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1.0 Executive Summary

The geotechnical engineering services are complete for the proposed pavement reconstruction of State
Highway 74 (SH-74), the construction of four (4) new entrance and exit ramps from Interstate 35 (I-
35) to SH-7, and the grade widening of I-35 six lane facility in Purcell, Oklahoma. This report
describes the subsurface conditions encountered in the borings, furnishes the laboratory data acquired,
and provides pavement design recommendations for the reconstruction and new construction of the
roads and ramps. A laboratory test results summary table, and boring location plans showing the

approximate locations of the borings are included in the appendices of this report.

Exploration of the subsurface materials at the project site consisted of twelve (12) borings drilled
within the existing pavement on SH-74 to a depth of approximately 3 feet below the existing surface
elevation. Also, the project consisted of fifteen (15) borings drilled along the I-35 shoulder, where the
ramp and expansion of six lanes will take place. These shoulder borings were drilled to a depth of
approximately 3 feet below the existing surface elevation Samples obtained from the borings were
brought to our laboratory for further testing. Groundwater was not encountered in any of the borings

during or immediately after completion of drilling operations.

At our SH-74 boring locations, the existing pavement consists of approximately 3 to 6 inches of
asphalt pavement over native soils. The Engineer’s evaluation and laboratory test results indicate the
subsurface materials generally consist of silty with sands (ML), and lean clays with varying amounts of
sands (CL). Specific geotechnical recommendations including the recommended pavement design are
presented further in this report.

2.0 Project Description

The project consists of the total reconstruction of SH-74 from N. Green Ave., extending west 1.1 miles
in Purcell, Oklahoma. Also, the project consists of a grade widening of I-35 for six lane facility that
extends approximately 4,000 feet north and south from SH-74 intersection. Additionally, the project
consists in the construction of four (4) new ramps from [-35 to SH-74 to configure a full diamond

interchange.

3.0 Subsurface Exploration

The subsurface exploration was performed between July 25 and 27 of 2023. The exploration consisted
of twelve (12) borings drilled within the existing pavement on SH-74 to a depth of approximately 3
feet below the existing surface elevation. Also, the project consisted of fifteen (15) borings drilled

along the 1-35 shoulder, where the ramp and expansion of six lanes will take place. These shoulder
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borings were drilled to a depth of approximately 3 feet below the existing surface elevation Samples
obtained from the borings were brought to our laboratory for further testing. At the time of our

fieldwork, the project roadway was open to traffic.

The soil test borings were located in the field by an EST representative. The project was accessible to
a CME-75 truck mounted, rotary drill rig. Representative soil samples were obtained directly from the
drill or hand auger cuttings. The approximate locations of the borings have been identified and are

shown on the boring location plan provided in Appendix A of this report.

As part of the drilling operations, the drill crew prepared field boring logs. The crew examined the
pavement cores and soil samples retrieved during drilling operations and recorded a material
description on the field boring logs. The auger samples were packaged in plastic bags to reduce
moisture loss, tagged for identification and transported to our laboratory for further evaluation. This
report contains the boring logs that represent modifications based on laboratory test results of the soil

samples.
4.0 Subsurface Conditions

4.1 Pavement and Soil Conditions

The on-site exploration indicates the existing pavement consists of approximately 3 to 6 inches of
asphalt pavement over native soils. The Engineer’s evaluation and laboratory test results indicate the
subsurface materials generally consist of silty with sands (ML), and lean clays with varying amounts of
sands (CL).

4.2 Groundwater Conditions

Groundwater was not encountered in any of the borings during or immediately after completion of
drilling operations. The borings were plugged per Oklahoma Water Resources Board (OWRB)
requirements after drilling operations were completed. Groundwater level fluctuations and/or perched
water conditions may occur due to seasonal variations in the amount of rainfall and other factors such
as drainage characteristics. To obtain more accurate groundwater level information, long-term
observations in a monitoring well or piezometer that is sealed from the influence of surface water
would be needed. The possibility of groundwater level fluctuations should be considered during the

preparation of construction plans.

5.0 Laboratory Evaluation

All samples obtained from the project site were transferred to our laboratory for processing and testing.
Laboratory tests were performed on selected soil samples in accordance with the applicable test

procedures. Laboratory testing included estimation of the natural moisture content (ASTM D2266),
EST, Inc. -2-
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Atterberg limits (ASTM D4318), sieve analysis (ASTM D2487), and soluble sulfates (OHD L-49).
Additionally, five (5) bulk composite samples were obtained (SH-74, I-35 Shoulders and Ramps) and
tested for moisture-density relationship (AASHTO T99). From these, three (3) representative samples
were tested for resilient modulus (AASHTO T307). The results of these tests can be found in the
appropriate column of the laboratory test results summary table included in Appendix B, and in

Appendices C and D of this report.

6.0 Pavement and Subgrade Recommendations

The following sections provide our recommended pavement designs for use throughout the project
extents, as well as the details of the parameters used for each design:

I-35 at Grade Widening — Six Lane Facility

2020 AADT = 29,048 veh./day (Provided)
2045 AADT = 40,086 veh./day (Provided)
Design Soil Resilient Modulus = 5,064 psi
Design ESALs (Flexible) = 112,677,133
Design ESALs (Rigid) = 192,659,863
Initial Serviceability = 4.5
Terminal Serviceability = 2.5
Standard Deviation (Flexible) = 0.45 (New Construction)
Standard Deviation (Rigid) = 0.35 (New Construction)
T3 =34% (Provided)
TABLE I

MINIMUM PAVEMENT RECOMMENDATIONS

RIGID PAVEMENT FLEXIBLE PAVEMENT

2” Type ‘S4’ Asphalt Concrete (PG 76-280K)
over
3” Type ‘S3’ Asphalt Concrete (PG 76-280K)

13.5” Dowel JPCP over
over 3” Type ‘S3’ Asphalt Concrete (PG 64-220K)
4” CTB or Type ‘S3’ Asphalt Concrete (PG 64-220K) over
over 3” Type ‘S3’ Asphalt Concrete (PG 64-220K)
8” ODOT Type “A” Aggregate Base over
over 3" RBL (PG 76-28E)
AASHTO M288 “Separation Geotextile Property over
Requirements” Class 2 non-woven Fabric (max AOS of 12” ODOT Type “A” Aggregate Base
0.25) over
over AASHTO M288 “Separation Geotextile Property
8” of Stabilized Subgrade Requirements” Class 2 non-woven Fabric (max AOS of
0.25)
over

8” of Stabilized Subgrade
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I-35 Ramps

2020 AADT = 0 veh./day (Provided)

2045 AADT = 739 veh./day (Provided)
Design Soil Resilient Modulus = 5,363 psi
Design ESALs (Flexible) = 2,931,078
Design ESALs (Rigid) = 5,011,675

Initial Serviceability = 4.5

Terminal Serviceability = 2.5

Standard Deviation (Flexible) = 0.45 (New Construction)
Standard Deviation (Rigid) = 0.35 (New Construction)

T3 =34% (Provided)

TABLE II

MINIMUM PAVEMENT RECOMMENDATIONS

RIGID PAVEMENT

FLEXIBLE PAVEMENT

13.5” Dowel JPCP
over
4” CTB or Type ‘S3’ Asphalt Concrete (PG 64-220K)
over
8” ODOT Type “A” Aggregate Base
over
AASHTO M288 “Separation Geotextile Property
Requirements” Class 2 non-woven Fabric (max AOS of
0.25)
over
8” of Stabilized Subgrade

2” Type ‘S4’ Asphalt Concrete (PG 76-280K)
over

3” Type ‘S3’ Asphalt Concrete (PG 76-280K)
over

3” Type ‘S3’ Asphalt Concrete (PG 64-220K)
over

3” Type ‘S3’ Asphalt Concrete (PG 64-220K)
over

3" RBL (PG 76-28E)
over
12” ODOT Type “A” Aggregate Base
over
AASHTO M288 “Separation Geotextile Property
Requirements” Class 2 non-woven Fabric (max AOS of
0.25)
over
8” of Stabilized Subgrade

SH-74 (Grant Street)

2020 AADT = 3,382 veh./day (Provided)
2045 AADT = 6,934 veh./day (Provided)
Design Soil Resilient Modulus = 5,450 psi
Design ESALSs (Flexible) = 875,107
Design ESALSs (Rigid) = 1,496,294

Initial Serviceability = 4.5

Terminal Serviceability = 2.5

Standard Deviation (Flexible) = 0.45 (New Construction)
Standard Deviation (Rigid) = 0.35 (New Construction)

EST, Inc.
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T3 = 1% (Provided)
TABLE III

MINIMUM PAVEMENT RECOMMENDATIONS

RIGID PAVEMENT FLEXIBLE PAVEMENT

2” Type ‘S4’ Asphalt Concrete (PG 70-280K)
over

7” Portland Cement Concrete 2.5” Type ‘S3’ Asphalt Concrete (PG 64-220K)
over over

8” ODOT Type “A” Aggregate Base 2.5” Type ‘S3’ Asphalt Concrete (PG 64-220K)
over over

AASHTO M288 “Separation Geotextile Property 8” ODOT Type “A” Aggregate Base

Requirements” Class 2 non-woven Fabric (max AOS of over

0.25) AASHTO M288 “Separation Geotextile Property

over Requirements” Class 2 non-woven Fabric (max AOS of

Minimum of 8” of Compacted Subgrade 0.25)
over

Minimum of 8” of Compacted Subgrade

All materials and construction procedures shall be in accordance with the latest ODOT “Standard
Specifications for Highway Construction”, and the latest special provisions adopted by ODOT to
supplement the standard specifications. The above pavement sections were obtained using the
AASHTO 1993 method of design based on the following estimated parameters:

Maintenance of the pavement will be required to obtain the 30-year design life. Maintenance of
pavements should include crack sealing, surface sealing and patching of any deteriorated areas. In
addition, thicker pavement sections could be used to reduce the required maintenance and extend the
service life of the pavement.

8.0 General

This report was prepared for The City of Purcell in reference to the proposed pavement reconstruction
of State Highway 74 (SH-74), the construction of four (4) new entrance and exit ramps from Interstate
35 (I-35) to SH-7, and the grade widening of 1-35 six lane facility in Purcell, Oklahoma. This report
provides geotechnical recommendations based on the subsurface conditions encountered in the
borings. It is not practical or economical to perform enough subsurface investigation borings to
identify all conditions at the site. Subsurface conditions may vary with distance away from the borings
completed for this report. Conditions that may affect the recommendations contained within the
geotechnical report may exist and may not become known until construction. If variations appear
during construction, it may be necessary to revise the recommendations contained in this report.
Therefore, monitoring of subsurface conditions during construction should be performed by a
geotechnical engineer or his representative to verify that conditions are consistent with the
geotechnical report.

EST, Inc. -5-
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EST warrants that the findings and recommendations contained herein have been made with generally
accepted professional geotechnical practices in the local area. No other warranties are implied or
expressed. The scope of services and recommendations contained in this report do not include any
environmental assessment or identification of contaminated or hazardous materials. Any statements in
this report or in the boring logs concerning suspicious odors, colors, irregular textures or abnormal

conditions are for informational purposes only and have not been verified by the engineer or testing.
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Appendix A

Approximate Boring Location Diagrams
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LABORATORY TEST RESULTS SUMMARY TABLE
PROPOSED INTERSTATE 35 AND STATE HIGHWAY 74 (GRANT STREET)

CITY OF PURCELL
MCCLAIN COUNTY, OKLAHOMA

SJP NO. 32802(04) / EST PROJECT NO. 60-08902

. . AASHTO Moisture | Soluble NP = .
Boring Location Depth Class Content | Sulfate | Non-Plastic Percent Passing

Boring No. Group Layer Description N .
- " " " " < - o

and Driving Lane (Inches) (Index) (%) (ppm) LL PI 1" |3/4"(1/2"|3/8" | F ® | X 8

- 06 A400) Red Brown. Silty Sand (SM) 3.1 - NP | NP _[100]100]100]700]100] 89 | 96 | 47
SS-01 Sta. 3000+27 SB 536 A-3(0) | _Red Brown, Poorly Graded Sand with Silt (SP-SM) 12.8 - NP | NP _[100]100]100[100]100[100] 98 | 7.0
SS.00 S5, 3009732 NB 06 A-4(0) Red Brown, Sandy Silt (ML) 125 200 | NP | NP [100]100]|100]100[100]100] 99 | 66.0
: 6536 | A6(13) Red Brown, Lean Clay with Sand (CL) 143 - 27 | 20 [100]100[700] 99 [ 97 [ 94 [ 91 81.0
5.0 St 3018167 SB 06 A-4(0) Red Brown, Silt (ML) 142 - NP | NP _[100[100]100[100]100[100] 99 | 91.0
: 536 A-4(0) Red Brown. Silt with Sand (ML) 135 - NP | NP _[100[100]100[100]100[100] 99 | 84.0
sS04 St 3028102 NB 06 A4(1) Red Brown, Silty Clay with Sand (CL-ML) 146 - 22 | 5 [100]100[700]100] 99 | 99 [ 96 | 71.0
: 536 A-4(0) Red Brown, Silt (ML) 139 - NP | NP _[100[100]100[100]100[100] 99 | 92.0
SS.08 O — 06 A4(5) Red Brown, Lean Clay with Sand (CL) 113 200 | 27 | 9 [100]100[100]100] 99 [ 98 | 94 | 79.0
: 536 A-4(0) Red Brown, Silt (ML) 162 - NP | NP _[100[100]100[100]100[100] 99 | 87.0
) 06 A-4(0) Red Brown, Sandy Silt (ML) 101 - 22 | 3 [100[100[100]100]100] 99 [ 97 | 62.0
58-06 Sta. 3046+25 NB 536 A-4(0) Red Brown, Silt with Sand (ML) 144 - NP | NP _[100[100]100[100]100[100] 99 | 82.0
ss.07 Sto. 3055163 SB 06 A4(3) Red Brown, Silty Clay with Sand (CL-ML) 133 220 | 26 | 7 [100]100[100]100[100]100] 99 | 74.0
: 536 A4(2) Red Brown. Silty Clay with Sand (CL-ML) 137 - 23 | 5 [100]100[700]700[100]700]100] 77.0
) 06 A4(4) Red Brown. Silty Clay with Sand (CL-ML) 131 - 27 1 6 [100]100[100]100[100]700] 99 | 81.0
Ramp A-01 Sta. 3014 + 50 SB 636 | A4(12) Red Brown, Silt (ML) 167 - 37 | 10 [100]700[700]700] 99 [ 99 [ 99| 99.0
) 0-6 A4(3) Red Brown, Sandy Silty Clay (CL-ML) 13 - 23 | 4 [100[100[100]100[100[100] 99 | 66.0
Ramp A-02 Sta. 3026 + 20 SB 536 A4(3) Red Brown. Sandy Silty Clay (CL-ML) 13 - 23 | 4 [100]100[100]700[100]700] 99 | 66.0
) 06 A-4(0) Brown, Sandy Silty Clay (CL-ML) 103 - 22 | 4 [100]100[100]100] 99 | 98 [ 92 | 51.0
Ramp B-01 Sta. 3011+ 32NB 536 A4(7) Red Brown. Lean Clay (CL) 173 - 30 | 9 [100]700[100]700[100[100]100] 82.0
) 06 A-4(0) Dark Brown. Sandy Silt (ML) 9.3 - 26 | 3 [100[100[100] 99 [ 97 [ 95 [92 | 650
Ramp B-02 Sta. 3026 + 00 NB 536 A4(1) Red Brown, Sandy Silty Clay (CL-ML) 15.9 - 23 | 5 [100]100[700]100[100] 99 [ 98 | 68.0
) 06 A4(3) Red Brown, Silty Clay with Sand (CL-ML) 133 - 26 | 6 [100]100[100]100[100]100] 99 | 72.0
Ramp C-01 Sta. 3029 + 1188 536 A4(5) Red-Brown, Silty Clay (CL-ML) 6.9 - 27 1 7 [100]100[700]700[100]700]100] 7.0
) 06 A4(7) Dark Brown, Lean Clay with Sand (CL) 8.6 - 30 | 10 [100]100]100]700]100[100]100] 79.0
Ramp C-02 Sta. 3045+ 05 SB 536 A-4(0) Dark Brown. Silt with Sand (ML) 106 - 21 | 2 [100]100[700]700[100]700]100] 74.0
) 06 A4(7) Dark Brown. Silt with Sand (ML) 15 - 40 | 9 [100] 9595959594 [92] 71.0
Ramp D-01 Sta. 3028 + 33 NB 536 A4(2) Dark Brown. Silt with Sand (ML) 11 - 29 | 2 [100]100[100]700[100[100] 99 | 83.0
) 06 A-4(0) Dark Brown. Sandy Silt (ML) 116 - 20 | 1 _[100[700[100] 99 [ 93 | 88 [ 83| 59.0
Ramp D-02 Sta. 3041+ 00NB 536 A4(5) Red Brown, Silty Clay (CL-ML) 215 - 26 1 7 [100]100[700]100[100]700] 99 | 93.0
0-3.5 - Asphalt Pavement - - - - - - - - - - - -
IP-1 Sta. 983 + 13 WB 3595 | A4 Dark Brown, Sandy Lean Clay (CLJ 73 - 28 | 9 [700[100]700]700] 99| 98 [ 97 | 68.0
9.5:36 | A4(1) Dark Brown, Sandy Silty Clay (CL-ML) 5.7 - 23 | 5 [100]100[100]100[100] 99 [ 98 | 61.0

0-3 - Asphalt Pavement - - - - - - - - - - - -
IP-2 Sta. 988 + 00 EB 39 [ A1-60) Red Brown, Silty Sand with Gravel (SM) 113 200 | NP | NP [100[100]| 94 [ 92 | 84 [ 71 |46 | 19.0
9-36 A4(1) Red Brown, Sandy Silty Clay (CL-ML) 37 - 23 | 5 [100]100[100]100[100]700] 99 | 66.0

0-4.5 - Asphalt Pavement - - - - - - - - - - - -
IP-3 Sta.993 + 00 WB 45105 | A2-400) Red Brown. Silty Sand with Gravel (SM) 113 - NP | NP [100] 97 [92 [ 91857158 | 220
105-36 | A-2-4(0) Red Brown. Silty Sand with Gravel (SM) 7.1 - NP | NP _[100] 94 [ 92 [ 89 | 84 | 75| 58 | 26.0

0-4 - Asphalt Pavement - R N R N N N N N N N N
P-4 Sta.998 + 00 EB 210 [ A-2-400) Red Brown, Silty Sand (SM) 121 - NP | NP [100]700] 92 [ 91| 86 | 73 | 58 | 25.0
1036 | A-4(0) Red Brown, Silty Sandy Clay (CL-ML) 128 - 22 | 4 [100]100[100]100[100] 98 [ 94 | 650

0-5 - Asphalt Pavement - - - - - - - - - - - -
IP-5 Sta. 1003 + 00 WB 511 A4(0) Red Brown, Sandy Silt (ML) 98 200 | 27 | 5 [700[100|100]100] 98 [ 96 | 94 | 52.0
11-36 | _A4(2) Red Brown, Sandy Lean Clay (CL) 10.3 - 26 | 9 [100]100[100]100] 98 | 95 [ 94 | 51.0

0-6 - Asphalt Pavement - R N R N N N N N N N N
IP-6 Sta.1008 + 00 EB 612 [ A-1-600) Red Brown, Silty Sand with Gravel (SM) 12 - NP | NP [100] 98 [ 82|78 | 67 | 53| 36 | 18.0
1236 | A2-4(0) Red Brown. Silty Sand (SM) 14 - 18 | 2 [100[100] 97 [93 [ 8877 [ 63 32.0




LABORATORY TEST RESULTS SUMMARY TABLE
PROPOSED INTERSTATE 35 AND STATE HIGHWAY 74 (GRANT STREET)
CITY OF PURCELL
MCCLAIN COUNTY, OKLAHOMA
SJP NO. 32802(04) / EST PROJECT NO. 60-08902

. . AASHTO Moisture | Soluble NP = .
Boring Location Depth Class Content | Sulfate | Non-Plastic Percent Passing

Boring No. G Layer Description .

and Driving Lane (Inches) (Inrgz)'(’) (%) (ppm) | LL | P11 |34 f2vfa| § | S | § S

0-5 - Asphalt Pavement - - - - - - - - - - - -
IP-7 Sta. 1013 + 00 WB 5-11 A-4(0) Dark Brown, Sandy Silt (ML) 14.4 - 30 1 [100]|100]|100{100[ 97 | 93 | 87 | 52.0
11-36 A-4(0) Dark Brown, Silt with Sand (ML) 22.2 - 21 3 1100)100[100/100/100{100] 99 [ 74.0

0-5 - Asphalt Pavement - - - - - - - - - - - -
IP-8 Sta.1018 + 00 EB 5-11 A-4(4) Red Brown, Silt with Sand (ML) 14.3 220 32 5 1100]/100]100{100[{100|100] 98 | 83.0
11-36 A-4(7) Red Brown, Lean Clay (CL) 14 - 30 9 [100)100[100/100/100{100|100{ 88.0

0-3.5 - Asphalt Pavement - - - - - - - - - - - -
IP-9 Sta. 1023 + 00 WB 3.5-9.5 A-1-b(0) Red Brown, Silty Sand with Gravel (SM) 10.5 - NP | NP 18880 |76[72|64]|53]|42] 16.0
9.5-36 A-4(0) Dark Brown, Silty Sand (SM) 5.7 - 26 2 1100)100[100|100f 91 [ 85| 79 [ 45.0

0-3.5 - Asphalt Pavement - - - - - - - - - - - -
IP-10 Sta.1028 + 00 EB 3.5-9.5 A-4(3) Dark Brown, Silt with Sand (ML) 13.5 - 31 5 1100]/100]|100{100[ 98 | 96 | 95| 71.0
9.5-36 A-4(0) Red Brown, Sandy Silt (ML) 14.5 - 24 3 [100]100/100{100]100f 99 | 96 | 69.0

0-3.5 - Asphalt Pavement - - - - - - - - - - - -
IP-11 Sta. 1033 + 00 WB 3.5-9.5 A-4(1) Dark Brown, Sandy Silt (ML) 8.5 200 31 5 |100]|100]| 98 [ 97 [ 92 | 86 | 74 | 52.0
9.5-36 A-4(2) Red Brown, Sandy Silty Clay (CL-ML) 11.7 - 24 6 [100)100[100]/100f 99 [ 99 | 97 [ 69.0

0-3.5 - Asphalt Pavement - - - - - - - - - - - -
IP-12 Sta.1038 + 00 EB 3.5-9.5 A-2-4(0) Dark Brown, Silty Clayey Sand (SC-SM) 3.7 - 23 4 [100(100)100| 98 | 89 [ 77 | 64 | 28.0
9.5-36 A-4(0) Dark Brown, Silty Clayey Sand (SC-SM) 71 - 23 4 1100(100]|100|100{ 91|79 [ 67 | 45.0
Bulk 1 Bulk IP-01 to IP-06 0-36 A-4(0) Red Brown, Sandy Silt (ML) 154 - NP | NP [100]{100/100{100]100f 99 | 98 | 54.0
Bulk 2 Bulk IP-07 to IP-12 0-36 A-4(0) Red Brown, Sandy Silt (ML) 184 - NP | NP [100]100/100{100] 99 (96 | 91| 67.0
Bulk 3 Bulk Ramp A and B 0-36 A-4(0) Red Brown, Sandy Silt (ML) 20.6 - NP | NP [100]{100/100{100] 99 [ 99 | 98 | 67.0
Bulk 4 Bulk Ramp C and D 0-36 A-4(0) Red Brown, Silt with Sand (ML) 10.9 - NP | NP [100]100/100{100] 99 (99 [ 98 | 79.0
Bulk 5 Bulk SS-01 to SS-07 0-36 A-4(0) Red Brown, Silt with Sand (ML) 11.3 - NP | NP 1100]/100]{100{100{100] 99 | 98 | 82.0
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EST, Inc.
www.estinc.com

AASHTO T-99 MOISTURE/ DENSITY RELATIONS OF SOILS

PROJECT NAME 1-35 and SH-74 LAB NUMBER Moore
PROJECT NUMBER 60-08902 DATE TESTED 8/7/2023
EST PROJECT NUMBER 60-08902 TESTED BY CM
PROJECT LOCATION Purcell, OK SAMPLE LOCATION Bulk Ram C and D
CONTRACTOR NA SAMPLE DESCRIPTION Sitl with Sand (ML)
115.0 /
114.0
113.0
w1120
9
=™
> 1110 Y N
= / \
@
7z 1100 / \
g
V.
= 1090 \
4
A 108.0 /
107.0 //
106.0
105.0
9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0
% MOISTURE
= DRY DENSITY CURVE
. = OPTIMUM MOISTURE AND MAXIMUM DRY DENSITY METHOD USED AASHTO - A
% MOISTURE DENSITY, PCF MDD 112.6 PCF @ 146 % MOISTURE 4 INCH PROCTOR MOLD
10.2 106.1 STANDARD EFFORT
139 112.2 MECHANICAL RAMMER
153 1121 COARSE CORRECTION INFORMATION
175 107.8 WEIGHT OF TOTAL SAMPLE
WEIGHT OF MATERIAL RETAINED
PERCENT OF MATERIAL RETAINED
REMARKS
INVOICE & CC
cc
FILE
®
AASHTO R1B
v3.0,6/28/2021 REVIEWED BY

*RESULTS RELATE ONLY TO THE SAMPLE THAT WAS INSPECTED OR TESTED.
**THIS REPORT SHALL NOT BE REPRODUCED, EXCEPT IN FULL, WITHOUT PRIOR WRITTEN APPROVAL OF EST INC.
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EST, Inc. A &
www.estinc.com
AASHTO T-99 MOISTURE/ DENSITY RELATIONS OF SOILS
PROJECT NAME 1-35 and SH-74 LAB NUMBER Moore
PROJECT NUMBER 60-08902 DATE TESTED 8/7/2023
EST PROJECT NUMBER 60-08902 TESTED BY CM
PROJECT LOCATION Purcell, OK SAMPLE LOCATION Bulk SS-1-S57
CONTRACTOR NA SAMPLE DESCRIPTION Sitl with Sand (ML)
118.0 /
117.0 /I'-!\\
116.0 / \
S
O \
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= "
w0
Z
25|
A 1140
>
=4
A
113.0 /
112.0
111.0
9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0
% MOISTURE
= DRY DENSITY CURVE
. = OPTIMUM MOISTURE AND MAXIMUM DRY DENSITY METHOD USED AASHTO- A
% MOISTURE DENSITY, PCF MDD 117.2 PCF @ 134 % MOISTURE 4 INCH PROCTOR MOLD
9.6 112.3 STANDARD EFFORT
115 115.5 MECHANICAL RAMMER
134 117.1 COARSE CORRECTION INFORMATION
154 114.7 WEIGHT OF TOTAL SAMPLE
WEIGHT OF MATERIAL RETAINED
PERCENT OF MATERIAL RETAINED
REMARKS
INVOICE & CC
cC
FILE
®
AASHTO R18
v3.0, 6/28/2021 REVIEWED BY

*RESULTS RELATE ONLY TO THE SAMPLE THAT WAS INSPECTED OR TESTED.
**THIS REPORT SHALL NOT BE REPRODUCED, EXCEPT IN FULL, WITHOUT PRIOR WRITTEN APPROVAL OF EST INC.
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EST, Inc.
www.estinc.com

AASHTO T-99 MOISTURE/ DENSITY RELATIONS OF SOILS

PROJECT NAME 1-35 and SH-74 LAB NUMBER Moore
PROJECT NUMBER 60-08902 DATE TESTED 8/7,/2023
EST PROJECT NUMBER 60-08902 TESTED BY CM
PROJECT LOCATION Purcell, OK SAMPLE LOCATION Bulk IP7 to IP12
CONTRACTOR NA SAMPLE DESCRIPTION __ |Sandy Silt (ML)
113.0 /
112.0
111.0 /
110.0 / \
o 109.0
o Ny
B 1080
Z /
= 107.0
) /
E 106.0 /
A /
> 105.0
= w
Q 104.0
103.0
102.0
101.0
100.0
6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0
% MOISTURE
= DRY DENSITY CURVE
. = OPTIMUM MOISTURE AND MAXIMUM DRY DENSITY METHOD USED AASHTO - A
% MOISTURE DENSITY, PCF MDD 112.0 PCF @ 11.2 % MOISTURE 4 INCH PROCTOR MOLD
7.4 104.3 STANDARD EFFORT
9.1 108.1 MECHANICAL RAMMER
11.2 112.0 COARSE CORRECTION INFORMATION
13.1 108.4 WEIGHT OF TOTAL SAMPLE
WEIGHT OF MATERIAL RETAINED
PERCENT OF MATERIAL RETAINED
REMARKS
INVOICE & CC
CC
FILE
B
AASHTO R18
V3.0, 6/28/2021 REVIEWED BY

*RESULTS RELATE ONLY TO THE SAMPLE THAT WAS INSPECTED OR TESTED.
**THIS REPORT SHALL NOT BE REPRODUCED, EXCEPT IN FULL, WITHOUT PRIOR WRITTEN APPROVAL OF EST INC.
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Appendix D

Resilient Modulus Test Results

EST, Inc.



Resilient Modulus of Subgrade Soil (Recompacted Samples)

Test Date 8/17/2023
Specimen Source/Number Bulk IP7 to IP12 at OMC
Project Number 60-08902 Soil Properties
Material Type Type 1 Optimum Moisture Content, (%) 11.20
Standard Dry Density (pcf) 112.00
95% MDD (pcf) 106.40
Specimen Properties Test Information
Compaction Water content, w. (%) 10.53 Preconditioning-Permanent Strain>5% No
Compaction Dry Density (pcf) 104.98 Testing-Permanent Strain >5% No
Moisture Content After Mg Test, w (%) 10.14 Number of Load Sequences Completed 15
Relative Compaction After Test (%) 93.71 Quick Shear Test No
Column # 1 2 3 4 5 6 7 8 9 10 11 12 13
Chamber Nominal Actgal Actqal Actgal :pcrt,:';::j Actgal Actgal Recov. Recov. Average N
- Maximum| Applied | Applied | Applied Applied Applied Def. Def. LVDT Resilient .
Parameter Confining . . ) Max. . Recov. Def. . |Resilient Modulus
Pressure Axial | Max. Axial | Cyclic Contact Axial Cyclic Contact |LVDT .# 1 #2_ LVDT 1 & 2 Strain
Stress Load Load Load Stress Stress Stress | Reading | Reading
Designation O3 Ocyclic Pmax I:)cyclic P contact Omax Ocyclic Ocontact H, H, Havg & Mg
Unit psi psi Ib-force | Ib-force| Ib-force psi psi psi in in in % psi
Precision — — — — — — — — — — — — —
Sequence 1 6.0 2.0 13.49 11.24 2.25 1.87 1.67 0.19 0.0014 0.0015 0.0014 0.03 6961.81
Sequence 2 5.8 4.0 26.98 22.48 4.50 4.12 3.71 0.39 0.0031 0.0033 0.0032 0.06 6541.20
Sequence 3 6.0 6.0 40.47 33.72 4.50 6.11 5.51 0.59 0.0048 0.0052 0.0050 0.09 6265.63
Sequence 4 6.0 8.0 51.71 44.96 6.74 8.12 7.31 0.81 0.0065 0.0070 0.0067 0.12 6164.10
Sequence 5 6.0 10.0 65.19 56.20 8.99 10.15 9.17 0.99 0.0081 0.0085 0.0083 0.15 6280.13
Sequence 6 4.0 2.0 13.49 11.24 2.25 1.87 1.68 0.19 0.0011 0.0014 0.0013 0.02 7628.99
Sequence 7 4.0 4.0 26.98 22.48 4.50 4.12 3.71 0.41 0.0029 0.0032 0.0030 0.05 7019.83
Sequence 8 4.0 6.0 38.22 33.72 4.50 6.11 5.51 0.59 0.0045 0.0049 0.0047 0.08 6671.74
Sequence 9 4.0 8.0 51.71 44.96 6.74 8.06 7.27 0.80 0.0062 0.0065 0.0063 0.1 6526.70
Sequence 10 3.9 10.0 62.95 56.20 6.74 10.09 9.08 1.00 0.0078 0.0082 0.0080 0.14 6454.18
Sequence 11 2.0 2.0 11.24 11.24 2.25 1.85 1.70 0.20 0.0011 0.0014 0.0013 0.02 7527.46
Sequence 12 2.0 4.0 26.98 22.48 2.25 4.10 3.71 0.41 0.0027 0.0033 0.0030 0.05 6961.81
Sequence 13 2.0 6.0 38.22 33.72 4.50 6.11 5.51 0.59 0.0044 0.0050 0.0047 0.08 6657.23
Sequence 14 2.0 8.0 51.71 44.96 4.50 8.09 7.30 0.80 0.0061 0.0066 0.0063 0.1 6555.71
Sequence 15 2.0 10.0 62.95 56.20 6.74 10.09 9.09 1.00 0.0076 0.0082 0.0079 0.14 6541.20

* Reported results are based on the average of the last 5 cycles of each load sequence




Resilient Modulus of Subgrade Soil (AASHTO T 307-99)

1. Sample Number

(Plot)
Bulk IP7 to IP12

at OMC

2. Project #
3. Material Type
4. Test Date
Column # 1 2 3 4 5
Chamber Rz::::: :F)C;::L Actual Predicted
Parameter | Confining . . Resilient | Resilient
Pressure Cyclic Cyclic Modulus | Modulus*
Stress Stress Mg, = 7668(0,)0-00
Designation O3 Ocyclic Ooyclic Mg Mg 10000 R1Z0.73
Unit psi psi psi psi psi
Precision — — — — — —H_ﬁ¥
Sequence 1 6 1.80 167 6962 7287 R —R———R
Sequence 2 6 3.60 3.71 6541 6861 7
Sequence 3 6 5.40 5.51 6266 6624 =
Sequence 4 6 7.20 7.31 6164 6461 =
Sequence 5 6 9.00 9.17 6280 6337
Sequence 6 4 1.80 1.68 7629 7287
Sequence 7 4 3.60 3.71 7020 6861
Sequence 8 4 5.40 5.51 6672 6624
Sequence 9 4 7.20 7.27 6527 6461
Sequence 10 4 9.00 9.08 6454 6337
Sequence 11 2 1.80 1.70 7527 7287 1000 ‘ ‘ ‘ ‘
Sequence 12 2 3.60 3.71 6962 6861 0.00 2.00 4.00 6.00 8.00 10.00
Sequence 13 2 5.40 5.51 6657 6624 oy, (psi)
Sequence 14 2 7.20 7.30 6556 6461
Sequence 15 2 9.00 9.09 6541 6337 AS3=6psi xS3=4psi OS3=2psi

*Predicted Mg values at the desired applied cyclic stresses using Model

Model #1; Mg = k, x 54 ©

2

o3 (psi) K ks R®
6 7168 -0.07 0.90
4 8026 -0.10 0.99
2 7841 -0.09 0.97
All 7668 -0.09 0.73




Resilient Modulus of Subgrade Soil (Recompacted Samples)

Bulk IP7 to IP12 at OMC +2%

Specimen Source/Number

Test Date 8/17/2023

Project Number 60-08902 Soil Properties
Material Type Type 1 Optimum Moisture Content, (%) 11.20
Standard Dry Density (pcf) 112.00
95% MDD (pcf) 106.40
Specimen Properties Test Information
Compaction Water content, w (%) 12.50 Preconditioning-Permanent Strain>5% No
Compaction Dry Density, pcf 105.47 Testing-Permanent Strain >5% No
Moisture Content After Mg Test, w (%) 11.93 Number of Load Sequences Completed 15
Relative Compaction After Test (%) 99.07 Quick Shear Test No
Column # 1 2 3 4 5 6 7 8 9 10 11 12 13
Chamber Nominal Actual Actual Actual A/:\p C;:::(lj Actual Actual Recov. Recov. Average
- Maximum| Applied | Applied Applied Applied Applied Def. Def. LVDT Resilient o
Parameter Confining . . ) Max. ) Recov. Def. . |Resilient Modulus
Pressure Axial | Max. Axial | Cyclic Contact Axial Cyclic Contact LVDT_# 1 # 2 LVDT 1 & 2 Strain
Stress Load Load Load Stress Stress Stress | Reading | Reading
Designation O3 Ocyclic Pmax F)cyclic P contact Omax Ocyclic Gcontact H, H> H avg &r Mg
Unit psi psi Ib-force | Ib-force Ib-force psi psi psi in in in % psi
Precision — — — — — — — — — — — — —
Sequence 1 6.0 2.0 13.49 11.24 2.25 1.91 1.71 0.20 0.0016 0.0019 0.0018 0.03 6381.66
Sequence 2 6.0 4.0 26.98 22.48 4.50 4.05 3.67 0.39 0.0038 0.0045 0.0041 0.03 5511.43
Sequence 3 6.0 6.0 40.47 33.72 4.50 6.12 5.51 0.59 0.0059 0.0070 0.0064 0.03 5221.36
Sequence 4 5.9 8.0 51.71 44.96 6.74 8.14 7.34 0.80 0.0077 0.0090 0.0083 0.00 5076.32
Sequence 5 6.0 10.0 65.19 56.20 8.99 10.14 9.15 1.00 0.0093 0.0106 0.0100 0.03 4931.28
Sequence 6 4.0 2.0 13.49 11.24 2.25 1.94 1.74 0.19 0.0011 0.0017 0.0014 0.00 7150.36
Sequence 7 4.0 4.0 26.98 22.48 4.50 4.09 3.70 0.39 0.0030 0.0040 0.0035 0.00 6004.56
Sequence 8 4.0 6.0 38.22 33.72 4.50 6.12 5.54 0.59 0.0051 0.0062 0.0057 0.07 5554.95
Sequence 9 4.0 8.0 51.71 44.96 6.74 8.14 7.32 0.80 0.0072 0.0083 0.0077 0.07 5366.40
Sequence 10 4.0 10.0 65.19 56.20 6.74 10.12 9.11 1.02 0.0091 0.0102 0.0097 0.07 5351.89
Sequence 11 2.0 2.0 13.49 11.24 2.25 2.02 1.78 0.23 0.0011 0.0017 0.0014 0.07 7121.35
Sequence 12 2.0 4.0 24.73 22.48 2.25 4.12 3.71 0.41 0.0033 0.0041 0.0037 0.07 5670.98
Sequence 13 2.0 6.0 38.22 33.72 4.50 6.09 5.50 0.59 0.0054 0.0063 0.0058 0.00 5366.40
Sequence 14 2.0 8.0 49.46 44.96 4.50 8.12 7.32 0.80 0.0074 0.0083 0.0079 0.07 5279.37
Sequence 15 2.0 10.0 62.95 56.20 6.74 10.09 9.09 1.00 0.0094 0.0103 0.0098 0.00 5250.37

* Reported results are based on the average of the last 5 cycles of each load sequence




Resilient Modulus of Subgrade Soil (AASHTO T 307-99)

(Plot)
1. Sample Number Bulk IP7 to IP12 at OMC +2%
2. Project # 60-08902
3. Material Type Type 1
4. Test Date 8/17/2023
Column # 1 2 3 4 5
Chamber ReSII';:g : Ctﬁ:(lj Actual Predicted
Parameter | Confining (?;clic gyclic Resilient | Resilient
Pressure Stress Stress Modulus | Modulus* Mg =Rz4og(gg).o.w
Designation O3 Ocyclic Scyclic Mg Mg 10000
Unit psi psi psi psi psi
Precision — — — — — 8
Sequence 1 6 1.80 1.71 6382 6682 A—
Sequence2 | _ 6 360 | 367 | 5511 5922 7 B E— s S
Sequence 3 6 5.40 5.51 5221 5519 =
Sequence 4 6 7.20 7.34 5076 5249 =
Sequence 5 6 9.00 9.15 4931 5049
Sequence 6 4 1.80 1.74 7150 6682
Sequence 7 4 3.60 3.70 6005 5922
Sequence 8 4 5.40 5.54 5555 5519
Sequence 9 4 7.20 7.32 5366 5249
Sequence 10 4 9.00 9.11 5352 5049
Sequence 11 2 1.80 1.78 7121 6682 1000 : : ‘ ‘
Sequence 12 2 3.60 3.71 5671 5922 0.00 2.00 4.00 6.00 8.00 10.00
Sequence 13 2 5.40 5.50 5366 5519 0 (pSi)
Sequence 14 2 7.20 7.32 5279 5249
Sequence 15 2 9.00 9.09 5250 5049 AS3=6psi XS3=4psi 0OS3=2psi

*Predicted Mg values at the desired

applied cyclic stresses using Model

Model #1; Mg = k, X 54 2

o3 (psi) ki ko R®
6 6844 -0.15 0.98
4 7769 -0.18 0.96
2 7652 -0.19 0.90
All 7403 -0.17 0.85




Resilient Modulus of Subgrade Soil (Recompacted Samples)

Test Date 8/17/2023
Specimen Source/Number Bulk SS1 to SS7 at OMC
Project Number 60-08902 Soil Properties
Material Type Type 1 Optimum Moisture Content, (%) 13.40
Standard Dry Density (pcf) 117.20
95% MDD (pcf) 111.34
Specimen Properties Test Information
Compaction Water content, w. (%) 12.84 Preconditioning-Permanent Strain>5% No
Compaction Dry Density (pcf) 109.93 Testing-Permanent Strain >5% No
Moisture Content After Mg Test, w (%) 12.46 Number of Load Sequences Completed 15
Relative Compaction After Test (%) 94.29 Quick Shear Test No
Column # 1 2 3 4 5 6 7 8 9 10 11 12 13
Chamber Nominal Actgal Actqal Actgal :pcrt,:';::j Actgal Actgal Recov. Recov. Average N
- Maximum| Applied | Applied | Applied Applied Applied Def. Def. LVDT Resilient .
Parameter Confining . . ) Max. . Recov. Def. . |Resilient Modulus
Pressure Axial | Max. Axial | Cyclic Contact Axial Cyclic Contact |LVDT .# 1 #2_ LVDT 1 & 2 Strain
Stress Load Load Load Stress Stress Stress | Reading | Reading
Designation O3 Ocyclic Pmax I:)cyclic P contact Omax Ocyclic Ocontact H, H, Havg & Mg
Unit psi psi Ib-force | Ib-force| Ib-force psi psi psi in in in % psi
Precision — — — — — — — — — — — — —
Sequence 1 6.0 2.0 13.49 11.24 2.25 1.94 1.75 0.20 0.0016 0.0015 0.0015 0.03 6584.71
Sequence 2 6.0 4.0 26.98 22.48 4.50 4.12 3.73 0.39 0.0034 0.0029 0.0031 0.06 6773.26
Sequence 3 6.0 6.0 40.47 33.72 4.50 6.11 5.51 0.59 0.0052 0.0043 0.0047 0.08 6671.74
Sequence 4 5.9 8.0 51.71 44.96 6.74 8.12 7.34 0.80 0.0070 0.0058 0.0064 0.1 6541.20
Sequence 5 6.0 10.0 65.19 56.20 8.99 10.11 9.11 0.99 0.0088 0.0075 0.0082 0.14 6367.16
Sequence 6 3.9 2.0 13.49 11.24 2.25 1.90 1.68 0.22 0.0013 0.0012 0.0012 0.02 7759.52
Sequence 7 4.0 4.0 26.98 22.48 4.50 4.10 3.71 0.39 0.0034 0.0028 0.0031 0.05 6845.78
Sequence 8 4.0 6.0 38.22 33.72 4.50 6.11 5.51 0.61 0.0053 0.0042 0.0048 0.08 6584.71
Sequence 9 4.0 8.0 51.71 44.96 6.74 8.09 7.30 0.81 0.0071 0.0057 0.0064 0.1 6483.19
Sequence 10 4.0 10.0 62.95 56.20 6.74 10.09 9.11 1.00 0.0089 0.0072 0.0081 0.14 6439.68
Sequence 11 4.2 2.0 13.49 11.24 2.25 1.85 1.70 0.19 0.0013 0.0013 0.0013 0.02 7541.96
Sequence 12 4.1 4.0 26.98 22.48 4.50 4.10 3.71 0.39 0.0035 0.0028 0.0031 0.06 6758.76
Sequence 13 4.0 6.0 38.22 33.72 4.50 6.09 5.48 0.59 0.0053 0.0042 0.0048 0.08 6555.71
Sequence 14 4.1 8.0 51.71 44.96 6.74 8.12 7.31 0.80 0.0072 0.0057 0.0064 0.1 6468.68
Sequence 15 4.1 10.0 62.95 56.20 6.74 10.09 9.09 1.00 0.0089 0.0071 0.0080 0.14 6468.68

* Reported results are based on the average of the last 5 cycles of each load sequence




Resilient Modulus of Subgrade Soil (AASHTO T 307-99)

(Plot)
1. Sample Number Bulk SS1 to SS7 at OMC
2. Project # 60-08902
3. Material Type Type 1
4. Test Date 8/17/2023
Column # 1 2 3 4 5
Chamber Rz::::: :F)C;::L Actual Predicted
Parameter | Confining . . Resilient | Resilient
Pressure Cyclic Cyclic Modulus | Modulus*
Stress Stress Mg = 7551(0,)0-08
Designation O3 Ocyclic Ooyclic Mg Mg 10000 R1Z066
Unit psi psi psi psi psi _—
Precision — — — — —
Sequence 1 6 1.80 1.75 6585 7221 = = 8 —&——8
Sequence 2 6 3.60 3.73 6773 6851 2
Sequence 3 6 5.40 5.51 6672 6644 =
Sequence 4 6 7.20 7.34 6541 6500 =
Sequence 5 6 9.00 9.11 6367 6391
Sequence 6 4 1.80 1.68 7760 7221
Sequence 7 4 3.60 3.71 6846 6851
Sequence 8 4 5.40 5.51 6585 6644
Sequence 9 4 7.20 7.30 6483 6500
Sequence 10 4 9.00 9.11 6440 6391
Sequence 11 2 1.80 1.70 7542 7221 1000 ‘ ‘ ‘ ‘
Sequence 12 2 3.60 3.71 6759 6851 0.00 2.00 4.00 6.00 8.00 10.00
Sequence 13 2 5.40 5.48 6556 6644 oy, (psi)
Sequence 14 2 7.20 7.31 6469 6500
Sequence 15 2 9.00 9.09 6469 6391 AS3=6psi xS3=4psi OS3=2psi
*Predicted Mg values at the desired applied cyclic stresses using Model

Model #1; Mg = k, x 54 ©

2

o3 (psi) K ks R®
6 6769 -0.02 0.24
4 8103 -0.11 0.95
2 7808 -0.09 0.92
All 7551 -0.08 0.66




Resilient Modulus of Subgrade Soil (Recompacted Samples)

Bulk SS1 to SS7 at OMC +2%

Specimen Source/Number

Test Date 8/17/2023

Project Number 60-08902 Soil Properties
Material Type Type 1 Optimum Moisture Content, (%) 13.40
Standard Dry Density (pcf) 117.20
95% MDD (pcf) 111.34
Specimen Properties Test Information
Compaction Water content, w (%) 15.33 Preconditioning-Permanent Strain>5% No
Compaction Dry Density, pcf 110.01 Testing-Permanent Strain >5% No
Moisture Content After Mg Test, w (%) 15.48 Number of Load Sequences Completed 15
Relative Compaction After Test (%) 93.58 Quick Shear Test No
Column # 1 2 3 4 5 6 7 8 9 10 11 12 13
Chamber Nominal Actgal Actgal Actgal A/:\p C;ﬁ:(lj Actgal Actgal Recov. Recov. Average N
- Maximum| Applied | Applied Applied Applied Applied Def. Def. LVDT Resilient .
Parameter Confining . . ) Max. ) Recov. Def. . |Resilient Modulus
Pressure Axial | Max. Axial | Cyclic Contact Axial Cyclic Contact LVDT_# 1 # 2 LVDT 1 & 2 Strain
Stress Load Load Load Stress Stress Stress | Reading | Reading
Designation O3 Ocyclic Pmax F)cyclic P contact Omax Ocyclic Gcontact H, H> H avg &r Mg
Unit psi psi Ib-force | Ib-force Ib-force psi psi psi in in in % psi
Precision — — — — — — — — — — — — —
Sequence 1 5.9 2.0 13.49 11.24 2.25 1.96 1.75 0.20 0.0017 0.0016 0.0016 0.03 6077.08
Sequence 2 5.9 4.0 26.98 22.48 4.50 4.13 3.71 0.41 0.0041 0.0039 0.0040 0.03 5279.37
Sequence 3 6.0 6.0 40.47 33.72 4.50 6.14 5.53 0.59 0.0065 0.0064 0.0064 0.03 4887.77
Sequence 4 5.9 8.0 51.71 44.96 6.74 8.11 7.31 0.80 0.0087 0.0089 0.0088 0.00 4728.23
Sequence 5 6.0 10.0 65.19 56.20 8.99 10.09 9.09 1.00 0.0106 0.0109 0.0108 0.03 4815.25
Sequence 6 4.1 2.0 13.49 11.24 2.25 1.93 1.74 0.19 0.0013 0.0014 0.0014 0.00 7237.38
Sequence 7 4.0 4.0 26.98 22.48 4.50 4.10 3.70 0.41 0.0036 0.0039 0.0038 0.00 5598.46
Sequence 8 4.1 6.0 38.22 33.72 4.50 6.08 5.48 0.59 0.0059 0.0063 0.0061 0.07 5105.33
Sequence 9 3.9 8.0 51.71 44.96 6.74 8.12 7.31 0.81 0.0083 0.0088 0.0085 0.07 4887.77
Sequence 10 4.1 10.0 62.95 56.20 6.74 10.09 9.09 1.00 0.0105 0.0109 0.0107 0.07 4844.26
Sequence 11 2.0 2.0 13.49 11.24 2.25 2.10 1.90 0.20 0.0015 0.0014 0.0014 0.07 7512.95
Sequence 12 2.0 4.0 24.73 22.48 2.25 4.08 3.68 0.41 0.0037 0.0038 0.0038 0.07 5554.95
Sequence 13 2.0 6.0 38.22 33.72 4.50 6.09 5.50 0.61 0.0061 0.0063 0.0062 0.00 5061.82
Sequence 14 2.0 8.0 51.71 44.96 4.50 8.09 7.28 0.81 0.0085 0.0085 0.0085 0.07 4873.27
Sequence 15 2.0 10.0 62.95 56.20 6.74 10.11 9.09 1.00 0.0106 0.0108 0.0107 0.00 4829.76

* Reported results are based on the average of the last 5 cycles of each load sequence




Resilient Modulus of Subgrade Soil (AASHTO T 307-99)

(Plot)
1. Sample Number Bulk SS1 to SS7 at OMC +2%
2. Project # 60-08902
3. Material Type Type 1
4. Test Date 8/17/2023
Column # 1 2 3 4 5
Chamber Res:l:eg : Ctha(lj Actual Predicted
Parameter | Confining PP '? PP I.e Resilient | Resilient
Pressure Cyclic Cyclic Modulus | Modulus*
Stress Stress M = 7648(0, )02
Designation O3 Ocyclic Scyclic Mg Mg 10000 R?=0.84
Unit psi psi psi psi psi
Precision — — — — — Q
Sequence 1 6 1.80 1.75 6077 6689 A
Sequence2 | _ 6 360 | 3.71 | 5279 5712 7 R . &
Sequence 3 6 5.40 5.53 4888 5208 =
Sequence 4 6 7.20 7.31 4728 4878 =
Sequence 5 6 9.00 9.09 4815 4636
Sequence 6 4 1.80 1.74 7237 6689
Sequence 7 4 3.60 3.70 5598 5712
Sequence 8 4 5.40 548 5105 5208
Sequence 9 4 7.20 7.31 4888 4878
Sequence 10 4 9.00 9.09 4844 4636
Sequence 11 2 1.80 1.90 7513 6689 1000 : : ‘ ‘
Sequence 12 2 3.60 3.68 5555 5712 0.00 2.00 4.00 6.00 8.00 10.00
Sequence 13 2 5.40 5.50 5062 5208 0 (pSi)
Sequence 14 2 7.20 7.28 4873 4878
Sequence 15 2 9.00 9.09 4830 4636 AS3=6psi XS3=4psi 0OS3=2psi
*Predicted Mg values at the desired applied cyclic stresses using Model

Model #1; Mg = k, X 54 2

o3 (psi) ki ko R®
6 6527 -0.15 0.94
4 8060 -0.25 0.95
2 8584 -0.29 0.92
All 7648 -0.23 0.84




Resilient Modulus of Subgrade Soil (Recompacted Samples)

Test Date 8/17/2023
Specimen Source/Number Ramp C and D at OMC
Project Number 60-08902 Soil Properties
Material Type Type 1 Optimum Moisture Content, (%) 14.60
Standard Dry Density (pcf) 112.60
95% MDD (pcf) 106.97
Specimen Properties Test Information
Compaction Water content, w. (%) 13.70 Preconditioning-Permanent Strain>5% No
Compaction Dry Density (pcf) 107.60 Testing-Permanent Strain >5% No
Moisture Content After Mg Test, w (%) 13.71 Number of Load Sequences Completed 15
Relative Compaction After Test (%) 95.33 Quick Shear Test No
Column # 1 2 3 4 5 6 7 8 9 10 11 12 13
Chamber Nominal Actual Actual Actual :\pCSIL:::j Actual Actual Recov. Recov. Average
- Maximum| Applied |Applied| Applied Applied Applied Def. |Def. LVDT Resilient Resilient
Parameter Confining . . ) Max. ) Recov. Def. .
Pressure Axial | Max. Axial | Cyclic Contact Axial Cyclic Contact LVDT.# 1 #2, LVDT 1 & 2 Strain Modulus
Stress Load Load Load Stress Stress Stress | Reading | Reading
Designation O3 Ocyclic Prmax |Dcyclic P contact Omax Ocyclic Ocontact H; H, Havg Er Mg
Unit psi psi Ib-force | Ib-force| Ib-force psi psi psi in in in % psi
Precision — — — — — — — — — — — — —
Sequence 1 6.0 2.0 13.49 11.24 2.25 1.96 1.75 0.19 0.0018 | 0.0000 0.0018 0.03 7106.85
Sequence 2 6.0 4.0 26.98 22.48 4.50 4.08 3.67 0.41 0.0036 | 0.0001 0.0019 0.03 6381.66
Sequence 3 6.0 6.0 40.47 33.72 4.50 6.11 5.51 0.59 0.0056 | 0.0049 0.0053 0.09 5830.52
Sequence 4 6.0 8.0 51.71 44.96 6.74 8.14 7.31 0.83 0.0079 | 0.0068 0.0073 0.13 5583.95
Sequence 5 6.0 10.0 65.19 56.20 8.99 10.17 9.17 1.00 0.0099 | 0.0085 0.0092 0.16 5554.95
Sequence 6 3.9 2.0 13.49 11.24 2.25 1.90 1.70 0.20 0.0014 | 0.0012 0.0013 0.02 7193.87
Sequence 7 4.0 4.0 26.98 22.48 4.50 4.08 3.70 0.39 0.0035 | 0.0031 0.0033 0.06 6309.14
Sequence 8 4.0 6.0 38.22 33.72 4.50 6.09 5.48 0.59 0.0056 | 0.0049 0.0052 0.09 5888.53
Sequence 9 4.0 8.0 51.71 44.96 6.74 8.12 7.32 0.80 0.0078 | 0.0066 0.0072 0.13 5670.98
Sequence 10 3.9 10.0 62.95 56.20 6.74 10.12 9.12 1.02 0.0096 | 0.0083 0.0090 0.16 5670.98
Sequence 11 2.0 2.0 11.24 11.24 2.25 1.85 1.70 0.20 0.0014 | 0.0012 0.0013 0.02 7179.37
Sequence 12 2.0 4.0 26.98 22.48 2.25 4.12 3.70 0.41 0.0036 | 0.0031 0.0034 0.06 6149.60
Sequence 13 2.0 6.0 38.22 33.72 4.50 6.09 5.50 0.59 0.0057 | 0.0049 0.0053 0.09 5830.52
Sequence 14 2.0 8.0 51.71 44.96 6.74 8.09 7.27 0.81 0.0078 | 0.0066 0.0072 0.13 5656.47
Sequence 15 2.0 10.0 62.95 56.20 6.74 10.12 9.12 1.00 0.0095 | 0.0082 0.0088 0.16 5772.50

* Reported results are based on the average of the last 5 cycles of each load sequence




Resilient Modulus of Subgrade Soil (AASHTO T 307-99)

(Plot)
1. Sample Number Ramp C and D at OMC
2. Project # 60-08902
3. Material Type Type 1
4. Test Date 8/17/2023
Column # 1 2 3 4 5
Chamber I[:es:::g : Ctri:; Actual Predicted
Parameter | Confining pp . PPIe Resilient | Resilient
Pressure Cyclic Cyclic Modulus | Modulus* Mg = 7681(0,)015
Stress Stress " Re= o.(gg)
Designation O3 Ocyclic Ocyalic Mg Mg 10000
Unit psi psi psi psi psi
Precision — — — — — g\é\
Sequence 1 6 1.80 1.75 7107 7035 & s Q
Sequence 2 6 3.60 3.67 6382 6343 E
Sequence 3 6 5.40 5.51 5831 5970 =
Sequence 4 6 7.20 7.31 5584 5719 =
Sequence 5 6 9.00 9.17 5555 5532
Sequence 6 4 1.80 1.70 7194 7035
Sequence 7 4 3.60 3.70 6309 6343
Sequence 8 4 5.40 5.48 5889 5970
Sequence 9 4 7.20 7.32 5671 5719
Sequence 10 4 9.00 9.12 5671 5532
Sequence 11 2 1.80 1.70 7179 7035 1000 : : ‘ ‘
Sequence 12 2 3.60 3.70 6150 6343 0.00 2.00 4.00 6.00 8.00 10.00
Sequence 13 2 5.40 5.50 5831 5970 0, (psi)
Sequence 14 2 7.20 7.27 5656 5719
Sequence 15 2 9.00 9.12 5773 5532 AS3=6psi XS3=4psi 0OS3=2psi
*Predicted Mg values at the desired applied cyclic stresses using Model

Model #1: Mg, = ky X o4 <

o3 (psi) Ky ka R
6 7767 -0.16 0.98
4 7714 -0.15 0.98
2 7567 -0.14 0.91
All 7681 -0.15 0.95




Resilient Modulus of Subgrade Soil (Recompacted Samples)

Test Date

8/17/2023

Specimen Source/Number Ramp C and D at OMC +2%
Project Number 60-08902 Soil Properties
Material Type Type 1 Optimum Moisture Content, (%) 14.60
Standard Dry Density (pcf) 112.60
95% MDD (pcf) 106.97
Specimen Properties Test Information
Compaction Water content, w (%) 16.38 Preconditioning-Permanent Strain>5% No
Compaction Dry Density, pcf 106.20 Testing-Permanent Strain >5% No
Moisture Content After Mg Test, w (%) 16.06 Number of Load Sequences Completed 15
Relative Compaction After Test (%) 94.29 Quick Shear Test No
Column # 1 2 3 4 5 6 7 8 9 10 11 12 13
Chamber Nominal Actual Actual Actual AAp C;ﬁ:lj Actual Actual Recov. Recov. Average
- Maximum| Applied | Applied | Applied Applied Applied Def. |Def. LVDT Resilient Resilient
Parameter Confining . . . Max. . Recov. Def. )
Pressure Axial | Max. Axial | Cyclic Contact Axial Cyclic Contact LVDT'# 1 #2 LVDT 1 & 2 Strain Modulus
Stress Load Load Load Stress Stress Stress | Reading | Reading
Designation O3 Ocyclic Prmax F)cyclic Pcontact Omax Ocyclic Ocontact H, H> Havg Er Mg
Unit psi psi Ib-force | Ib-force | Ib-force psi psi psi in in in % psi
Precision — — — — — — — — — — — — —
Sequence 1 6.0 2.0 13.49 11.24 2.25 1.93 1.74 0.20 0.0018 [ 0.0017 0.0018 0.03 6091.58
Sequence 2 6.0 4.0 26.98 22.48 4.50 4.10 3.70 0.41 0.0044 | 0.0041 0.0043 0.03 5511.43
Sequence 3 6.0 6.0 40.47 33.72 4.50 6.14 5.54 0.59 0.0068 | 0.0065 0.0066 0.03 5076.32
Sequence 4 5.9 8.0 51.71 44.96 6.74 8.15 7.34 0.81 0.0087 | 0.0084 0.0086 0.00 4887.77
Sequence 5 6.0 10.0 65.19 56.20 8.99 10.11 9.09 1.02 0.0102 0.0099 0.0100 0.03 5148.84
Sequence 6 3.9 2.0 13.49 11.24 2.25 1.90 1.70 0.19 0.0014 [ 0.0013 0.0014 0.00 7150.36
Sequence 7 4.1 4.0 26.98 22.48 4.50 4.10 3.71 0.39 0.0038 [ 0.0035 0.0036 0.00 5772.50
Sequence 8 4.0 6.0 38.22 33.72 4.50 6.14 5.54 0.59 0.0059 [ 0.0057 0.0058 0.08 5424 .41
Sequence 9 3.9 8.0 51.71 44.96 6.74 8.09 7.30 0.80 0.0080 [ 0.0077 0.0079 0.08 5264.87
Sequence 10 4.0 10.0 62.95 56.20 6.74 10.15 9.15 1.00 0.0101 0.0098 0.0099 0.08 5250.37
Sequence 11 1.9 2.0 11.24 11.24 2.25 1.89 1.68 0.20 0.0014 [ 0.0014 0.0014 0.08 6918.30
Sequence 12 2.0 4.0 26.98 22.48 2.25 4.09 3.70 0.39 0.0038 | 0.0036 0.0037 0.08 5656.47
Sequence 13 2.0 6.0 38.22 33.72 4.50 6.09 5.50 0.61 0.0060 | 0.0057 0.0059 0.00 5337.39
Sequence 14 2.0 8.0 51.71 44.96 4.50 8.12 7.34 0.80 0.0081 0.0078 0.0079 0.08 5264.87
Sequence 15 2.0 10.0 62.95 56.20 6.74 10.11 9.11 1.00 0.0101 0.0097 0.0099 0.00 5235.86

* Reported results are based on the average of the last 5 cycles of each load sequence




Resilient Modulus of Subgrade Soil (AASHTO T 307-99)

(Plot)
1. Sample Number Ramp C and D at OMC +2%
2. Project # 60-08902
3. Material Type Type 1
4. Test Date 8/17/2023
Column # 1 2 3 4 5
Chamber Res'lfeg :‘th.a; Actual | Predicted
Parameter | Confining PP I? bpie Resilient | Resilient
Pressure Cyclic Cyclic Modulus | Modulus*
Stress Stress Mg :Rz1_4g(g1d)»o.16
Designation O3 Oeyclic Oeyclic Mg Mg 10000
Unit psi psi psi psi psi
Precision — — — — — &
Sequence 1 6 1.80 1.74 6092 6500 %
Sequence 2 6 3.60 3.70 5511 5814 E 4 &
Sequence 3 6 5.40 5.54 5076 5447 s
Sequence 4 6 7.20 7.34 4888 5201 =
Sequence 5 6 9.00 9.09 5149 5017
Sequence 6 4 1.80 1.70 7150 6500
Sequence 7 4 3.60 3.71 5773 5814
Sequence 8 4 5.40 5.54 5424 5447
Sequence 9 4 7.20 7.30 5265 5201
Sequence 10 4 9.00 9.15 5250 5017
Sequence 11 2 1.80 1.68 6918 6500 1000 : ‘ ‘ ‘
Sequence 12 2 3.60 3.70 5656 5814 0.00 2.00 4.00 6.00 8.00 10.00
Sequence 13 2 5.40 5.50 5337 5447 oy (psi)
Sequence 14 2 7.20 7.34 5265 5201
Sequence 15 2 9.00 9.11 5236 5017 AS3=6psi XS3=4psi 0S3=2psi
*Predicted My values at the desired applied cyclic stresses using Model

Model #1; Mg = k, X 54 2

o3 (psi) K4 Ky R
6 6452 -0.12 0.86
4 7682 -0.19 0.94
2 7334 -0.17 0.92
All 7144 -0.16 0.81
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Appendix E

1993 AASHTO Pavement Design Calculations

EST, Inc.



WinPAS
Pavement Thickness Design According to
1993 AASHTO Guide for Design of Pavements Structures

American Concrete Pavement Association

Flexible Design Inputs

Project Name: Proposed |-35 and SH-74 (Grant Street)
Route: SH-74 - Grant St.
Location: Purcell, OK
Owner/Agency: City of Purcell, ODOT
Design Engineer:

Flexible Pavement Design/Evaluation

Structural Number Subgrade Resilient Modulus 5,450.00 psi
Total Flexible ESALs Initial Serviceability 4.50
Reliability percent Terminal Serviceability 2.50

Overall Standard Deviation

Layer Pavement Design/Evaluation

Layer Layer Drainage Layer Layer
Material Coefficient Coefficient Thickness SN
Asphalt Cement Concrete 0.44 1.00 7.00 3.08
Aggregate Base Type A 0.12 1.00 8.00 0.96
*SN 4.04

Thursday, September 21, 2023 3:54:52PM EngineerEST




WinPAS

Pavement Thickness Design According to

1993 AASHTO Guide for Design of Pavements Structures

American Concrete Pavement Association

Rigid Design Inputs

Project Name: Proposed [-35 and SH-74 (Grant Street)

Route: SH-74 - Grant St.
Location: Purcell, OK
Owner/Agency: City of Purcell, ODOT
Design Engineer:

Rigid Pavement Design/Evaluation

Concrete Thickness 6.03 inches Load Transfer Coefficient 2.50

Total Rigid ESALs 1,496,294 Modulus of Subgrade Reaction 110 psilin.
Reliability 90.00 percent Drainage Coefficient 1.00
Overall Standard Deviation 0.35 Initial Serviceability 4.50
Flexural Strength 690 psi Terminal Serviceability 2.50
Modulus of Elasticity 3,000,000 psi

Modulus of Subgrade Reaction (k-value) Determination

Friday, September 22, 2023 12:24:15PM

Resilient Modulus of the Subgrade 5,450.0 psi
Unadjusted Modulus of Subgrade Reaction 1 psilin
Depth to Rigid Foundation 0.00 feet
Loss of Support Value (0,1,2,3) 1.0
Modulus of Subgrade Reaction 110 psilin.

Engineer: EST




PAVEMENT DESIGN WORKSHEET

County:
Highway:
JP No.
Project ID:

McClain

SH-74 - Grant St.

32802(04)

EST # 60-08902

Description: 1-35 Interchange - City of Purcell (SH-74 - Grant St.)

Note: Soil Rm based on the top 36 inches and may vary significantly.

Latitude Longitude
POB Location:| 35.032365° | -97.383237°
EOP Location:| 35.029641° | -97.366261°
Traffic
AADT
2020 3,382 D:[ 54% |Lane Fctr 100%
2025 4,092 6.224 T3: 1% Flex Truck Fctr 2.378
2045 6,934 ’ T: 2% Rigid Truck Fctr 4.066
2055 8,355 ADTT: 41
10 Year Flex ESALs 20 Year Flex ESALS 30 Year Flex ESALS
291,702 | 583,405 | 875,107 |
10 Year Rigid ESALs 20 Year Rigid ESALs 30 Year Rigid ESALs
498,765 | 997,529 | 1,496,294 |
Solls Pedological, Shoulder, In-Place
Mr Mr
Sample/Series LL Pl OMC OMC + AASHTO Unified
Bulk IP7 to IP12 NP NP 6,520 5,450 A-4 ML
Average Mr at OMC+ =] 5,450
15th Percentile = 5,450 (Design)




Flexible Design Inputs

Project Name:
Route:

Location:
Owner/Agency:
Design Engineer:

WIinPAS

Pavement Thickness Design According to
1993 AASHTO Guide for Design of Pavements Structures

American Concrete Pavement Association

Proposed [-35 and SH-74 (Grant Street)

I-35 - At Grade Widening
Purcell, OK
City of Purcell, ODOT

Flexible Pavement Design/Evaluation

Structural Number 7.33
Total Flexible ESALs 112,677,133
Reliability 90.00
Overall Standard Deviation 0.45

Layer Pavement Design/Evaluation

percent

Subgrade Resilient Modulus
Initial Serviceabilitv
Terminal Serviceability

5,064.00 psi
4.50
2.50

Thursday, September 21, 2023 4:46:34PM

EngineerEST

Layer Layer Drainage Layer Layer
Material Coefficient Coefficient Thickness SN
Asphalt Cement Concrete (S4) 0.44 1.00 2.00 0.88
Asphalt Cement Concrete (S3) 0.44 1.00 9.00 3.96
Rich Bottom Layer 0.44 1.00 3.00 1.32
Aggregate Base Type A 0.12 1.00 12.00 1.44
>SN 7.60




Rigid Design Inputs

WinPAS

Pavement Thickness Design According to

1993 AASHTO Guide for Design of Pavements Structures

American Concrete Pavement Association

Project Name: Proposed [-35 and SH-74 (Grant Street)
Route: |-35 - At Grade Widening

Location: Purcell, OK

Owner/Agency: City of Purcell, ODOT

Design Engineer:

Rigid Pavement Design/Evaluation

Modulus of Subgrade Reaction (k-value) Determination

Thursday, September 21, 2023 3:15:46PM

Concrete Thickness 13.39 inches Load Transfer Coefficient 2.50

Total Rigid ESALs 192,659,893 Modulus of Subgrade Reaction 125 psilin.
Reliability 90.00 percent Drainage Coefficient 1.00
Overall Standard Deviation 0.35 Initial Serviceability 4.50
Flexural Strength 690 psi Terminal Serviceability 2.50
Modulus of Elasticity 3,000,000 psi

Resilient Modulus of the Subgrade 5,064.0 psi
Unadjusted Modulus of Subgrade Reaction 376 psilin
Depth to Rigid Foundation 10.00 feet
Loss of Support Value (0,1,2,3) 1.0
Modulus of Subgrade Reaction 125 psilin.

Engineer: EST




PAVEMENT DESIGN WORKSHEET

County: McClain
Highway: [-35
JP No. 32802(04)
Project ID: EST # 60-08902
Description: 1-35 Interchange - City of Purcell (At Grade Widening)
Latitude Longitude
POB Location:| 35.021728° | -97.375854°
EOP Location:| 35.038762° | -97.376299°
Traffic
AADT
2020 29,048 D:[ 56% |Lane Fctr | 60% |
2025| 31,256 37 878 T3: 34% |Flex Truck Fctr 2.378
2045| 40,086 ’ T:] 37% |Rigid Truck Fctr 4.066
2055| 44,501 ADTT:| 10,627
10 Year Flex ESALs 20 Year Flex ESALS 30 Year Flex ESALS
37,559,044 | 75,118,089 | 112,677,133 |
10 Year Rigid ESALs 20 Year Rigid ESALs 30 Year Rigid ESALs
64,219,964 | 128,439,928 | 192,659,893 |
Solls Pedological, Shoulder, In-Place
Mr Mr
Sample/Series LL Pl OMC OMC + AASHTO Unified
Bulk SS1 to SS7 NP NP 6,542 5,064 A-4 ML
Average Mr at OMC+ =| 5,064
15th Percentile = 5,064 (Design)

Note: Soil Rm based on the top 36 inches and may vary significantly.
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Appendix F

Traffic Study

EST, Inc.
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Figure 3. 2020 Design Traffic Data — Existing Network
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