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SUMMARY 

   
1. Below about 5.25 to 7.5 inches of asphalt pavement over approximately 1.75 to 5.75 inches 

aggregate base course, the soils encountered generally consisted of man-placed lean clay 
with sand fill to depths ranging from about 1.5 to 4.5 feet, underlain by natural sandy lean 
clay to lean clay with sand extending to depths of about 14 feet in Boring 1, 6 feet in Boring 2 
and the maximum depth drilled of 10 feet in Boring 3.  The fill and overburden soils were 
underlain by claystone bedrock and sandstone bedrock in Borings 1 and 2, respectively.  
Sampler penetration blow counts indicate the fill is relatively compact and the natural clay 
soils encountered was soft to medium stiff in Boring 1, and very stiff in Borings 2 and 3.  The 
bedrock was firm to very hard based on standard penetration tests (blow counts) taken in the 
borings. 
 

2. Groundwater was not encountered in the borings at the time of drilling.  The borings was 
backfilled and the pavement surface was patched at the completion of drilling due to safety 
concerns.   
 

3. Hveem stabilometer (R-value) testing was performed on a composite bulk sample of the 
subgrade materials taken from Boring 1.  Testing performed on the composite bulk sample 
consisting of A-6 subgrade materials indicate an R-Value of 5 at an exudation pressure of 
300 psi, which correlates to a resilient modulus of 3,025 psi based on CDOT correlation 
procedures.   
 

4. Since anticipated traffic loading information was not available at the time of report 
preparation, an 18-kip equivalent single application loading (ESAL) value of 4,526,000 was 
assumed in accordance with Table 500-4 of the City of Thornton Standards and 
Specifications for Major Arterial roadway classification.   
 

5. The pavement thickness was determined in accordance with the City of Thornton Standards 
and Specifications.  Based on this procedure, a flexible pavement section consisting of 13.0 
inches of full-depth asphalt pavement or, alternatively, a composite pavement section 
consisting of 9.5 inches of asphalt over 13 inches of compacted aggregate base course 
material should be used for the widening and reconstruction of the project intersection.  
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PURPOSE AND SCOPE OF STUDY 

This report presents the results of a geotechnical engineering study and pavement thickness design 

for the proposed intersection improvements at 144th Avenue and Colorado Boulevard in Thornton, 

Colorado.  The subsurface study was conducted for the purpose of providing subgrade preparation 

and pavement thickness recommendations.  The project site is shown on Fig.1.  The study was 

conducted in accordance with the scope of work in our proposal to JF Sato and Associates, 

Proposal No. P-17-289A dated March 21, 2017.   

 

A field exploration program consisting of three exploratory borings was conducted to obtain 

information on general subsurface conditions.  Samples of soils obtained from the exploratory 

borings were tested in the laboratory to determine their classification and general engineering 

characteristics.  The results of the field exploration and laboratory testing programs were used to 

evaluate site geotechnical conditions and develop geotechnical engineering recommendations for 

improvements of the project intersection. 

 

This report has been prepared to summarize the data obtained during this study and to present our 

conclusions and recommendations based on our understanding of the proposed construction and 

the subsurface conditions encountered.  Geotechnical design parameters and a discussion of 

geotechnical engineering considerations related to the repaving of the intersection are included in 

the report. 

 

PROPOSED CONSTRUCTION 

We understand that the proposed improvements will consist of the addition of left turn lanes in all 

directions that extend 300 feet from the intersection in each direction, and will require the relocation 

of signal poles, traffic signal cabinet, and overhead powerlines.  The widening of the roadways at the 

project intersection will require cuts and fills of a few feet or less.  We assume that new pavement 

will match the existing pavement comprised of full-depth hot mix asphalt (HMA) or a City of Thornton 

compliant section.  Existing traffic volumes are moderate but are expected to significantly increase 

early in the design life of the new pavements.   

 

If the proposed construction varies significantly from that described above or depicted in this report, 

we should be notified to reevaluate the recommendations provided in this report. 
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SITE CONDITIONS 

The site is located within the City of Thornton, Colorado.  The site is bordered on all sides by 

agricultural fields with widely spaced residences, beyond which residential neighborhoods to the 

south and west.  Site topography is nearly flat.  Signal Ditch intersects 144th Avenue west of the 

intersection continuing to the northeast intersecting the Colorado Boulevard alignment just north of 

the intersection. 

 

The project roadways were asphalt surfaced with a signal lane in each direction and gravel 

shoulders.  The roadway pavements were in variable condition at the time of the field study.  An 

asphalt overlay had been placed for Colorado Boulevard south of the intersection after completion of 

the field study and prior to submission of this report.  The pavement section for Colorado Boulevard 

north of the intersection was in fair to poor condition with visual distresses primarily consisting of 

medium severity longitudinal and transverse cracking and low severity rutting.  The pavement 

section for 144th Avenue east of the intersection was in very good condition with visual distresses 

consisting of isolated low severity transverse cracking.  A recent maintenance overlay was placed on 

144th Avenue for about the first 75 feet east of the intersection.  The segment of 144th Avenue west 

of the intersection was in fair condition with visual distresses generally consisting of low to medium 

severity longitudinal and transverse cracking.  Low severity lane-shoulder drop off was observed 

along portions of all four legs of the intersection.  The pavement within the intersection was in poor 

condition with both load related cracking and rutting. 

 

FIELD EXPLORATION PROGRAM 

The field exploration for the project was conducted July 20, 2017.  The exploratory borings were 

drilled at the approximate locations shown on Fig. 1 to explore subsurface conditions.  The borings 

were advanced through the pavement section and into the underlying subsoils with 4-inch diameter 

continuous flight augers.  The borings were logged by a representative of Kumar & Associates, Inc. 

 

Samples of the underlying subsoils were obtained with a 2-inch I.D. California liner sampler.  The 

sampler was driven into the various strata with blows from a 140-pound hammer falling 30 inches.  

This test is similar to the standard penetration test described by ASTM Method D 1586.  Penetration 

resistance values, when properly evaluated, indicate the relative density or consistency of the soils.  

A disturbed bulk sample was obtained for subgrade support testing.  Depths at which the samples 

were obtained and the penetration resistance values are shown on the Log of Exploratory Boring, 

Fig. 2.  
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A measurement of the water level was made in the boring by lowering a weighted tape measure into 

the open hole shortly after completion of drilling. 

 

SUBSURFACE CONDITIONS 

Information on the subsurface conditions was obtained by drilling three exploratory borings to depths 

ranging from about 10 of 20 feet. Graphic logs of the exploratory borings are presented on Fig. 2, 

and a legend and associated explanatory notes are presented on Fig. 3.  Below about 5.25 to 7.5 

inches of asphalt pavement over about 1.75 to 5.75 inches of aggregate base course, the soils 

encountered generally consisted of man-placed lean clay with sand fill to depths ranging from about 

1.5 to 4.5 feet, underlain by natural sandy lean clay to lean clay with sand extending to depths of 

about 14 feet in Boring 1, 6 feet in Boring 2 and the maximum depth drilled of 10 feet in Boring 3.  

The fill and overburden soils were underlain by claystone bedrock and sandstone bedrock in Borings 

1 and 2, respectively.  Sampler penetration blow counts indicate the fill is relatively compact and the 

natural clay soils encountered were soft to medium stiff in Boring 1, and very stiff in Borings 2 and 3.  

The bedrock was firm to very hard based on standard penetration (blow counts) testing. 

 

Groundwater was not encountered in the borings at the time of drilling.  The borings was backfilled 

and the pavement surface was patched at the completion of drilling due to safety concerns.   

 

LABORATORY TESTING  

Samples obtained from the borings were visually classified in the laboratory by the project engineer 

and samples were selected for laboratory testing.  Laboratory testing was performed to determine 

classification, moisture content, dry density, and R-value.  The R-value testing was conducted on a 

composite bulk sample from Boring 1, at a depth ranging from 1 to 5 feet.  The clay soils 

encountered, according to the American Association of State Highway and Transportation Officials 

(AASHTO) soil classification system, classified as A-4 with a group index of 3, A-6 with group indices 

between 6 and 11, and A-7-6 soils with a group index of 25.  

 

Results of the laboratory testing are shown adjacent the boring logs on Fig. 2, plotted graphically on 

Figs. 4 and 5, and summarized in Table I.  A discussion of the laboratory testing procedures is 

presented below.  The testing was conducted in general accordance with recognized test 

procedures, primarily those of the American Society for Testing and Materials (ASTM) and the 

Colorado Department of Transportation (CDOT). 
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Index Properties: Samples were classified into categories of similar engineering properties in general 

accordance with the Unified Soil Classification System.  This system is based on index properties, 

including liquid limit and plasticity index (ASTM D4318).  Moisture contents were determined in 

accordance with ASTM D2216.  Moisture contents, dry densities, liquid limit and plastic index, and 

the percent of soil passing the U.S. No. 200 sieve are presented in Table 1.   

 

Swell-Consolidation:  Swell-consolidation tests (ASTM D 4546 Method B) were conducted on 

selected samples of the subgrade materials in order to determine their compressibility or swell 

characteristics under loading and when submerged in water.  Each sample was prepared and placed 

in a confining ring between porous discs.  A surcharge pressure of 200 psf was applied to the 

sample.  The sample was then submerged in water, and the change in sample height was measured 

with a dial gauge.  Samples which swelled after wetting were loaded incrementally until returning to 

their original height.  The sample height was monitored until deformation practically ceased under 

each load increment.   

 

Results of the swell-consolidation tests are plotted as a curve of the final strain at each increment of 

pressure against the log of the pressure.  The swell-consolidation test results, presented on Fig. 4 

indicated a low swell potential of about 2.3% or less when wetting under the constant surcharge 

pressure of 200 psf. 

 

Hveem Stabilometer (R-value):  A sample of the potential pavement subgrade soil was tested to 

evaluate the subgrade support properties for use in pavement design.  The Hveem stabilometer R-

value is a test that involves the ability of a soil to resist plastic deformation, which is empirically 

related to the soil’s strength and to the required thickness of a pavement structure for a given traffic 

loading.  R-value test samples are prepared by kneading compaction.  The test used at least three 

specimens with different moisture contents.  The R-value was obtained for a 300 psi exudation 

pressure by interpolating from a plot of R-value versus exudation pressure for the three specimens.  

The R-value test procedure follows AASHTO T 190.  The results of the R-value test are graphically 

plotted on Fig. 5. 

 

TRAFFIC SIGNAL RECOMMENDATIONS  

We understand that the existing traffic signal poles along with a traffic signal cabinet, and overhead 

power lines will need to be relocated.  We assume that the traffic signal poles will be designed and 

constructed in accordance with the City of Thornton standards. 
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The three exploratory borings were drilled to depths ranging from about 10 to 20 feet.  Two of the 

borings encountered bedrock at depths of 6 and 14 feet with overburden clay soils encountered in 

the final boring to the drilled depth of 10 feet.  Groundwater not encountered during drilling and the 

borings were backfilled at the completion of drilling for safety purposes.     

We understand that the traffic signal poles will be designed in accordance with the requirements 

provided in Section 700 of the City of Thornton Standards and Specifications for the Design and 

Construction of Public Improvements.  We should be contacted if additional geotechnical 

engineering parameters are needed for design and construction of the signal pole foundation. 

We recommend that concrete be placed in the caisson immediately upon observation of the hole 

and installation of the reinforcing steel in order to reduce the potential for casing due to groundwater 

seepage. 

 

PAVEMENT THICKNESS DESIGN 

Pavement design procedures are based on strength properties of the subgrade and pavement 

materials assuming stable, uniform conditions.  Performance of the pavement structure is directly 

related to the physical properties of the subgrade soils and traffic loadings.  Soils are represented for 

pavement design purposes by means of a resilient modulus for flexible pavements, which is 

empirically related to strength.  The pavement thickness design was performed in accordance with 

the requirements provided in the City of Thornton Standard and Specifications for The Design and 

Construction of Public Improvements, Revised October 2012.  

 

Subgrade Materials:  Based on the results of the field exploration and laboratory testing programs, 

the pavement subgrade materials at the site are anticipated to generally classify as A-6 to A-7-6 

soils (occasional A-4 soil) with group indices of 6 to 25 in accordance with the American Association 

of State Highway and Transportation Officials (AASHTO) soil classification system.  Soils classifying 

as A-6 and A-7-6 are generally considered poor for pavement subgrade support.   

 

For this project, Hveem stabilometer (R-value) testing was performed on a composite bulk sample of 

the subgrade materials taken from Boring 1.  R-Value testing performed on the composite bulk 

sample consisting of A-6 subgrade materials indicate an R-Value of 5 at an exudation pressure of 

300 psi, which correlates to a resilient modulus of 3,025 psi based on CDOT correlation procedures.   

 

Design Traffic:  Since anticipated traffic loading information was not available at the time of report 

preparation, an 18-kip equivalent single application loading (ESAL) value of 4,526,000 was assumed 
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in accordance with Table 500-4 of the City of Thornton Standards and Specifications for Major 

Arterial roadway classification.   

 

Pavement Thickness Requirements:  The pavement thickness was determined in accordance with 

the City of Thornton Standards and Specifications.  Based on this procedure, a flexible pavement 

section consisting of 13.0 inches of full-depth asphalt pavement or, alternatively, a composite 

pavement section consisting of 9.5 inches of asphalt over 13 inches of compacted aggregate base 

course material should be used for the widening and reconstruction of the project intersection.   

 

The pavement design input parameters used to solve the AASHTO pavement design equation, 

along with the pavement thickness calculations are provided in Appendix A.  

 

Based on the thickness and condition of the existing flexible composite pavement section, placement 

of an asphalt overlay would result in a short design life and therefore, the existing pavement section 

within the entire project limits should be reconstructed. 

 

Asphalt Binder Selection: Asphalt cement selected for the proposed roadway public rights-of-ways 

should be performance-graded binder PG 76-28 that conforms to requirements outlined in Table 

500-10 of the City of Thornton.  The binder recommendations are based on the design ESAL values 

based on a 20-year design life (ESAL20). 

 

Asphalt Pavement Mix Design Methods:  The methods for asphalt pavement mix designs by the City 

of Thornton Standards and Specifications are based on the ESAL20 value of the roadway being 

designed.  This ESAL20 value is correlated for specific NDESIGN value for the gyratory method of 

compaction and design.  For the above ESAL20 value the NDESIGN is 100. 

 

Roadway Embankment/Subgrade Preparation:  We assume that minor grading and negligible fill 

placement will be required for the improvements of the intersection.  Prior to fill placement, the 

underlying subgrade materials should be scarified to a minimum depth of 12 inches and 

recompacted to the moisture and density specifications provided in section 508.2 of the City of 

Thornton’s Standards and Specifications.  In summary, subgrade soils which classify between A-1 

and A-5 in accordance with the AASHTO soil classification system should be compacted to at least 

95% of the modified Proctor (AASHTO T 180) maximum dry density at a moisture content within 2 

percentage points of optimum.  Subgrade soils which classify as A-6 and A-7 soils should be 

compacted to at least 100% of the standard Proctor (AASHTO T-99) maximum dry density at a 
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moisture content between optimum and 2 percentage points above optimum.  Fill should then be 

placed in maximum 8-inch lifts (loose) and compacted to the same moisture and density 

requirements. 

 

In accordance with the City of Thornton Standards and Specifications, the pavement subgrade 

should be proofrolled with a vehicle that has a certified loaded GVW of 50,000 pounds with a loaded 

single axel weight of at least 18,000 pounds and a tire pressure of 90 psi.  Pavement design 

procedures assume a stable subgrade.  Areas that deform under wheel loads are not stable and 

should be removed and replaced to achieve a stable subgrade prior to paving.  The Project Engineer 

shall be notified at least 48 hours prior to final proofrolling. 

 

If significant instability occurs in the subgrade, mechanical stabilization through the use of additional 

aggregate base course thickness and geogrid placement is recommended. 

 

Drainage:  The collection and diversion of surface drainage away from paved areas is extremely 

important to the satisfactory performance of pavement.  Drainage design should provide for the 

removal of water from paved areas and prevent the wetting of the subgrade soils. 

 

DESIGN AND CONSTRUCTION SUPPORT SERVICES 

Kumar & Associates, Inc. should be retained to review the project plans and specifications for 

conformance with the recommendations provided in our report.  We are also available to assist the 

design team in preparing specifications for geotechnical aspects of the project, and performing 

additional studies if necessary to accommodate possible changes in the proposed construction.   

 

We recommend that Kumar & Associates, Inc. be retained to provide construction observation and 

testing services to document that the intent of this report and the requirements of the plans and 

specifications are being followed during construction.  This will allow us to identify possible variations 

in subsurface conditions from those encountered during this study  and to allow us to re-evaluate our 

recommendations, if needed.  We will not be responsible for implementation of the 

recommendations presented in this report by others, if we are not retained to provide construction 

observation and testing services.   
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LIMITATIONS 

This study has been conducted in accordance with generally accepted geotechnical engineering 

practices in this area for exclusive use by the client for design purposes.  The conclusions and 

recommendations submitted in this report are based upon the data obtained from the exploratory 

borings at the location indicated on Fig. 1, and the proposed type of construction.  This report may 

not reflect subsurface variations that occur between the nature and extent of variations across the 

site may not become evident until pavement removal and excavations are performed.  If during 

construction, existing pavement section type and thickness, subgrade or groundwater conditions 

appear to be different from those described herein, Kumar & Associates, Inc. should be advised at 

once so that a re-evaluation of the recommendations presented in this report can be made.  Kumar 

& Associates, Inc. is not responsible for liability associated with interpretation of subsurface data by 

others.   

 

AJY/jw 
cc: book, file 
 
 











TEST SPECIMEN 1 2 3 4
Rvalue @ 

300 psi

MOISTURE CONTENT (%) 24.5 22.6 21.7

DENSITY (pcf) 102.6 104.0 110.5

EXPANSION PRESSURE (psi) 0.000 0.000 0.000

EXUDATION PRESSURE (psi) 223 338 445

R-VALUE 2 6 10 5

SOIL TYPE: Lean Clay with Sand (CL) A-6 (11)

LOCATION: Boring 1 @ 1'-5'

DATE SAMPLED: 7/20/2017 DATE RECEIVED: 7/24/2017 DATE TESTED: 8/1/2017

GRAVEL: 0 SAND: 28 SILT AND CLAY: 72

LIQUID LIMIT: 34 PLASTICITY INDEX: 18

R-VALUE

KUMAR & ASSOCIATES17-1-455

These test results apply to the samples which were 

tested. The testing report shall not be reproduced, 

except in full, without the written approval of Kumar & 

Associates, Inc. R-value performed in accordance with 

ASTM D2844. Atterberg limits performed in accordance 

with ASTM D4318. Sieve analyses performed in 

accordave with ASTM D422, D1140

Fig. 5HVEEM STABILOMETER TEST RESULTS
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