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PAVEMENT THICKNESS

RECOMMENDATIONS

PROJECT NO. 214061 P2

FIGURE 1A

ACS (IN)

A 3.5 
ALT TOTAL (IN)ABC (IN)

LOCAL RESIDENTIAL 
(ESAL = 292,000; MR = 7,953 psi) 

ACS - ASPHALT CONCRETE SURFACE

ABC - AGGREGATE BASE COURSE 
 
NOTE: SEE TEXT OF REPORT FOR  
PAVEMENT MAINTENANCE  
RECOMMENDATIONS 
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TEST BORING LOGS
FIGURE 2

SEE FIGURE 4 FOR LEGEND AND NOTES

CLIENT Challenger Homes PROJECT NAME Falcon Meadows at Bent Grass, Filing 1 
PROJECT LOCATION El Paso County, Colorado PROJECT NUMBER 214061 P2

B
-#200 = 48
LL = 42
PI = 24
38 / 12
DD = 123
MC = 7

TEST
BORING

1

B
-#200 = 50
LL = 32
PI = 12
WS = 2100
16 / 12
DD = 109
MC = 14
SW200 = 0.8

12 / 12
DD = 108
MC = 18
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B
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LL = 26
PI = 8

10 / 12
DD = 113
MC = 3

B
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-#200 = 58
LL = 36
PI = 17
WS = 1900
21 / 12
DD = 110
MC = 16
SW200 = 1.6
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TEST BORING LOGS
FIGURE 3

SEE FIGURE 4 FOR LEGEND AND NOTES

CLIENT Challenger Homes PROJECT NAME Falcon Meadows at Bent Grass, Filing 1 
PROJECT LOCATION El Paso County, Colorado PROJECT NUMBER 214061 P2

B
-#200 = 62
LL = 35
PI = 15
20 / 12
DD = 106
MC = 14
SW200 = 1.9

TEST
BORING

5

B
-#200 = 36
LL = 28
PI = 9

22 / 12
DD = 119
MC = 3

B
-#200 = 33
LL = 25
PI = 9

19 / 12
DD = 112
MC = 4

TEST
BORING

6

B
-#200 = 41
LL = 27
PI = 11
WS = 600
26 / 12
DD = 125
MC = 10
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BORING
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-#200 = 28
LL = 23
PI = 4
12 / 12
DD = 102
MC = 4
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CLIENT Challenger Homes

PROJECT NUMBER

PROJECT NAME Falcon Meadows at Bent Grass, Filing 1 
PROJECT LOCATION El Paso County, Colorado 214061 P2

FIGURE 4
LEGEND AND NOTES

SOIL DESCRIPTIONS ABBREVIATIONS
DD

MC

SW200

COM200

-#200

LL

PI

NP

NV

pH

R

WS

CL

x/y

x/y SS

C-x

F-x

FG

NR

Bounce

B

AS

Dry density of sample in pounds per cubic foot (pcf)

Moisture content as a percentage of dry weight of soil (%)

Percent swell under a surcharge of 200 pounds per
square foot (psf) upon wetting (%)

Percent compression under a surcharge of 200 pounds per
square foot (psf) upon wetting (%)

Percent passing the Number 200 sieve (%)

Liquid Limit

Plasticity Index

Non-Plastic

No Value

Acidity or alkalinity of sample in pH units

Resistivity in ohms.cm

Water soluble sufates in parts per million (ppm)

Chlorides in percent (%)

X blows of a 140-pound hammer falling 30 inches were required
to drive a 2.5-inch outside diameter sampler Y inches

X blows of a 140-pound hammer falling 30 inches were required
to drive a 2.0-inch outside diameter sampler Y inches

Depth of cut to grade (rounded to the nearest foot)

Depth of fill to grade (rounded to the nearest foot)

Finished grade (rounded to the nearest foot)

No sample recovered

Sampler bounced during driving

Bulk sample

Auger sample

Moderately to well cemented layer

Depth at which practical drilling refusal was encountered

Water level at time of drilling

Water level

Caved depth

Notes:

1. Test borings were drilled July 19, 2021 .

2. Location of the test borings were measured by pacing from features shown
on the site plan.

3. The horizontal lines shown on the logs are to differentiate materials and
represent the approximate boundaries between materials. The transitions
between materials may be gradual.

4. Elevations were not provided.

5. Boring logs shown in this report are subject to the limitations, explanations,
and conclusions of this report.

Fill, clay, stiff to very stiff, silty, sandy

Fill, sand, medium dense, silty, clayey

Sand, medium dense, silty

Sand, medium dense, silty, clayey
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APPENDIX A 

LABORATORY TEST RESULTS 

 

 
SUMMARY OF LABORATORY TEST RESULTS ...................................................... TABLE A-1 

 

GRADATION AND ATTERBERG TEST RESULTS ....................... FIGURES A-1 THROUGH A-5 

 

SWELL-CONSOLIDATION TEST RESULTS ....................................... FIGURES A-6 AND A-7 

 

PROCTOR TEST RESULTS ................................................................................ FIGURE A-8 

 

RESILIENT TEST RESULTS .............................................................................. FIGURE A-9 

 

 



TABLE A-1

SUMMARY OF LABORATORY TEST RESULTS
September 15, 2021; Revised October 1, 2021

Project Number 214061-P2

Falcon Meadows at Bent Grass, Filing 1

El Paso County, Colorado

1 of 1

Liquid 

Limit

Plastic 

Limit

Plasticity 

Index

1 0-5 Fill, sand, very clayey A-7-6(7) 48 42 18 24

1 2 Fill, sand, very clayey 123 7

2 0-5 Fill, sand, very clayey A-6(3) 50 32 20 12 2,100

2 2 Fill, sand, very clayey 109 14 0.8

2 9 Sand, clayey 108 18

3 0-5 Sand, very clayey A-4(0) 39 26 18 8

3 2-5 Sand, silty/clayey A-2-4(0) 31 24 18 6

3 2.1 Sand, silty/clayey 113 3

4 0-5 Fill, clay, very sandy A-6(7) 58 36 19 17 1,900

4 2 Fill, clay, very sandy 110 16 1.6

5 0-5 Fill, clay, very sandy A-6(7) 62 35 20 15

5 2 Fill, clay, very sandy 106 14 1.9

6 0-2 Fill, sand, very clayey A-4(0) 36 28 19 9

6 2-5 Sand, very clayey A-2-4(0) 33 25 16 9

6 2.1 Sand, very clayey 119 3

6 9 Sand, very clayey 112 4

7 0-5 Fill, sand, very clayey, slightly gravelly A-6(1) 41 27 16 11 600

7 2 Sand, very clayey, slightly gravelly 125 10

8 0-5 Sand, silty/clayey A-2-4(0) 28 23 19 4

8 2 Sand, silty/clayey 102 4

Test 

Boring 

Number

Depth

(feet) Soil Type

AASHTO Soil

Classification

 

Dry  

Density

(pcf)

% Passing

#200 Sieve

Atterberg Limits
Water 

Soluble 

Sulfates

(ppm)

Swell /

Consolidation (-)

(%) 
1

 

Moisture 

(%)

Notes:
1
 Indicates Percent Swell or Consolidation (−) when wetted under a 200 psf load, unless otherwise noted.

NV - indicates No Value

NP - indicates Non-Plastic
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Liquid Limit 42
Plasticity Index 24

Clay/Silt (%) 48
Sand (%) 49
Gravel (%) 2Sample Location Test Boring No. 1 at a depth of 0 feet  to 5 feet

Sample Description Fill, sand, very clayey
Classification A-7-6(7), CLAYEY SAND(SC)

Silt (Non-Plastic) to Clay (Plastic)fine
Sand

mediumcoarse
Gravel

finecoarse
PE
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GRADATION AND ATTERBERG TEST RESULTS
PROJECT NO. 214061 P2FIGURE A-1
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Liquid Limit 32
Plasticity Index 12

Clay/Silt (%) 50
Sand (%) 50
Gravel (%) 0Sample Location Test Boring No. 2 at a depth of 0 feet  to 5 feet

Sample Description Fill, sand, very clayey
Classification A-6(3), CLAYEY SAND(SC)

Silt (Non-Plastic) to Clay (Plastic)fine
Sand

mediumcoarse
Gravel

finecoarse
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Liquid Limit 26
Plasticity Index 8

Clay/Silt (%) 39
Sand (%) 58
Gravel (%) 3Sample Location Test Boring No. 3 at a depth of 0 feet  to 2 feet

Sample Description Sand, very clayey
Classification A-4(0), CLAYEY SAND(SC)

Silt (Non-Plastic) to Clay (Plastic)fine
Sand

mediumcoarse
Gravel

finecoarse
PE
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GRADATION AND ATTERBERG TEST RESULTS
PROJECT NO. 214061 P2FIGURE A-2
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Liquid Limit 24
Plasticity Index 6

Clay/Silt (%) 31
Sand (%) 66
Gravel (%) 3Sample Location Test Boring No. 3 at a depth of 2 feet  to 5 feet

Sample Description Sand, silty/clayey
Classification A-2-4(0), SILTY, CLAYEY SAND(SC-SM)

Silt (Non-Plastic) to Clay (Plastic)fine
Sand

mediumcoarse
Gravel

finecoarse

PE
R
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Liquid Limit 36
Plasticity Index 17

Clay/Silt (%) 58
Sand (%) 41
Gravel (%) 1Sample Location Test Boring No. 4 at a depth of 0 feet  to 5 feet

Sample Description Fill, clay, very sandy
Classification A-6(7), SANDY LEAN CLAY(CL)

Silt (Non-Plastic) to Clay (Plastic)fine
Sand

mediumcoarse
Gravel

finecoarse
PE

R
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GRADATION AND ATTERBERG TEST RESULTS
PROJECT NO. 214061 P2FIGURE A-3
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Liquid Limit 35
Plasticity Index 15

Clay/Silt (%) 62
Sand (%) 37
Gravel (%) 1Sample Location Test Boring No. 5 at a depth of 0 feet  to 5 feet

Sample Description Fill, clay, very sandy
Classification A-6(7), SANDY LEAN CLAY(CL)

Silt (Non-Plastic) to Clay (Plastic)fine
Sand

mediumcoarse
Gravel

finecoarse
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Liquid Limit 28
Plasticity Index 9

Clay/Silt (%) 36
Sand (%) 61
Gravel (%) 3Sample Location Test Boring No. 6 at a depth of 0 feet  to 2 feet

Sample Description Fill, sand, very clayey
Classification A-4(0), CLAYEY SAND(SC)

Silt (Non-Plastic) to Clay (Plastic)fine
Sand

mediumcoarse
Gravel

finecoarse
PE

R
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GRADATION AND ATTERBERG TEST RESULTS
PROJECT NO. 214061 P2FIGURE A-4
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Liquid Limit 25
Plasticity Index 9

Clay/Silt (%) 33
Sand (%) 64
Gravel (%) 3Sample Location Test Boring No. 6 at a depth of 2 feet  to 5 feet

Sample Description Sand, very clayey
Classification A-2-4(0), CLAYEY SAND(SC)

Silt (Non-Plastic) to Clay (Plastic)fine
Sand

mediumcoarse
Gravel

finecoarse

PE
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Liquid Limit 27
Plasticity Index 11

Clay/Silt (%) 41
Sand (%) 54
Gravel (%) 5Sample Location Test Boring No. 7 at a depth of 0 feet  to 5 feet

Sample Description Fill, sand, very clayey, slightly gravelly
Classification A-6(1), CLAYEY SAND(SC)

Silt (Non-Plastic) to Clay (Plastic)fine
Sand

mediumcoarse
Gravel

finecoarse
PE

R
C
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GRADATION AND ATTERBERG TEST RESULTS
PROJECT NO. 214061 P2FIGURE A-5
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Liquid Limit 23
Plasticity Index 4

Clay/Silt (%) 28
Sand (%) 69
Gravel (%) 3Sample Location Test Boring No. 8 at a depth of 0 feet  to 5 feet

Sample Description Sand, silty/clayey
Classification A-2-4(0), SILTY, CLAYEY SAND(SC-SM)

Silt (Non-Plastic) to Clay (Plastic)fine
Sand

mediumcoarse
Gravel

finecoarse

PE
R
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SWELL - CONSOLIDATION TEST RESULTS

FIGURE A-6
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TEST RESULTS

Maximum Dry Density
Optimum Water Content

111.9
14.7

MOISTURE-DENSITY RELATIONSHIP

Curves of 100%
Saturation for

Specific Gravity Equal to:

2.80

2.70

2.60

Gravel (%)

Liquid Limit

Sand (%)

Plasticity Index

Silt/Clay (%)

Sample Location
Sample Source
AGW Description

USCS Classification

AASHTO Classification
Test Method

Test Boring No. 1 at a depth of 0 feet  to 5 feet

WATER CONTENT, %

Fill, sand, very clayey

CLAYEY SAND(SC)

A-7-6(7)

D698A

42

FIGURE A-8

CLIENT Challenger Homes PROJECT NAME Falcon Meadows at Bent Grass, Filing 1 
PROJECT LOCATION El Paso County, Colorado PROJECT NUMBER 214061 P2



Client

Project Name

LVDT 1 

(mils)

LVDT 2 

(mils)

LVDT 

Average 

(mils)

0 6.0 4.0 25.0 23.0 2.0 4.1 3.7 0.3 2.45 2.40 2.43 0.043 N/A

1 6.0 2.0 12.0 11.0 1.0 1.9 1.8 0.2 1.13 1.08 1.11 0.020 9,640

2 6.0 4.0 25.0 22.0 2.0 4.1 3.6 0.3 2.40 2.34 2.37 0.042 8,568

3 6.0 6.0 37.0 34.0 4.0 6.0 5.5 0.6 3.89 3.85 3.87 0.069 7,868

4 6.0 8.0 49.0 44.0 5.0 8.0 7.1 0.8 5.53 5.50 5.51 0.098 7,327

5 6.0 10.0 62.0 56.0 6.0 10.1 9.1 1.0 7.27 7.23 7.25 0.129 6,953

6 4.0 2.0 12.0 11.0 1.0 1.9 1.8 0.2 1.09 1.04 1.07 0.019 9,431

7 4.0 4.0 25.0 22.0 2.0 4.1 3.6 0.3 2.45 2.40 2.42 0.043 8,368

8 4.0 6.0 37.0 33.0 4.0 6.0 5.4 0.6 3.97 3.93 3.95 0.071 7,663

9 4.0 8.0 49.0 44.0 5.0 8.0 7.1 0.8 5.58 5.54 5.56 0.099 7,258

10 4.0 10.0 62.0 56.0 6.0 10.1 9.1 1.0 7.18 7.14 7.16 0.128 7,043

11 2.0 2.0 12.0 11.0 1.0 1.9 1.8 0.2 1.09 1.05 1.07 0.019 9,432

12 2.0 4.0 25.0 22.0 2.0 4.1 3.6 0.3 2.45 2.40 2.43 0.043 8,363

13 2.0 6.0 37.0 33.0 4.0 6.0 5.4 0.6 3.99 3.94 3.97 0.071 7,639

14 2.0 8.0 49.0 44.0 5.0 8.0 7.1 0.8 5.58 5.54 5.56 0.099 7,248

15 2.0 10.0 62.0 56.0 6.0 10.1 9.1 1.0 7.15 7.10 7.12 0.127 7,085

7,953 psi

Resilient Modulus Testing - AASHTO T307

6.2

34.5

107.4

15.1

Colorado Springs, Colorado 80920

TB-1

Sand, very clayey

5.6

2.8

Optimum Moisture (%)

A-7-6 (7)

48

42

Resilient Modulus Vs. Deviator Stress Graph

Soil Description

Notes

Material Type 2Percent Compaction (%)

Moisture Content after (%)

Actual Max 

Deviator 

Stress     

(psi)

Recoverable Deformation

Actual Cyclic 

Load       

(lbs)

Actual Cyclic 

Stress     

(psi)

Actual 

Contact 

Stress     

(psi)

Measured 

Resilient 

Strain      

(%)

Resilient 

Modulus  

(psi)

-

96

Resilient Modulus

18

24

ASTM D698

111.9

14.7

(average of test sequences 11, 12, 13, 14, 15)

Test 

Sequence

Nominal 

Maximum 

Axial Stress 

(psi)

Plastic Limit

Plasticy Index

Proctor Type

Actual 

Maximum 

Axial Load 

(lbs)

Date September 15, 2021

Sample Location

Actual 

Contact Load     

(lbs)

Loading Sequence and Test Results

Remold Moisture (%)

Diameter (in)

Height (in)

AASHTO Classification

-No. 200 (%)

Liquid Limit

Proctor Max Dry Density (pcf)Remold Dry Density (pcf)

Volume (in^3)

Area (in^2)

Actual 

Confining 

Pressure 

(psi)

8605 Explorer Drive, Suite 250

Challenger Homes Project Number

Bent Grass, Filing 1

214061-P2

FIGURE A-9
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APPENDIX B 

PAVEMENT THICKNESS CALCULATIONS 

 

 
DARWin FLEXIBLE PAVEMENT CALCULATIONS .............................................. FIGURE B-1 

 

 

 



FIGURE B-1 

1993 AASHTO Pavement Design
 

DARWin Pavement Design and Analysis System
 

A Proprietary AASHTOWare

Computer Software Product
A. G. Wassenaar, Inc.

 

Flexible Structural Design Module
 

Local Residential

Bent Grass, Filing 3

El Paso, Colorado

Project Number 214061-P2

 

Flexible Structural Design

18-kip ESALs Over Initial Performance Period 292,000 

Initial Serviceability 4.5 

Terminal Serviceability 2 

Reliability Level 80 %

Overall Standard Deviation 0.44 

Roadbed Soil Resilient Modulus 7,953 psi

Stage Construction 1 

 

Calculated Design Structural Number 2.48 in

 

Specified Layer Design

 

 

Layer

 

 

Material Description

Struct

Coef.

(Ai)

Drain

Coef.

(Mi)

 

Thickness

(Di)(in)

 

Width

(ft)

 

Calculated

SN (in)

1 Hot Bituminous Pavement 0.44 1 3.5 - 1.54

2 Aggregate Base Course 0.11 1 9 - 0.99

Total - - - 12.50 - 2.53

 


