life: 30 years Base construction: May, 2024 Climate Data 39.134, -108.538
Design Type: FLEXIBLE Pavement construction:  July, 2024 Sources (Lat/Lon)
Traffic opening: September, 2024
Design Structure Traffic
Layer type Material Type Thickness (in) olumetric at Construction: Age (year) Heavy Trucks
. R2 Level 1 SX(100) PG Effective binder (cumulative)
Flexible 2.0 o 11.2
6Ri-|2_2 TS0 P E content (%) 2024 (initial) 3,640
. eve - ir voids (9
Flexible Dy 9.5 Air voids (%) 51 | [2039 (15 years) | 10,346,300
NonStabilized Crushed gravel 8.0 2054 (30 years) | 24,271,100
NonStabilized CDOT Class 2 ABC 8.0
Subgrade A-4 6.0
Subgrade A-4 Semi-infinite
Design OQutputs
Distress Prediction Summary
: Distress @ _Specmed Reliability (%) Criterion
Distress Type Reliability Satisfied?
Target Predicted Target Achieved )
Terminal IRI (in/mile) 200.00 181.82 90.00 96.34 Pass
Permanent deformation - total pavement (in) 0.80 0.76 90.00 95.11 Pass
AC bottom-up fatigue cracking (% lane area) 25.00 1.56 90.00 100.00 Pass
AC thermal cracking (ft/mile) 1500.00 83.61 90.00 100.00 Pass
AC top-down fatigue cracking (ft/mile) 3000.00 282.77 90.00 100.00 Pass
Permanent deformation - AC only (in) 0.65 0.28 90.00 100.00 Pass
Report generated on: Version: by: by:
8/31/2023 5:16 PM 2.3.1+66 Created e 8/5/2016 12:00 AM ApPrOVed ' 6/5/2016 12:00 AM Page 1 of 23



Horizon Drive HMA (64-22) 30-year Design

Me Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive HMA (64-22) 30-year Design.dgpxe

Distress Charts
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| Traffic Inputs
I Graphical Representation of Traffic Inputs
Initial two-way AADTT: 3,640 Percent of trucks in design direction (%): 50.0
Number of lanes in design direction: 2 Percent of trucks in design lane (%): 90.0
Operational speed (mph) 35.0
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Tabular Representation of Traffic Inputs

Volume Monthly Adjustment Factors Level 3: Default MAF

Vehicle Class
Month
4 5 6 7 8 9 10 11 12 13
January 0.9 0.8 0.8 0.7 0.8 0.9 0.9 0.9 0.9 0.9
February 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 1.0 0.8
March 1.0 0.9 0.8 1.1 1.0 1.0 1.0 1.0 0.9 0.9
April 1.0 1.0 0.9 1.0 1.0 1.0 1.1 1.0 1.0 1.1
May 1.1 1.1 1.0 1.3 1.1 1.0 1.1 1.1 1.1 1.0
June 1.1 1.1 1.2 1.1 1.1 1.0 1.1 1.0 1.1 1.0
July 1.1 1.2 1.5 1.3 1.2 1.0 1.1 1.1 1.1 1.3
August 1.1 1.2 1.3 1.0 1.1 1.0 1.1 1.1 1.1 1.0
September 1.1 1.1 1.1 1.0 1.1 1.0 1.1 1.1 1.0 1.1
October 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 1.1
November 0.9 0.9 0.9 0.9 0.9 1.0 1.0 1.0 1.0 1.0
December 0.9 0.8 0.8 0.8 0.8 0.9 0.8 0.9 0.9 0.9
Distributions by Vehicle Class Truck Distribution by Hour does not apply
. . 'L_\AD_TT Growth Factor
Vehicle Class | Distribution (%)
(Level 3) Rate (%) Function
Class 4 2.1% 2% Compound
Class 5 56.1% 2% Compound
Class 6 4.4% 2% Compound
Class 7 0.3% 2% Compound
Class 8 14.2% 2% Compound
Class 9 21.1% 2% Compound
Class 10 0.7% 2% Compound
Class 11 0.7% 2% Compound
Class 12 0.2% 2% Compound
Class 13 0.2% 2% Compound
Axle Configuration Number of Axles per Truck
Traffic Wander Axle Configuration Vehicle |Single| Tandem| Tridem| Quad
Mean wheel location (in) 18.0 | |Average axle width (ft) 8.5 Class | Axle | Axle | Axle | Axle
Traffic wander standard deviation (in) 10.0 | [Dual tire spacing (in) 12.0 Class4 | 153 | 045 0 0
Design lane width (ft) 12.0 Tire pressure (psi) 120.0 Class 5 | 2.02 0.16 0.02 0
Class6 | 1.12 0.93 0 0
Average Axle Spacing | | Wheelbase does not apply Class7 | 1.19 | 0.07 0.45 0.02
Tandem axle 516 Class 8 | 2.41 0.56 0.02 0
spacing (in) Class9 | 1.16 | 1.88 | 0.01 0
Tridem axle 492 Class 10| 1.05 | 1.01 [ 0.93 | 0.02
spacing (in) . Class 11| 4.35 0.13 0 0
((?#)ad axle spacing | 49 5 Class 12| 345 | 1.22 | 0.09 | o0
Class 13 | 2.77 1.4 0.51 0.04
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AADTT (Average Annual Daily Truck Traffic) Growth

Horizon Drive HMA (64-22) 30-year Design

* Traffic cap is not enforced
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Climate Inputs

Climate Data Sources:

Climate Station Cities:
GRAND JUNCTION, CO

Location (lat lon elevation(ft))
39.13400 -108.53800 4839

o
@
1

[=]

Annual Statistics:

Raipfal! (in) (npean (std dew))

Mean annual air temperature (°F) 53.55

Monthly Rainfall Statistics

wsi)

1.21
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.51
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h 0.63
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(0.45) 0.40_|(0.51)

s 825225238 8¢%8
Mean annual precipitation (in) 7.76 = & E " = =
Freezing index (°F - days) 398.73
Water table depth
Average annual number of freeze/thaw cycles: 111.77 (ft) P 4.00
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Hourly Air Temperature Distribution by Month:
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Design Properties

HMA Design Properties

Use Multilayer Rutting Model False Layer Name Layer Type Interface
- - Friction
Using G* based model (not nationally False L T Floxible - B2 Level 15X
calibrated) ( fgg)rpe g:[zze -Releve Flexible (1) 1.00
Is NCHRP 1-37A HMA Rutting Model True 3 2 Flodbl R Loval 15
Coefficients ayer exible : eve .
— (100) PG 64-22 Flexible (1) 1.00
Endurance Limit - —
Layer 3 Non-stabilized Base : N bilized B s [1.00
Use Reflective Cracking True Crushed gravel on-stabilized Base (4) |1.0
Structure - ICM Properties Ic_;agg[r4cll\lac;ns-sétit)élged Base : Non-stabilized Base (4) [1.00
AC surface shortwave absorptivity 0.85 Layer 5 Subgrade : A-4 Subgrade (5) 1.00
Layer 6 Subgrade : A-4 Subgrade (5) -
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Thermal Cracking (Input Level: 1)

Creep Compliance (1/psi)

Indirect tensile strength at 14 °F (psi) [451.00 Loading time (sec)| 4 °F 14 °F 32 °F
Thermal Contraction 1 3.34e-007 4.19e-007 4.99e-007
Is thermal contraction calculated? True 2 3.53e-007  |4.64e-007 6.19e-007
Mix coefficient of thermal contraction (in/in/°F) - 5 3.79e-007  |5.15e-007  |7.49e-007
Aggregate coefficient of thermal contraction 5.06-006 10 4.05e-007 5.70e-007 9.08e-007
A .
(in/in/F) _ 20 4316-007 |6.266-007 |1.086-006
Voids in Mineral Aggregate (%) 16.3 50 1870.007 7 270:007 1 230-006

100 5.05e-007  |8.41e-007 1.79e-006

Creep Compliance (1/psi)
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HMA Layer 1: Layer 1 Flexible : R2 Level 1 SX(100) PG 64-22
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HMA Layer 2: Layer 2 Flexible : R4 Level 1 S(100) PG 64-22

vaster Curve HMA Layer 2
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Horizon Drive HMA (64-22) 30-year Design
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Rutting (Permanent Deformation) at 50% Reliability
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Horizon Drive HMA (64-22) 30-year Design

Layer Information

Layer 1 Flexible : R2 Level 1 SX(100) PG 64-22

General Info

wso)

Asphalt

Thickness (in) P.0

Unit weight (pcf) 145.0

Poisson's ratio Is Calculated? True
Ratio -
Parameter A -1.63
Parameter B 3.84E-06

Asphalt Dynamic Modulus (Input Level: 1)

Name Value
Reference temperature (°F) 70
Effective binder content (%) 11.2
Air voids (%) 5.1
Thermal conductivity (BTU/hr-ft-°F)  10.67
Heat capacity (BTU/Ib-°F) 0.23
Identifiers

Field Value

Display name/identifier

R2 Level 1 SX(100) PG 64-22

T (°F) 0.5 Hz 1Hz 10 Hz 25 Hz
14 2333549 2642179 2861449 2027779
40 1309490 1791270 2219829 2365949
70 379514 695090 1127310 1318450
100 87238 174824 349546 452545
130 29326 49265 92795 122034

Description of object

Mix ID # FS1938

Asphalt Binder

Author CDOT
Date Created 4/3/2013 12:00:00 AM
Approver CDOT

Date approved

4/3/2013 12:00:00 AM

State

Colorado

District

County

Temperature (°F) Binder Gstar (Pa) Phase angle (deg)
147.2 1857 81.6
158 889 83.1
168.8 451 85
Report generated on: Version: by:
8/31/2023 5:16 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1 SX
User defined field 2

User defined field 3
Revision Number 2

Approvedby:

on: 8/5/2016 12:00 AM

Page 16 of 23



Horizon Drive HMA (64-22) 30-year Design

Layer 2 Flexible : R4 Level 1 S(100) PG 64-22

General Info

wso)

Ie Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive HMA (64-22) 30-year Design.dgpxe

Asphalt

Thickness (in) 0.5

Unit weight (pcf) 150.7

Poisson's ratio Is Calculated? True
Ratio -
Parameter A -1.63
Parameter B 3.84E-06

Asphalt Dynamic Modulus (Input Level: 1)

Name Value
Reference temperature (°F) 70
Effective binder content (%) 10.59
Air voids (%) 6.34
Thermal conductivity (BTU/hr-ft-°F)  |0.67
Heat capacity (BTU/Ib-°F) 0.23
Identifiers

Field Value

Display name/identifier

R4 Level 1 S(100) PG 64-22

T (°F) 0.5 Hz 1Hz 10 Hz 25 Hz

14 3066800 3098200 3172300 3192100
40 2806000 2874100 3039900 3085600
70 2266800 2396000 2735700 2835600
100 1522600 1696200 2219300 2393200
130 820200 975200 1545400 1773100

Description of object

Mix ID # FSA 0931-031

Asphalt Binder

Author CDOT
Date Created 5/3/2016 12:00:00 AM
Approver CDOT - MP

Date approved

5/3/2016 12:00:00 AM

State

Colorado

District

County

Temperature (°F) Binder Gstar (Pa) Phase angle (deg)
168.8 451 85
147.2 1857 81.6
158 889 83.1
Report generated on: Version: by:
8/31/2023 5:16 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1 S
User defined field 2

User defined field 3
Revision Number 0

Approvedby:

on: 8/5/2016 12:00 AM
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Horizon Drive HMA (64-22) 30-year Design

Layer 3 Non-stabilized Base : Crushed gravel

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

25000.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -
Identifiers
Field Value

Display name/identifier

Crushed gravel

Description of object

Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles

)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 42
Report generated on: Version: by:
8/31/2023 5:16 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

wsro)

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |False 127.7
(stﬁ;;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Water Content (%) False 7.4
User-defined Soil Water Characteristic Curve
(SWCC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6
Appro"edgzi 8/5/2016 12:00 AM Page 18 of 23
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Horizon Drive HMA (64-22) 30-year Design

Layer 4 Non-stabilized Base : CDOT Class 2 ABC

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

12000.0

Use Correction factor for NDT modulus? | -

NDT Correction

Factor: -

Identifiers

Field

Value

Display name/identifier

CDOT Class 2 ABC

Description of object

Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles

)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
8/31/2023 5:16 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

wsro)

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 127.7
(st:#;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Water Content (%) False 7.4
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6
Approved ! 8/5/2016 12:00 AM Page 19 of 23
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Horizon Drive HMA (64-22) 30-year Design

Layer 5 Subgrade : A-4

Unbound

Layer thickness (in) 6.0

Poisson's ratio

0.35

Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

wsro)

NDT Correction Factor: -

Identifiers
Field Value
Display name/identifier |A-4

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
8/31/2023 5:16 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 20 of 23
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Layer 6 Subgrade : A-4
Unbound Sieve
Layer thickness (in) Semi-infinite — — 7
Poisson's ratio 0.35 ||;IIqUI-d _Lm:ltd O'O
Coefficient of lateral earth pressure (k0) 0.5 asHeltylindox >
Is layer compacted? True
Modulus (Input Level: 3) Is User
. Value
Modifv i I Defined?
Analysis Type: odify input va ues by
temperature/moisture Maximum dry unit weight (pcf) |False 119
Method: Resilient Modulus (psi) . —
(st:#;ated hydraulic conductivity False 7 5896-06
Resilient Modulus (psi) Specific gravity of solids False 2.7
6482.0
Water Content (%) False 11.8
Use Correction factor for NDT modulus? | - _ _ —
- User-defined Soil Water Characteristic Curve
NDT Correction Factor: - (SWCC)
. Is User Defined? False
Identifiers
af 68.8377
Field Value bf 0.9983
Display name/identifier |A-4 cf 0.4757
hr 500.0000
Description of object Default material
Sieve Size % Passing
Author AASHTO 0.001mm
Date Created 1/1/2011 12:00:00 AM 0.002mm
Approver 0.020mm
Date approved 1/1/2011 12:00:00 AM #200 60.6
State #100
District #30 73.9
County #60
Highway #50
Direction of Travel #40 82.7
From station (miles) #30
To station (miles) #20
Province #16
User defined field 1 #10 89.9
User defined field 2 #8
User defined field 3 #4 93.0
Revision Number 0 3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Report generated on: Version: by: by:
8/31/2023 5:16 PM 2.3.1+66 Created n: 8/5/2016 12:00 AM APPrOVed ' 8/5/2016 12:00 AM Page 21 of 23
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Calibration Coefficients

AC Fatigue
k1: 0.007566
1 kzﬁfz 1 kalefa
N; = 0.00432 4 C+ Bk (;) (5)  |k2:39492
§ k3: 1.281
c=1w0 Bf1: 1
M =484 (V Lj‘_’v - 0.59) Bf2: 1
o Bf3: 1
AC Rutting
£p
£k 10% 2 Tk2Prz pykabrs .
;,  Kabr £, = plastic strain("/;, )
ks = (Cy + C; + depth) « 0.32819697" &, = resilient strain(*/; )
C,=00172+«H:Z —1.7331=H, + 27428 N = number of load repetitions
Where:
H,. = total AC thickness(in)
AC Rutting Standard Deviation 0.24 * Pow(RUT,0.8026) + 0.001
AC Layer K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1

Thermal Fracture

Cp = observed amount of thermal cracking(ft/500ft)
IOg C ;’F hac k =refression coef ficient determined through field calibration
—= % ) O =stendard normal distribution evaluated at()
o3 o = standard deviation of thelog of the depth of cracks in the pavments
. . " —_— " " " C = crack depth(in)
— / AFT b, =thickness of asphalt layer(in)
AC (ff— ﬁf r ATAK AC = Change in the erack depth due to a cooling cycle

C, =400 *N(

AK = Changa in the stress intensity factor due to a cooling cycle
1y 43892 52%0gl E¥a, *x) | An=Fracture parameters for the asphalt mixture
’1 — 10 E = mixture stif fness
oy = Undamaged mixture tensile strength
B = Calibration parameter

Level 1 K: 1.5 Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 K: 0.5 Level 2 Standard Deviation: 0.2841 * THERMAL + 55.462
Level 3K: 1.5 Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422
CSM Fatigue

by Bos C;_sr) Ny = number of repetitions to fatigue cracking
] g= Tensile stress(psi)
N = 10 2Pcz M, = modulus of rupture(psi)

k1: 1 |k2: 1 [Bc1: 0.75 |Bc2:1.1

Report generated on: Version: Creat dby: by:
8/31/2023 5:16 PM 2.3.1466 Teaed on: 8/5/2016 12:00 AM Approved . 6/5/2016 12:00 AM Page 22 of 23
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Subgrade Rutting

8, = permanent deformation for the layer
o _(ﬁ)ﬁ N = number of repetitions
6, (N) = ﬁsi kie h (—) e | £, = average veritcal strain{(in/in)
Er £q. 3 p = material properties
£, = resilient strain(in/in)
Granular Fine
k1: 2.03 [Bs1: 1 k1:1.35 Bs1: 1

Standard Deviation (BASERUT)
0.1477 * Pow(BASERUT,0.6711) + 0.001

Standard Deviation (BASERUT)
0.1235 * Pow(SUBRUT,0.5012) + 0.001

AC Cracking

AC Top Down Cracking

AC Bottom Up Cracking

FC 6000 ( 1 )
= | —
14 E(ﬁ',_e:ﬂ',r_-l-rl'zsﬂ';ipgm(ﬂaiﬂl}}} 60

C
FCpop = ( 2 )* 10.56
1 + elCa—Cavlogso(Damage)) Ch = —2.40874 — 39.748 « (1 + h,, )~ 28%¢
Ci=—-2xCy
c1: 7 [c2:35  [c3:0 kc4: 1000 [c1: 1 [c2: 1 [c3: 6000

AC Cracking Top Standard Deviation

AC Cracking Bottom Standard Deviation

200 + 2300/(1+exp(1.072-2.1654"LOG10
(TOP+0.0001)))

1.13 + 13/(1+exp(7.57-15.5"LOG10
(BOTTOM+0.0001)))

CSM Cracking

IRI Flexible Pavements

FC —C + Cg 1 - Rutting 23 - Trangwerse Crack
cth - 1 1 n 303—15'4 { Denggey |2 - Fat,igue Crack 4 - Site Factors
c:0 [c2:75 |c3:5  [c4:3 C1:40 [C2:04 [C3:0.008 |C4:0.015
CSM Standard Deviation
CTB*1
Report ted on: Version: by: by:
8/31/2023 516 PM 23,1466 Created " 8/5/2016 12:00 AM Approved 8/5/2016 12:00 AM
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‘ ROCkS 01 Geotechnical Investigation and Pavement Design Report
\& Horizon Drive and G Road Roundabout

Consulting Group, Inc. City of Grand Junction, Colorado

APPENDIX G

HORIZON DRIVE AND G ROAD ROUNDABOUT
20 AND 30-YEAR DESIGN LIFE FOR FLEXIBLE

PAVEMENT M-E DESIGN PAVEMENT OUTPUT SHEETS

RockSol Project No. 599.76 August 31, 2023



n Horizon Drive and G Road Roundabout HMA Design wsiTon)

me: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road Roundabout HMA

Design Inputs
Design Life: 20 years Base construction: May, 2024 Climate Data 39.134, -108.538
Design Type: FLEXIBLE Pavement construction:  July, 2024 Sources (Lat/Lon)
Traffic opening: September, 2024
Design Structure Traffic
Layer type Material Type Thickness (in) olumetric at Construction: Age (year) Heavy Trucks
. R2 Level 1 SX(100) PG Effective binder (cumulative)
Flexible 2.0 o 11.2
6Ri-|2_2 TS0 P E content (%) 2024 (initial) 6,350
) eve - ir voids (9
Flexible Dy 9.5 Air voids (%) 51 | [2034 (10 years) | 11,428.200
NonStabilized Crushed gravel 8.0 2044 (20 years) | 25,359,200
NonStabilized CDOT Class 2 ABC 8.0
Subgrade A-4 6.0
Subgrade A-4 Semi-infinite
Design OQutputs

Distress Prediction Summary

_ Distress @ Specified Reliability (%) Criterion
Distress Type Reliability Satisfied?

Target Predicted Target Achieved
Terminal IRI (in/mile) 200.00 152.63 90.00 99.75 Pass

Permanent deformation - total pavement (in) 0.80 0.77 90.00 94.50 Pass

AC bottom-up fatigue cracking (% lane area) 25.00 1.56 90.00 100.00 Pass

AC thermal cracking (ft/mile) 1500.00 83.38 90.00 100.00 Pass

AC top-down fatigue cracking (ft/mile) 3000.00 289.98 90.00 100.00 Pass

Permanent deformation - AC only (in) 0.65 0.28 90.00 100.00 Pass
Report generated on: Version: Createdby: Approve dby:

5/24/2023 5:47 PM 2.3.1+66 on: 8/5/2016 12:00 AM on: 8/5/2016 12:00 AM Page 1 of 23



Distress Charts

Horizon Drive and G Road Roundabout HMA Design )
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IRI Total RutDepth (PermanentDeformation)
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c cemananet®
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~ PRI = eanameenett b
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2 120 113.00 0 g5 EEREPEL i
= _',....--" o e -,-' -
100 4 owwennre® Loamme———— & 04 P
e _—__--— == -
50 {Initial IRT: 59,8 =m==" 0.3 Lot 0”
e " e
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a0 . . . x . . . . . 0.1
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Pavement Age (years) Pavement Age (years)
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Report generated on:
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m Horizon Drive and G Road Roundabout HMA Design

me: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road Roundabout HMA Desi

| Traffic Inputs
I Graphical Representation of Traffic Inputs
Initial two-way AADTT: 6,350 Percent of trucks in design direction (%): 50.0
Number of lanes in design direction: 2 Percent of trucks in design lane (%): 90.0
Operational speed (mph) 35.0
- AADTT Distribution by ¥Yehicle Class Truck Distribution by Hour
-~
o 60 1 56.1%
&
5%
-
=)
0 40
= This chart does not apply to the design type
2 5]
E 21.1%
0 20
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10 4
L 0.3% 0.7% |0.7% [0.2% |0.2%
0 . . . . . .
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| g |g|g|e|e|e|¢e|¢g|¢ o | B
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(¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ ET.“..._J.—. )
— 27 3.5
EE Tn:lem
S o 4
1.5+ a []]Q“"d ? 2
o = 251 > % %
% 7 7
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£ ® 21y ’ 5
2 1- 7 Z = Z %
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n Horizon Drive and G Road Roundabout HMA Design

me: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road Roundabout HMA
Tabular Representation of Traffic Inputs

Volume Monthly Adjustment Factors Level 3: Default MAF

Vehicle Class
Month
4 5 6 7 8 9 10 11 12 13
January 0.9 0.8 0.8 0.7 0.8 0.9 0.9 0.9 0.9 0.9
February 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 1.0 0.8
March 1.0 0.9 0.8 1.1 1.0 1.0 1.0 1.0 0.9 0.9
April 1.0 1.0 0.9 1.0 1.0 1.0 1.1 1.0 1.0 1.1
May 1.1 1.1 1.0 1.3 1.1 1.0 1.1 1.1 1.1 1.0
June 1.1 1.1 1.2 1.1 1.1 1.0 1.1 1.0 1.1 1.0
July 1.1 1.2 1.5 1.3 1.2 1.0 1.1 1.1 1.1 1.3
August 1.1 1.2 1.3 1.0 1.1 1.0 1.1 1.1 1.1 1.0
September 1.1 1.1 1.1 1.0 1.1 1.0 1.1 1.1 1.0 1.1
October 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 1.1
November 0.9 0.9 0.9 0.9 0.9 1.0 1.0 1.0 1.0 1.0
December 0.9 0.8 0.8 0.8 0.8 0.9 0.8 0.9 0.9 0.9
Distributions by Vehicle Class Truck Distribution by Hour does not apply
. . 'L_\AD_TT Growth Factor
Vehicle Class | Distribution (%)
(Level 3) Rate (%) Function
Class 4 2.1% 2% Compound
Class 5 56.1% 2% Compound
Class 6 4.4% 2% Compound
Class 7 0.3% 2% Compound
Class 8 14.2% 2% Compound
Class 9 21.1% 2% Compound
Class 10 0.7% 2% Compound
Class 11 0.7% 2% Compound
Class 12 0.2% 2% Compound
Class 13 0.2% 2% Compound
Axle Configuration Number of Axles per Truck
Traffic Wander Axle Configuration Vehicle |Single| Tandem| Tridem| Quad
Mean wheel location (in) 18.0 | |Average axle width (ft) 8.5 Class | Axle | Axle | Axle | Axle
Traffic wander standard deviation (in) 10.0 | [Dual tire spacing (in) 12.0 Class4 | 153 | 045 0 0
Design lane width (ft) 12.0 Tire pressure (psi) 120.0 Class 5 | 2.02 0.16 0.02 0
Class6 | 1.12 0.93 0 0
Average Axle Spacing | | Wheelbase does not apply Class7 | 1.19 | 0.07 0.45 0.02
Tandem axle 516 Class 8 | 2.41 0.56 0.02 0
spacing (in) Class9 | 1.16 | 1.88 | 0.01 0
Tridem axle 492 Class 10| 1.05 | 1.01 [ 0.93 | 0.02
spacing (in) . Class 11| 4.35 0.13 0 0
((?#)ad axle spacing | 49 5 Class 12| 345 | 1.22 | 0.09 | o0
Class 13 | 2.77 1.4 0.51 0.04
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AADTT (Average Annual Daily Truck Traffic) Growth
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Climate Inputs
Climate Data Sources: 21 Monthly Rainfall Statistics .
. . . . . ) 1.06 |(0.87)
Climate Station Cities: Location (lat lon elevation(ft)) o %7
t{
GRAND JUNCTION, CO 39.13400 -108.53800 4839 14 (0.71)
3084 0.62 0.63 .59
£ " (0.49) (0.54) e 0.49
— e 1046 L, (0.50) .J; )
= 08 30.48) [ o ag 0.38 (0:45) ] 35
0.4 (0.37) (0.31)
Annual Statistics: 251
5
. o
Mean annual air temperature (°F) 53.75 c o 5 5 2 E 5 e a g = 9
o & £E 2 = A A 3T o O = 0O
Mean annual precipitation (in) 7.96 ~
Freezing index (°F - days) 360.58
Water table depth
Average annual number of freeze/thaw cycles: 111.77 (ft) P 4.00
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Design Properties

HMA Design Properties

Use Multilayer Rutting Model False Layer Name Layer Type Interface
- - Friction
Using G* based model (not nationally False L T Floxible - B2 Level 15X
calibrated) ( fgg)rpe g"ﬂzze -Releve Flexible (1) 1.00
Is NCHRP 1-37A HMA Rutting Model True 3 2 Flodbl R Loval 15
Coefficients ayer exible : eve .
— (100) PG 64-22 Flexible (1) 1.00
Endurance Limit - —
Layer 3 Non-stabilized Base : N bilized B s [1.00
Use Reflective Cracking True Crushed gravel on-stabilized Base (4) |1.0
Structure - ICM Properties Ic_;aDyg[r4CI|\lac;r1s-sétit)élged Base : Non-stabilized Base (4) [1.00
AC surface shortwave absorptivity 0.85 Layer 5 Subgrade : A-4 Subgrade (5) 1.00
Layer 6 Subgrade : A-4 Subgrade (5) -
Report generated on: Version: Createdby: Approve dby: Page 8 of 23
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Horizon Drive and G Road Roundabout HMA Design
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Thermal Cracking (Input Level: 1)

Creep Compliance (1/psi)
Indirect tensile strength at 14 °F (psi) [451.00 Loading time (sec)| 4 °F 14 °F 32 °F
Thermal Contraction 3.34e-007 4.19e-007 4.99¢e-007
Is thermal contraction calculated? True 3.53e-007 4.64e-007 6.19e-007
Mix coefficient of thermal contraction (in/in/°F) - 5 3.79e-007  |5.15e-007  |7.49e-007
Aggregate coefficient of thermal contraction 5.06-006 10 4.05e-007 5.70e-007 9.08e-007
9 )
i'/”’_ 'c:" E)M_ — — — 20 4316-007 |6.266-007 |1.086-006
oids in Mineral Aggregate (%) : 50 487e-007 |7.276:007 |1.43e-006
100 5.05e-007 8.41e-007 1.79e-006
—— Creep Compliance (1/psi)
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Q
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Report generated on: Version: by: by:
5/24/2023 5:47 PM 2.3.1+66 Created e 8/5/2016 12:00 AM Approved - 8152016 12:00 AM Page 9 of 23



n Horizon Drive and G Road Roundabout HMA Design wsiTon)

me: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road Roundabout HMA

HMA Layer 1: Layer 1 Flexible : R2 Level 1 SX(100) PG 64-22
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HMA Layer 2: Layer 2 Flexible : R4 Level 1 S(100) PG 64-22

vaster Curve HMA Layer 2
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Top-Down Damage (%)
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Rutting (Permanent Deformation) at 50% Reliability
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Report generated on: Version: tedbY: by:
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me: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road Roundabout HMA

Horizon Drive and G Road Roundabout HMA Design

Layer Information

Layer 1 Flexible : R2 Level 1 SX(100) PG 64-22

General Info

=
DesigrragpX

Asphalt

Thickness (in) P.0

Unit weight (pcf) 145.0

Poisson's ratio Is Calculated? True
Ratio -
Parameter A -1.63
Parameter B 3.84E-06

Asphalt Dynamic Modulus (Input Level: 1)

Name Value
Reference temperature (°F) 70
Effective binder content (%) 11.2
Air voids (%) 5.1
Thermal conductivity (BTU/hr-ft-°F)  10.67
Heat capacity (BTU/Ib-°F) 0.23
Identifiers

Field Value

Display name/identifier

R2 Level 1 SX(100) PG 64-22

T (°F) 0.5 Hz 1Hz 10 Hz 25 Hz
14 2333549 2642179 2861449 2027779
40 1309490 1791270 2219829 2365949
70 379514 695090 1127310 1318450
100 87238 174824 349546 452545
130 29326 49265 92795 122034

Description of object

Mix ID # FS1938

Asphalt Binder

Author CDOT
Date Created 4/3/2013 12:00:00 AM
Approver CDOT

Date approved

4/3/2013 12:00:00 AM

State

Colorado

District

County

Temperature (°F) Binder Gstar (Pa) Phase angle (deg)
147.2 1857 81.6
158 889 83.1
168.8 451 85
Report generated on: Version: by:
5/24/2023 5:47 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1 SX
User defined field 2

User defined field 3
Revision Number 2

Approvedby:

on: 8/5/2016 12:00 AM

Page 16 of 23



alBme: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road Roundabout HMA

Horizon Drive and G Road Roundabout HMA Design

Layer 2 Flexible : R4 Level 1 S(100) PG 64-22

General Info

=
DesigrragpX

Asphalt

Thickness (in) 0.5

Unit weight (pcf) 150.7

Poisson's ratio Is Calculated? True
Ratio -
Parameter A -1.63
Parameter B 3.84E-06

Asphalt Dynamic Modulus (Input Level: 1)

Name Value
Reference temperature (°F) 70
Effective binder content (%) 10.59
Air voids (%) 6.34
Thermal conductivity (BTU/hr-ft-°F)  |0.67
Heat capacity (BTU/Ib-°F) 0.23
Identifiers

Field Value

Display name/identifier

R4 Level 1 S(100) PG 64-22

T (°F) 0.5 Hz 1Hz 10 Hz 25 Hz

14 3066800 3098200 3172300 3192100
40 2806000 2874100 3039900 3085600
70 2266800 2396000 2735700 2835600
100 1522600 1696200 2219300 2393200
130 820200 975200 1545400 1773100

Description of object

Mix ID # FSA 0931-031

Asphalt Binder

Author CDOT
Date Created 5/3/2016 12:00:00 AM
Approver CDOT - MP

Date approved

5/3/2016 12:00:00 AM

State

Colorado

District

County

Temperature (°F) Binder Gstar (Pa) Phase angle (deg)
168.8 451 85
147.2 1857 81.6
158 889 83.1
Report generated on: Version: by:
5/24/2023 5:47 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1 S
User defined field 2

User defined field 3
Revision Number 0

Approvedby:

on: 8/5/2016 12:00 AM

Page 17 of 23



Horizon Drive and G Road Roundabout HMA Design

me: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road Roundabout HMA

Layer 3 Non-stabilized Base : Crushed gravel

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

25000.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -
Identifiers
Field Value

Display name/identifier

Crushed gravel

Description of object

Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles

)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 42
Report generated on: Version: by:
5/24/2023 5:47 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

wsro)
DesigrragpX

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |False 127.7
(stﬁ;;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Water Content (%) False 7.4
User-defined Soil Water Characteristic Curve
(SWCC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
11/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6
Appro"edgzi 8/5/2016 12:00 AM Page 18 of 23
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Horizon Drive and G Road Roundabout HMA Design

elNlame: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road Roundabout HMA

Layer 4 Non-stabilized Base : CDOT Class 2 ABC
Unbound

Layer thickness (in) 8.0

Poisson's ratio 0.35

Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

12000.0

Use Correction factor for NDT modulus? | -

NDT Correction

Factor: -

Identifiers

Field

Value

Display name/identifier

CDOT Class 2 ABC

Description of object

Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles

)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
5/24/2023 5:47 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

wsro)
DesigrragpX

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 127.7
(st:#;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Water Content (%) False 7.4
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6
Approved ! 8/5/2016 12:00 AM Page 19 of 23



Py

Horizon Drive and G Road Roundabout HMA Design

Layer 5 Subgrade : A-4

Unbound

Layer thickness (in) 6.0

Poisson's ratio

0.35

Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

AASHTOW;
elNlame: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road Roundabout HMA

NDT Correction Factor: -

Identifiers
Field Value
Display name/identifier |A-4

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
5/24/2023 5:47 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 20 of 23



PV Horizon Drive and G Road Roundabout HMA Design
glNlame: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road Roundabout HMA DesigragpXx
Layer 6 Subgrade : A-4
Unbound Sieve
Layer thickness (in) Semi-infinite — 7
Poisson's ratio 0.35 :;Ilqm_d _Lm:ltd O'O
Coefficient of lateral earth pressure (k0) 0.5 asHeltylindox >
Is layer compacted? True
Modulus (Input Level: 3) Is User
. Value
Vot | I 5 Defined?
Analysis Type: odify input va ues by
temperature/moisture Maximum dry unit weight (pcf) |False 119
Method: Resilient Modulus (psi) Saturated h . —
ydraulic conductivity _
_ : (f/hr) False 7.589e-06
Resilient Modulus (psi) Specific gravity of solids False 2.7
6482.0
Water Content (%) False 11.8
Use Correction factor for NDT modulus? | - _ _ —
- User-defined Soil Water Characteristic Curve
NDT Correction Factor: - (SWCC)
. Is User Defined? False
Identifiers
af 68.8377
Field Value bf 0.9983
Display name/identifier |A-4 cf 0.4757
hr 500.0000
Description of object Default material
Sieve Size % Passing
Author AASHTO 0.001mm
Date Created 1/1/2011 12:00:00 AM 0.002mm
Approver 0.020mm
Date approved 1/1/2011 12:00:00 AM #200 60.6
State #100
District #80 739
County #60
Highway #50
Direction of Travel #40 82.7
From station (miles) #30
To station (miles) #20
Province #16
User defined field 1 #10 89.9
User defined field 2 #8
User defined field 3 #4 93.0
Revision Number 0 3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Report generated on: Version: by: by:
5/24/2023 5:47 PM 2.3.1466 Created . 8/5/2016 12:00 AM Approved 1\ 8/5/2016 12:00 AM Page 21 of 23



me: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road Roundabout HMA

Horizon Drive and G Road Roundabout HMA Design

Calibration Coefficients

=)
DesigrragpX

AC Fatigue
k1: 0.007566
1 kzﬁfz 1 kalefa
N; = 0.00432 4 C+ Bk (;) (5)  |k2:39492
§ k3: 1.281
€=10 Bf1: 1
M =484 (V Lj‘_’v - 0.59) Bf2: 1
o Bf3: 1
AC Rutting
€p
£k 10% 2 Tk2Prz pykabrs .
;,  Kabr £, = plastic strain("/;, )
ks = (Cy + C; + depth) « 0.32819697" &, = resilient strain(*/; )
C,=00172+«H:Z —1.7331=H, + 27428 N = number of load repetitions
Where:
H,. = total AC thickness(in)
AC Rutting Standard Deviation 0.24 * Pow(RUT,0.8026) + 0.001
AC Layer K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1

Thermal Fracture

C, =400 *N(

AC = (;( * ﬁr'r“ # 4k A K" o= thickness of asphalt layer(in)

4 . l 0(4_389_2_52*103( E*g,*n)  An=Fracture parameters for the asphali mixture

Cp = observed amount of thermal cracking(ft/500ft)
IOg C ;’F hac k =refression coef ficient determined through field calibration
—= % ) O =stendard normal distribution evaluated at()
o3 o = standard deviation of thelog of the depth of cracks in the pavments
C = crack depth(in)

AC = Change in the crack depth due to a cooling cycle
AK = Changa in the stress intensity factor due to a cooling cycle

E = mixture stif fness
oy = Undamaged mixture tensile strength
B = Calibration parameter

Level 1 K: 1.5 Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 K: 0.5 Level 2 Standard Deviation: 0.2841 * THERMAL + 55.462
Level 3K: 1.5 Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422
CSM Fatigue

N = 10 M, = modulus of rupture(psi)

by Bos C;_sr) Ny = number of repetitions to fatigue cracking
o, = Tensile stress(psi)
k 2 IEI'.'-'Z

k1: 1

|k2: 1 [Bc1: 0.75 |Bc2:1.1

Report generated on: Version:

Createdby: by

5/24/2023 5:47 PM 2.3.1+66 on: 8/5/2016 12:00 AM Approved - 6/5/2016 12:00 AM
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Horizon Drive and G Road Roundabout HMA Design

me: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road Roundabout HMA

Subgrade Rutting

8, = permanent deformation for the layer
o _(ﬁ)ﬁ N = number of repetitions
6, (N) = ﬁsi kie h (—) e | £, = average veritcal strain{(in/in)
Er £q. 3 p = material properties
£, = resilient strain(in/in)
Granular Fine
k1: 2.03 [Bs1: 1 k1:1.35 Bs1: 1

Standard Deviation (BASERUT)
0.1477 * Pow(BASERUT,0.6711) + 0.001

Standard Deviation (BASERUT)
0.1235 * Pow(SUBRUT,0.5012) + 0.001

AC Cracking

AC Top Down Cracking

AC Bottom Up Cracking

FC 6000 ( 1 )
= | —
14 E(ﬁ',_e:ﬂ',r_-l-rl'zsﬂ';ipgm(ﬂaiﬂl}}} 60

C
FCpop = ( 2 )* 10.56
1 + elCa—Cavlogso(Damage)) Ch = —2.40874 — 39.748 « (1 + h,, )~ 28%¢
Ci=—-2xCy
c1: 7 [c2:35  [c3:0 kc4: 1000 [c1: 1 [c2: 1 [c3: 6000

AC Cracking Top Standard Deviation

AC Cracking Bottom Standard Deviation

200 + 2300/(1+exp(1.072-2.1654"LOG10
(TOP+0.0001)))

1.13 + 13/(1+exp(7.57-15.5"LOG10
(BOTTOM+0.0001)))

CSM Cracking

IRI Flexible Pavements

FC —C + Cg 1 - Rutting 23 - Trangwerse Crack
cth - 1 1 n 303—15'4 { Denggey |2 - Fat,igue Crack 4 - Site Factors
c:0 [c2:75 |c3:5  [c4:3 C1:40 [C2:04 [C3:0.008 |C4:0.015
CSM Standard Deviation
CTB*1
Report ted on: Version: by: by:
5/94/2023 5147 PM | 23,1466 Created " 8/5/2016 12:00 AM Approved 8/5/2016 12:00 AM
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ne: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road R-A-B HMA 30-year.

Horizon Drive and G Road R-A-B HMA 30-year Design

wsiry)

Design Inputs
Design Life: 30 years Base construction: May, 2024 Climate Data 39.134, -108.538
Design Type: FLEXIBLE Pavement construction:  July, 2024 Sources (Lat/Lon)
Traffic opening: September, 2024
Design Structure Traffic
Layer type Material Type Thickness (in) olumetric at Construction: Age (year) Heavy Trucks
. R2 Level 1 SX(100) PG Effective binder (cumulative)
Flexible 2.0 o 11.2
6Ri-|2_2 TS0 P E content (%) 2024 (initial) 6,350
. eve - ir voids (9
Flexible Dy 10.5 Air voids (%) 51 | [2039 (15 years) | 18,049,200
NonStabilized Crushed gravel 8.0 2054 (30 years) 42,341,000
NonStabilized CDOT Class 2 ABC 8.0
Subgrade A-4 6.0
Subgrade A-4 Semi-infinite
Design OQutputs
Distress Prediction Summary
: Distress @ _Specmed Reliability (%) Criterion
Distress Type Reliability Satisfied?
Target Predicted Target Achieved )
Terminal IRI (in/mile) 200.00 182.72 90.00 96.12 Pass
Permanent deformation - total pavement (in) 0.80 0.78 90.00 92.35 Pass
AC bottom-up fatigue cracking (% lane area) 25.00 1.57 90.00 100.00 Pass
AC thermal cracking (ft/mile) 1500.00 83.57 90.00 100.00 Pass
AC top-down fatigue cracking (ft/mile) 3000.00 342.86 90.00 100.00 Pass
Permanent deformation - AC only (in) 0.65 0.31 90.00 100.00 Pass
Report generated on: Version: by: by:
8/31/2023 5:03 PM 2.3.1+66 Created i 8/5/2016 12:00 AM APPrOVed 1\ 8/5/2016 12:00 AM Page 1 of 23
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Horizon Drive and G Road R-A-B HMA 30-year Design

Distress Charts
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u Horizon Drive and G Road R-A-B HMA 30-year Design msmou)

e: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road R-A-B HMA 30-year,

| Traffic Inputs
I Graphical Representation of Traffic Inputs
Initial two-way AADTT: 6,350 Percent of trucks in design direction (%): 50.0
Number of lanes in design direction: 2 Percent of trucks in design lane (%): 90.0
Operational speed (mph) 35.0
- AADTT Distribution by ¥Yehicle Class Truck Distribution by Hour
-~
o 60 1 56.1%
&
5%
-
=)
0 40
= This chart does not apply to the design type
2 5]
E 21.1%
0 20
s 14.2%
=i
10 4
L 0.3% 0.7% |0.7% [0.2% |0.2%
0 . . . . . .
4 5 6 7 8 9 10 1 12 13
Vehicle Class
e Growth Factorby ¥ehicle Class S AxlesperTruck by Yehicle Class
| g |g|g|e|e|e|¢e|¢g|¢ o | B
(=} (=} (=} (=} (=} (=} (=} (=} (=} (=}
(¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ ET.“..._J.—. )
— 27 3.5
EE Tn:lem
S o 4
1.5+ a []]Q“"d ? 2
o = 251 > % %
% 7 7
=Y A A A
= % % %
£ ® 21y ’ 5
2 1- 7 Z = Z %
5 ’ 7 = 7 7
s L54y 7 % = 7 %
G VY ) % = Z
L P Y
J 117z 7% 7. 7% 7% Y=
0.3 7 |2 7 |2
A A A A
1l e
Z iz
04 0 - T Z= T T 2 T T 2
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Vehicle Class VYehicle Class
Traffic Volume Monthly Adjustment Factors
Class 6 Class 10 | Class 11 | Class 12 ] Class 13
Dec
Now : 9 < , 9
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Sep ' : b i L '
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Jul ' ~ i & 3 E it B bt
Jun
May 1 L8 r < IE r r
Apr
Mar 3 3 3 S
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Jan 3 =] g
c"r!n}»b:b rlgzrh-}-bnb r!gv}u’rhé-b:h AT, rw.bnb Agéu,rut.bnb &3 G A AT Ed (A -N:Q’ AT 5 '.quu»-bnb rwu
coQo CO0C0 —~—~-"0C00C0C —'—'—'-OOOO -—--"O0CQCQ cCooo - 000 Q - CoOCO R -R-F-] - CO0CQ ——-
Adj. Factor Adj. Factor Adj. Factor Adj. Factor Adj.Factor Adj.Factor Adj. Factor Adj. Factor Adj. Factor Adj. Factor
Report generated on: Version: by: by:
8/31/2023 5:03 PM 2.3.1+66 Created n: 8/5/2016 12:00 AM APPrOVed 1\ 8/5/2016 12:00 AM Page 3 of 23



n Horizon Drive and G Road R-A-B HMA 30-year Design msmou)

e: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road R-A-B HMA 30-year,
Tabular Representation of Traffic Inputs

Volume Monthly Adjustment Factors Level 3: Default MAF

Vehicle Class
Month
4 5 6 7 8 9 10 11 12 13
January 0.9 0.8 0.8 0.7 0.8 0.9 0.9 0.9 0.9 0.9
February 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 1.0 0.8
March 1.0 0.9 0.8 1.1 1.0 1.0 1.0 1.0 0.9 0.9
April 1.0 1.0 0.9 1.0 1.0 1.0 1.1 1.0 1.0 1.1
May 1.1 1.1 1.0 1.3 1.1 1.0 1.1 1.1 1.1 1.0
June 1.1 1.1 1.2 1.1 1.1 1.0 1.1 1.0 1.1 1.0
July 1.1 1.2 1.5 1.3 1.2 1.0 1.1 1.1 1.1 1.3
August 1.1 1.2 1.3 1.0 1.1 1.0 1.1 1.1 1.1 1.0
September 1.1 1.1 1.1 1.0 1.1 1.0 1.1 1.1 1.0 1.1
October 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 1.1
November 0.9 0.9 0.9 0.9 0.9 1.0 1.0 1.0 1.0 1.0
December 0.9 0.8 0.8 0.8 0.8 0.9 0.8 0.9 0.9 0.9
Distributions by Vehicle Class Truck Distribution by Hour does not apply
. . 'L_\AD_TT Growth Factor
Vehicle Class | Distribution (%)
(Level 3) Rate (%) Function
Class 4 2.1% 2% Compound
Class 5 56.1% 2% Compound
Class 6 4.4% 2% Compound
Class 7 0.3% 2% Compound
Class 8 14.2% 2% Compound
Class 9 21.1% 2% Compound
Class 10 0.7% 2% Compound
Class 11 0.7% 2% Compound
Class 12 0.2% 2% Compound
Class 13 0.2% 2% Compound
Axle Configuration Number of Axles per Truck
Traffic Wander Axle Configuration Vehicle |Single| Tandem| Tridem| Quad
Mean wheel location (in) 18.0 | |Average axle width (ft) 8.5 Class | Axle | Axle | Axle | Axle
Traffic wander standard deviation (in) 10.0 | [Dual tire spacing (in) 12.0 Class4 | 153 | 045 0 0
Design lane width (ft) 12.0 Tire pressure (psi) 120.0 Class 5 | 2.02 0.16 0.02 0
Class6 | 1.12 0.93 0 0
Average Axle Spacing | | Wheelbase does not apply Class7 | 1.19 | 0.07 0.45 0.02
Tandem axle 516 Class 8 | 2.41 0.56 0.02 0
spacing (in) Class9 | 1.16 | 1.88 | 0.01 0
Tridem axle 492 Class 10| 1.05 | 1.01 [ 0.93 | 0.02
spacing (in) . Class 11| 4.35 0.13 0 0
((?#)ad axle spacing | 49 5 Class 12| 345 | 1.22 | 0.09 | o0
Class 13 | 2.77 1.4 0.51 0.04
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AADTT (Average Annual Daily Truck Traffic) Growth

Horizon Drive and G Road R-A-B HMA 30-year Design misToN)

* Traffic cap is not enforced

3000

2000 4

1000

AADTT(Average Annual Daily Truck Traffic)

Classes 4-7

Kclassa llcress @crss ¢

AADTT(Average Annual Daily Truck Traffic)

5 10 15 20 25 0
Pavement Age (years)

Classes11-13
ok Class 11 3¢ Class 12 ] Class 13

AADTT(Average Annual Daily Truck Traffic)

P

=

&

=

% 40 4

2

&

=

4 301

=

3

2

s 201

o

g

v

>

e

i

3

0
0
60000000 -

-~

Ll

= e 00nGd
e AN 1
10

=)

E 40000000 -
p=}

Q
el

wvi
X 30000000 -
Q

2
20000000
2

>

o

[ ~
T 10000000

0

T T T T T

5 10 15 20 25 0
Pavement Age (years)

Cumulative Heavy Trucks

Report generated on:
8/31/2023 5:03 PM

T T T T T T

5 10 15 20 25 30
Pavement Age (years)

Version: by:
Created
2.3.1466 Teaed on: 8/5/2016 12:00 AM

1400 ~

1200 4

1000

Classes 8-10

>C ass B 4 Class S ‘:_.:».-.1.',
T T v T T — o
5 10 15 20 25 30
Paverment Age (years)
All Truck Classes
" s 10 15 = 20 = 25 30
Paverment Age (years)
Approvedby: Page 5 of 23
on: 8/5/2016 12:00 AM age > o



n Horizon Drive and G Road R-A-B HMA 30-year Design msmou)

e: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road R-A-B HMA 30-year Desigmeagpx

0.30)0.3%

(0.34)

o
o
i

Annual Statistics:

Climate Inputs

Climate Data Sources: 216 —T—— Monthly Rainfall Statistics
kg 2
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S $ 5 5 55 3 5 8 8 &8
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Horizon Drive and G Road R-A-B HMA 30-year Design

Hourly Air Temperature Distribution by Month:
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Design Properties

HMA Design Properties

Use Multilayer Rutting Model False Layer Name Layer Type Interface
- - Friction
Using G* based model (not nationally False L T Floxible - B2 Level 15X
calibrated) ( fgg)rpe g"ﬂzze -Releve Flexible (1) 1.00
Is NCHRP 1-37A HMA Rutting Model True 3 2 Flodbl R Loval 15
Coefficients ayer exible : eve .
— (100) PG 64-22 Flexible (1) 1.00
Endurance Limit - —
Layer 3 Non-stabilized Base : N bilized B s [1.00
Use Reflective Cracking True Crushed gravel on-stabilized Base (4) |1.0
Structure - ICM Properties Ic_;aDyg[r4CI|\lac;r1s-sétit)élged Base : Non-stabilized Base (4) [1.00
AC surface shortwave absorptivity 0.85 Layer 5 Subgrade : A-4 Subgrade (5) 1.00
Layer 6 Subgrade : A-4 Subgrade (5) -
Report generated on: Version: Createdby: Approve dby: Page 8 of 23
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Thermal Cracking (Input Level: 1)

wsoy)

Creep Compliance (1/psi)
Indirect tensile strength at 14 °F (psi) [451.00 Loading time (sec)| 4 °F 14 °F 32 °F
Thermal Contraction 3.34e-007 4.19e-007 4.99¢e-007
Is thermal contraction calculated? True 3.53e-007 4.64e-007 6.19e-007
Mix coefficient of thermal contraction (in/in/°F) - 5 3.79e-007  |5.15e-007  |7.49e-007
Aggregate coefficient of thermal contraction 5.06-006 10 4.05e-007 5.70e-007 9.08e-007
9 )
i'/”’_ 'c:" E)M_ — — — 20 4316-007 |6.266-007 |1.086-006
oids in Mineral Aggregate (%) : 50 487e-007 |7.276:007 |1.43e-006
100 5.05e-007 8.41e-007 1.79e-006
—— Creep Compliance (1/psi)

-~

@

Q.

-

T

1=

X -4 oF

_Q A O

= W 14 °F

it @32 °F

Q

Q

g

(=]

0 : : : : : : . . . ,
0 10 20 30 40 S0 60 70 20 90 10c
Loading Time {sec)
Report generated on: Version: by: by:
8/31/2023 5:03 PM 2.3.1+66 Created e 8/5/2016 12:00 AM Approved - 8152016 12:00 AM Page 9 of 23



n Horizon Drive and G Road R-A-B HMA 30-year Design msmou)

e: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road R-A-B HMA 30-year,

HMA Layer 1: Layer 1 Flexible : R2 Level 1 SX(100) PG 64-22
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HMA Layer 2: Layer 2 Flexible : R4 Level 1 S(100) PG 64-22

vaster Curve HMA Layer 2
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Rutting (Permanent Deformation) at 50% Reliability
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Layer Information

Layer 1 Flexible : R2 Level 1 SX(100) PG 64-22

General Info

AASHTOW,

Asphalt

Thickness (in) P.0

Unit weight (pcf) 145.0

Poisson's ratio Is Calculated? True
Ratio -
Parameter A -1.63
Parameter B 3.84E-06

Asphalt Dynamic Modulus (Input Level: 1)

Name Value
Reference temperature (°F) 70
Effective binder content (%) 11.2
Air voids (%) 5.1
Thermal conductivity (BTU/hr-ft-°F)  10.67
Heat capacity (BTU/Ib-°F) 0.23
Identifiers

Field Value

Display name/identifier

R2 Level 1 SX(100) PG 64-22

T (°F) 0.5 Hz 1Hz 10 Hz 25 Hz
14 2333549 2642179 2861449 2027779
40 1309490 1791270 2219829 2365949
70 379514 695090 1127310 1318450
100 87238 174824 349546 452545
130 29326 49265 92795 122034

Description of object

Mix ID # FS1938

Asphalt Binder

Author CDOT
Date Created 4/3/2013 12:00:00 AM
Approver CDOT

Date approved

4/3/2013 12:00:00 AM

State

Colorado

District

County

Temperature (°F) Binder Gstar (Pa) Phase angle (deg)
147.2 1857 81.6
158 889 83.1
168.8 451 85
Report generated on: Version: by:
8/31/2023 5:03 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1 SX
User defined field 2

User defined field 3
Revision Number 2

Approvedby:

on: 8/5/2016 12:00 AM
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Layer 2 Flexible : R4 Level 1 S(100) PG 64-22

General Info

AASHTOW;
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Asphalt

Thickness (in) 10.5

Unit weight (pcf) 150.7

Poisson's ratio Is Calculated? True
Ratio -
Parameter A -1.63
Parameter B 3.84E-06

Asphalt Dynamic Modulus (Input Level: 1)

Name Value
Reference temperature (°F) 70
Effective binder content (%) 10.59
Air voids (%) 6.34
Thermal conductivity (BTU/hr-ft-°F)  |0.67
Heat capacity (BTU/Ib-°F) 0.23
Identifiers

Field Value

Display name/identifier

R4 Level 1 S(100) PG 64-22

T (°F) 0.5 Hz 1Hz 10 Hz 25 Hz

14 3066800 3098200 3172300 3192100
40 2806000 2874100 3039900 3085600
70 2266800 2396000 2735700 2835600
100 1522600 1696200 2219300 2393200
130 820200 975200 1545400 1773100

Description of object

Mix ID # FSA 0931-031

Asphalt Binder

Author CDOT
Date Created 5/3/2016 12:00:00 AM
Approver CDOT - MP

Date approved

5/3/2016 12:00:00 AM

State

Colorado

District

County

Temperature (°F) Binder Gstar (Pa) Phase angle (deg)
168.8 451 85
147.2 1857 81.6
158 889 83.1
Report generated on: Version: by:
8/31/2023 5:03 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1 S
User defined field 2

User defined field 3
Revision Number 0

Approvedby:

on: 8/5/2016 12:00 AM

Page 17 of 23



Horizon Drive and G Road R-A-B HMA 30-year Design

Me: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road R-A-B HMA 30-year Designie

Layer 3 Non-stabilized Base : Crushed gravel

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

25000.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -
Identifiers
Field Value

Display name/identifier

Crushed gravel

Description of object

Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles

)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 42
Report generated on: Version: by:
8/31/2023 5:03 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

AASHTOW,

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |False 127.7
(stﬁ;;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Water Content (%) False 7.4
User-defined Soil Water Characteristic Curve
(SWCC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
11/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6
Appro"edgzi 8/5/2016 12:00 AM Page 18 of 23



Horizon Drive and G Road R-A-B HMA 30-year Design

Me: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road R-A-B HMA 30-year Designie

Layer 4 Non-stabilized Base : CDOT Class 2 ABC

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

12000.0

Use Correction factor for NDT modulus? | -

NDT Correction

Factor: -

Identifiers

Field

Value

Display name/identifier

CDOT Class 2 ABC

Description of object

Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles

)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
8/31/2023 5:03 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

AASHTOW,

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 127.7
(st:#;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Water Content (%) False 7.4
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
1 1/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6
Approved ! 8/5/2016 12:00 AM Page 19 of 23



Me: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road R-A-B HMA 30-year Designie

Horizon Drive and G Road R-A-B HMA 30-year Design

Layer 5 Subgrade : A-4

Unbound

Layer thickness (in) 6.0

Poisson's ratio

0.35

Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

AASHTOW,

NDT Correction Factor: -

Identifiers
Field Value
Display name/identifier |A-4

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
8/31/2023 5:03 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 20 of 23



Horizon Drive and G Road R-A-B HMA 30-year Design

Me: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road R-A-B HMA 30-year Designie

Layer 6 Subgrade : A-4

Unbound

Layer thickness (in) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input Level: 3)

AASHTOW,

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -
Identifiers
Field Value

Display name/identifier |A-4

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0

Version:
2.3.1+66

Report generated on:
8/31/2023 5:03 PM

by:
Created
Teaed on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 21 of 23



m Horizon Drive and G Road R-A-B HMA 30-year Design msmou)

e: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road R-A-B HMA 30-year,

Calibration Coefficients

AC Fatigue
k1: 0.007566
1 kzﬁfz 1 kalefa
N; = 0.00432 4 C+ Bk (;) (5)  |k2:39492
§ k3: 1.281
€=10 Bf1: 1
M =484 (V Lj‘_’v - 0.59) Bf2: 1
o Bf3: 1
AC Rutting
€p
£k 10% 2 Tk2Prz pykabrs .
;,  Kabr £, = plastic strain("/;, )
ks = (Cy + C; + depth) « 0.32819697" &, = resilient strain(*/; )
C,=00172+«H:Z —1.7331=H, + 27428 N = number of load repetitions
Where:
H,. = total AC thickness(in)
AC Rutting Standard Deviation 0.24 * Pow(RUT,0.8026) + 0.001
AC Layer K1:-3.35412 K2:1.5606 K3:0.4791 Br1:1 Br2:1 Br3:1

Thermal Fracture

Cp = observed amount of thermal cracking(ft/500ft)
IOg C ;’F hac k =refression coef ficient determined through field calibration
—= % ) O =stendard normal distribution evaluated at()
o3 o = standard deviation of thelog of the depth of cracks in the pavments
. . " —_— " " " C = crack depth(in)
— / AFT b, =thickness of asphalt layer(in)
AC (ff— ﬁf r ATAK AC = Change in the erack depth due to a cooling cycle

C, =400 *N(

AK = Changa in the stress intensity factor due to a cooling cycle
1y 43892 52%0gl E¥a, *x) | An=Fracture parameters for the asphalt mixture
’1 — 10 E = mixture stif fness
oy = Undamaged mixture tensile strength
B = Calibration parameter

Level 1 K: 1.5 Level 1 Standard Deviation: 0.1468 * THERMAL + 65.027
Level 2 K: 0.5 Level 2 Standard Deviation: 0.2841 * THERMAL + 55.462
Level 3K: 1.5 Level 3 Standard Deviation: 0.3972 * THERMAL + 20.422
CSM Fatigue

by Bos C;_sr) Ny = number of repetitions to fatigue cracking
] g= Tensile stress(psi)
N = 10 2Pcz M, = modulus of rupture(psi)

k1: 1 |k2: 1 [Bc1: 0.75 |Bc2:1.1

Report generated on: Version: Creat dby: by:
8/31/2023 5:03 PM 2.3.1+66 Teaed on: 8/5/2016 12:00 AM Approved - 6/5/2016 12:00 AM Page 22 of 23



m Horizon Drive and G Road R-A-B HMA 30-year Design

AASHTOW,

e: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive and G Road R-A-B HMA 30-year . DeSigmie

Subgrade Rutting

8, = permanent deformation for the layer
o _(ﬁ)ﬁ N = number of repetitions
6, (N) = ﬁsi kie h (—) e | £, = average veritcal strain{(in/in)
Er £q. 3 p = material properties
£, = resilient strain(in/in)
Granular Fine
k1: 2.03 [Bs1: 1 k1:1.35 Bs1: 1

Standard Deviation (BASERUT)
0.1477 * Pow(BASERUT,0.6711) + 0.001

Standard Deviation (BASERUT)
0.1235 * Pow(SUBRUT,0.5012) + 0.001

AC Cracking

AC Top Down Cracking

AC Bottom Up Cracking

Fe 6000 ( 1 )
= | —
14 E(ﬁ',_sﬂ',r_-l-ﬁ'zsﬂ';ipgm(.ﬂaiﬂl}}} 60

C
FCpop = ( 2 )* 10.56
1 + elCa—Cavlogso(Damage)) Ch = —2.40874 — 39.748 « (1 + h,, )~ 28%¢
Ci=—-2xCy
c1: 7 [c2:35  [c3:0 kc4: 1000 [c1: 1 [c2: 1 [c3: 6000

AC Cracking Top Standard Deviation

AC Cracking Bottom Standard Deviation

200 + 2300/(1+exp(1.072-2.1654"LOG10
(TOP+0.0001)))

1.13 + 13/(1+exp(7.57-15.5"LOG10
(BOTTOM+0.0001)))

CSM Cracking

IRI Flexible Pavements

FC —C + Cg 1 - Rutting 23 - Trangwerse Crack
cth - 1 1 n 303—15'4 { Denggey |2 - Fat,igue Crack 4 - Site Factors
c:0 [c2:75 |c3:5  [c4:3 C1:40 [C2:04 [C3:0.008 |C4:0.015
CSM Standard Deviation
CTB*1
Report ted on: Version: by: by:
8/31/2023 503 PM 23,1466 Created " 8/5/2016 12:00 AM Approved 8/5/2016 12:00 AM
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‘ ROCkS 01 Geotechnical Investigation and Pavement Design Report
\& Horizon Drive and G Road Roundabout

Consulting Group, Inc. City of Grand Junction, Colorado

APPENDIX H
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RIGID PAVEMENT M-E DESIGN OUTPUT SHEETS

RockSol Project No. 599.76 August 31, 2023



G Road PCCP Design (No Class 2) ARSHTOW

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road PCCP Design (No Class 2).dgpx.z=sme

Design Inputs
Design Life: 30 years Existing construction: - Climate Data 39.134, -108.538
Design Type: JPCP Pavement construction: May, 2024 Sources (Lat/Lon)

Traffic opening: September, 2024

Design Structure Traffic

Layer type Material Type Thickness (in) oint Design: Heavy Trucks

Age (year) lati
PCC R4 Level 1 Lawson 9.5 Joint spacing (ft) 15.0 (cumulative)
NonStabilized Crushed gravel 8.0 Dowel diameter (in) 1.25 | |2024 (initial) 890
Subgrade A4 6.0 Slab width (ft) 12.0 | [2039 (15years) | 3,372,970
Subgrade A-4 Semi-infinite 2054 (30 years) 7,912,540
Design OQutputs

Distress Prediction Summary

Distress @ Specified

Criterion

Reliability (%)

i Reliabilit e
IS IRTEE Y . . Satisfied?
Target Predicted Target Achieved
Terminal IRI (in/mile) 200.00 160.24 90.00 99.01 Pass
Mean joint faulting (in) 0.20 0.09 90.00 100.00 Pass
JPCP transverse cracking (percent slabs) 7.00 5.63 90.00 94.66 Pass
Distress Charts
IRI Faulting
220 =55 0.25
200 0.2
1801 160.24 .
E60——— e <
& 10] R —
- sasased®®®**” . : E
& 1201 I “_1_: s 0.09
100 fasnszenettt —— e U I [ (N IR I e L
80 ‘iTEﬂiEIizz's —————TT 0.05 —— 11— B OVPRTIL L 0_"0:
0f——tF—F———F—+—— ] e --___-—-——————--
40 : : : . 0 el —mmmemm T
0 5 10 15 20 25 0 0 5 10 15 20 25 30
Pavement Age (years) Pavement Age (years)
Cracking PCC
N 7
Z s 5.63
T st
1% I N N o
o} P
o 34—
S T, L
@ 5 Laaer
1 0.33
0 r r ——_———=== ===
0 5 10 15 20 25 30
Pavement Age (years)
= Threshold Yalue sseee @ SpecifiedReliability = -- @ S0% Reliability
Report generated on: Version: by: by:
5/24/2023 6:57 PM 2.3.1466 Created e 8/5/2016 12:00 AM Approved - 8152016 12:00 AM Page 1 of 15



G Road PCCP Desi No CI 2 AASHTOW
m oa esign (No Class 2)

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road PCCP Design (No Class 2).d

| Traffic Inputs
I Graphical Representation of Traffic Inputs
Initial two-way AADTT: 890 Percent of trucks in design direction (%): 60.0
Number of lanes in design direction: 1 Percent of trucks in design lane (%): 100.0
Operational speed (mph) 35.0
- AADTT Distribution by ¥Yehicle Class 5 - Truck Distribution by Hour
12 pM
O
o 601 5515 —~ 77 i
g &
Ry — ]
5% 5
- . —
=1 + 54
D 404 3
A 30 2
E 21.1% < 37
5 20 S fZAM  aaMm
I 14.2% 2 2 41.72% 1.7
’—
=i
10 4 1
L 0.3% 0.7% |0.7% [0.2% |0.2%
04 . . . . . . 0 . . . " " " "
a 5 6 7 8 9 10 1 12 13 12AM  3AM  6AM  9AM  12PM  3PM  6PM  9PM 24
Vehicle Class Hour of Day
e Growth Factorby ¥ehicle Class S AxlesperTruck by Yehicle Class
| g |g|g|e|e|e|¢e|¢g|¢ o | B
(=} (=} (=} (=} (=} (=} (=} (=} (=} (=}
(¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ ET.“..._J.—. )
—~ 27 3.5
EE Tn:lem
S o 4
1.5+ a []] Quad ? 2
o = 251 > % %
% 7 7
=Y A A A
= % % %
£ ® 21y ’ 5
2 1- Z Z = Z %
o A A =) A A
g 151y % 7 = %%
G VY % = Z
L P Y
J 117z 7% 7. 7% 7% Y=
0.3 7 |2 7 |2
A A A A
0.54% g g Z
Z iz ,
0+ 04 T Z= T T Z T T
a 5 6 7 8 9 10 1 12 13 4 5 7 8 3 10 11 12 13
Vehicle Class Yehicle Class
Traffic Volume Monthly Adjustment Factors
Class 6 Class 10 | Class 11 | Class 12 ] Class 13
Dec
Now : S e S b
Oct
Sep ' : b i L '
Aug
Jul ' ~ i & 3 E i it bt
Jun
May 1 L8 r < IE r r
Apr
Mar 3 3 3 S
Feb
Jan 3 =) g
é&v}-b:b .q”w'bnb rqd»u,-w.ba AT, rw-bnb Agd»u,rhtmb &3 LML TR -Hnt;’ AT 5 '.quu».bnb rwu
coQo CO0C0 —~—~-"0C00C0C —'—'—'- T T-T- M - R R R - cCooo - 000 Q - CoOCO R -R-F-] - CO0CQ ——-
Adj. Factor Adj. Factor Adj. Factor Adj. Factor Adj.Factor Adj.Factor Adj. Factor Adj. Factor Adj. Factor Adj. Factor
Report generated on: Version: by: by:
5/24/2023 6:57 PM 2.3.1+66 Created n: 8/5/2016 12:00 AM APPrOVed 1\ 8/5/2016 12:00 AM Page 2 of 15



G Road PCCP Design (No Class 2)

Tabular Representation of Traffic Inputs

Volume Monthly Adjustment Factors

Level 3: Default MAF

AASHTOW;

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road PCCP Design (No Class 2).dgpx.z=sme

Month Vehicle Class
4 5 6 7 8 9 10 11 12 13
January 0.9 0.8 0.8 0.7 0.8 0.9 0.9 0.9 0.9 0.9
February 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 1.0 0.8
March 1.0 0.9 0.8 1.1 1.0 1.0 1.0 1.0 0.9 0.9
April 1.0 1.0 0.9 1.0 1.0 1.0 1.1 1.0 1.0 1.1
May 1.1 1.1 1.0 1.3 1.1 1.0 1.1 1.1 1.1 1.0
June 1.1 1.1 1.2 1.1 1.1 1.0 1.1 1.0 1.1 1.0
July 1.1 1.2 1.5 1.3 1.2 1.0 1.1 1.1 1.1 1.3
August 1.1 1.2 1.3 1.0 1.1 1.0 1.1 1.1 1.1 1.0
September 1.1 1.1 1.1 1.0 1.1 1.0 1.1 1.1 1.0 1.1
October 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 1.1
November 0.9 0.9 0.9 0.9 0.9 1.0 1.0 1.0 1.0 1.0
December 0.9 0.8 0.8 0.8 0.8 0.9 0.8 0.9 0.9 0.9
Distributions by Vehicle Class Truck Distribution by Hour
Vehicle Class Dist:i\tﬁﬁi-zl (%) Growth Factor ntnT? DISt?"Z;ItIon 0Ty DISt?L'/?:l;tlon
(Level 3) Rate (%) Function 12 AM 1.65% 12 PM 6.75%
Class 4 2.1% 2% Compound 1AM 1.37% 1PM 6.81%
Class 5 56.1% 2% Compound 2 AM 1.28% 2 PM 6.83%
Class 6 4.4% 2% Compound 3 AM 1.36% 3PM 6.56%
Class 7 0.3% 2% Compound 4 AM 1.66% 4 PM 6.02%
Class 8 14.2% 2% Compound 5AM 2.32% 5PM 5.23%
Class 9 21.1% 2% Compound 6 AM 3.8% 6 PM 4.35%
Class 10 0.7% 2% Compound 7 AM 4.95% 7 PM 3.59%
Class 11 0.7% 2% Compound 8 AM 5.9% 8 PM 2.98%
Class 12 0.2% 2% Compound 9 AM 6.48% 9 PM 2.56%
Class 13 0.2% 2% Compound 10 AM 6.83% 10 PM 2.12%
11 AM 6.85% 11 PM 1.75%
Total 100%
Axle Configuration Number of Axles per Truck
Traffic Wander Axle Configuration Vehicle [Single| Tandem| Tridem | Quad
Mean wheel location (in) 18.0 | |Average axle width (ft) 8.5 Class | Axle [ Axle | Axle [ Axle
Traffic wander standard deviation (in) 10.0 | [Dual tire spacing (in) 12.0 Class4 | 153 | 045 0 0
Design lane width (ft) 12.0 Tire pressure (psi) 120.0 Class 5 | 2.02 0.16 0.02 0
Class6 | 1.12 | 0.93 0 0
Average Axle Spacing Wheelbase Class7 | 1.19 | 0.07 0.45 | 0.02
Tandem axle Axle Type] . Class 8 [ 2.41 | 0.56 0.02 0
spacing (in) 516 Value Type Short | Medium | Long Class9 | 1.16 1.88 0.01 0
l‘;iggrﬁga(?rﬁ 49.2 ,(Af:/)erage spacing of axles 12.0 15.0 18.0 Class 10 | 1.05 1.01 0.93 0.02
- Class 11| 435 | 0.13 0 0
(Qir:‘)ad axle spacing | 495 | |percent of Trucks (%) 170 | 220 | 610 ||Class12]| 315 | 122 | 009 | 0©
Class 13 [ 2.77 1.4 0.51 0.04
§7zp:/§ogze3ng§t7egn2 " 25 et Createdgzﬁ 8/5/2016 12:00 AM Approvedgz; 8/5/2016 12:00 AM Page 3 of 15



G Road PCCP Design (No Class 2)

m File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road PCCP Design (No Class 2).dgpx.z=sme

AADTT (Average Annual Daily Truck Traffic) Growth

* Traffic cap is not enforced
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G Road PCCP Design (No Class 2) ARSHTOW

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road PCCP Design (No Class 2).dgpx.z=sme

Climate Inputs
Climate Data Sources: 1.6 Monthly Rainfall Statistics
Climate Station Cities: Location (lat lon elevation(ft)) 149 rlznlz.

GRAND JUNCTION, CO 39.13400 -108.53800 4839 l.j : 81
(0.67) |,
0.8 0:56 S 0.54 0.53
. (0.45) (05840 lo.sn) (0.50).0.39

Annual Statistics:

Raipfal! (in) (npean (std dew))

Mean annual air temperature (°F) 53.55

s B2k 2532238 85¢:88
Mean annual precipitation (in) 7.76 = & £ n = =
Freezing index (°F - days) 398.73
Water table depth
Average annual number of freeze/thaw cycles: 111.77 (ft) P 4.00
Monthly Climate Summary:
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G Road PCCP Design (No Class 2) AASHTOW

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road PCCP Design (No Class 2).dgpx.z=sme

Hourly Air Temperature Distribution by Month:

[ <13°F  |-13°Fto-4°F| -4°Fto5°F | 5°Ft014°F | 14°Ft023°F | 23° Fto 32°F | 32° Fto 41°F | 41° F to 50° F

201,
1

5, 4
2055/20 ,'f/?n T

<

5/,
5
1

5
: /)-005/'?00.‘;/39 o g/,?o 0 g/,;o 0

5
¢

20,

= 7

IR

=

pr— 11

el Q0

ey 23

127

ey~ 26

35

——

45

213

248

=229

H

e

2o

o
~

o 9 o §

v O @

# of Hours

o o <
- ~ o~

# of Hours

T T
o o
~N -

# of Hours

# of Hours

g & d
(= [=] (=
- ~ ™

# of Hours

d d & d
S © o
- N M e

# of Hours

d d =}
S S

o

- ~ ™

# of Hours

g & g
o (=
- ~ ™

# of Houré

50°F to 59°F | 59° F to 68° F | 68° F to 77°F | 77° F to 86° F | 86° F to 95° F |95° F to 104° F| 104° F to 113° >113°F
F

.':/
& 85 201 v ode
Sy 167 151
-~ 2
T 188 212 E&
o —205 47 ——tt ——== =
g - 58 : 0
N 171 165 F s
& o 229 9 5
“Q;!' 2 a2 T4 = S
= 183 223
Lg'% 157 146 F 0 =
S
S 5 —— 219 == 3
S 160 151 = o "
S 09
~ —— —L — = = - —
v§§ 1583 5 i
S 9 8 55 5
P 84 1584 —
S ELL o
N 175 216 G —
,\?Q 23 200 00
B &4 P25 =i B
S 16 a8 4
By 193 P25 =S [
(=]
S 216 152 148 b 31
il ) 175 33 EL S T =
f\& 224 0
V}g = 473 74 Sadi ,.%
s 192 38 & 5 -
b 158 166 3 —
2 B
o 220 3 5
o 188 223 R s e
P = = = - — —— —
e 2 B S & ® & ] ® & & S 8 T & g T8 882 Re88EC
5 # of Hours # of Hours # of Hours # of Hours # of Hours # of Hours # of Hours # of Hours
Report generated on: Version: Cr by: by:
eated
5/24/2023 6:57 PM 2.3.1+66 on: 8/5/2016 12:00 AM Approved - g/5/2016 12:00 AM Page 6 of 15




Design Properties

JPCP Design Properties

G Road PCCP Design (No Class 2)

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road PCCP Design (No Class 2).dgpx.z=sme

Structure - ICM Properties Doweled Joints Tied Shoulders
PCC surface shortwave 0.85 Is joint doweled ? True Tied shoulders True
absorptivity ' Dowel diameter (in) 1.25 Load transfer efficiency (%) 50.00
Dowel spacing (in) 12.00
PCC joint spacing (ft) Widened Slab PCC-Base Contact Friction
Is joint spacing random ? False Is slab widened ? False PCC-Base full friction contact True
Joint spacing (ft) 15.00 Slab width (ft) 12.00 Months until friction loss 360.00
Other(Including No Erodibility index 3 |
Sealant type |[Sealant... Liquid...
Silicone)
Permanent curl/warp effective temperature difference (°F) |-10.00 |
Report generated on: Version: by: by:
5/24/2023 6:57 PM 2.3.1+66 Created e 8/5/2016 12:00 AM Approved - 8152016 12:00 AM Page 7 of 15



G Road PCCP Design (No Class 2)

m File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road PCCP Design (No Class 2).dgpx.z=sme

Analysis Output Charts
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G Road PCCP Design (No Class 2)

AASHTOW;

m File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road PCCP Design (No Class 2).dgpx.z=sme
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G Road PCCP Design (No Class 2)

PCC Cumulative Damage

AASHTOW;
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Layer Information
Layer 1 PCC : R4 Level 1 Lawson

PCC

G Road PCCP Design (No Class 2)

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road PCCP Design (No Class 2).dgpx.z=sme

PCC strength and modulus (Input Level: 1)

Time :\:I):?)ulus RIRBELNE Elastic modulus (psi)
7-day 560 3230000
14-day 620 3500000
28-day 710 4030000
90-day 730 4240000
20-year/28-day 1.2 1.2

Report generated on: Version: by:

5/24/2023 6:57 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Approvedby:

Identifiers

Thickness (in) 9.5
Unit weight (pcf) 140.6 Field Value
Poisson's ratio 0.2 Display name/identifier |R4 Level 1 Lawson
Thermal Description of object Mix ID # 2009105
I;’gi\CGCoefficient of thermal expansion (in/in/°F x 4.86

-6) Author CDOT
PCC thermal conductivity (BTU/hr-ft-°F) 1.25 Date Croated 2/3/2013 12:00:00 AM
PCC heat capacity (BTU/Ib-°F) 0.28 Approver CDOT
Mix Date approved 4/3/2013 12:00:00 AM
Cement type Type | (1) State Colorado
Cementitious material content (Ib/yd*3) 563 District
Water to cement ratio 0.36 County
Aggregate type Dolomite (2) Highway
PCC zero-stress Calculated Internally? [True Direction of Travel
femperature (°F) User Value - From station (miles)

Calculated Value 90.7 To station (miles)
Ultimate shrinkage Calculated Internally? [True Province
(microstrain) User Value - User defined field 1 |Region 4/1/6
Calculated Value 516.0 User defined field 2

Reversible shrinkage (%) 50 User defined field 3
Time to develop 50% of ultimate shrinkage 35 Revision Number 0
(days)
Curing method Curing Compound

on: 8/5/2016 12:00 AM

Page 11 of 15



G Road PCCP Design (No Class 2)

Layer 2 Non-stabilized Base : Crushed gravel

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

12000.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -
Identifiers
Field Value

Display name/identifier

Crushed gravel

Description of object

Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles

)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 42
Report generated on: Version: by:
5/24/2023 6:57 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road PCCP Design (No Class 2).dgpx.z=sme

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |False 127.7
(stﬁ;;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Water Content (%) False 7.4
User-defined Soil Water Characteristic Curve
(SWCC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
11/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6
Appro"edgzi 8/5/2016 12:00 AM Page 12 of 15



G Road PCCP Design (No Class 2)

Layer 3 Subgrade : A-4

Unbound

Layer thickness (in) 6.0

Poisson's ratio

0.35

Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road PCCP Design (No Class 2).dgpx.z=sme

NDT Correction Factor: -

Identifiers
Field Value
Display name/identifier |A-4

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
5/24/2023 6:57 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 13 of 15



Layer 4 Subgrade : A-4

G Road PCCP Design (No Class 2)

Unbound

Layer thickness (in) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input Level: 3)

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road PCCP Design (No Class 2).dgpx.z=sme

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

NDT Correction

Factor: -

Identifiers

Field

Value

A-4

Display name/identifier

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0

Version:
2.3.1+66

Report generated on:
5/24/2023 6:57 PM

by:
Created
Teaed on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 14 of 15



Calibration Coefficients

G Road PCCP Design (No Class 2)

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\G Road PCCP Design (No Class 2).dgpx.2asme

PCC Faulting

C12 = Cy + (C, * FRO®)
C34 = C3 +(C4 » FROZ)

AFault; = Cy4 * (FaultMax;_,
Cg = DowelDeterioration

FaultMaxg = Cy3 * Scypiing * [log(l + Cg * 5.0589D) x log (ono *

m
FaultMax; = FaultMaxy + C, * Z DE; «log(1 + Cs * 5.05F0P)C

=
— Fault;_4)? « DE;

WetDays) ] Ce

C1:0.5104 C2:0.00838 |C3:0.00147 C4:0.008345
C5: 5999 C6: 0.8404 |C7:5.9293 C8: 400
PCC Reliability Faulting Standard Deviation
0.0831*Pow(FAULT,0.3426) + 0.00521
IRI-jpcp
2] - Cracking C1:0.8203 C2: 0.4417
[ SP ﬂ_u_'i_t]g C3:1.4929 C4:25.24

[ Fault:ing Reliability Standard Deviation

4 - Bite Factor 5.4

PCC Cracking
Fatigue Coefficients |Cracking Coefficients
tog ()= 1 (M2 [e1:2 [c2:1.22 [c4:0.6 C5: -2.05
F PCC Reliability Cracking Standard Deviation
cpg 100 Pow(57.08*CRACK,0.33) + 1.5
1+C4 FD%
§7zpf/§ogze3ng§t7egnﬁ " 25 ekt Createdgzi 8/5/2016 12:00 AM Appro"edgzi 8/5/2016 12:00 AM

AASHTOW,
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‘ ROCkS 01 Geotechnical Investigation and Pavement Design Report
\& Horizon Drive and G Road Roundabout

Consulting Group, Inc. City of Grand Junction, Colorado
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m 27.5 Road PCCP Design (No Class 2)

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road PCCP Design (No Class 2).

Design Inputs
Design Life: 30 years Existing construction: - Climate Data 39.134, -108.538
Design Type: JPCP Pavement construction: May, 2024 Sources (Lat/Lon)
Traffic opening: September, 2024
Design Structure Traffic
Layer type Material Type Thickness (in) oint Design: Heavy Trucks
Age (year) lati
PCC R4 Level 1 Lawson 10.0 Uoint spacing (ft) 15.0 (cumulative)
NonStabilized Crushed gravel 8.0 Dowel diameter (in) 1.50 2024 (initial) 1,820
Subgrade A-4 6.0 Slab width (ft) 12.0 | [2039 (15years) | 6,897,530
Subgrade A-4 Semi-infinite 2054 (30 years) 16,180,700
Design OQutputs

Distress Prediction Summary

_ Distress @ Specified Reliability (%) Criterion
Distress Type Reliability Satisfied?

Target Predicted Target Achieved

Terminal IRI (in/mile) 200.00 154.16 90.00 99.44 Pass
Mean joint faulting (in) 0.20 0.08 90.00 100.00 Pass
JPCP transverse cracking (percent slabs) 7.00 5.25 90.00 95.81 Pass

Distress Charts

IRI Faulting
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Report generated on: Version: Createdby: Approve dby:
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m 27.5 Road PCCP Design (No Class 2)

File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road PCCP Design (No Class 2).dgpX

| Traffic Inputs
I Graphical Representation of Traffic Inputs
Initial two-way AADTT: 1,820 Percent of trucks in design direction (%): 60.0
Number of lanes in design direction: 1 Percent of trucks in design lane (%): 100.0
Operational speed (mph) 35.0
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27.5 Road PCCP Design (No Class 2)

Tabular Representation of Traffic Inputs

Volume Monthly Adjustment Factors

Level 3: Default MAF

AASHTOW;
File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road PCCP Design (No Class 2).

Month Vehicle Class
4 5 6 7 8 9 10 11 12 13
January 0.9 0.8 0.8 0.7 0.8 0.9 0.9 0.9 0.9 0.9
February 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 1.0 0.8
March 1.0 0.9 0.8 1.1 1.0 1.0 1.0 1.0 0.9 0.9
April 1.0 1.0 0.9 1.0 1.0 1.0 1.1 1.0 1.0 1.1
May 1.1 1.1 1.0 1.3 1.1 1.0 1.1 1.1 1.1 1.0
June 1.1 1.1 1.2 1.1 1.1 1.0 1.1 1.0 1.1 1.0
July 1.1 1.2 1.5 1.3 1.2 1.0 1.1 1.1 1.1 1.3
August 1.1 1.2 1.3 1.0 1.1 1.0 1.1 1.1 1.1 1.0
September 1.1 1.1 1.1 1.0 1.1 1.0 1.1 1.1 1.0 1.1
October 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 1.1
November 0.9 0.9 0.9 0.9 0.9 1.0 1.0 1.0 1.0 1.0
December 0.9 0.8 0.8 0.8 0.8 0.9 0.8 0.9 0.9 0.9
Distributions by Vehicle Class Truck Distribution by Hour
Vehicle Class Dist:i\tﬁﬁi-zl (%) Growth Factor ntnT? DISt?"Z;ItIon 0Ty DISt?L'/?:l;tlon
(Level 3) Rate (%) Function 12 AM 1.65% 12 PM 6.75%
Class 4 2.1% 2% Compound 1AM 1.37% 1PM 6.81%
Class 5 56.1% 2% Compound 2 AM 1.28% 2 PM 6.83%
Class 6 4.4% 2% Compound 3 AM 1.36% 3PM 6.56%
Class 7 0.3% 2% Compound 4 AM 1.66% 4 PM 6.02%
Class 8 14.2% 2% Compound 5AM 2.32% 5PM 5.23%
Class 9 21.1% 2% Compound 6 AM 3.8% 6 PM 4.35%
Class 10 0.7% 2% Compound 7 AM 4.95% 7 PM 3.59%
Class 11 0.7% 2% Compound 8 AM 5.9% 8 PM 2.98%
Class 12 0.2% 2% Compound 9 AM 6.48% 9 PM 2.56%
Class 13 0.2% 2% Compound 10 AM 6.83% 10 PM 2.12%
11 AM 6.85% 11 PM 1.75%
Total 100%
Axle Configuration Number of Axles per Truck
Traffic Wander Axle Configuration Vehicle [Single| Tandem| Tridem | Quad
Mean wheel location (in) 18.0 | |Average axle width (ft) 8.5 Class | Axle [ Axle | Axle [ Axle
Traffic wander standard deviation (in) 10.0 | [Dual tire spacing (in) 12.0 Class4 | 153 | 045 0 0
Design lane width (ft) 12.0 Tire pressure (psi) 120.0 Class 5 | 2.02 0.16 0.02 0
Class6 | 1.12 | 0.93 0 0
Average Axle Spacing Wheelbase Class7 | 1.19 | 0.07 0.45 | 0.02
Tandem axle Axle Type] . Class 8 [ 2.41 | 0.56 0.02 0
spacing (in) 516 Value Type Short | Medium | Long Class9 | 1.16 1.88 0.01 0
l‘;iggrﬁga(?rﬁ 49.2 ,(Af:/)erage spacing of axles 12.0 15.0 18.0 Class 10 | 1.05 1.01 0.93 0.02
- Class 11| 435 | 0.13 0 0
(Qir:‘)ad axle spacing | 495 | |percent of Trucks (%) 170 | 220 | 610 ||Class12]| 315 | 122 | 009 | 0©
Class 13 [ 2.77 1.4 0.51 0.04
?75’:/3092?2?:% " 25 et Createdgzﬁ 8/5/2016 12:00 AM Approvedgz; 8/5/2016 12:00 AM Page 3 of 15



m 27.5 Road PCCP Design (No Class 2)
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AADTT (Average Annual Daily Truck Traffic) Growth

* Traffic cap is not enforced
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Climate Inputs

Climate Data Sources:

Climate Station Cities:
GRAND JUNCTION, CO

Annual Statistics:

Mean annual air temperatu

1.6 1
Location (lat lon elevation(ft)) 149
39.13400 -108.53800 4839 l'j

re (°F)

27.5 Road PCCP Design (No Class 2)

o
@
1

[=]

Raipfal! (in) (npean (std dew))

Monthly Rainfall Statistics

AASHTOW;
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Mean annual precipitation (in) 7.76 = & £ n = =
Freezing index (°F - days) 398.73
Water table depth
Average annual number of freeze/thaw cycles: 111.77 (ft) P 4.00
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27.5 Road PCCP Design (No Class 2)
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Hourly Air Temperature Distribution by Month:
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Design Properties

JPCP Design Properties

27.5 Road PCCP Design (No Class 2)
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File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road PCCP Design (No Class 2).

Structure - ICM Properties Doweled Joints Tied Shoulders
PCC surface shortwave 0.85 Is joint doweled ? True Tied shoulders True
absorptivity ' Dowel diameter (in) 1.50 Load transfer efficiency (%) 50.00
Dowel spacing (in) 12.00
PCC joint spacing (ft) Widened Slab PCC-Base Contact Friction
Is joint spacing random ? False Is slab widened ? False PCC-Base full friction contact True
Joint spacing (ft) 15.00 Slab width (ft) 12.00 Months until friction loss 360.00
Other(Including No Erodibility index 3 |
Sealant type |[Sealant... Liquid...
Silicone)
Permanent curl/warp effective temperature difference (°F) |-10.00 |
Report generated on: Version: by: by:
5/24/2023 6:56 PM 2.3.1+66 Created e 8/5/2016 12:00 AM Approved - 8152016 12:00 AM Page 7 of 15



Analysis Output Charts

27.5 Road PCCP Design (No Class 2)
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m 27.5 Road PCCP Design (No Class 2)
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27.5 Road PCCP Design (No Class 2)
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PCC Cumulative Damage
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27.5 Road PCCP Design (No Class 2)
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Layer Information
Layer 1 PCC : R4 Level 1 Lawson

PCC

wso)
AgQPDXAASHID

PCC strength and modulus (Input Level: 1)

Time :\:I):?)ulus RIRBELNE Elastic modulus (psi)
7-day 560 3230000
14-day 620 3500000
28-day 710 4030000
90-day 730 4240000
20-year/28-day 1.2 1.2

Report generated on: Version: by:

5/24/2023 6:56 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Approvedby:

Identifiers

Thickness (in) 10.0
Unit weight (pcf) 140.6 Field Value
Poisson's ratio 0.2 Display name/identifier |R4 Level 1 Lawson
Thermal Description of object Mix ID # 2009105
I;’gi\CGCoefficient of thermal expansion (in/in/°F x 4.86

-6) Author CDOT
PCC thermal conductivity (BTU/hr-ft-°F) 1.25 Date Croated 2/3/2013 12:00:00 AM
PCC heat capacity (BTU/Ib-°F) 0.28 Approver CDOT
Mix Date approved 4/3/2013 12:00:00 AM
Cement type Type | (1) State Colorado
Cementitious material content (Ib/yd*3) 563 District
Water to cement ratio 0.36 County
Aggregate type Dolomite (2) Highway
PCC zero-stress Calculated Internally? [True Direction of Travel
femperature (°F) User Value - From station (miles)

Calculated Value 90.7 To station (miles)
Ultimate shrinkage Calculated Internally? [True Province
(microstrain) User Value - User defined field 1 |Region 4/1/6
Calculated Value 516.0 User defined field 2

Reversible shrinkage (%) 50 User defined field 3
Time to develop 50% of ultimate shrinkage 35 Revision Number 0
(days)
Curing method Curing Compound

on: 8/5/2016 12:00 AM
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27.5 Road PCCP Design (No Class 2)

Layer 2 Non-stabilized Base : Crushed gravel

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

12000.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -

Identifiers

Field

Value

Display name/identifier

Crushed gravel

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 42
Report generated on: Version: by:
5/24/2023 6:56 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

AASHTOW;
File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road PCCP Design (No Class 2).

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True

Is User

Defined?| Value

Maximum dry unit weight (pcf) |False 127.7
Saturated hydraulic conductivity False 5.0546-02
(ft/hr)
Specific gravity of solids False 2.7
Water Content (%) False 7.4

User-defined Soil Water Characteristic Curve

(SWCC)

Is User Defined?

False

af

7.2555

bf

1.3328

cf

0.8242

hr

117.4000

Sieve Size

% Passing

0.001mm

0.002mm

0.020mm

#200

8.7

#100

#80

12.9

#60

#50

#40

20.0

#30

#20

#16

#10

33.8

#8

#4

44.7

3/8-in.

57.2

1/2-in.

63.1

3/4-in.

72.7

1-in.

78.8

1 1/2-in.

85.8

2-in.

91.6

2 1/2-in.

3-in.

3 1/2-in.

97.6

Approvedby:

on: 8/5/2016 12:00 AM
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27.5 Road PCCP Design (No Class 2)

P\I MSH@
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Layer 3 Subgrade : A-4

Unbound

Layer thickness (in) 6.0

Poisson's ratio

0.35

Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -

Identifiers
Field Value
Display name/identifier |A-4

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
5/24/2023 6:56 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 13 of 15



Layer 4 Subgrade : A-4

27.5 Road PCCP Design (No Class 2)

Unbound

Layer thickness (in) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input Level: 3)

AASHTOW;
File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road PCCP Design (No Class 2).

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

NDT Correction

Factor: -

Identifiers

Field

Value

A-4

Display name/identifier

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0

Version:
2.3.1+66

Report generated on:
5/24/2023 6:56 PM

by:
Created
Teaed on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 14 of 15



File Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\27.5 Road PCCP Design (No Class 2).

Calibration Coefficients

27.5 Road PCCP Design (No Class 2)

PCC Faulting

C12 = Cy + (C, * FRO®)
C34 = C3 +(C4 » FROZ)

AFault; = Cy4 * (FaultMax;_,
Cg = DowelDeterioration

FaultMaxg = Cy3 * Scypiing * [log(l + Cg * 5.0589D) x log (ono *

m
FaultMax; = FaultMaxy + C, * Z DE; «log(1 + Cs * 5.05F0P)C

=
— Fault;_4)? « DE;

WetDays) ] Ce

C1:0.5104 C2:0.00838 |C3:0.00147 C4:0.008345
C5: 5999 C6: 0.8404 |C7:5.9293 C8: 400
PCC Reliability Faulting Standard Deviation
0.0831*Pow(FAULT,0.3426) + 0.00521
IRI-jpcp
2] - Cracking C1:0.8203 C2: 0.4417
[ SP ﬂ_u_'i_t]g C3:1.4929 C4:25.24

[ Fault:ing Reliability Standard Deviation

4 - Bite Factor 5.4

PCC Cracking
Fatigue Coefficients |Cracking Coefficients
tog ()= 1 (M2 [e1:2 [c2:1.22 [c4:0.6 C5: -2.05
F PCC Reliability Cracking Standard Deviation
cpg 100 Pow(57.08*CRACK,0.33) + 1.5
1+C4 FD%
§7zpf/§ogze3ng§t6egnﬁ " Nt Createdgzi 8/5/2016 12:00 AM Appro"edgzi 8/5/2016 12:00 AM

=)
AgpPXAASHTO
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‘ ROCkS 01 Geotechnical Investigation and Pavement Design Report
\& Horizon Drive and G Road Roundabout

Consulting Group, Inc. City of Grand Junction, Colorado

APPENDIX J

HORIZON DRIVE
RIGID PAVEMENT M-E DESIGN OUTPUT SHEETS

RockSol Project No. 599.76 August 31, 2023



Horizon Drive PCCP Design (No Class 2)

wsi)
nile Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive PCCP Design (No Class 2

Design Inputs
Design Life: 30 years Existing construction: - Climate Data 39.134, -108.538
Design Type: JPCP Pavement construction: May, 2024 Sources (Lat/Lon)
Traffic opening: September, 2024
Design Structure Traffic
Layer type Material Type Thickness (in) oint Design: Heavy Trucks
Age (year) lati
PCC R4 Level 1 Lawson 10.0 Uoint spacing (ft) 15.0 (cumulative)
NonStabilized Crushed gravel 8.0 Dowel diameter (in) 1.25 2024 (initial) 3,640
Subgrade A-4 6.0 Slab width (ft) 12,0 | |2939 (15years) | 10,346,300
Subgrade A-4 Semi-infinite 2054 (30 years) 24,271,100
Design OQutputs

Distress Prediction Summary

Distress Type

Terminal IRI (in/mile)
Mean joint faulting (in)
JPCP transverse cracking (percent slabs)

Distress Charts

Distress @ Specified

240
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Pavement Age (years)

Cracking PCC

25

Slab Cracked (96)

.
et
.
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et
et
et
.
e
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.
-t
.
-
.
o
-
¥
-
.-
-
-

0.57

15
Pavement Age (years)

T

25 30

Reliability (%)

Criterion

= Threshold Value

@ SpecifiedReliability

Version:
2.3.1+66

Report generated on:
5/24/2023 6:55 PM

by:
Created
Teaed on: 8/5/2016 12:00 AM

on: 8/5/2016 12:00 AM

Reliabilit
4 . . Satisfied?
Target Predicted Target Achieved
200.00 200.08 90.00 89.97 Fail
0.20 0.15 90.00 99.03 Pass
7.00 6.54 90.00 91.64 Pass
Faulting
0.25
0,2
0.2
z 0.15
LB o e K EES— E— Rty
E 1 || e
E O e 0.10)
o R I I BT pert —--__-.-o—
0.05 ’-" ......... ———‘—-‘-———'
S S
0 5 10 15 20 25 30
Pavement Age (years)
= =" @50%Reliability
Approvedby: Page 1 of 15



m Horizon Drive PCCP Design (No Class 2)

ile Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive PCCP Design (No Class 2).dg

| Traffic Inputs
I Graphical Representation of Traffic Inputs
Initial two-way AADTT: 3,640 Percent of trucks in design direction (%): 50.0
Number of lanes in design direction: 2 Percent of trucks in design lane (%): 90.0
Operational speed (mph) 35.0
- AADTT Distribution by ¥Yehicle Class 5 - Truck Distribution by Hour
12 pM
O
o 601 5515 —~ 77 i
g &
Ry — ]
5% 5
- . —
=1 + 54
D 404 3
A 30 2
E 21.1% < 37
5 20 S fZAM  aaMm
I 14.2% 2 2 41.72% 1.7
’—
=i
10 4 1
L 0.3% 0.7% |0.7% [0.2% |0.2%
04 . . . . . . 0 . . . " " " "
a 5 6 7 8 9 10 1 12 13 12AM  3AM  6AM  9AM  12PM  3PM  6PM  9PM 24
Vehicle Class Hour of Day
e Growth Factorby ¥ehicle Class S AxlesperTruck by Yehicle Class
| g |g|g|e|e|e|¢e|¢g|¢ o | B
(=} (=} (=} (=} (=} (=} (=} (=} (=} (=}
(¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ (¥ ET.“..._J.—. )
—~ 27 3.5
EE Tn:lem
S o 4
1.5+ a []] Quad ? 2
o = 251 > % %
% 7 7
=Y A A A
= % % %
£ ® 21y ’ 5
2 1- Z Z = Z %
o A A =) A A
g 151y % 7 = %%
G VY % = Z
L P Y
J 117z 7% 7. 7% 7% Y=
0.3 7 |2 7 |2
A A A A
0.54% g g Z
Z iz ,
0+ 04 T Z= T T Z T T
a 5 6 7 8 9 10 1 12 13 4 5 7 8 3 10 11 12 13
Vehicle Class Yehicle Class
Traffic Volume Monthly Adjustment Factors
Class 6 Class 10 | Class 11 | Class 12 ] Class 13
Dec
Now : S e S b
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Sep ' : b i L '
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Jul ' ~ i & 3 E i it bt
Jun
May 1 L8 r < IE r r
Apr
Mar 3 3 3 S
Feb
Jan 3 =) g
ér!n}-b:b rquw-bnb @éu,-w.ba AT, rw-bnb Agd»u,rhtmb &3 LML TR d"bnb_' AT 5 '.quu»-bnb rwu
coQo CO0C0 —~—~-"0C00C0C —'—'—'- T T-T- M - R R R - cCooo - 000 Q - CoOCO R -R-F-] - CO0CQ ——-
Adj. Factor Adj. Factor Adj. Factor Adj. Factor Adj.Factor Adj.Factor Adj. Factor Adj. Factor Adj. Factor Adj. Factor
Report generated on: Version: by: by:
5/24/2023 6:55 PM 2.3.1+66 Created n: 8/5/2016 12:00 AM APPrOVed 1\ 8/5/2016 12:00 AM Page 2 of 15



Volume Monthly Adjustment Factors

m Horizon Drive PCCP Design (No Class 2)
ile Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive PCCP Design (No Class 2).dgpxes

Tabular Representation of Traffic Inputs

Level 3: Default MAF

Month Vehicle Class
4 5 6 7 8 9 10 11 12 13
January 0.9 0.8 0.8 0.7 0.8 0.9 0.9 0.9 0.9 0.9
February 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 1.0 0.8
March 1.0 0.9 0.8 1.1 1.0 1.0 1.0 1.0 0.9 0.9
April 1.0 1.0 0.9 1.0 1.0 1.0 1.1 1.0 1.0 1.1
May 1.1 1.1 1.0 1.3 1.1 1.0 1.1 1.1 1.1 1.0
June 1.1 1.1 1.2 1.1 1.1 1.0 1.1 1.0 1.1 1.0
July 1.1 1.2 1.5 1.3 1.2 1.0 1.1 1.1 1.1 1.3
August 1.1 1.2 1.3 1.0 1.1 1.0 1.1 1.1 1.1 1.0
September 1.1 1.1 1.1 1.0 1.1 1.0 1.1 1.1 1.0 1.1
October 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 1.1
November 0.9 0.9 0.9 0.9 0.9 1.0 1.0 1.0 1.0 1.0
December 0.9 0.8 0.8 0.8 0.8 0.9 0.8 0.9 0.9 0.9
Distributions by Vehicle Class Truck Distribution by Hour
Vehicle Class Dist:i\tﬁﬁi-zl (%) Growth Factor ntnT? DISt?"Z;ItIon 0Ty DISt?L'/?:l;tlon
(Level 3) Rate (%) Function 12 AM 1.65% 12 PM 6.75%
Class 4 2.1% 2% Compound 1AM 1.37% 1PM 6.81%
Class 5 56.1% 2% Compound 2 AM 1.28% 2 PM 6.83%
Class 6 4.4% 2% Compound 3 AM 1.36% 3PM 6.56%
Class 7 0.3% 2% Compound 4 AM 1.66% 4 PM 6.02%
Class 8 14.2% 2% Compound 5AM 2.32% 5PM 5.23%
Class 9 21.1% 2% Compound 6 AM 3.8% 6 PM 4.35%
Class 10 0.7% 2% Compound 7 AM 4.95% 7 PM 3.59%
Class 11 0.7% 2% Compound 8 AM 5.9% 8 PM 2.98%
Class 12 0.2% 2% Compound 9 AM 6.48% 9 PM 2.56%
Class 13 0.2% 2% Compound 10 AM 6.83% 10 PM 2.12%
11 AM 6.85% 11 PM 1.75%
Total 100%
Axle Configuration Number of Axles per Truck
Traffic Wander Axle Configuration Vehicle [Single| Tandem| Tridem | Quad
Mean wheel location (in) 18.0 | |Average axle width (ft) 8.5 Class | Axle [ Axle | Axle [ Axle
Traffic wander standard deviation (in) 10.0 | [Dual tire spacing (in) 12.0 Class4 | 153 | 045 0 0
Design lane width (ft) 12.0 Tire pressure (psi) 120.0 Class 5 | 2.02 0.16 0.02 0
Class6 | 1.12 | 0.93 0 0
Average Axle Spacing Wheelbase Class7 | 1.19 | 0.07 0.45 | 0.02
Tandem axle Axle Type] . Class 8 [ 2.41 | 0.56 0.02 0
spacing (in) 516 Value Type Short | Medium | Long Class9 | 1.16 1.88 0.01 0
l‘;iggrﬁga(?rﬁ 49.2 ,(Af:/)erage spacing of axles 12.0 15.0 18.0 Class 10 | 1.05 1.01 0.93 0.02
- Class 11| 435 | 0.13 0 0
(Qir:‘)ad axle spacing | 495 | |percent of Trucks (%) 170 | 220 | 610 ||Class12]| 315 | 122 | 009 | 0©
Class 13 [ 2.77 1.4 0.51 0.04
§7zp:/§ogze3ng§gegn2 " 25 et Createdgzﬁ 8/5/2016 12:00 AM Approvedgz; 8/5/2016 12:00 AM Page 3 of 15



nile Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive PCCP Design (No Class 2.

AADTT (Average Annual Daily Truck Traffic) Growth

Horizon Drive PCCP Design (No Class 2)

* Traffic cap is not enforced
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Report generated on:
5/24/2023 6:55 PM
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Version: by:
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m Horizon Drive PCCP Design (No Class 2)
ile Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive PCCP Design (No Class 2).dgpxes

Climate Inputs
Climate Data Sources: 2167 Monthly Rainfall Statistics
3144 1.21
Climate Station Cities: Location (lat lon elevation(ft)) - A (0.83)
£ 1.2
GRAND JUNCTION, CO 39.13400 -108.53800 4839 . -
< 0.81
b 2.67)
0.5 1 b 0.63
E£08 0.56 (0.56) 0.54 0.53
20 (0.45) 0.40_(0.51) (0.50)10.39
s (0.41) (0.34)
Annual Statistics: 2
5
o
H o
Mean annual air temperature (°F) 53.55 c 4 g L= c §. g a g z §
Mean annual precipitation (in) 7.76 = & < & N < @ =
Freezing index (°F - days) 398.73
Water table depth
Average annual number of freeze/thaw cycles: 111.77 (ft) P 4.00
Monthly Climate Summary:
110 Monthly Temperature Summary
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Horizon Drive PCCP Design (No Class 2)

AASHTOW;
ile Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive PCCP Design (No Class 2

Hourly Air Temperature Distribution by Month:
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Design Properties

JPCP Design Properties

Horizon Drive PCCP Design (No Class 2)
ile Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive PCCP Design (No Class 2).dgpxes

Structure - ICM Properties Doweled Joints Tied Shoulders
PCC surface shortwave 0.85 Is joint doweled ? True Tied shoulders True
absorptivity ' Dowel diameter (in) 1.25 Load transfer efficiency (%) 50.00
Dowel spacing (in) 12.00
PCC joint spacing (ft) Widened Slab PCC-Base Contact Friction
Is joint spacing random ? False Is slab widened ? False PCC-Base full friction contact True
Joint spacing (ft) 15.00 Slab width (ft) 12.00 Months until friction loss 360.00
Other(Including No Erodibility index 3 |
Sealant type |[Sealant... Liquid...
Silicone)
Permanent curl/warp effective temperature difference (°F) |-10.00 |
Report generated on: Version: by: by:
5/24/2023 6:55 PM 2.3.1+66 Created e 8/5/2016 12:00 AM Approved - 8152016 12:00 AM Page 7 of 15



Horizon Drive PCCP Design (No Class 2)

nile Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive PCCP Design (No Class 2.

Analysis Output Charts
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m Horizon Drive PCCP Design (No Class 2)

ile Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive PCCP Design (No Class 2

PCC Modulus {Epcc)

— PCC Flexural Strength {MR)
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Horizon Drive PCCP Design (No Class 2)

PCC Cumulative Damage
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Horizon Drive PCCP Design (No Class 2)

iIe Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive PCCP Design (No Class 2.

Layer Information
Layer 1 PCC : R4 Level 1 Lawson

PCC

=
).dgpX=rTo

PCC strength and modulus (Input Level: 1)

Time :\:I):?)ulus RIRBELNE Elastic modulus (psi)
7-day 560 3230000
14-day 620 3500000
28-day 710 4030000
90-day 730 4240000
20-year/28-day 1.2 1.2

Report generated on: Version: by:

5/24/2023 6:55 PM 2.3.1+66 Created . 8/5/2016 12:00 AM

Approvedby:

Identifiers

Thickness (in) 10.0
Unit weight (pcf) 140.6 Field Value
Poisson's ratio 0.2 Display name/identifier |R4 Level 1 Lawson
Thermal Description of object Mix ID # 2009105
I;’gi\CGCoefficient of thermal expansion (in/in/°F x 4.86

-6) Author CDOT
PCC thermal conductivity (BTU/hr-ft-°F) 1.25 Date Croated 2/3/2013 12:00:00 AM
PCC heat capacity (BTU/Ib-°F) 0.28 Approver CDOT
Mix Date approved 4/3/2013 12:00:00 AM
Cement type Type | (1) State Colorado
Cementitious material content (Ib/yd*3) 563 District
Water to cement ratio 0.36 County
Aggregate type Dolomite (2) Highway
PCC zero-stress Calculated Internally? [True Direction of Travel
femperature (°F) User Value - From station (miles)

Calculated Value 90.7 To station (miles)
Ultimate shrinkage Calculated Internally? [True Province
(microstrain) User Value - User defined field 1 |Region 4/1/6
Calculated Value 516.0 User defined field 2

Reversible shrinkage (%) 50 User defined field 3
Time to develop 50% of ultimate shrinkage 35 Revision Number 0
(days)
Curing method Curing Compound

on: 8/5/2016 12:00 AM
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Horizon Drive PCCP Design (No Class 2)
ile Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive PCCP Design (No Class 2).dgpxes

Layer 2 Non-stabilized Base : Crushed gravel

Unbound

Layer thickness (in) 8.0
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

12000.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -
Identifiers
Field Value

Display name/identifier

Crushed gravel

Description of object

Default material

Author AASHTO
Date Created 1/1/2011 12:00:00 AM
Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles

)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 42
Report generated on: Version: by:
5/24/2023 6:55 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 6.0
Plasticity Index 1.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |False 127.7
(stﬁ;;ated hydraulic conductivity False 5.0546-02
Specific gravity of solids False 2.7
Water Content (%) False 7.4
User-defined Soil Water Characteristic Curve
(SWCC)
Is User Defined? False
af 7.2555
bf 1.3328
cf 0.8242
hr 117.4000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 8.7
#100
#80 12.9
#60
#50
#40 20.0
#30
#20
#16
#10 33.8
#8
#4 44.7
3/8-in. 57.2
1/2-in. 63.1
3/4-in. 72.7
1-in. 78.8
11/2-in. 85.8
2-in. 91.6
2 1/2-in.
3-in.
3 1/2-in. 97.6
Appro"edgzi 8/5/2016 12:00 AM Page 12 of 15



Horizon Drive PCCP Design (No Class 2)
ile Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive PCCP Design (No Class 2).dgpxes

Layer 3 Subgrade : A-4

Unbound

Layer thickness (in) 6.0

Poisson's ratio

0.35

Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input

Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -

Identifiers
Field Value
Display name/identifier |A-4

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0
Report generated on: Version: by:
5/24/2023 6:55 PM 2.3.1+66 Created

on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 13 of 15



Horizon Drive PCCP Design (No Class 2)
ile Name: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon Drive PCCP Design (No Class 2).dgpxes

Layer 4 Subgrade : A-4

Unbound

Layer thickness (in) Semi-infinite
Poisson's ratio 0.35
Coefficient of lateral earth pressure (k0) 0.5

Modulus (Input Level: 3)

Analysis Type:

Modify input values by
temperature/moisture

Method:

Resilient Modulus (psi)

Resilient Modulus (psi)

6482.0

Use Correction factor for NDT modulus? | -

NDT Correction Factor: -
Identifiers
Field Value

Display name/identifier |A-4

Description of object

Default material

Author

AASHTO

Date Created

1/1/2011 12:00:00 AM

Approver

Date approved

1/1/2011 12:00:00 AM

State

District

County

Highway

Direction of Travel

From station (miles)

To station (miles)

Province

User defined field 1

User defined field 2

User defined field 3

Revision Number 0

Version:
2.3.1+66

Report generated on:
5/24/2023 6:55 PM

by:
Created
Teaed on: 8/5/2016 12:00 AM

Sieve
Liquid Limit 21.0
Plasticity Index 5.0
Is layer compacted? True
Is User
Defined?| Value
Maximum dry unit weight (pcf) |[False 119
(st:#;ated hydraulic conductivity False 7 5896-06
Specific gravity of solids False 2.7
Water Content (%) False 11.8
User-defined Soil Water Characteristic Curve
(SWCCQC)
Is User Defined? False
af 68.8377
bf 0.9983
cf 0.4757
hr 500.0000
Sieve Size % Passing
0.001mm
0.002mm
0.020mm
#200 60.6
#100
#80 73.9
#60
#50
#40 82.7
#30
#20
#16
#10 89.9
#8
#4 93.0
3/8-in. 95.6
1/2-in. 96.7
3/4-in. 98.0
1-in. 98.7
1 1/2-in. 99.4
2-in. 99.6
2 1/2-in.
3-in.
3 1/2-in. 99.8
Approved ! 8/5/2016 12:00 AM Page 14 of 15
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Calibration Coefficients

Horizon Drive PCCP Design (No Class 2)

PCC Faulting

C12 = Cy + (C, * FRO®)
C34 = C3 +(C4 » FROZ)

AFault; = Cy4 * (FaultMax;_,
Cg = DowelDeterioration

FaultMaxg = Cy3 * Scypiing * [log(l + Cg * 5.0589D) x log (ono *

m
FaultMax; = FaultMaxy + C, * Z DE; «log(1 + Cs * 5.05F0P)C

=
— Fault;_4)? « DE;

WetDays) ] Ce

C1:0.5104 C2:0.00838 |C3:0.00147 C4:0.008345
C5: 5999 C6: 0.8404 |C7:5.9293 C8: 400
PCC Reliability Faulting Standard Deviation
0.0831*Pow(FAULT,0.3426) + 0.00521
IRI-jpcp
2] - Cracking C1:0.8203 C2: 0.4417
[ SP ﬂ_u_'i_t]g C3:1.4929 C4:25.24

[ Fault:ing Reliability Standard Deviation

4 - Bite Factor 5.4

PCC Cracking
Fatigue Coefficients |Cracking Coefficients
tog ()= 1 (M2 [e1:2 [c2:1.22 [c4:0.6 C5: -2.05
F PCC Reliability Cracking Standard Deviation
cpg 100 Pow(57.08*CRACK,0.33) + 1.5
1+C4 FD%
§7zpf/§ogze3ng§t5egnﬁ " 25 ekt Createdgzi 8/5/2016 12:00 AM Appro"edgzi 8/5/2016 12:00 AM

=)
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\& OC O Horizon Drive and G Road Roundabout
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APPENDIX K

HORIZON DRIVE AND G ROAD ROUNDABOUT

RIGID PAVEMENT M-E DESIGN PAVEMENT OUTPUT SHEETS
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Horizon and G Road Roundabout PCCP Design (No Class 2)

nme: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon and G Road Roundabout PCCP Design.(No=Cia

wsi)

Design Inputs
Design Life: 30 years Existing construction: - Climate Data 39.134, -108.538
Design Type: JPCP Pavement construction: May, 2024 Sources (Lat/Lon)

Traffic opening:

September, 2024

Design Structure Traffic

Layer type Material Type Thickness (in) oint Design: Heavy Trucks

Age (year) lati
PCC R4 Level 1 Lawson 10.5 Joint spacing (ft) 15.0 (cumulative)
NonStabilized Crushed gravel 8.0 Dowel diameter (in) 150 | |2024 (initial) 6,350
Subgrade A4 6.0 Slab width (ft) 12.0 2039 (15 years) 18,049,200
Subgrade A-4 Semi-infinite 2054 (30 years) 42,341,000
Design OQutputs

Distress Prediction Summary

Distress @ Specified

Criterion
Satisfied?

Reliability (%)

Target Achieved
90.00 96.15
90.00 99.95
90.00 95.08

Reliability
Target Predicted
200.00 179.48
0.20 0.12
7.00 5.49

Distress Type

Pass

Terminal IRI (in/mile)
Mean joint faulting (in) Pass

JPCP transverse cracking (percent slabs) Pass

Distress Charts
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Version:
2.3.1+66

Report generated on: by:
5/24/2023 6:46 PM Approved

by:
Created
reate on: 8/5/2016 12:00 AM

on: 8/5/2016 12:00 AM Page 1 of 15



n Horizon and G Road Roundabout PCCP Design (No Class 2)

me: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon and G Road Roundabout PCCP Desi

wamy)
gn_(No<€R

| Traffic Inputs
I Graphical Representation of Traffic Inputs
Initial two-way AADTT: 6,350 Percent of trucks in design direction (%): 50.0
Number of lanes in design direction: 2 Percent of trucks in design lane (%): 90.0
Operational speed (mph) 35.0
- AADTT Distribution by ¥Yehicle Class 5 - Truck Distribution by Hour
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nme: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon and G Road Roundabout PCCP Design.(l]

Horizon and G Road Roundabout PCCP Design (No Class 2)

Tabular Representation of Traffic Inputs

Volume Monthly Adjustment Factors

Level 3: Default MAF

=)

Month Vehicle Class
4 5 6 7 8 9 10 11 12 13
January 0.9 0.8 0.8 0.7 0.8 0.9 0.9 0.9 0.9 0.9
February 0.9 0.8 0.8 0.8 0.9 0.9 0.9 0.9 1.0 0.8
March 1.0 0.9 0.8 1.1 1.0 1.0 1.0 1.0 0.9 0.9
April 1.0 1.0 0.9 1.0 1.0 1.0 1.1 1.0 1.0 1.1
May 1.1 1.1 1.0 1.3 1.1 1.0 1.1 1.1 1.1 1.0
June 1.1 1.1 1.2 1.1 1.1 1.0 1.1 1.0 1.1 1.0
July 1.1 1.2 1.5 1.3 1.2 1.0 1.1 1.1 1.1 1.3
August 1.1 1.2 1.3 1.0 1.1 1.0 1.1 1.1 1.1 1.0
September 1.1 1.1 1.1 1.0 1.1 1.0 1.1 1.1 1.0 1.1
October 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 0.9 1.1
November 0.9 0.9 0.9 0.9 0.9 1.0 1.0 1.0 1.0 1.0
December 0.9 0.8 0.8 0.8 0.8 0.9 0.8 0.9 0.9 0.9
Distributions by Vehicle Class Truck Distribution by Hour
Vehicle Class Dist:i\tﬁﬁi-zl (%) Growth Factor ntnT? DISt?"Z;ItIon 0Ty DISt?L'/?:l;tlon
(Level 3) Rate (%) Function 12 AM 1.65% 12 PM 6.75%
Class 4 2.1% 2% Compound 1AM 1.37% 1PM 6.81%
Class 5 56.1% 2% Compound 2 AM 1.28% 2 PM 6.83%
Class 6 4.4% 2% Compound 3 AM 1.36% 3PM 6.56%
Class 7 0.3% 2% Compound 4 AM 1.66% 4 PM 6.02%
Class 8 14.2% 2% Compound 5AM 2.32% 5PM 5.23%
Class 9 21.1% 2% Compound 6 AM 3.8% 6 PM 4.35%
Class 10 0.7% 2% Compound 7 AM 4.95% 7 PM 3.59%
Class 11 0.7% 2% Compound 8 AM 5.9% 8 PM 2.98%
Class 12 0.2% 2% Compound 9 AM 6.48% 9 PM 2.56%
Class 13 0.2% 2% Compound 10 AM 6.83% 10 PM 2.12%
11 AM 6.85% 11 PM 1.75%
Total 100%
Axle Configuration Number of Axles per Truck
Traffic Wander Axle Configuration Vehicle [Single| Tandem| Tridem | Quad
Mean wheel location (in) 18.0 | |Average axle width (ft) 8.5 Class | Axle [ Axle | Axle [ Axle
Traffic wander standard deviation (in) 10.0 | [Dual tire spacing (in) 12.0 Class4 | 153 | 045 0 0
Design lane width (ft) 12.0 Tire pressure (psi) 120.0 Class 5 | 2.02 0.16 0.02 0
Class6 | 1.12 | 0.93 0 0
Average Axle Spacing Wheelbase Class7 | 1.19 | 0.07 0.45 | 0.02
Tandem axle Axle Type] . Class 8 [ 2.41 | 0.56 0.02 0
spacing (in) 516 Value Type Short | Medium | Long Class9 | 1.16 1.88 0.01 0
l‘;iggrﬁga(?rﬁ 49.2 ,(Af:/)erage spacing of axles 12.0 15.0 18.0 Class 10 | 1.05 1.01 0.93 0.02
- Class 11| 435 | 0.13 0 0
(Qir:‘)ad axle spacing | 495 | |percent of Trucks (%) 170 | 220 | 610 ||Class12]| 315 | 122 | 009 | 0©
Class 13 [ 2.77 1.4 0.51 0.04
§7zp:/§ogze3ng:2t6egn2 " 25 et Createdgzﬁ 8/5/2016 12:00 AM Approvedgz; 8/5/2016 12:00 AM Page 3 of 15



n Horizon and G Road Roundabout PCCP Design (No Class 2) =)

me: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon and G Road Roundabout PCCP Design.(Ne=Cia

AADTT (Average Annual Daily Truck Traffic) Growth

* Traffic cap is not enforced
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Horizon and G Road Roundabout PCCP Design (No Class 2)

nme: C:\Users\goldbaum\Documents\My PMED Designs\My ME Design\Projects\Horizion and G Road Roundabout\Horizon and G Road Roundabout PCCP Design.(l]

Climate Inputs

Climate Data Sources:

Climate Station Cities:
GRAND JUNCTION, CO

Location (lat lon elevation(ft))
39.13400 -108.53800 4839

o
@
1

o
o
i

Annual Statistics:

Raipfal! (in) (npean (std dew))

Mean annual air temperature (°F) 53.55 -

Monthly Rainfall Statistics

wsi)

1.21
(0.83)

.uv.r
0.50)0.3%

(0.34)

§ © g & = 5 35 3 % < & §
Mean annual precipitation (in) 7.76 AN SERE T =
Freezing index (°F - days) 398.73
Water table depth
Average annual number of freeze/thaw cycles: 111.77 (ft) P 4.00
Monthly Climate Summary:
110 Monthly Temperature Summary
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Horizon and G Road Roundabo

Hourly Air Temperature Distribution by Month:

ut PCCP Design (No Class 2)
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Horizon and G Road Roundabout PCCP Design (No Class 2)
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Design Properties

JPCP Design Properties

AASHTOW,

Structure - ICM Properties Doweled Joints Tied Shoulders
PCC surface shortwave 0.85 Is joint doweled ? True Tied shoulders True
absorptivity ' Dowel diameter (in) 1.50 Load transfer efficiency (%) 50.00
Dowel spacing (in) 12.00
PCC joint spacing (ft) Widened Slab PCC-Base Contact Friction
Is joint spacing random ? False Is slab widened ? False PCC-Base full friction contact True
Joint spacing (ft) 15.00 Slab width (ft) 12.00 Months until friction loss 360.00
Other(Including No Erodibility index 3 |
Sealant type |[Sealant... Liquid...
Silicone)
Permanent curl/warp effective temperature difference (°F) |-10.00 |
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Horizon and G Road Roundabout PCCP Design (No Class 2)
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Layer Information
Layer 1 PCC : R4 Level 1 Lawson

PCC

AASHTOW,

PCC strength and modulus (Input Level: 1)

Time :\:I):?)ulus RIRBELNE Elastic modulus (psi)
7-day 560 3230000
14-day 620 3500000
28-day 710 4030000
90-day 730 4240000
20-year/28-day 1.2 1.2
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Identifiers

Thickness (in) 10.5
Unit weight (pcf) 140.6 Field Value
Poisson's ratio 0.2 Display name/identifier |R4 Level 1 Lawson
Thermal Description of object Mix ID # 2009105
I;’gi\CGCoefficient of thermal expansion (in/in/°F x 4.86

-6) Author CDOT
PCC thermal conductivity (BTU/hr-ft-