ENTECH

ENGINEERING, INC.

505 ELKTON DRIVE
December 18, 2021 COLORADO SPRINGS, CO 80907

PHONE (719) 531-5599
FAX (719) 531-5238

COLA, LLC APPROVED
555 Middle Creek Parkway, Suite 200 Engineering Department
Colorado Springs, Colorado 80921 01/05’325&;&2}33:26 PM
EPC Planning & Community
Attn: Mark Hollenbeck Development:Department

Re: Pavement Recommendations
Trails at Aspen Ridge, Filing 2
El Paso County, Colorado

Dear Mr. Hollenbeck:

As requested, Entech Engineering, Inc. has obtained samples of the subgrade soils from
sections of the roadways in the Trails at Aspen Ridge Subdivision, Filing No. 2, in El Paso
County, Colorado. Laboratory testing to determine the pavement support characteristics of the
soils was performed. This letter presents the results of the laboratory testing and pavement
recommendations for the roadways.

Project Description

The roadways in this project consist of the following roadways: Big Johnson Drive, Nutter Butter
Point, Turtle Lake Way, Roundhouse Drive, Bird Ridge Drive, Beartrack Point, and Moose
Meadow Street. The site layout and the locations of the test borings, drilled at approximate 500-
foot intervals, are shown on the Test Boring Location Plan, Figure 1.

Subgrade Conditions

Eleven exploratory test borings were drilled in the roadways to depths of approximately 5 to 10
feet. The Boring Logs are presented in Appendix A. Based on the test results one soil type was
encountered at the subgrade depth. The soils were categorized as Soil Type 1. Sieve Analysis
and Atterberg Limit testing were performed on soil samples obtained from the test borings for
the purpose of classification. Sieve analyses performed on the subgrade soils indicated the
percent passing the No. 200 sieve ranged from 58 to 89 percent. Atterberg Limit Tests
performed on subgrade soil samples resulted in Liquid Limits of 33 to 45 percent and Plastic
Indexes of 18 to 26 percent. Soil Type 1 consisted of sandy to very sandy clay fill, which classify
as A-6 and A-7-6 soils based on the AASHTO classification system. The Type 1 subgrade soils
encountered in this filing typically exhibit poor pavement support characteristics. Soils with high
sulfate levels are common in this area. Sulfate testing of the subgrade indicated that the sulfate
levels were in the moderate to severe potential range for sulfate attack. Groundwater was not
encountered in the test borings.

Sulfate testing on site soils indicated the subgrade soils exhibit negligible to severe potential for
concrete degradation due to sulfate attack. Due to the sulfate content of the soils, Type 1L or
Type 5 cement is recommended for concrete on this site. Type 1L or Type 5 cement, or
equivalent sulfate resistant materials, should be used for all portions of the roadways on this
site. If these cement types are not readily available, the cement supplier shall provide a cement
which is highly resistant to sulfate degradation.
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Swell/Consolidation testing conducted on the in-situ site subgrade soils showed swells ranging
from 0.8 and 6.2 percent. Many samples exceeded the level in which mitigation is required (2.0
percent). These results indicate that soil mitigation due to expansive soils is required for the
roadway sections investigated. The samples were remolded to 3 percent above optimum
moisture content and were retested. Test results for the remolded samples resulted in volume
changes of 0.8 to 1.7 percent, which are below the mitigation levels. It is our opinion that the
swell potential can be mitigated through moisture conditioning and recompacting the soils. The
subgrade should be scarified to a minimum depth of 12 inches, be moisture conditioned to 3%
over optimum moisture content, and be recompacted to 95 % of the soils maximum Standard
Proctor Dry Density, ASTM D-698. Laboratory test results are presented in Appendix B and are
summarized on Table 1.

California Bearing Ratio (CBR) testing was performed on a sample of the Type 1 soils to
determine the support characteristic 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 — Sandy Clay
R@ 90% =1.0
R@ 95% =6.0

Use R = 6.0 for design

Classification Testing

Liquid Limit 41
Plasticity Index 24
Percent Passing 200 84.6
AASHTO Classification A-7-6
Group Index 20
Unified Soils Classification CL

Pavement Design

The CBR testing was used to determine pavement sections for this site. The pavement
sections were determined utilizing the El Paso County “Pavement Design Criteria and Report”
and the Traffic Impact and Access Analysis report by LSC Transportation Consultants, LSC Job
No. 184362, dated October 15, 2019. Big Johnson Drive, Nutter Butter Point, Turtle Lake Way,
Roundhouse Drive, Bird Ridge Drive, Beartrack Point, and Moose Meadow Street classified as
urban local roadways, which used an 18K ESAL value of 292,000 for design. Pavement
alternatives for asphalt over aggregate basecourse subgrade sections are provided. Design
parameters used in the pavement analysis are as follows:
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Reliability (Urban Local Roads) 80%
Serviceability Index (Urban Local Roads) 2.2
"R" Value Subgrade 6.0
Resilient Modulus 3,126 psi
Structural Coefficients:
Hot Bituminous Pavement 0.44
Aggregate Basecourse 0.11

Pavement calculations are attached in Appendix C. Pavement sections recommended for the
site are summarized as follows:

Pavement Sections — Soil Type 1

Urban Local — ESAL = 292,000 — Big Johnson Drive, Nutter Butter Point, Turtle Lake Way,
Roundhouse Drive, Bird Ridge Drive, Beartrack Point, and Moose Meadow Street

Alternative Asphalt (in) Basecourse (in)
1. Asphalt Over Basecourse 5.5 10.0

Mitigation

El Paso County criteria requires mitigation of expansive soils for roadway subgrade that have a
swell of 2 percent or greater with a 150 pound per square foot surcharge. Samples resulted in
volume changes from 0.8 to 6.2 percent. Remolded swell tests moisture conditioned to 3
percent over optimum, exhibited volume changes of 0.8 to 1.7 percent. These swell levels are
below the threshold for mitigation. The roadway subgrade soils were initially moisture
conditioned and processed during utility installation. The subgrade was conditioned and
compacted to specified requirements during the utility installations. Prior to paving, the subgrade
should be evaluated for proper moisture conditions. In areas that need additional moisture-
conditioning, we recommend that the top 12-inches of the subgrade be scarified and moisture-
conditioned to 3 percent over optimum moisture content and be recompacted. Mitigation limits
should be field determined. The subgrade soils should be observed and tested by Entech
personnel prior to paving. Testing during construction is recommended to verify that the
compaction and moisture content of the subgrade meets requirements. It should also be noted
that the soils were moisture conditioned and compacted.

El Paso County PCD# SF-1927
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Roadway Construction - Asphalt on Basecourse

Prior to placement of the asphalt, the subgrade should be scarified, moisture-conditioned,
compacted to a minimum of 95% of its maximum Standard Proctor Dry Density, ASTM D-1557
at 3% over optimum moisture content and proofrolled after properly compacted. Any loose or
soft areas should be removed and replaced with suitable materials approved by Entech. Base
course materials should be compacted to a minimum of 95% of its maximum Modified Proctor
Dry Density, ASTM D-1557 at + 2% of optimum moisture content. Special attention should be
given to areas adjacent to manholes, inlet structures and valves.

If significant grading is performed, the soils at subgrade may change. Modification to the
pavement sections should be evaluated after site grading is completed.

In addition to the above guidance, the asphalt, subgrade conditions, compaction of materials
and roadway construction methods shall meet the El Paso County specifications.

We trust that this has provided you with the information you required. If you have any questions
or need additional information, please do not hesitate to contact us.

Respectfully Submitted,

ENTECH ENGINEERING, INC. = ‘\ Ny Reviewed by:

G N 2 npf

Daniel P. Stegman oseph C. Goode, Jr., P.E.

g

DPS/bs
Encl.

Entech Job No. 200979
AAprojects/2020/200979 pr
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APPENDIX A: Test Boring Logs



TEST BORING NO. 1 TEST BORING NO. 2
DATE DRILLED 12/2/2021 DATE DRILLED 12/2/2021
Job # 200979 CLIENT COLA, LLC
LOCATION ASPEN RIDGE, FILING 2
REMARKS REMARKS
- | | X
L 15
BEEEIREE € (88| 5|8
£ |2lelg| s @ £ |alefg]| 5 (¢
DRY TO §', 12/2/21 0 |&|d|d| = |3 |DRYTO 10, 12/2/21 o |[#|dla| = (3
FILL 0-5, CLAY, SANDY, TAN, :’/ FILL O-10, CLAY, VERY SANDY, B2
FIRM TO STIFF, MOIST 13| 9.4 | 1 [TAN, STIFF TO FIRM, MOIST _»*;/ 24]10.6] 1
15{96 | 1 5 - 11] 93] 1
10 7 10 9471
15 15 7
20 7 20 7
J
JOB NO.:
ENTECH TEST BORING LOG 200979
ENGINEERING, INC. FIG NO:
505 ELKTON DRIVE L DRAWN: DATE: CHECKED: DATE: l -
COLORADO SPRINGS, COLORADO 80907 p 5 fz_&;.{ / 2
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TEST BORING NO. 3 TEST BORING NO. 4
DATE DRILLED 12/2/2021 DATE DRILLED 12/2/2021
Job # 200979 CLIENT COLA, LLC
LOCATION ASPEN RIDGE, FILING 2
REMARKS REMARKS
| = |
2|5 g5
€ |s518/8] 5|8 € 588 5|8
£ Slele| g |- £ alglel 5 |~
s |E|E|EB| 5 |= a [E[E|B| & |=
DRY TO &', 12/2/21 o |@|d|l@| = |3 |DRYTOS, 12/2/21 RN A ERE
FILL 05, CLAY, SANDY, TAN, ? FILL 0-5, CLAY, SANDY, TAN, ?
FIRM, MOIST 11| 9.0 | 1 |sTIFF, MOIST 16| 7.1 | 1
13|14.7 | 1 5 18|17.4| 1
10 7| 10 7
15 7 15 7
20 7 20 7
4
ENTECH TEST BORING LOG 380879
ENGINEERING, INC. FIG NO:
?:(g’LgIthgg é’ﬁé}’ﬁes, COLORADO 80907 L DRAWN: DATE: C"%EED: quf,TSh, J - J




TEST BORING NO. 5 TEST BORING NO. 6
DATE DRILLED 12/2/2021 DATE DRILLED 12/2/2021
Job # 200979 CLIENT COLA, LLC
LOCATION ASPEN RIDGE, FILING 2
REMARKS REMARKS
= _| =
HE: HE
— — 'E' — — 'E
€ ls(8/2] 8|8 € 5|88 8|8
£ [E[B18] 2| E1E|EE| 2L
DRY TO 10', 12/2/21 8 |&l|8|la] 2 |8 |ory 105, 127221 3 a8z 2 [3
FILL O-10, CLAY, GANDY, TAN, // FILL O-5, CLAY, VERY GANDY, -
STIFF TO FIRM, MOIST : 29| 5.0 | 1 |TAN, STIFF TO VERY STIFF, ? 27| 9.4 | 1
MOIST :
13|6.8 | 1 5 P2 32(11.5] 1
9187 |1 10 7
15 7] 15 7
20 T 20 7
JOB NO.:
ENTECH TEST BORING LOG 200979
ENGINEERING, INC. FIGANO;':S
COLORADO SPRINGS, COLORADO 80907 l BRAWN: DATE: O ALl J ) |




¢ N
TEST BORING NO. 7 TEST BORING NO. 8
DATE DRILLED 12/2/2021 DATE DRILLED 12/2/2021
Job # 200979 CLIENT COLA, LLC
LOCATION ASPEN RIDGE, FILING 2
REMARKS REMARKS
o] o]
8|3 8| &
€ |518/8| g8 € |5|8|8] 8|8
AEHEHERE A EHELE
DRY TO 5', 12/2/21 S [#[8|12]| = | 8 [prYTO 10, 1212221 8 lz|8lal = |8
FILL 0-5, CLAY, SANDY, TAN, ? FILL 0-10, CLAY, SANDY, TAN, 77
FIRM TO STIFF, MOIST 9 |10.6 | 1 |SOFT TO STIFF, MOIST 2 13|10.8] 1
5 23[16.2] 1 5 41771
10 7 10 28| 85| 1
15 15 7
20 7 20 7
J

\
z ENTECH

ENGINEERING, INC.

505 ELKTON DRIVE
\ COLORADO SPRINGS, COLORADO 80907

TEST BORING LOG

JOBNO.:
200979

DRAWN:

[
C

DATE:

CHECKED:
v

FIG NO.:
77—%3 l2 s J

A




TEST BORING NO. 9 TEST BORING NO. 10
DATE DRILLED 12/2/2021 DATE DRILLED 12/16/2021
Job # 200979 CLIENT COLA, LLC
LOCATION ASPEN RIDGE, FILING 2
REMARKS REMARKS
e =
N I
€ |5(8[8] 5|8 € |5/88| 8|8
£ [Ele(g| 2|2 AHERELE
DRY TO 5', 12/2/21 S [#|8| 2| = [3|oryTO 10, 12116021 A FERE
FILL 05, CLAY, GANDY, TAN, L FILL O-10, CLAY, VERY SANDY ?
STIFF TO FIRM, MOIST 18 [10.7 | 1 |TO SANDY, TAN, STIFF, MOIST : 26| 7.3 1
5 8 [11.4] 1 5 25| 4.4/ 1
10 7 10 7 23| 35| 1
15 7 15 7
20 7 20
ke

ENTECH

ENGINEERING, INC.

505 ELKTON DRIVE
COLORADO SPRINGS, COLORADO 80907

[

TEST BORING LOG

JOBNO.: )
] 200979

FIGNO.:

L DRAWN:

DATE:

CHECKED:

S5

DATE;

\Mnelu

J A-5




505 ELKTON DRIVE
COLORADO SPRINGS, COLORADO 80907

-
TEST BORING NO. 11 TEST BORING NO.
DATE DRILLED 12/16/2021 DATE DRILLED
Job # 200979 CLIENT COLA, LLC
LOCATION ASPEN RIDGE, FILING 2
REMARKS REMARKS
o | |
gl 3 gt
—_ T E — [ E
£ [5]2 al g §. £ 1518 al g §,
£ |8]g| el & |F £ [Elglel 5|8
DRY TO &', 12/16/21 s |aldlal = | o |Blelm|= |
FILL 05, CLAY, SANDY, TAN, ?
STIFF TO FIRM, MOIST 23|87 | 1
5 26|32 |1 5 ]
10 7 10 7
15 7 15 7
20 20
\ ______J
[ JOB NO.:
ENTECH TEST BORING LOG 380579
ENGINEERING, INC. FIGNO.

l DRAWN:

DATE:

CHgKED:
)

5k, )




APPENDIX B: Laboratory Test Results



UNIFIED CLASSIFICATION CL CLIENT COLA,LLC
SOIL TYPE # 1, CBR PROJECT ASPEN RIDGE, FILING 2
TEST BORING # 1 JOB NO. 200979
DEPTH (FT) 0-3 TEST BY BL
AASHTO CLASSIFICATION A-7-6 GROUP INDEX 20
Sieve Analysis
Grain Size Distribution
100% O #46
jolh —¢ oy TTT1
2 el #200
80%
2 70% —
@ 60% —
& 50% :
S 0%
[3]
E 30%
20%
10%
0%
100 10 1 0.1 0.01
Grain size (mm)
u.s. Percent Atterberg
Sieve # Finer Limits
3" Plastic Limit 17
11/2" Liquid Limit 41
3/4" Plastic Index 24
1/2"
3/8"
4 100.0% Swell
10 99.2% Moisture at start
20 98.1% Moisture at finish
40 95.6% Moisture increase
100 90.4% Initial dry density (pcf)
200 84.6% Swell (psf)
a
ENTECH LABORATORY TEST JORNO:
ENGINEERING, INC. RESULTS i

505 ELKTON DRIVE DRAWN: DATE: GHECKED: DATE:
COLORADO SPRINGS, COLORADO 80907 =) \ 2 lis ( 4

&’\ ]




UNIFIED CLASSIFICATION CL CLIENT COLA,LLC
SOIL TYPE # 1 PROJECT ASPEN RIDGE, FILING 2
TEST BORING # 1 JOB NO. 200979
DEPTH (FT) 1-2 TEST BY BL
AASHTO CLASSIFICATION A-7-6 GROUP INDEX 20
Sieve Analysis
Grain Size Distribution
100% - O
) ——O—#10___| o | |
90% -.L#ALﬂ h
80% 1240
£ 70%
@ 60%
2 50%
& 40%
(3]
o 30%
20%
10%
0%
100 10 1 0.1 0.01
Grain size (mm)
u.s. Percent Atterberg
Sieve # Finer Limits
3" Plastic Limit 19
11/2" Liquid Limit 45
3/4" Plastic Index 26
1/ "
3/8" 100.0%
4 99.0% Swell
10 94.8% Moisture at start
20 92.2% Moisture at finish
40 90.1% Moisture increase
100 84.8% Initial dry density (pcf)
200 79.8% Swell (psf)

JOBNO.:

LABORATORY TEST

ENTECH

ENGINEERING, INC.

505 ELKTON DRIVE
COLORADO SPRINGS, COLORADO 80907

RESULTS

200979
FIGNO.:

L2 J

LDRAWN:

DATE: q HECKSTE
9

DATE:
t2-fiqley J




UNIFIED CLASSIFICATION CL CLIENT COLA, LLC
SOIL TYPE # 1 PROJECT ASPEN RIDGE, FILING 2
TEST BORING # 2 JOB NO. 200979
DEPTH (FT 1-2 TEST BY BL
AASHTO CLASSIFICATION A-6 GROUP INDEX 8
Sieve Analysis
Grain Size Distribution
100% 4 #+6
90%
80%
2 709, #100
? 60% \.{—#m
fl: 50%
5 40%
o
& 30%
20%
10%
0%
100 10 1 0.1 0.01
Grain size (mm)
u.s. Percent Atterberg
Sieve # Finer Limits
3" Plastic Limit 15
11/2" Liquid Limit 34
3/4" Plastic Index 19
1/ "
3/ "
4 100.0% Sweli
10 99.2% Moisture at start
20 97.8% Moisture at finish
40 91.8% Moisture increase
100 74.8% Initial dry density (pcf)
200 57.8% Swell (psf)

JOBNO.:

LABORATORY TEST

ENTECH RESULTS

200979

ENGINEERING, INC. FIGNO.:
505 ELKTON DRIVE DRAWN: DATE: HECKED: DATE:
COLORADO SPRINGS, COLORADO 80907 ) { T Bo -2 J 52 J




UNIFIED CLASSIFICATION CL CLIENT COLA,LLC
SOILTYPE # 1 PROJECT ASPEN RIDGE, FILING 2
TEST BORING # 3 JOB NO. 200979
DEPTH (FT) 1-2 TEST BY BL
AASHTO CLASSIFICATION A-6 GROUP INDEX 17
Sieve Analysis
Grain Size Distribution
100% .-ﬁl‘ﬁu—. it —-'—m-ﬂ_':ﬁz
90%
S w200
2 70%
§ 60%
& 50%
& 40%
(1]
3 30%
o
20%
10%
0%
100 10 1 0.1 0.01
Grain size (mm)

u.S. Percent Atterberg
Sieve # Finer Limits
3" Plastic Limit 16
11/2" Liquid Limit 40
3/4" Plastic Index 23
1/2"
3/8" 100.0%
4 99.3% Swell
10 98.4% Moisture at start
20 97.2% Moisture at finish
40 94.8% Moisture increase
100 87.9% Initial dry density (pcf)
200 77.4% Swell (psf)

JOB NO.:

LABORATORY TEST

ENTECH

_J

200979
ENGINEERING, INC. RESULTS el
505 ELKTON DRIVE DRAWN: DATE: (GHECKED: DATE: & -‘L{
COLORADO SPRINGS, COLORADO 80807 o tz Lq |21 4
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UNIFIED CLASSIFICATION CL CLIENT COLA,LLC
|SOIL TYPE # 1 PROJECT ASPEN RIDGE, FILING 2
TEST BORING # 4 JOB NO. 200979
DEPTH (FT) 1-2 TEST BY BL
AASHTO CLASSIFICATION A-6 GROUP INDEX 16
Sieve Analysis
Grain Size Distribution
100% Q=
90% e, 10
e gg;: ~e| #240
§ 60%
2 50%
G 40%
(1)
E’ 30%
20%
10%
0%
100 10 1 0.1 0.01
Grain size (mm)
u.s. Percent Atterberg
Sieve # Finer Limits
3" Plastic Limit 17
11/2" Liquid Limit 40
3/4" Plastic Index 23
1/2"
3/8"
4 100.0% Swell
10 99.4% Moisture at start
20 98.0% Moisture at finish
40 94.1% Moisture increase
100 85.4% Initial dry density (pcf)
200 75.9% Swell (psf)

LABORATORY TEST

RESULTS
HECKE‘DD: s nl)-?it ]2.! J

DATE: [s

LDRAWN:

JOBNO.:

200979
FIGNO.:

$-s

)




UNIFIED CLASSIFICATION CL CLIENT COLA, LLC
SOIL TYPE # 1 PROJECT ASPEN RIDGE, FILING 2
TEST BORING # 5 JOB NO. 200979
DEPTH (FT) 1-2 TEST BY BL
AASHTO CLASSIFICATION A-7-6 GROUP INDEX 20
Sieve Analysis
Grain Size Distribution
100% Otk O—H#18——
90% o0l |l L1
80%
;;: 70%
a 60%
& 50%
8 40%
(2]
g 30%
20%
10%
0%
100 10 1 0.1 0.01
Grain size (mm)

u.s. Percent Atterberg
Sieve # FEiner Limits
3" Plastic Limit 18
11/2" Liquid Limit 47
3/4" Plastic Index 29
1/2"
3/8"
4 100.0% Swell
10 99.4% Moisture at start
20 98.1% Moisture at finish
40 96.6% Moisture increase
100 93.4% Initial dry density (pcf)
200 88.6% Swell (psf)

JOB NO.:

LABORATORY TEST
RESULTS

URAWN: DATE: GHECKED: DATE:
< te—/1v (24

ENTECH

ENGINEERING, INC.

505 ELKTON DRIVE
COLORADO SPRINGS, COLORADO 80907

200979
FIGNO.:

b~




UNIFIED CLASSIFICATION CL CLIENT COLA, LLC
SOIL TYPE # 1 PROJECT ASPEN RIDGE, FILING 2
ITEST BORING # 6 JOB NO. 200979
DEPTH (FT 1-2 TEST BY BL
AASHTO CLASSIFICATION A-6 GROUP INDEX 8
Sieve Analysis
Grain Size Distribution
100% O C—H46-— ~o &
90%
80% 4104
2 70%
§ 60% \.j_ﬂm'n
2 50%
& 40%
Q
E 30%
20%
10%
0%
100 10 1 0.1 0.01
Grain size (mm)
u.s. Percent Atterberg
Sieve # Einer Limits
3" Plastic Limit 15
11/2" Liquid Limit 33
3/4" Plastic Index 18
1/2"
3/8"
4 100.0% Swell
10 99.8% Moisture at start
20 99.0% Moisture at finish
40 96.3% Moisture increase
100 80.5% Initial dry density (pcf)
200 61.8% Swell (psf)

T -
E NTECH LABORATORY TEST } SO
ENGINEERING, INC. RESULTS did
505 ELKTON DRIVE tDRAWN: DATE: GHECKED: DATE: J V? :—‘
COLORADO SPRINGS, COLORADO 80907 D \2{rtley F




(_
UNIFIED CLASSIFICATION CL CLIENT COLA, LLC
SOILTYPE # 1 PROJECT ASPEN RIDGE, FILING 2
TEST BORING # 7 JOB NO. 200979
DEPTH (FT 1-2 TEST BY BL
AASHTO CLASSIFICATION A-6 _GROUP INDEX 19
Sieve Analysis
Grain Size Distribution
100% ha= " 37y
90% pel "H:$=J=#4l0*
80% 2 4200
§ 70%
] 60%
% 50%
g 40%
E 30%
20%
10%
0%
100 10 1 0.1 0.01
Grain size (mm)
u.s. Percent Atterberg
Sieve # Finer Limits
3" Plastic Limit 15
11/2" Liquid Limit 40
3/4" Plastic Index 25
1/2" 100.0%
3/8" 95.6%
4 95.4% Swell
10 94.4% Moisture at start
20 93.4% Moisture at finish
40 91.6% Moisture increase
100 87.8% Initial dry density (pcf)
200 82.1% Swell (psf)
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UNIFIED CLASSIFICATION CL CLIENT COLA, LLC
SOIL TYPE # 1 PROJECT ASPEN RIDGE, FILING 2
TEST BORING # 8 JOB NO. 200979
DEPTH (FT) 1-2 TEST BY BL
AASHTO CLASSIFICATION A-6 GROUP INDEX 13
Sieve Analysis
Grain Size Distribution
100% cute g
90% S
80%
2 70% \-‘F i
§ 60%
95- 50%
g 40%
E 30%
20%
10%
0%
100 10 1 0.1 0.01
Grain size (mm)
u.s. Percent Atterberg
Sieve # Finer Limits
3" Plastic Limit 17
11/2" Liquid Limit 38
3/4" Plastic Index 21
1/ n
3/8" 100.0%
4 99.5% Swell
10 99.0% Moisture at start
20 97.5% Moisture at finish
40 93.5% Moisture increase
100 83.0% Initial dry density (pcf)
200 71.3% Swell (psf)

JOBNO.:

200979

ENTECH [ LABORATORY TEST

ENGINEERING, INC. RESULTS
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ENTECH

ENGINEERING, INC.

505 ELKTON DRIVE
COLORADO SPRINGS, COLORADO 80907

LABORATORY TEST

RESULTS

LDRAWN:

DATE: FECKIED?: 5 \ 1?-AlT|E-{ {Z«f J

JOBNO.:

200979
FIG NO.:

e

a N
UNIFIED CLASSIFICATION CL CLIENT COLA,LLC
SOIL TYPE # 1 PROJECT ASPEN RIDGE, FILING 2
TEST BORING # 9 JOB NO. 200979
DEPTH (FT) 1-2 TEST BY BL
AASHTO CLASSIFICATION A-6 GROUP INDEX 14
Sieve Analysis
Grain Size Distribution
100% PP
90%
80% Seol-4240
270%
@ 60%
& 50%
& 40%
Q
o 30%
20%
10%
0%
100 10 1 0.1 0.01
Grain size (mm)
u.s. Percent Atterberg
Sieve # Finer Limits
3" Plastic Limit 16
11/2" Liquid Limit 36
3/4" Plastic Index 20
1/2"
3/8"
4 100.0% Swell
10 98.9% Moisture at start
20 97.7% Moisture at finish
40 95.3% Moisture increase
100 89.1% Initial dry density (pcf)
200 79.4% Swell (psf)
\_ T
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UNIFIED CLASSIFICATION CL CLIENT COLA, LLC

SOIL TYPE # 1 PROJECT ASPEN RIDGE, FILING 2
TEST BORING # 10 JOB NO. 200979

DEPTH (FT) 1-2 TEST BY BL

AASHTO CLASSIFICATION A-6 GROUP INDEX

Sieve Analysis
Grain Size Distribution

100% S
He 20

90%
80% L\qu 0
70%
60%
50%
40%
30%
20%
10%

0%

100 10 1 0.1 0.01

Percent Passing

Grain size (mm)

U.S. Percent Atterberg
Sieve # Finer Limits
3" Plastic Limit
11/2" Liquid Limit
3/4" Plastic Index
1/2"
3/8" 100.0%
4 98.7% Swell
10 96.5% Moisture at start
20 95.2% Moisture at finish
40 92.3% Moisture increase
100 77.9% Initial dry density (pcf)
200 55.9% Swell (psf)
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UNIFIED CLASSIFICATION CL CLIENT COLA, LLC
SOIL TYPE # | PROJECT ASPEN RIDGE, FILING 2
TEST BORING # 11 JOB NO. 200979
DEPTH (FT) 1-2 TEST BY BL
AASHTO CLASSIFICATION A-6 GROUP INDEX
Sieve Analysis
Grain Size Distribution
100% 's!
T I A
80% w\. #200
%” 70%
F 60%
2 50%
o 40%
o
& 30% 2
20%
10%
0%
100 10 1 0.1 0.01
Grain size (mm)

u.S. Percent Atterberg
Sieve # Einer Limits
3" Plastic Limit
11/2" Liquid Limit
3/4" Plastic Index
1/2"
3/8" 100.0%
4 96.6% Swell
10 94.8% Moisture at start
20 93.3% Moisture at finish
40 90.6% Moisture increase
100 83.3% Initial dry density (pcf)
200 75.7% Swell (psf)
_ —
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CONSOLIDATION TEST RESULTS
TEST BORING # 1 DEPTH(ft) 5 JOB NO. 200979
DESCRIPTION CL  SOILTYPE 1 CLIENT COLA,LLC
NATURAL UNIT DRY WEIGHT (PCF) 118 PROJECT ASPEN RIDGE, FILING 2
NATURAL MOISTURE CONTENT 10.7%
SWELL/CONSOLIDATION (%) 6.2%
SWELL CONSOLIDATION
APPLIED PRESSURE (KSF)
0.01 0.1 1
7%
6%
5%
SWELL HUE TO WETTING A
UNDER QONSTANT LOAD \ <
Nt 4% =
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o o
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t— \L 0%
1%
. .
§ ENTECH SWELL CONSOLIDATION 10810
TEST RESULTS 200979
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CONSOLIDATION TEST RESULTS

TEST BORING # 1 DEPTH(ft) 5 JOB NO. 200979
DESCRIPTION CL SOILTYPE 1 CLIENT COLA,LLC
NATURAL UNIT DRY WEIGHT (PCF) 117 PROJECT ASPEN RIDGE, FILING 2
NATURAL MOISTURE CONTENT 13.5% REMOLDED SAMPLE - +3%
SWELL/CONSOLIDATION (%) 1.4%
SWELL CONSOLIDATION
APPLIED PRESSURE (KSF)
0.01 0.1 1

7%

6%

5%

4%
SWELL DPE TO WETTING
UNDER CDNSTANT LOAD

3%

2%

s
o
[

COMPRESSION/EXPANSION (%)

\\‘\
£r== 0%
—1 N
\\
1%
Ny
2%
J
r'
i SWELL CONSOLIDATION JOB NO.:
E NTECH ( TEST RESULTS ] 200979
ENGINEERING, INC.

FIG NO.:
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CONSOLIDATION TEST RESULTS

TEST BORING # 2 DEPTHM) 12
DESCRIPTION CL SOILTYPE 1
NATURAL UNIT DRY WEIGHT (PCF) 118
NATURAL MOISTURE CONTENT 14.3%
SWELL/CONSOLIDATION (%) 5.6%

JOB NO.
CLIENT

200979
COLA, LLC

PROJECT ASPEN RIDGE, FILING 2

0.01 APPLIED PRESSURE (KSF)

SWELL CONSOLIDATION

0.1

SWELL DPJE TO WETTING
UNDER CPNSTANT LOAD

-/l

6%

5%

4%

3%

2%

COMPRESSION/EXPANSION (%)
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£ 0%
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1%
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CONSOLIDATION TEST RESULTS

TEST BORING # 2 DEPTH(ft) 1-2 JOB NO. 200979
DESCRIPTION CL SOIL TYPE 1 CLIENT COLA, LLC
NATURAL UNIT DRY WEIGHT (PCF) 117 PROJECT ASPEN RIDGE, FILING 2
NATURAL MOISTURE CONTENT 17.4% REMOLDED SAMPLE - +3%
SWELL/CONSOLIDATION (%) 1.7%
SWELL CONSOLIDATION
APPLIED PRESSURE (KSF)
0.01 0.1 1
6%
5%
4%
S
z
o
3% g
SWELL DUE TO WETTING é
UNDER (ONSTANT LOAD g
2% 2
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\ E
""':u_\\ 1% 8
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J
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CONSOLIDATION TEST RESULTS

TEST BORING # 3 DEPTH(ft) 1-2 JOB NO. 200979
DESCRIPTION CL SOIL TYPE 1 CLIENT COLA, LLC
NATURAL UNIT DRY WEIGHT (PCF) 121 PROJECT ASPEN RIDGE, FILING 2
NATURAL MOISTURE CONTENT 12.2%
SWELL/CONSOLIDATION (%) 5.9%
SWELL CONSOLIDATION
APPLIED PRESSURE (KSF)
0.01 0.1 1
6%
A
\K 5%
\\ 4%
\ g
2
\ S
\ % @
SWELL DUE TO WETTING E
UNDER chSTANT LOAD, g
2% 2
&
o0
o
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1% O
e 0%
h\
1%
W
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CONSOLIDATION TEST RESULTS

TEST BORING # 3 DEPTH(ft) 1-2 JOB NO. 200979
DESCRIPTION CL SOILTYPE 1 CLIENT COLA, LLC
NATURAL UNIT DRY WEIGHT (PCF) 120 PROJECT ASPEN RIDGE, FILING 2
NATURAL MOISTURE CONTENT 15.2% REMOLDED SAMPLE - +3%
SWELL/CONSOLIDATION (%) 1.3%

SWELL CONSOLIDATION

0.01 APPLIED PRESSURE (KSF)

0.1

6%

5%

4%

3%

SWELL DPE TO WE
UNDER CPNSTANT

TTING
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J
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CONSOLIDATION TEST RESULTS

TEST BORING # 4 DEPTH(ft) 1-2
DESCRIPTION CL  SOILTYPE 1
NATURAL UNIT DRY WEIGHT (PCF) 97
NATURAL MOISTURE CONTENT 9.5%
SWELL/CONSOLIDATION (%) 5.0%

JOB NO. 200979
CLIENT COLA,LLC
PROJECT ASPEN RIDGE, FILING 2

001 APPLIED PRESSURE (KSF)

0.1

SWELL CONSOLIDATION

6%

5%

‘bi 4%
“: 3%
SWELL DUE TO WETTING \
UNDER CONSTANT LOAD \
\ 2%

1%

COMPRESSION/EXPANSION (%)

L 0%
E—
\l 1%
2%
\ J
[ ENTECH SWELL CONSOLIDATION JOBNO:
TEST RESULTS 200979
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CONSOLIDATION TEST RESULTS

TEST BORING # 4 DEPTH(ft) 1-2
DESCRIPTION CL  SOILTYPE 1
NATURAL UNIT DRY WEIGHT (PCF) 105
NATURAL MOISTURE CONTENT 12.2%
SWELL/CONSOLIDATION (%) 0.7%

JOB NO. 200979

CLIENT COLA,LLC

PROJECT ASPEN RIDGE, FILING 2
REMOLDED SAMPLE - +3%

0.01 APPLIED PRESSURE (KSF)

SWELL CONSOLIDATION

0.1 1
6%

5%

4%

)
*

DUE TO |[WETTING
CONSTANT LOAD

SWELL
UNDER
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1%

0%
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CONSOLIDATION TEST RESULTS
TEST BORING # 5 DEPTH(ft) 1-2 JOB NO. 200979
DESCRIPTION CL SOILTYPE 1 CLIENT COLA, LLC
NATURAL UNIT DRY WEIGHT (PCF) 97 PROJECT ASPEN RIDGE, FILING 2
NATURAL MOISTURE CONTENT 7.4%
SWELL/CONSOLIDATION (%) 4.5%
SWELL CONSOLIDATION
APPLIED PRESSURE (KSF)
0.01 0.1 1
6%
5%
:;&\ 4%
SWELL DUE TO WETTING g
UNDER CONSTANT LOAI 3
3% B
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CONSOLIDATION TEST RESULTS
TEST BORING # 5 DEPTH(ft) 1-2 JOB NO. 200979
DESCRIPTION CL SOILTYPE 1 CLIENT COLA,LLC
NATURAL UNIT DRY WEIGHT (PCF) 101 PROJECT ASPEN RIDGE, FILING 2
NATURAL MOISTURE CONTENT 11.3% REMOLDED SAMPLE - +3%
SWELL/CONSOLIDATION (%) 0.6%
SWELL CONSOLIDATION
APPLIED PRESSURE (KSF)
0.01 0.1 1
6%
5%
4%
3% @
SWELL DYE TO WETTING =
UNDER CQNSTANT| LOAI o
n
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CONSOLIDATION TEST RESULTS

TEST BORING # 6 DEPTH(ft) 1-2 JOB NO. 200979
DESCRIPTION CL SOILTYPE 1 CLIENT COLA, LLC
NATURAL UNIT DRY WEIGHT (PCF) 114 PROJECT ASPEN RIDGE, FILING 2
NATURAL MOISTURE CONTENT 9.2%
SWELL/CONSOLIDATION (%) 2.8%
SWELL CONSOLIDATION

APPLIED PRESSURE (KSF)
0.01 0.1 1

4%

3%
SWELL DUE TO WETTING

UNDER CONSTANT LOAD

2%

1%

COMPRESSION/EXPANSION (%)

r 0%

1%

\
r
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CONSOLIDATION TEST RESULTS

TEST BORING # 6§ DEPTH() 12 JOBNO. 200979
DESCRIPTION CL SOILTYPE 1 CLIENT COLA, LLC

NATURAL UNIT DRY WEIGHT (PCF) 113 PROJECT ASPEN RIDGE, FILING 2
NATURAL MOISTURE CONTENT 12.7% REMOLDED SAMPLE - +3%
SWELL/CONSOLIDATION (%) 1.5%

SWELL CONSOLIDATION

APPLIED PRESSURE (KSF)
0.01 0.1 1

4%

3%

SWELL DUE TO WETTING
UNDER CONSTANT LOAD
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\4\ %
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CONSOLIDATION TEST RESULTS
TEST BORING # 7 DEPTH(ft) 1-2 JOB NO. 200979
DESCRIPTION CL SOIL TYPE 1 CLIENT COLA, LLC
NATURAL UNIT DRY WEIGHT (PCF) 110 PROJECT ASPEN RIDGE, FILING 2
NATURAL MOISTURE CONTENT 15.7%
SWELL/CONSOLIDATION (%) 3.1%
SWELL CONSOLIDATION
APPLIED PRESSURE (KSF)
0.01 0.1 1
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CONSOLIDATION TEST RESULTS
TEST BORING # 7 DEPTH(ft) 1-2 JOB NO. 200979
DESCRIPTION CL SOILTYPE 1 CLIENT COLA,LLC
NATURAL UNIT DRY WEIGHT (PCF) 111 PROJECT ASPEN RIDGE, FILING 2
NATURAL MOISTURE CONTENT 18.5% REMOLDED SAMPLE - +3%
SWELL/CONSOLIDATION (%) 1.1%
SWELL CONSOLIDATION
APPLIED PRESSURE (KSF)
0.01 0.1 1
4%
3%
SWELL |DUE TO| WETTING
UNDER |CONSTANT LJAD
2% g
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o
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CONSOLIDATION TEST RESULTS

TEST BORING # 8 DEPTH(ft) 1-2 JOB NO. 200979
DESCRIPTION CL SOIL TYPE 1 CLIENT COLA, LLC
NATURAL UNIT DRY WEIGHT (PCF) 116 PROJECT ASPEN RIDGE, FILING 2
NATURAL MOISTURE CONTENT 11.9%
SWELL/CONSOLIDATION (%) 1.7%
SWELL CONSOLIDATION
APPLIED PRESSURE (KSF)
0.01 0.1 1
4%
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2% §
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CONSOLIDATION TEST RESULTS

TEST BORING # 9 DEPTH(ft) 1-2 JOB NO. 200979

DESCRIPTION CL  SOILTYPE 1 CLIENT COLA, LLC

NATURAL UNIT DRY WEIGHT (PCF) 114 PROJECT ASPEN RIDGE, FILING 2
NATURAL MOISTURE CONTENT 13.5%

SWELL/CONSOLIDATION (%) 4.0%

SWELL CONSOLIDATION

APPLIED PRESSURE (KSF)
0.01 0.1 1
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CONSOLIDATION TEST RESULTS
TEST BORING # 9 DEPTH(ft) 1-2 JOB NO. 200979
DESCRIPTION CL SOIL TYPE 1 CLIENT COLA, LLC
NATURAL UNIT DRY WEIGHT (PCF) 115 PROJECT ASPEN RIDGE, FILING 2
NATURAL MOISTURE CONTENT 16.6% REMOLDED SAMPLE - +3%
SWELL/CONSOLIDATION (%) 0.8%
SWELL CONSOLIDATION
APPLIED PRESSURE (KSF)
0.01 0.1 1
4%
3%
SWELL DUE TO WETTING
UNDER (ONSTANT LOAD
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CLIENT COLA, LLC JOB NO. 200979
PROJECT ASPEN RIDGE, FILING 2 DATE 12/9/2021
LOCATION ASPEN RIDGE, FILING 2 TESTBY BL
BORING DEPTH, (f) SOIL TYPE UNIFIED WATER SOLUBLE
NUMBER ! NUMBER CLASSIFICATION SULFATE, (wt%)
TB-3 1-2 1 CL 0.15
TB-7 1-2 1 CL 0.20
TB-1 1-2 1 CL 0.22
TB-4 1-2 1 CL 0.19

QC BLANK PASS

\_
[ ENTECH [ LABORATORY TEST j R
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EDE‘E‘EV!\%EE\B!"G* INC. SULFATE RESULTS Nty
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PROJECT ASPEN RIDGE, FILING 2 CLIENT COLA,LLC
SAMPLE LOCATION TB-1 @ 0-3' JOB NO. 200979
SOIL_DESCRIPTION CLAY, SANDY, BROWN DATE 12/02/21
|IDENTIFICATION CL COMPACTIONTEST # 1
TEST DESIGNATION / METHOD ASTM D-698-A TEST BY AL
MAXIMUM DRY DENSITY (PCF) 104.9 OPTIMUM MOISTURE  15.8%
Compaction Curve
140
AN
AN
R
AN
130 N
A
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& 120 o
[ AN
z
N
o
£ 110
-
r . )\\
X -
100 v 4 =
o =
90
0.00% 5.00% 10.00% 15.00% 20.00% 25.00% 30.00%
Moisture Content
B ACTUALPOINTS =  essmmmPARABOLIC FIT e=mmmsZERO AIR VOIDS
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CBR TEST LOAD DATA JOB NO: 200979
CLIENT:  COLA,LLC
PISTON PISTON PROJECT: ASPEN RIDGE, FILING 2
DIAMETER (cm) AREA (in%) SOIL TYPE: 1
4.958 2.993
10 BLOWS 25 BLOWS 56 BLOWS
PENETRATION MOLD # 1 MOLD # 2 MOLD # 3
DEPTH LOAD(LBS) STRESS LOAD(LBS) STRESS LOAD(LBS) STRESS
(INCHES) (LBS) (PSI) (LBS) (PSI) (LBS) (PSI)
0.000 0 0.00 0 0.00 0 0.00
0.025 14 4.68 36 12.03 48 16.04
0.050 21 7.02 46 15.37 61 20.38
0.075 24 8.02 50 16.71 66 22.06
0.100 27 9.02 54 18.05 74 24.73
0.125 29 9.69 59 19.72 78 26.07
0.150 30 10.03 64 21.39 83 27.74
0.175 33 11.03 69 23.06 86 28.74
0.200 34 11.36 74 24.73 89 29.74
0.300 35 11.70 76 25.40 89 29.74
0.400 36 12.03 79 26.40 98 32.75
0.500 39 13.03 88 29.41 109 36.42
FINAL MOISTURE CONTENT
MOLD # 1 MOLD # 2 MOLD # 3
CAN # 303 341 342
WT. CAN 8.29 8.57 8.51
WT. CAN+WET 184.54 210.76 239.12
WT. CAN+DRY 170.22 160.77 185.27
WT. H20 14.32 49,99 53.85
WT. DRY SOIL 161.93 152.2 176.76
[MOISTURE CONTENT 8.84% 32.84% 30.47%
WET DENSITY (PCF) 1073 1125 118.3
DRY DENSITY (PCF) 927 97.2 102.1
BEARING RATIO 0.90 1.80 2.47
90% OF DRY DENSITY 94.4
95% OF DRY DENSITY 99.7

BEARING RATIO AT 90% OF MAX 125 ~ RVALUE
BEARING RATIO AT 95% OF MAX 2.14 ~ RVALUE

O\ —
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CBR TEST DATA 200979
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Stress VS Penetration
—— 10 blows per lift
—&— 25 blows per lift
—&— 56 blows per lift
0.00 f + i ; : i
0.000 0.100 0.200 0.300 0.400 0.500 0.600
Bearing Ratio VS Dry Density
3.00 T
250 + P
200 +
*
1.50 +
1.00 +
®
050 +
0.00 : } : } : i
92.0 94.0 96.0 98.0 100.0 102.0 104.0
BEARING RATIO AT 90% OF MAX 125 ~ R VALUE 1.00 JOB NO: 200979
BEARING RATIO AT 95% OF MAX 2.14 ~ RVALUE 6.00 SOILTYPE: 1
S
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APPENDIX C: Pavement Design Calculations



FLEXIBLE PAVEMENT DESIGN

DESIGN DATA COLA,LLC

TRAILS AT ASPEN RIDGE, FILING 2 - URBAN LOCAL ROADS

SOIL TYPE 1

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

Hveem Stabilometer (R Value) Results:
Standard Deviation

Loss in Serviceability

Reliability

Reliability (z-statistic)

Soil Resilient Modulus

R= 6
Se= 0.45
Apsi = 2.2
Reliability = 80
Zp=  -0.84
Mp= 3126

Weighted Structural Number (WSN): — WSN = 3.49

DESIGN TABLES AND EQUATIONS

Sy =[(R-5)/11.29] + 3
Mg = 10[(51 +18.72)16.24]

k=Mr/19.4

Where:

Mg = resilient modulus (psi)

S, = the soil support value

R = R-value obtained from the Hveem stabilometer
CBR = California Bearing Ratio

Reliability (%) Zg (z-statistic)

log, W= Z,* S+ 9.36"I0g, {SN+1) - 0.20 +

Left] Right Difference
5.47] 5.46 0.0

80 -0.84

85 -1.04
90 -1.28
93 -1.48
94 -1.56
95 -1.65
96 -1.75
97 ' -1.88
98 2.05
99 2.33
99.9 -3.09
99.99 -3.75

{ A PSI }

o8, 42-15
*
= + 2.32*log, M- 8.07
0'40 W 5.19
(SN+1)
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DESIGN CALCULATIONS

DESIGN DATA COLA,LLC
TRAILS AT ASPEN RIDGE, FILING 2 - URBAN LOCAL ROADS

SOIL TYPE 1
Equivalent (18 kip) Single Axle Load Applications (ESAL): ESAL = 292,000
Hveem Stabilometer (R Value) Results: R= 6
Weighted Structural Number (WSN): WSN= 349
DESIGN EQUATION

WSN = ClDl + CzDz

C, = 0.44 Strength Coefficient - Hot Bituminous Asphalt
C, = 0.11 Strength Coefficient - Aggregate Base Course

D, = Depth of Asphalt (inches)
D, = Depth of Base Course (inches)
FOR ASPHALT + AGGREGATE BASE COURSE SECTION
Asphalt Thickness (t) = inches

D, = ((WSN) - (t))(C))/C, = 9.8 inches of Aggregate
Base Course, use 10.0 inches

RECOMMENDED ALTERNATIVE

1. 5.5 inches of Asphalt + 10.0 inches of Aggregate Base Course

Job No. 200979
Fig. No. C-2



