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1864 Woodmoor Drive, Suite 100 
Monument, Colorado 80132 
 
Attn: Joe Desjardin 
 
Re: Pavement Recommendations (Revised)   
 Cloverleaf, Filing 2 
 El Paso County, Colorado 

Entech Job No. 212757 
 
 
Dear Mr. Desjardin: 
 
As requested, Entech Engineering, Inc. has obtained samples of the pavement subgrade soils 
from the roadways in the Cloverleaf, Filing 2 subdivision.  This letter presents the results of the 
laboratory testing and pavement recommendations for the roadway sections within the filing.  
 
Project Description 

The roadways for this project consist of Crimson Clover Drive, Alsike Clover Court, and White 
Clover Drive in Monument, Colorado.  Subsurface Soil Investigation and laboratory testing were 
performed in order to determine the pavement support characteristics of the soils.  The 
approximate locations of the test borings are presented on the Test Boring Location Map, Figure 
1. 
 
Subgrade Conditions 

Seventeen test borings were drilled along the roadway to depths of approximately 5 and 10 feet 
below the existing subgrade surface.  The soils at the roadway subgrade depth consisted of silty 
to slightly silty to clayey sand fill (Soil Type 1).  
 
One general soil type was encountered in the test borings at subgrade level and was used in this 
design, Soil Type 1.  The Test Boring Logs are presented in Appendix A.  Sieve Analyses and 
Atterberg Limit testing were performed on the subgrade soil samples obtained from the test 
borings for the purpose of classification.  The percent passing the No. 200 sieve for the Type 1 
soils ranged from approximately 4 to 24 percent. (Soil Type 2) native silty to slightly silty sand, 
and (Soil Type 3) very clayey sand was encountered below the zone of pavement influence and 
was not used in this design. Based on the grain size analysis, the Type 1 subgrade soils classify 
as A-2-4 and A-1-b soils using the AASHTO classification system.   These soils typically provide 
good pavement support characteristics. Groundwater was not encountered in the test borings.  
Water soluble sulfate tests results indicated that the soils exhibit a negligible potential for sulfate 
attack. 
 
Atterberg Limits Testing on samples of the Type 1 soil taken from the test borings resulted in 
Liquid Limits of no value to 25 percent and Plastic Indexes of non-plastic to 7 percent.  Based on 
the soils classification, mitigation of expansive soils is not required on this site.  Laboratory test 
results are presented in Appendix B and are summarized in Table 1. 
 

Full-depth asphalt paving is
not allowed in unincorporated
El Paso County.
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California Bearing Ratio (CBR) testing was performed on a representative sample of Soil Type 1 
from Test Boring No. 9 to determine the support characteristics of the subgrade soils for the 
roadway sections.  The results of the CBR testing, are presented in Appendix B and summarized 
as follows:   

Soil Type 1 3 Silty Sand Fill 

R @ 90% = 35.0 

R @ 95% = 71.0 

Use R = 50.0 for design  

 
Classification Testing 

Liquid Limit NV 

Plasticity Index NP 

Percent Passing 200 24.1 

AASHTO Classification A-2-4 

Group Index 0 

Unified Soils Classification SM 

 
Pavement Design 

CBR testing was used to determine pavement sections for the roadways.  Pavement sections 
were determined utilizing the El Paso County Pavement Design Criteria Manual.  The roadways 
in the filing classify as urban local roads, which used an 18K ESAL value of 292,000 for design 
purposes. Pavement sections were determined for asphalt supported on aggregate basecourse.  
 
Design parameters used in the pavement analysis for the roadways are as follows: 
 

Reliability (Local Roads) 80% 
Standard Deviation 0.45 
Design R-Value Subgrade  50 
Resilient Modulus  13,168 psi 
Loss in Serviceability (� psi) 2.0 
Structural Coefficients  
     Hot Bituminous Pavement  0.44 
     Aggregate Basecourse 0.11 
  

 
The pavement design calculations are presented in Appendix C.  Pavement sections for the 
roadway sections are presented below.  Any additional grading may result in subgrade soils with 
different support characteristics. The following pavement sections should be re-evaluated if 
additional grading is performed.  
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DESIGN DATA PROTERRA PROPERTIES

CLOVERLEAF, FILING NO. 2

URBAN LOCAL ROADWAY  SOIL TYPE 1

Equivalent (18 kip) Single Axle Load Applications (ESAL): ESAL (W18) = 292,000

Hveem Stabilometer (R Value) Results: R = 50

Standard Deviation So = 0.45

Loss in Serviceability &psi = 2.0

Reliability Reliability = 80

Reliability (z-statistic) ZR = -0.84

Soil Resilient Modulus MR = 13168

Weighted Structural Number (WSN): WSN = 2.10

DESIGN TABLES AND EQUATIONS

Left Right

5.47 5.47 Job No. 212757

Fig. No. C-1

Reliability (%) ZR (z-statistic)

80 -0.84

93 -1.48

94 -1.56

85 -1.04

90 -1.28

0.0

99 -2.33

99.9 -3.09

96 -1.75

FLEXIBLE PAVEMENT DESIGN

99.99 -3.75

Difference

97 -1.88

98 -2.05

95 -1.65



DESIGN DATA PROTERRA PROPERTIES

CLOVERLEAF, FILING NO. 2

URBAN LOCAL ROADWAYS SOIL TYPE 1

Equivalent (18 kip) Single Axle Load Applications (ESAL): ESAL = 292,000

Hveem Stabilometer (R Value) Results: R = 50

Weighted Structural Number (WSN): WSN = 2.10

DESIGN EQUATION

WSN = C1D1 + C2D2

C1 = 0.44 Strength Coefficient - Hot Bituminous Asphalt

C2 = 0.11 Strength Coefficient - Aggregate Basecourse

D1 = Depth of Asphalt (inches)

D2 = Depth of Basecourse (inches)

FOR ASPHALT + AGGREGATE BASECOURSE SECTION

Asphalt Thickness (t) = 3 inches

D2 = ((WSN) - (t)(C1))/C2 = 7.1 inches of Aggregate

Basecourse, use 8.0 inches

RECOMMENDED ALTERNATIVES

1. 3.0 inches of Asphalt + 8.0 inches of Aggregate Basecourse

Job No. 212757

Fig. No. C-2

DESIGN CALCULATIONS



DESIGN DATA PROTERRA PROPERTIES

CLOVERLEAF, FILING NO. 2

URBAN LOCAL ROADWAYS SOIL TYPE 1

Equivalent (18 kip) Single Axle Load Applications (ESAL): ESAL = 292,000

Hveem Stabilometer (R Value) Results: R = 50

Weighted Structural Number (WSN): WSN = 2.10

DESIGN EQUATION

WSN = C1D1 + C2D2

C1 = 0.44 Strength Coefficient - Hot Bituminous Asphalt

C2 = 0.11 Strength Coefficient - Aggregate Basecourse

D1 = Depth of Asphalt (inches)

D2 = Depth of Basecourse (inches)

FOR ASPHALT + AGGREGATE BASECOURSE SECTION

Asphalt Thickness (t) = 4 inches

D2 = ((WSN) - (t)(C1))/C2 = 3.1 inches of Aggregate

Basecourse, use 6.0 inches

RECOMMENDED ALTERNATIVES

1. 4.0 inches of Asphalt + 6.0 inches of Aggregate Basecourse

Job No. 212757

Fig. No. C-3

DESIGN CALCULATIONS
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