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Pavement Recommendation 

This report is to provide documentation to the Region 5, Durango Residencies for a roadway 

improvement project. The project completes the connection of US 550 to US 160 at the 

Grandview Interchange (US 550 MP 12.50– 16.86). The current two-lane configuration of US 

550 will be upgraded to a four-lane facility with intermittent auxiliary lanes and sections of 

frontage road for residential and commercial access. A roundabout will be constructed at the 

Grandview Interchange to facilitate traffic movements between US 550 and US 160. County 

Roads 219 and 220 will be reconstructed and realigned to meet this new configuration. 

The pavement recommendations were developed following the Colorado Department of 

Transportation 2019 ME Pavement Design Manual (PDM) and using the AASHTOWare 

Pavement Mechanistic Empirical Design (M-E Design) software, Version 2.3.1.  

Two pavement types; Hot Mix Asphalt (HMA), and Portland Cement Concrete Pavement 

(PCCP), were considered for US 550 mainline. In addition to the two pavement types, three 

pavement designs for each type (6 total), were developed based on the discrete subgrade they are 

to be constructed. 

Pavement for CR 219, CR 220, Frontage Roads, and Ramp B shall be HMA. Pavement for the 

Roundabout shall be PCCP. 

 

Table 1. HMA Recommended Pavement Structure Summary 

Segments 
Thickness of HMA 

Surface Course (in.) 

Thickness of ABC 

Class 6 Base (in.) 

Thickness of ABC 

Class 3 Subbase (in.) 

US 550 Subgrade Surficial Soils 6 4 24 

US 550 Subgrade Alluvial Gravel 6 4 0 

US 550 Subgrade Bedrock 6 4 24 

CR 219, CR 220, Frontage Rd. 5 4 24 

Ramp B 6 6 8 

ABC = Aggregate Base Course 

Table 2. PCCP Recommended Pavement Structure Summary 

Segments 
Thickness of PCCP 

Surface Course (in.) 

Thickness of ABC 

Class 6 (in.) 

Thickness of ABC 

Class 3 Subbase (in.) 

US 550 Subgrade Surficial Soils 8.5 4 24 

US 550 Subgrade Alluvial Gravel 8.5 4 0 

US 550 Subgrade Bedrock 8.5 4 24 

Roundabout 9.5 4 24 

ABC = Aggregate Base Course 



Pavement Design Analysis 

Pavement performance is dependent upon several factors, including; traffic loading and climate. 

Table 3 summarizes the HMA and PCCP pavement design parameters, specific design 

parameters can be found in Appendix A. 

Table 3. Pavement Design Parameters 

A discussion of design parameters and recommended threshold values of performance is 

provided below. 

Traffic Loading 

CDOT Online Transportation Information System (OTIS) was used to determine current and 

future traffic for this project (http://dtdapps.coloradodot.info/otis). 

Average Annual Daily Truck Traffic (AADTT) is a design input for M-E Design and is 

calculated as the sum of projected single unit and projected combination trucks. From OTIS, the 

AADTT for the design year (2020) is 589 for mainline US 550. The AADTT for the roundabout 

is 1,500 and was calculated by combining US 550 and US 160 traffic.  

Parameters 

Input 

US 550 Mainline 

CR 219, CR 220, 

Frontage Rd. and 

Ramp B 

Roundabout 

Reliability 90% 90% 90% 

Two Way annual average daily truck 

traffic (AADTT) 
589 200/300 1,500 

Number of Lanes in Design Direction 2 1 1 

Percent of Trucks in Design Direction 50 60 60 

Percent of Trucks in Design Lane 90 100 100 

Operational speed (mph) 45 mph 25 mph 20 mph 

Vehicle Class Distribution (CDOT) Cluster 3 Cluster 3 Cluster 3 

Growth rate % 1.25 1.0/1.25 1.25 

Growth function Compound Compound Compound 

Climate station Durango, CO Durango, CO Durango, CO 

Depth of Water Table 10 10 10 

Design life (Rigid) 30-year minimum NA 30-year minimum 

Design life (Flexible) 20-year minimum 20-year minimum NA 

Performance criteria thresholds See Table 6 and Table 7 

http://dtdapps.coloradodot.info/otis
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Figure 1. US 550 Design Year 2020 AADTT 

 

Figure 2. US 160 Design Year 2020 AADTT 

A compound growth rate is used to account for traffic increase with time. The growth rate 

equation can be found in the 2019 PDM, Equation 3-1: 

𝑻𝒇 = (𝟏 + 𝒓)𝒏 

Where, 

Tf = OTIS 20-Year Growth Factor 

r = Growth Rate 

n = Number of Years 

From OTIS, the 20-Year Growth Factor for this project is 1.26 resulting in a Growth Rate of 

1.16. For purposes of conservative design, this value was rounded to 1.25. 

 
Figure 3. 20-Year Growth Factor 

From OTIS, the 20-year 18k ESALs are 1,693,708 in the design lane, resulting in a 75 gyration 

mix (PDM table 6.9). 
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Figure 4. 20-Year 18k ESALs 

Climate 

Durango, CO weather station was selected within the M-E Design program. M-E Design uses 

weather station data to predict the pavements response to climatic factors such as temperature, 

precipitation and freeze/thaw cycles. 

 

Figure 5. M-E Design Weather Station Selection 

 

Roadbed Characterization 

Yeh and Associates preformed a geotechnical investigation to identify surface and subsurface 

conditions along the proposed alignment. The findings from this investigation can be found in 

the Draft Geotechnical Data Report (GDR) prepared by Yeh and Associates, Inc., dated July 17, 

2018. 

From the GDR, subsurface conditions along the proposed alignment can be classified into three 

distinct layers; surficial soil (low plasticity and high plasticity clay); terrace alluvium (gravelly 

soil); and bedrock (claystone with interbedded shale, sandstone and conglomerate). Because the 

proposed alignment will be constructed on these distinct subgrades, three discrete pavement 

designs (for each pavement material), were developed to optimize use of in-situ conditions. For 

purposes of pavement design, the subgrade was characterized as follows: 
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Table 4. Subgrade Classification 

Layer 
AASHTO 

Classification 
R-value 

Resilient 

Modulus (psi) 

Plasticity 

Index 

Approximate 

Location 

Surficial Clay A-7-6 10 6,482 27 South End 

Terrace 

Alluvium 
A-1-b 79 15,000 (max) NP Middle Portion 

Claystone A-6 23 8,152 12 North End 

 

Pavement sections are layered systems and cannot be modeled as a homogeneous mass, 

therefore, the design resilient modulus (Mr) of the aggregate base and subbase layers must be 

adjusted for limiting modulus criteria. This phenomenon is described by the elastic layer theory 

and is necessary to avoid decompaction and build-up of tensile stresses in the unbound layers. 

Following the elastic layer theory, the Mr of subbase was determined to be 15,000 psi and the Mr 

of the base layer was 25,000 psi (PDM figure 5.2 and 5.3). 

Following Chapter 4 of the PDM, the design resilient modulus was determined using the R-value 

correlation equation (Eq. 4-1, PDM): 

𝑴𝒓 = 𝟑𝟒𝟑𝟖. 𝟔 × 𝑹𝟎.𝟐𝟕𝟓𝟑 

Where, 

Mr = Resilient Modulus (psi) 

R = R-value (AASHTO T 190) 

 

Section 4.9 of the CDOT 2019 M-E Pavement Design Manual, Expansive Subgrade Soils, 

recommends Depth of Treatment Below Normal Subgrade based on Plasticity Index (PI). 

Surficial soils and bedrock within the project limits were sampled and analyzed for their physical 

properties. As reported in the GDR, the PI of the surficial soil and bedrock layers for areas of 

proposed “cut” was found to range from 8 to 27. 

In order to maintain a consistent pavement section throughout the project length, the baseline 

pavement design requires 3 feet of subgrade treatment. This 3-foot treatment consists of 1-foot of 

subgrade, excavated; moisture-conditioned; and recompacted in accordance with Section 203 of 

the 2017 CDOT Standard Specifications, overlain by 2 feet of subbase. To achieve the project 

goal of maximizing the use of available on-site materials, the subbase course shall consist of 

granular material derived from the terrace alluvium deposit: Aggregate Base Course (ABC) 

Class 3 or material with a minimum R-Value of 70. 

A filter separator layer is required on top of the reworked subgrade, directly beneath the subbase 

layer. Edge drains may be required to collect and divert water from the pavement structure. 
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Table 5. Treatment of Expansive Soils 

Plasticity 

Index 

Depth of Treatment Below Normal 

Subgrade Elevation 

10 - 20 2 feet 

20 - 30 3 feet 

30 - 40 4 feet 

40 - 50 5 feet 

More than 50 
Placed in the bottom of fills of less than 50 

feet, or greater than 6 feet in height, or wasted 

Table adapted from Table 4.9 of the CDOT 2019 M-E Pavement Design Manual 

 

Recommended Threshold Values of Performance Criteria 

M-E Design uses limiting threshold values of pavement distress and smoothness to evaluate the 

adequacy of a design. Table 5 provides the limit and predicted threshold values for new 

construction of Flexible Pavements and Table 6 shows criteria for new construction of Rigid 

Pavement (PDM table 2.4 and 2.6). 

 

Table 6. HMA Threshold Values of Performance Criteria 

Performance 

Criteria 
Limit 

Surficial 

Clay 

Predicted 

Terrace 

Alluvium 

Predicted 

Claystone 

Predicted 

Frontage 

and CR 

Predicted 

Ramp B 

Predicted 

Terminal IRI                                      

(inches per mile) 
200 166.01 163.06 165.78 168.39 164.82 

AC Top-Down 

Fatigue Cracking 

(feet per mile) 

2,500 1070.44 1903.42 1287.90 1214.32 751.20 

AC Bottom-Up 

Fatigue Cracking 

(percent lane area) 

25 20.67 18.52 19.86 22.89 15.90 

AC Thermal 

Cracking                            

(feet per mile) 

1,500 656.15 660.29 657.14 764.24 655.97 

Permanent 

Deformation                        

(total inches) 

0.65 0.53 0.49 0.53 0.53 0.54 

Permanent 

Deformation AC 

Only (total inches) 

0.50 0.38 0.37 0.38 0.38 0.41 
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Table 7. PCCP Threshold Values of Performance Criteria 

Performance Criteria Limit 

Surficial 

Clay 

Predicted 

Terrace 

Alluvium 

Predicted 

Claystone 

Predicted 

RAB 

Predicted 

Terminal IRI 

 (inches per mile) 
200 149.72 149.48 149.61 153.18 

Mean Joint Faulting 

(inches) 
0.14 0.01 0.01 0.01 0.03 

JPCP Transverse Cracking 

(percent slabs) 
7.00 6.92 6.33 6.67 5.45 

 

Asphalt Binder Recommendations 

Using the Long Term Pavement Performance (LTPP) binder selection program (LTPPBind 3.1), 

the 98% reliability binder for this project area is PG 58-28. From LTPPBind; Figure 6 shows the 

weather stations in the project vicinity, Figure 7 shows the selected station, Figure 8 shows the 

PG binder selection. 

 

 

Figure 6. Five Closest Weather Stations 
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Figure 7. Selected Weather Station 
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Figure 8. PG Binder Selection 
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Appendix A – Specific Design Parameters 

Table 8. Specific ME-Design Factors 

Design Parameter US 550 
Frontage Rd. 

and CR 
Ramp B Roundabout 

Reliability (%) 90 90 90 90 

Highway Classification Principal Arterial Other Other Principal Arterial 

Operational Speed (mph) 45 25 25 20 

AADTT (2020) 589 200 300 1,500 

Lanes (Each Direction) 2 1 1 1 

Growth Factor 1.26 NA NA 1.26 

Growth Rate 1.25 1.0 1.25 1.25 

Single Unit Truck (%) 32.3 32.3 32.3 32.3 

Combination Truck (%) 36.8 36.8 36.8 36.8 

Weather Station Durango, CO Durango, CO Durango, CO Durango, CO 

Clay Subgrade R-value 10 10 - - 

Clay Subgrade Mr (psi) 6,482 6,482 - - 

Alluvium Subgrade R-value 79 - - - 

Alluvium Subgrade Mr (psi) 15,000 (max) - - - 

Claystone Subgrade R-value 23 - 23 23 

Claystone Subgrade Mr (psi) 8,152 - 8,152 8,152 

Subbase Mr (psi) 15,000 (max) 15,000 (max) 15,000 (max) 15,000 (max) 

Base Mr (psi) 25,000 (max) 25,000 (max) 25,000 (max) 25,000 (max) 

HMA Specific Design Parameters 

Asphalt Binder PG 58-28 PG 58-28 PG 58-28 - 

HMA Grade (SX) (SX) (SX) - 

Design Gyrations 75 75 75 - 

Design Life (years) 20 20 20 - 

Initial IRI (in/mile) 62 62 62 - 

Performance Threshold see Table 6 see Table 5 see Table 6 - 

PCCP Specific Design Parameters 

Joint Spacing (ft.) 15 - - 15 

Slab Width (ft.) 13 - - 13 

28-Day MOR (psi) 650 - - 650 

28-Day Elastic Modulus (psi) 3,930,000 - - 3,930,000 

Design Life (years) 30 - - 30 

Dowel Diameter (inch) 1.25 - - 1.25 

Initial IRI (in/mile) 78 - - 78 

Performance Threshold see Table 7 - - see Table 7 

 



Appendix B – Soil Survey and R-Value 
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Appendix C – Pavement Designs 

Pavement M-E Design Report – HMA on Clay 
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