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EXECUTIVE SUMMARY

The Minnesota Department of Transportation (MnDOT) Office of Materials and Road Research (OMRR)
created and maintains the MnPAVE-Flexible (MPF) software for the design of asphalt pavements in
Minnesota. MPF relies on sophisticated mechanistic-empirical (M-E) structural models and detailed
design parameters to estimate the long-term performance of an asphalt pavement structure. As
materials that are used for paving projects change over time, there exists a need to update MnDOT’s
characterization of these materials for the sake of MPF.

One class of materials that has become increasingly popular in the past few decades is reclaimed
materials that result from full-depth reclamation (FDR) paving projects. These materials are composed
of a blend of recycled asphalt pavement (i.e., the in-place pavement to be replaced with a new asphalt
pavement) and in-place granular base materials (i.e., the base layer under the in-place pavements).
Because the composition of reclaimed base materials can vary widely, the resulting field performance of
these materials may vary.

To evaluate MPF’s treatment of FDR sublayers and assess possible changes to MPF, MnDOT
commissioned this field study to perform falling-weight deflectometer (FWD) and dynamic cone
penetrometer (DCP) testing on locations using FDR base layers in Minnesota. Engineers in MnDOT
OMRR selected field locations of interest. Field tests were performed during fall 2018 and summer 2019.
All test data were organized by site and uploaded to the MnDOT Managed File Transfer (MFT) Server for
review by MnDOT and possible incorporation into future research involving MPF.

In addition, the project performed basic backcalculation analysis of collected FWD data using
TONN2010. This initial analysis found that FDR layers had an average stiffness, or elastic modulus, of
53.8 ksi and an average DCP Index of 2.81 mm/blow. This report presented these values alongside
average DCP indices by location with limited analysis (more advanced analysis being beyond this field
study).

A more research-oriented review of the FWD and DCP data collected is required to further verify layer
thicknesses and compositions. The results of that review will enable MnDOT to better evaluate the use
of DCP indices and the characterization of FDR-composed sublayers in MnPAVE-Flexible.



CHAPTER 1: INTRODUCTION

1.1 BACKGROUND

The Minnesota Department of Transportation (MnDOT) Office of Materials and Road Research (OMRR)
created and maintains the MnPAVE-Flexible (MPF) software for the design of asphalt pavements in
Minnesota (MnDOT, 2019). MPF relies on sophisticated mechanistic-empirical (M-E) structural models
and detailed design parameters to estimate the long-term performance of an asphalt pavement
structure. As materials that are used for paving projects change over time, there exists a need to update
MnDOT’s characterization of these materials for the sake of MPF.

One class of materials that has become increasingly popular in the past few decades is reclaimed
materials that result from full-depth reclamation (FDR) paving projects. These materials are composed
of a blend of recycled asphalt pavement (i.e., the in-place pavement to be replaced with a new asphalt
pavement) and in-place granular base materials (i.e., the base layer under the in-place pavements).
Because the composition of reclaimed base materials can vary widely, the resulting field performance of
these materials may vary.

To evaluate MPF’s treatment of FDR sublayers and assess possible changes to MPF, MnDOT requires
field data to consider in-situ behavior alongside MPF and its M-E models. One such area of study is
evaluating the methods that MPF uses to characterize sublayer properties. These methods include the
use of dynamic cone penetrometer (DCP) data (Figure 1), which is the focus of this experimental field
study.

1.2 SCOPE AND OBIJECTIVES

The main work objective was to provide MnDOT with a database of falling-weight deflectometer (FWD)
and dynamic cone penetrometer (DCP) test data for as many FDR locations in Minnesota as feasible
under project scheduling and resource limitations. This database was achieved according to the
following items in the project work scope.

o |dentify field projects involving FDR that can provide useful FWD and DCP data and/or field
samples for OMRR laboratory moisture content/gradation tests

e Conduct field tests and collect field samples using a combination of FWD, DCP, and hand
auguring

e Analyze data to determine backcalculated layer stiffnesses (i.e., elastic moduli) and average DCP
penetration index values (in mm/blow) from different FDR projects across Minnesota

e Produce a report summarizing the project activities

The project team’s understanding is that the ultimate objective of MnDOT OMRR — which lies beyond
the scope of this project —is a review of MPF use of DCP to characterize FDR sublayers using the DCP
and FWD data collected during this project.



1.3 OVERVIEW OF REPORT

This report provides general information on project locations, an overview of the tests performed, a
summary of the test results, and observations on the study to assist MnDOT in future work. Appendices
to the report include TONN2010 report sheets (from backcalculation analysis) and DCP report sheets by
location and test site within each location. All electronic data (including raw FWD basins and scans of
field DCP test forms) have been uploaded to MnDOT repositories for review and use in future studies.
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Figure 1. Characterizing sublayers in MPF with average DCP index



CHAPTER 2: TEST LOCATIONS

2.1 TEST LOCATION RESOURCES AND SELECTION CRITERIA

Resources available to the team included summaries of known FDR sections developed by MnDOT
Grading and Base engineers. The project team used these summaries to explore MnDOT eDigs Online
for construction and design plans and verify the presence of an FDR base layer.

Initially, locations were prioritized by known information (i.e., sections with more comprehensive
records were prioritized over those whose records were incomplete). Later reviews and discussions with
MnDOT OMRR engineers addressed the need for extensive traffic control on more heavily trafficked
roads. To improve field safety conditions for testing, reduce the amount of traffic control required, and
narrow the pool of candidate sites, the project team focused on FDR locations with average annual daily
traffic (AADT) volumes of less than 1500 vehicles.

Field sites were further evaluated based on proximity to (A) other potential test sites to optimize
collected data relative to project resources and scheduling and (B) the Metro district, which is where the
project team’s field technicians and equipment are located. On the latter point, there was an
opportunity to use technicians and equipment from other satellite offices in Minnesota, North Dakota,
and South Dakota perform DCP tests on the project team’s behalf to limit mobilization costs. Discussions
with MnDOT OMRR determined that the best course of action was to use a few experienced technicians
for all tests (i.e., those based out of Saint Paul) to ensure consistency and quality in all collected data.

2.2 SELECTED TEST LOCATIONS

After reviewing candidate field locations with MnDOT OMRR engineers, the following final locations
(Figure 2), distributed among 4 groups by proximity for test mobilization planning, were selected.

e North Central. TH-11 and US-71

e North West. TH-1, TH-9, and TH-32

e (Central. TH-55, TH-238, and US-59

e South West. TH-62, TH-83, and TH-109

Table 1 summarizes the project team’s understanding of FDR section location details for the purposes of
the testing protocol and test data summary conducted during this project. A 3.0-mile stretch of each
FDR location was selected for DCP and FWD testing. As noted above, properties reported in Table 1
were determined using publicly available MnDOT records. Test section maps are shown in Appendix A.



Table 1. Test location summary from MnDOT records (uses MnDOT internal data headers)

aux d SP rehab |age |aadt |pcnt_truck (|#1 #1 #2 #2 Material Note #1
Thickness |Material |Thickness
MN1 u 4502-05 |28 8 1240 (3.8 5 HMA - - 9" reclaim
MN1 u 6901-07 |28 8 1240 |3.8 4 HMA 4.5 Agg. Base 10" reclaim
MN9 u 5408-11 |28 4 771 13.2 5 HMA 14 Agg. Base 9" reclaim
MN9 u 6010-12 |28 6 662 13.9 4.5 HMA 6 Agg. Base 10" reclaim
MN11 u 3604-26 |28 7 580 27.1 6 HMA 14.5 Agg. Base 12" reclaim
MN32 u 6006-13 |28 8 1400 |[12.6 4.5 HMA - - 8" reclaim
MN32 u 6006-13 |28 8 1400 |[12.6 4.5 HMA 4 Agg. Base 8" reclaim
MN55 V] 6107-03 |28 7 670 15.7 5 HMA 6 Agg. Base 5" reclaim
MNG62 V] 2507-07 |28 3 876 14.4 4 HMA 14.75 Agg. Base 10" reclaim
MN83 U 8107-10 |28 6 703 13.1 5 HMA 2.5 Agg. Base 12" reclaim & 3.5" soil-cement base
MN83 U 0711-16 |28 6 688 13.2 12.5 HMA 2.5 Agg. Base 12" reclaim & 3.5" soil-cement base
MN109 U 2212-11 |28 5 814 12.8 3 HMA 18 Agg. Base <No note on reclaimed depth>
MN238 U 0 28 0 1047 |3.9 1.5 HMA 2 Agg. Base <No note on reclaimed depth, assumed
4" over 8"as 1.5 is too low>
Us59 u 6010-08 |28 1 1055 (227 4.5 HMA 3.25 Agg. Base 10" reclaim
Us71 u 3611-15 |28 6 670 9.6 5 HMA 9.75 Agg. Base 10" reclaim
uUs71 V] 3611-23 |28 12 580 9.8 4.5 HMA 1.5 Agg. Base 8" reclaim




Figure 2. Map of test locations by regional grouping



CHAPTER 3: TESTS PERFORMED

The project team performed tests described in the following sections. Appropriate test standards and
resources are cited to provide additional detail. The tests were performed by location as indicated in
Table 2. Inclement weather in Fall 2018 and late May/June 2019 delayed the original field testing
schedule, however tests of all sections were completed by Fall 2019 without issue. Appendix A
illustrates each test section — Table 2 indicates GPS coordinates for termini.

Table 2. Field test dates and termini

Section Test Date From To
Lat Long Lat Long

THOO01 6/19/2019 48.1952285 -96.7166718 48.1953401 -96.6522469
THO09 6/19/2019 47.7446186 -96.5673442 47.7016399 -96.5678367
THO11 6/20/2019 48.6523774 -94.2500457 48.6485189 -94.1870590
THO032 6/19/2019 47.3693815 -96.2805731 47.4133168 -96.2812268
THO55 10/11/2018 45.7371620 -95.5820284 45.7568934 -95.6386508
THO59 10/12/2018 45.2842571 -95.9120541 45.3333109 -95.9116142
THO62 10/12/2018 43.8623662 -95.5437658 43.8624588 -95.4779318
THO71 6/20/2019 48.0949670 -93.9369857 48.1264640 -93.8900040
THO083 10/13/2018 43.9354219 -93.7023348 43.8904114 -93.6975968
TH109 10/13/2018 43.7605201 -93.9876216 43.7603651 -94.0590845
TH238 10/11/2018 45.7290215 -94.5899511 45.6751551 -94.6036357

3.1 DYNAMIC CONE PENETROMETER AND BASE SAMPLING AND OBSERVATIONS

Field DCP testing followed ASTM D6951, “Standard Test Method for Use of the Dynamic Cone

Penetrometer in Shallow Pavement Applications.” DCP tests were performed at five (5) regularly spaced

sites within each 3.0-mile FDR location. Field technicians performed the test using a Kessler Soils

Engineering (KSE) Dynamic Cone Penetrometer Model K-100A with disposable metal cone tips. The DCP

procedure included the following basic steps.

e The asphalt pavement was cored to provide access for the DCP test at the top of the base layer.

e Note: Pavement cores were reserved and later photographed in the lab to verify pavement

thickness for later analysis and for MnDOT OMRR records.

e DCP testing was performed to a depth of 18 inches minimum, the depth being measured from

the top of the base layer (i.e., the bottom of the pavement core hole). This practice was

performed — regardless of the base depth indicated in plans or other MnDOT records — to

ensure there is useful DCP data to characterize all base layers tested, including those whose

thicknesses may later be found to be inaccurate in MnDOT records.




e DCP testing of other sublayers was not performed as subbase/subgrade characterization was
not in the original work scope.
e Disposable metal cone tips were recovered (if possible) or left in-situ.

After DCP tests were complete at a given test site, technicians performed the following steps before
proceeding to the next site or location.

e Sampled base materials were stored for possible laboratory tests (e.g. sieve analysis for
gradation, chemical extraction or ignition for approximate RAP content).

e Approximately 3-5 pounds of base materials were sampled per site.

e Core holes were backfilled with MnDOT Class 5 aggregate (to replace base materials) and
asphalt patching material (to replace the pavement core). As some districts had requested a
special patch material (UPM Bituminous Cold Mix #4), this patching material was used at all test
sites/locations.

3.2 FALLING WEIGHT DEFLECTOMETER

All FWD tests were performed using either a Dynatest Model 8001 or 8002 FWD test trailer, which
includes nine deflectometers. The Dynatest FWD Test System used for all tests performed in this field
study meets ASTM D4694, “Standard Test Method for Deflections with a Falling-Weight-Type Impulse
Load Device.” Technicians performed FWD tests at 0.1-mile intervals within each 3.0-mile test location —
that is, a minimum of 30 regularly spaced drops were performed at each location.

3.3 LABORATORY SIEVE ANALYSIS AND CHEMICAL EXTRACTION TESTS OF BASE SAMPLES

Samples of base materials from each road section were blended to form a representative composite
base sample for the roadway. Sample collection and volumes are discussed in Section 3.1.2. The
composite samples by roadway were tested in the laboratory according to the following procedures
from the MnDOT Materials Laboratory Manual No. 5-695 (MnDOT, 2014).

e MnDOT 1202/1203, “Coarse/Fine Aggregate Sieve Analysis” (MnDOT-modified AASHTO T 27)
e MnDOT 1852, “Quantitative Extraction of Bituminous Mixtures (Centrifuge)” (MnDOT-modified
AASHTO T 164, Method A)

The chemical extraction testing made all reasonable efforts to ensure that the level of fines present in
the extraction specimen reflected those of the larger composite sample.

3.4 FIELD TESTING NOTES

As the project team regularly conducts pavement field testing, the FWD and DCP tests were largely
routine. The primary observation from field testing was the difficulty technicians encountered when
attempting to distinguish the base layer from either the subbase or subgrade layer visually (i.e.,
inspection of core hole) or mechanically (through feedback from DCP testing). For this reason, the DCP



electronic reports and brief TONN2010 analysis that was performed relied on plan thicknesses from
MnDOT records.

DCP field test reports included some observations of conditions that temporarily complicated testing.
While none of the observations have significant bearing on the final results, they are recorded here for
completeness.

e Particles of RAP larger than approximately 1.5 inches (as approximated by technicians) were
encountered at sites within some sections (e.g. TH-059, Site 3). These large particles occasionally
complicated DCP testing. To proceed with the DCP test, the technician had to remove the
oversized aggregate in the path of the cone, then resume the test. Special notes were made in
field test files to indicate the complication, however field notes may not be comprehensive.

e The top of inch base was disturbed by coring operations in a few instances (e.g. TH-083, Site 3).

e Geogrid was encountered in a few instances (e.g. TH-011).

e Based on DCP penetration and observations in the core hole, field technicians made a note of
layers being apparently separated into a finer upper lift and coarser lower lift in a few instances
(e.g. TH-001, Site 3).

No notes on difficulties or special conditions were made during FWD testing.



CHAPTER 4: RESULTS

4.1 PROJECT TESTING FILES

All project files have been uploaded to the MnDOT MFT Server for OMRR use. These files include the
following items.

e Scans of DCP field test forms (completed by hand)

e Core and core hole photos from field DCP testing

e Electronic DCP report sheets (entered from field forms)
e FWD raw data

e TONNZ2010 analysis files of FWD data

Backcalculated results and electronic DCP summaries are included as appendices to this report. Other
files, including raw data FWD files, are excluded given their length and the fact that they are
immediately available to MnDOT through the MFT Server.

4.1.1 DCP File Description

The DCP reports produced include the original completed field test forms and the formatted electronic
files. For MnDOT’s convenience and to avoid confusion about which DCP data applies to which location
through the sublayer cross-section, the electronic files limit DCP results to those for the thickness
indicated in MnDOT records. The scanned field notes can be consulted should MNnDOT OMRR learn that
plan thicknesses are inaccurate — these field notes contain DCP blow counts and penetration depths for
the full test to a minimum depth of 18 inches.

4.2 TEST RESULTS IN SUMMARY

Given that the analysis performed was very limited in scope, that analysis is reported within this
subsection, rather than in a conventional chapter dedicated to analysis and/or discussion. All test results
are provided in full in the appendices to this report.

e Average DCP results by site and location are reported in Table 3. DCP results by test site are
provided in full in Appendix B.

e FWD analysis relating directly to base modulus is summarized in Table 4. Full backcalculated
results (including moduli for other layers) by location are provided in Appendix C.

e Results of sieve analysis and chemical extraction tests of base samples are summarized in Table
5 and provided in full in Appendix D.

Backcalculation analysis assumptions about the pavement cross-section were based on MnDOT records.
Some adjustment to layer thicknesses were made based on collected cores and field observations. These
adjustments are noted in Table 4, which also reports the backcalculated stiffness (with basic statistical
analysis) for the base layer alongside the average DCP index for the project team’s understanding of the



corresponding base layer thickness. Also included in Table 4 — for discussion only and not for research
purposes — are columns that convert the average DCP index to potentially relevant parameters

e Anestimated laboratory resilient modulus (MR) using MR = 78.05 - DPI~%%%45 which is a
relationship established by Chen et al (2005) where DPI is measured in mm per blow and MR is
measured in ksi.

e The estimated pavement design MR of MR = 96.7 - DPI~%717 for the AASHTO M-E procedure,
based on expressions for CBR (given DPI) and MR (given CBR) in the NCHRP 1-37A final report,
where DPI and MR are in mm per blow and ksi, respectively (ERES 2004).

Overall, the average backcalculated stiffnesses for the FDR base layers is 53.8 ksi, which is slightly higher
than the value a pavement engineer would expect (i.e., 25-45 ksi) for a given base layer in the State of
Minnesota. However, note that the data is skewed by a few sections — the median base modulus for all
tested sections is 47.1 ksi, which is closer to expectations but still slightly higher than the expectations
described above.

The observed DCP index for FDR base layers was 2.81 mm/blow on average. The fitness of the average
DCP indices (in terms of characterizing base properties) is otherwise difficult to gauge given the inherent
challenge of DCP interpretation. A first-pass inspection of Table 4 yields a few interesting observations.

e DPlis generally less uniform across all observations by location than the backcalculated base
stiffness — that is, the coefficient of variation (the ratio of the standard deviation to the mean, or
COV) for DPI by location is 0.44, which is higher than the COV for FWD data by location (0.33).

e One indicator that certain locations may contain data sets with larger variation can be observed
by inspection. The FWD data for TH-055 is a clear outlier in terms of variability —its COV is 0.59,
nearly twice the average COV for FWD observations. Likewise, the DCP data for TH-083 and TH-
001 may be worth additional review, as their COVs were 0.68 and 0.59 respectively.

This first-impression analysis should, of course, be reviewed and replaced (in a research sense) with
more in-depth analysis by MnDOT OMRR. There are many MnDOT resources to advise future efforts on
how best to account for DCP indices and base stiffness in MPF. Those resources include, but are not
limited to Burnham (1997), which established expected DPI limits for paving materials in Minnesota; Dai
and Kremer (2005), which elaborated on base characterization using DCP; and Ghasemi et al (2018),
which characterized stabilized FDR bases using DCP testing of Minnesota roads. Please note that
Ghasemi et al (2018) did not include FWD testing.

Finally, the results of sieve analysis indicate that the particle distribution of the sampled bases from each
location is similar. When compared to the current specified gradation for a MnDOT Class 6 base
containing 25 percent or more recycled aggregates, as shown in Figure 3, the sampled bases were
generally finer than the levels required in MnDOT Table 3138-4, which is reproduced in Figure 4. Some
differences between the tested FDR bases and MnDOT recommendations for Class 6 bases containing
recycled materials are as follows.
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e 21.7 percent of tested FDR base aggregate (on average) was retained on the No. 4 sieve — this is
below the MnDOT minimum requirement of 30 percent from MnDOT Table 3138-4

e 33.9 percent of tested FDR base aggregate (on average) was retained on the No. 10 sieve — this
is below the MnDOT minimum requirement of 45 percent from MnDOT Table 3138-4

e 7.5 percent of tested FDR bases passed the No. 200 sieve, which is over the required maximum
of 7.0 percent in MnDOT Table 3138-4.

These observations regard aged materials and not the base materials immediately after reclamation.
While the gradation of the base material may change (become finer) over time, the asphalt content of
the RAP in the base material should not. Reported asphalt contents (along with summary sieve analysis)
for each roadway are reported in Table 5. On average the samples contained 1.7 percent asphalt binder.

Interpretation of the asphalt binder content —in terms of judging RAP content in the reclaimed blend —
varies by roadway and mix design for the original asphalt concrete pavement. A very broad rule to judge
extraction results for reclaimed materials is that levels of roughly 2.5 percent asphalt binder content in a
blend corresponds to roughly 50 percent RAP content in the blend. The rationale for this rule is based on
general expectations of hot-mix asphalt to contain roughly 5.0 percent asphalt binder by weight.

Using the general rule described above, the tested road sections contained roughly 35 percent RAP on
average. Expectations for RAP content in FDR base materials is anywhere between 30 and 70 percent
(based on construction plan review and general experience on Minnesota road design and construction).
The reliability of the RAP content estimate from extracted binder content is arguable. As noted in
Section 3.1.3, the loss of fines in the extraction specimen may result in underestimation of asphalt
content. While the tests were performed in a controlled environment by experienced personnel, fine
loss (or rather, a specimen whose gradation may not represent that of the source material) is
unavoidable.

Finally, the chemical extraction results were performed to supplement MnDOT’s understanding of these
road sections — that is, these results are for information only. They do not form a valid basis to infer
properties of the reclaimed blend. Additional sampling, testing, and consulting of MnDOT District
construction records should be performed to better gauge the amount of RAP present in these FDR
bases, particularly as regards associating structural performance with a level of RAP or tested asphalt
content.
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Table 3. DCP test data by location

Table 4. FWD analysis by location (with DCP information for comparison)

Avg DCI Avg DCI Avg DCI
ID Locn (mmiblow) ID Locn (mmsblow) ID Locn (mmiblow)

01-1 TH 01 2.89 55-1 TH 55 2.95 83-1 TH 83 3.40
01-2 THO1 1.88 55-2 TH 55 4.30 83-2 TH 83 3.80
01-3 THO1 2.06 55-3 TH 55 3.16 83-3 TH 83 5.00
01-4 THO1 2.01 55-4 TH 55 4.67 83-4 TH 83 3.51
01-5 THO1 2.86 55-5 TH 55 2.81 83-5 TH 83 3.14
09-1 TH 09 3.08 59-1 TH 59 4.06 109-1 | TH 109 3.10
09-2 TH 09 1.63 59-2 TH 59 2.48 109-2 | TH 109 1.33
09-3 TH 09 2.00 59-3 TH 59 3.04 109-3 | TH109 3.10
09-4 TH 09 2.25 59-4 TH 59 4.21 109-4 | TH 109 7.50
09-5 TH 09 1.42 59-5 TH 59 3.27 109-5 | TH 109 1.92
11-1 TH11 1.95 62-1 TH 62 2.66 238-1 | TH 238 2.73
11-2 TH11 2.06 62-2 TH 62 3.19 238-2 | TH 238 3.56
11-3 TH11 2.27 62-3 TH 62 2.32 238-3 | TH 238 3.45
11-4 TH11 2.21 62-4 TH 62 2.00 238-4 | TH 238 2.75
11-5 TH11 2.10 62-5 TH 62 2.84 238-5 | TH 238 2.43
32-1 TH 32 2.58 71-1 TH71 1.78

32-2 TH 32 2.29 71-2 TH71 2.51

32-3 TH 32 1.53 71-3 TH71 3.33

32-4 TH 32 2.35 71-4 TH71 2.20

32-5 TH 32 2.40 71-5 TH71 2.47

Layer . Base Elastic Modulus Interpreted MR [ksi

Section Thicl\(,ness GE [in] [ksi] DPI [mm/blow] IDfrom DI;I [' !

AC |Base| Avg | SD Avg SD Avg sD Lab (Chen) | A:Sslzlg'l%)
THOO1 | 5.0 [ 9.0 | 25.3 | 2.0 61.7 18.9 2.3 1.36 44.9 53.2
THOO9 | 4.5 [10.0| 31.6 | 3.3 64.2 17.4 2.1 1.02 47.7 56.8
THO11 | 6.0 {12.0] 29.5 | 2.8 32.9 8.1 2.1 0.87 47.7 56.8
THO32 | 45 [ 80| 195 | 23 47.1 115 2.2 0.90 46.2 54.9
THO55 | 5.0 | 5.0 19.1 | 2.7 109.7 35.8 3.6 1.33 333 38.6
THO59 | 7.0 {10.0| 22.3 | 2.2 61.2 33.0 3.4 1.06 34.6 40.2
THO62 | 4.0 {10.0| 17.0 | 2.0 42.1 12.9 2.6 0.92 41.4 48.7
THO71 | 45 | 8.0 22.6 | 2.9 34.5 8.7 2.5 0.79 42.5 50.1
THO83 | 5.0 {15.5] 21.8 | 1.7 34.1 13.2 3.4 231 34.6 40.2
TH109 | 5.0 [18.0] 19.2 | 2.2 32.5 10.7 3.8 1.87 32.1 37.1
TH238 | 40 [ 8.0 173 | 2.4 72.1 27.4 3.0 1.36 37.6 44.0

12




Table 5. Results of chemical extraction tests of base samples with FDR base gradation summary

THOO1 |THOOS |THO11 |THO032 |THO55 |THO59 |TH062 |THO71 |THO83 |TH109 |TH238

Retained at %” (%) |4.1 0.0 3.2 1.0 0.0 5.7 1.0 0.0 0.0 1.4 0.7

Retained at #4 (%) |21.2 18.9 21.3 22.2 17.1 28.1 15.9 17.7 28.6 23.9 24.3

Passing #200 (%) 6.3 6.0 9.1 6.2 8.1 6.9 7.4 7.1 10.7 |8.2 6.5

Asphalt Content (%) (0.9 1.4 2.8 1.5 2.8 0.5 1.7 1.7 0.9 1.7 3.2

100 —
920 5
o 80 5o acal
g0 e
& 60 A
% 50 / -.(.. ‘.'.
£ 40 L T
S 30 A, MnDOT Table |
© At 3138-4, i
a 20 74 Gradation Bound |-
10 7 JoerT for Class 6 |
:!-—-"':’: LS (dotted) -
0 [ I S S
0.010 0.100 1.000 10.000 100.000
Sieve Size (mm)
TH-1 TH-9 —TH-11 TH-32 TH-55 TH-59
TH-62 TH-71 TH-83 TH-109 TH-238

Figure 3. Sieve analysis of composite FDR base samples from each roadway
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Table 3138-4
Base and Surfacing Aggregate
(containing 25% or more recycled aggregates & 75% or less recycled concrete)
Total Percent Passing *

Sieve Size Class 1 Class 3 Class 4 Class 5 Class 5Q Class 6
(Surfacing £) | (Subbase) | (Subbase) | (Base) (Base) (Base)
21in — 100 100 — 100 —
1% in — — — 100 — 100
lin — — — 65-95
% in 100 — - 70-100 45 -85 70-100
3 in 65 -95 — — 45 -90 35-70 45 -85
No. 4 40 - 85 35-100 35-100 35-80 15 - 45 35-70
No. 10 25-70 20 - 100 20 -100 20-65 10-30 20-55
10-45
No. 40 t5_45 5-50 5-35 10-35 5-25 10-30
5.0-15.0
No. 200 10-150 0-10.0 0-10.0 0-10.0 0-10.0 0-7.0

* Add letters in parentheses for each aggregate blend designating the type of recycled products

included in the mixture.

(B) = Bituminous, (C) = Concrete, (G) = Glass

(BC) = Bituminous and Concrete, (BG) = Bituminous and Glass

(CG) = Concrete and Glass, (BCG) = Bituminous, Concrete, and Glass

1 Note: For Class 1, if the bitumen content is = 1.5%, the gradation requirement is modified to 5 —
45% for the #40 sieve and 0 — 15.0% for the #200 sieve.

£ Recycled concrete is only allowed for shoulders

Figure 4. Gradation requirements of bases containing 25 percent or more recycled materials (MnDOT 3138,
“Aggregate for Surface and Base Courses)
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CHAPTER 5: CONCLUSIONS

Tests of all FDR locations were successful. All project data were successfully uploaded to the MnDOT
MFT Server.

The project team organized collected test data to minimize complications when future studies access
the results of this field study. In addition, limited analysis was performed on collected FWD data to
provide MnDOT OMRR with a first impression of backcalculated base stiffness relative to DCP indices by
location.

Overall, the assembled data provides MnDOT with the ability to assess future research involving (A) the
use of DCP by MPF for FDR (or other) sublayers, (B) the characterization and performance of FDR
sublayers as modeled by MPF, and/or (C) assumed values of stiffness of FDR base layers for other
Minnesota pavement design procedures.
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APPENDIX A: TEST LOCATION MAPS
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APPENDIX B: DCP REPORTS BY TEST SITE



AMERICAN
ENGINEERING
TESTING, INC.

Material Test Report

American Engineering Testing, Inc.

Saint Paul

550 Cleveland Ave N
St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364
www . amengtest. com

Client: Office of Materials and Road Research CC: s cocument st
reproduced except in

Project: MnDOT Contract No. 1031051 aomrace o e
Engineering Testing,

Inc.

Road: TH 01 Tested by: |RS

Test No. 01-1 Test Location: |48.195195, -96.708092

Date Tested: 7/23/2019 Hammer Weight: |17.6 Ibs

Weather: |Sunny 70

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
75
2 85 10 0.4
3 100 15 1.0 5.0
9 128 28 21 3.1
9 150 22 3.0 24
9 170 20 3.7 2.2
9 190 20 4.5 22
9 204 14 5.1 1.6
9 230 26 6.1 29
9 260 30 7.3 3.3
9 285 25 8.3 28
9 315 30 9.4 3.3

Depth (inches)

O© 00 N O n A W N L O

[Eny
o

DCP Index
2 4

Average DCP Indexl 2.9 |mm/b|ow|




AMERICAN
ENGINEERING
TESTING, INC.

Material Test Report

American Engineering Testing, Inc.

Saint Paul

550 Cleveland Ave N
St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364
www . amengtest. com

Client: Office of Materials and Road Research CC:

Project: MnDOT Contract No. 1031051
TH 01 East 1.0 mile #2

This document shall not
be reproduced except in
full, without written
approval from American
Engineering Testing,
Inc.

Road: TH 01
Test No. 01-2
Date Tested: 7/23/2019

Tested by: |RS

Test Location: [48.1952022, -96.697347

Hammer Weight: |17.6 Ibs

Weather: |Sunny 70

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
70
2 80 10 0.4
3 90 10 0.8 3.3
3 100 10 1.2 3.3
6 110 10 1.6 1.7
12 142 32 2.8 2.7
12 160 18 3.5 15
15 180 20 4.3 1.3
15 200 20 5.1 1.3
15 227 27 6.2 1.8
15 250 23 7.1 15
15 275 25 8.1 1.7
15 294 19 8.8 1.3
15 310 16 9.4 1.1

Depth (inches)

O© 00 N O n A W N L O

[Eny
o

DCP Index
2 4

Average DCP Indexl 1.9 |mm/b|ow|




AMERICAN
ENGINEERING
TESTING, INC.

Material Test Report

American Engineering Testing, Inc.

Saint Paul

550 Cleveland Ave N
St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364
www . amengtest. com

Client: Office of Materials and Road Research CC: e soument sl et

Project: MnDOT Contract No. 1031051 aomrace o e
TH 01 East 1.5 mile #3 R

Road: TH 01 Tested by: |RS

Test No. 01-3 Test Location: |48.1 952769, -96.686607

Date Tested: 7/23/2019 Hammer Weight: |17.6 Ibs

Weather: |Sunny 70

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
72
2 90 18 0.7
3 110 20 1.5 6.7
6 125 15 21 2.5
9 145 20 29 2.2
12 165 20 3.7 1.7
12 185 20 4.4 1.7
12 210 25 5.4 21
12 230 20 6.2 1.7
12 250 20 7.0 1.7
12 265 15 7.6 1.3
12 276 11 8.0 0.9
12 290 14 8.6 1.2
12 305 15 9.2 1.3

Depth (inches)

O© 00 N O n A W N L O

[Eny
o

DCP Index
5

Average DCP Indexl 2.1 |mm/b|ow|




AMERICAN
ENGINEERING
TESTING, INC.

Material Test Report

American Engineering Testing, Inc.

Saint Paul

550 Cleveland Ave N
St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364
www . amengtest. com

Client: Office of Materials and Road Research CC:

Project: MnDOT Contract No. 1031051
TH 01 East 2.0 mile #4

This document shall not
be reproduced except in
full, without written
approval from American
Engineering Testing,
Inc.

Road: TH 01
Test No. 01-4
Date Tested: 7/24/2019

Tested by: |RS

Test Location: |48.1953592, -96.675864

Hammer Weight: |17.6 Ibs

Weather: |Sunny 74

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
75
2 95 20 0.8
3 110 15 1.4 5.0
3 115 5 1.6 1.7
6 134 19 2.3 3.2
9 147 13 2.8 14
15 175 28 3.9 1.9
15 200 25 4.9 1.7
15 228 28 6.0 1.9
15 250 22 6.9 1.5
15 272 22 7.8 15
15 290 18 8.5 1.2
15 310 20 9.3 1.3

Depth (inches)

O© 00 N O n A W N L O

[Eny
o

DCP Index
2 4

Average DCP Indexl 2.0 |mm/b|ow|




AMERICAN
ENGINEERING
TESTING, INC.

Material Test Report

American Engineering Testing, Inc.

Saint Paul

550 Cleveland Ave N
St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364
www . amengtest. com

Client: Office of Materials and Road Research CC:

Project: MnDOT Contract No. 1031051
TH 01 East mile 2.5 #5

This document shall not
be reproduced except in
full, without written
approval from American
Engineering Testing,
Inc.

Road: TH 01
Test No. 01-5
Date Tested: 7/24/2019

Tested by: |RS

Test Location: |48.1954438, -96.665135

Hammer Weight: |17.6 Ibs

Weather: |Sunny 70

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
80
2 110 30 1.2
3 115 5 1.4 1.7
3 140 25 2.4 8.3
3 145 5 2.6 1.7
9 180 35 3.9 3.9
9 200 20 4.7 2.2
9 220 20 55 2.2
9 240 20 6.3 2.2
9 260 20 7.1 2.2
12 290 30 8.3 2.5
12 310 20 9.1 1.7

Depth (inches)

O© 00 N O n A W N L O

[Eny
o

DCP Index
5

Average DCP Indexl 2.9 |mm/b|ow|




AMERICAN
ENGINEERING
TESTING, INC.

Material Test Report

American Engineering Testing, Inc.
Saint Paul

550 Cleveland Ave N

St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364

www . amengtest.com

Client: MNDOT CC: s cocument st
Project:  27-20000
TH 01 East Eraneeg Tesine
Date of issue:
Reviewed By:
Road: TH 01 Tested by: |RS
Test No. Test Location: |See below
Date Tested: 7/23/2019 Hammer Weight: |17.6 Ibs
| Weather: |Sunny 70
Test Location CBR Test Location CBR | |Average: 23
48.195195, -96.708092 29 Standard 05 |
48.1952022, -96.697347 1.9 deviation:
48.1952769, -96.686607 2.1 Design: 1.8
48.1953592, -96.675864 2.0
48.1954438, -96.665135 29

CBR=1/(0.002871*DPI).

For all soils except CL<10 CBR and CH soils, CBR=292/(DPI*1.12). For CL<10, CBR=1/((0.017019*DPI)*2. For CH soils




AMERICAN
ENGINEERING
TESTING, INC.

Material Test Report

American Engineering Testing, Inc.
Saint Paul

550 Cleveland Ave N

St. Paul, MN 55114

(651) 659-9001

Toll Free: (800) 972-6364

www . amengtest.com

Client: Office of Materials and Road Research CC: s coament sl
reproduced except in

Project:  MnDOT Contract No. 1031051 aomot o Amean
Engineering Testing,

Inc.

Road: TH 09 Tested by: |RS

Test No. 09-1 Test Location: |47.7389876, -96.568090

Date Tested: 7/23/2019 Hammer Weight: |17.6 Ibs

Weather: |Sunny, 79 F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
80

2 94 14 0.6

3 110 16 1.2 5.3
6 132 22 2.0 3.7
3 140 8 24 27
3 145 5 2.6 1.7
3 150 5 2.8 1.7
3 155 5 3.0 1.7
3 160 5 3.1 1.7
3 165 5 3.3 1.7
3 171 6 3.6 2.0
3 178 7 3.9 2.3
3 185 7 41 23
3 195 10 4.5 3.3
3 205 10 49 3.3
3 215 10 5.3 3.3
3 227 12 5.8 4.0
3 245 18 6.5 6.0
3 262 17 7.2 5.7

DCP Index
0 5 10
0
1
2
(%]
(]
S 3
;=
z 4
s
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a
6
7
8

Average DCP Indexl 3.1 |mm/b|ow|




AMERICAN
ENGINEERING
TESTING, INC.

Material Test Report

American Engineering Testing, Inc.

Saint Paul

550 Cleveland Ave N
St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364
www . amengtest. com

Client: Office of Materials and Road Research CC:
Project: MnDOT Contract No. 1031051

This document shall not
be reproduced except in
full, without written
approval from American
Engineering Testing,
Inc.

Road: TH 09
Test No. 09-2
Date Tested: 7/23/2019

Tested by: |RS

Test Location: |47.7318009, -96.568112

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 79F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
65

2 80 15 0.6

3 90 10 1.0 3.3
9 105 15 1.6 1.7
6 115 10 20 1.7
6 127 12 2.4 2.0
12 145 18 3.1 15
12 165 20 3.9 1.7
9 180 15 4.5 1.7
12 197 17 5.2 14
12 220 23 6.1 1.9
12 245 25 71 21
12 260 15 7.7 1.3
12 278 18 8.4 1.5
12 298 20 9.2 1.7
12 303 5 9.4 0.4
12 308 5 9.6 0.4
12 320 12 10.0 1.0
12 342 22 10.9 1.8
12 370 28 12.0 2.3

Depth (inches)

DCP Index
2

Average DCP Indexl 1.6 |mm/b|ow|




AMERICAN
ENGINEERING
TESTING, INC.

Material Test Report

American Engineering Testing, Inc.

Saint Paul

550 Cleveland Ave N
St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364
www . amengtest. com

Client: Office of Materials and Road Research CC:
Project: MnDOT Contract No. 1031051

This document shall not
be reproduced except in
full, without written
approval from American
Engineering Testing,
Inc.

Road: TH 09
Test No. 09-3
Date Tested: 7/23/2019

Tested by: |RS

Test Location: |47.7246298, -96.568053

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 79F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
70

2 88 18 0.7

3 90 2 0.8 0.7
3 95 5 1.0 1.7
6 110 15 1.6 2.5
6 122 12 2.0 2.0
6 132 10 24 1.7
9 148 16 3.1 1.8
9 165 17 3.7 1.9
9 180 15 4.3 1.7
9 200 20 5.1 2.2
9 215 15 5.7 1.7
9 235 20 6.5 2.2
9 255 20 7.3 2.2
9 275 20 8.1 2.2
9 295 20 8.9 2.2
9 305 10 9.3 1.1
9 325 20 10.0 2.2
9 350 25 11.0 2.8
9 380 30 12.2 3.3

Depth (inches)

DCP Index
2

Average DCP Indexl 2.0 |mm/b|ow|
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American Engineering Testing, Inc.
Saint Paul

550 Cleveland Ave N

St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364

www . amengtest.com

Client: Office of Materials and Road Research CC: s cocument sl
reproduced except in

Project:  MnDOT Contract No. 1031051 aomot o Amean
Engineering Testing,

Inc.

Road: TH 09 Tested by: |RS

Test No. 09-4 Test Location: |47.7174385, -96.567982

Date Tested: 7/23/2019 Hammer Weight: |17.6 Ibs

Weather: |Sunny, 79F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
75
2 85 10 0.4
3 95 10 0.8 3.3
12 120 25 1.8 21
9 135 15 24 1.7
9 154 19 3.1 21
9 172 18 3.8 2.0
9 185 13 4.3 14
9 200 15 4.9 1.7
9 215 15 55 1.7
9 232 17 6.2 1.9
9 251 19 6.9 21
9 276 25 7.9 2.8
9 305 29 9.1 3.2
9 330 25 10.0 2.8
9 355 25 11.0 2.8
9 375 20 11.8 2.2

DCP Index
0 2 4

Depth (inches)

Average DCP Indexl 2.3 |mm/b|ow|




AMERICAN
ENGINEERING
TESTING, INC.

Material Test Report

American Engineering Testing, Inc.
Saint Paul

550 Cleveland Ave N

St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364

www . amengtest.com

Client: Office of Materials and Road Research CC: s cocument sl
reproduced except in

Project: MnDOT Contract No. 1031051 aomrace o e
Engineering Testing,

Inc.

Road: TH 09 Tested by: |RS

Test No. 09-5 Test Location: |47.7102685, -96.567924

Date Tested: 7/23/2019 Hammer Weight: |17.6 Ibs

Weather: |Sunny, 79F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
70

2 85 15 0.6

3 95 10 1.0 3.3
6 110 15 1.6 25
6 125 15 2.2 25
9 140 15 2.8 1.7
9 152 12 3.2 1.3
9 165 13 3.7 14
9 178 13 4.3 1.4
9 192 14 4.8 1.6
9 204 12 5.3 1.3
9 215 11 5.7 1.2
9 224 9 6.1 1.0
9 235 11 6.5 1.2
9 245 10 6.9 1.1
9 260 15 7.5 1.7
9 272 12 8.0 1.3
9 276 4 8.1 0.4
9 285 9 8.5 1.0
9 295 10 8.9 1.1
12 304 9 9.2 0.8
12 310 6 9.4 0.5

DCP Index
0 2 4

Depth (inches)
O 00 N O L1 A W N R O

[Eny
o

Average DCP Indexl 1.4 |mm/b|ow|
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American Engineering Testing, Inc.
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(651) 659-9001

Tol1l Free: (800) 972-6364

www . amengtest.com

Client: MNDOT CC: s coament sl
Project:  27-20000
TH 09 South e
Date of issue:
Reviewed By:
Road: TH 09 Tested by: |RS
Date Stabilized: 09-1 Test Location: |See below
Date Tested: 7/23/2019 Hammer Weight: |17.6 Ibs
Days after stabilization: | -406 Weather: |Sunny, 79F
Test Location CBR Test Location CBR | |Average: 21
47.7389876, -96.568090 3.078 Standard 06
47.7318009, -96.568112 1.63 deviation:
47.7246298, -96.568053 2.003 Design: 14
47.7174385, -96.567982 2.25
47.7102685, -96.567924 1.424

CBR=1/(0.002871*DPI).

For all soils except CL<10 CBR and CH soils, CBR=292/(DPI*1.12). For CL<10, CBR=1/((0.017019*DPI)*2. For CH soils
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(651) 659-9001
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Client: Office of Materials and Road Research CC:
Project: MnDOT Contract No. 1031051

This document shall not
be reproduced except in
full, without written
approval from American
Engineering Testing,
Inc.

Road: TH 11
Test No. 11-1
Date Tested: 7/30/2019

Tested by: |RS

Test Location: |48.648454, -94 236720

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 79F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
75
2 95 20 0.8
3 105 10 1.2 3.3
12 142 37 2.6 3.1
12 164 22 3.5 1.8
12 182 18 4.2 1.5
12 205 23 5.1 1.9
12 222 17 5.8 14
12 240 18 6.5 15
12 260 20 7.3 1.7
12 280 20 8.1 1.7
12 297 17 8.7 14
12 320 23 9.6 1.9
12 345 25 10.6 2.1
12 365 20 11.4 1.7
12 392 27 12.5 2.3

Depth (inches)

CBR

Average DCP Indexl 1.9 |mm/b|ow
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American Engineering Testing, Inc.
Saint Paul

550 Cleveland Ave N

St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364

www . amengtest.com

Client: Office of Materials and Road Research CC: s cocument sl
Project: MnDOT Contract No. 1031051 a,,;::z;f',?g;‘::;::’im
Road: TH 11 Tested by: |RS
Test No. 11-2 Test Location: |48.646759, -94.225612
Date Tested: 7/30/2019 Hammer Weight: |17.6 Ibs
Weather: |Sunny, 79F
Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow) CBR
85 0 2 4 6
2 105 20 0.8 0
3 120 15 1.4 5.0 2
3 130 10 1.8 3.3 - 4
3 135 5 2.0 1.7 % ;
12 165 30 3.1 25 =
12 190 25 4.1 2.1 fi) 8
12 205 15 4.7 1.3 2 10
12 220 15 5.3 1.3 "
12 235 15 5.9 1.3
12 250 15 6.5 1.3 14
12 270 20 7.3 1.7
12 287 17 8.0 14 Average DCP Index | 2.1 | mm/blow
12 310 23 8.9 1.9
12 334 24 9.8 2.0
12 360 26 10.8 2.2
12 385 25 11.8 2.1
12 410 25 12.8 2.1
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American Engineering Testing, Inc.
Saint Paul
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(651) 659-9001

Tol1l Free: (800) 972-6364

www . amengtest.com

Client: Office of Materials and Road Research CC:
Project: MnDOT Contract No. 1031051

This document shall not
be reproduced except in
full, without written
approval from American
Engineering Testing,
Inc.

Road: TH 11
Test No. 11-3
Date Tested: 7/30/2019

Tested by: |RS

Test Location: [48.647400, -94.213781

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 79F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
70
2 120 50 20
3 135 15 2.6 5.0
3 140 5 2.8 1.7
3 145 5 3.0 1.7
6 155 10 3.3 1.7
9 162 7 3.6 0.8
12 185 23 45 1.9
12 205 20 5.3 1.7
12 225 20 6.1 1.7
12 250 25 7.1 21
12 285 35 8.5 29
12 325 40 10.0 3.3
12 360 35 114 2.9

Depth (inches)
(o)}

Average DCP Indexl 2.3 |mm/b|ow
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American Engineering Testing, Inc.
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St. Paul, MN 55114
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Client: Office of Materials and Road Research CC:
Project: MnDOT Contract No. 1031051

This document shall not
be reproduced except in
full, without written
approval from American
Engineering Testing,
Inc.

Road: TH 11
Test No. 11-4
Date Tested: 7/30/2019

Tested by: |RS

Test Location: |48.648494, -94.203496

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 79F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
90
2 105 15 0.6
3 115 10 1.0 3.3
3 122 7 1.3 2.3
3 128 6 1.5 2.0
6 140 12 2.0 2.0
6 150 10 24 1.7
12 170 20 3.1 1.7
12 190 20 3.9 1.7
12 210 20 4.7 1.7
12 234 24 5.7 2.0
12 256 22 6.5 1.8
12 287 31 7.8 2.6
12 322 35 9.1 2.9
12 350 28 10.2 23
12 385 35 11.6 29

Depth (inches)

CBR

Average DCP Indexl 2.2 |mm/b|ow
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Client: Office of Materials and Road Research CC:
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This document shall not
be reproduced except in
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Road: TH 11
Test No. 11-5
Date Tested: 7/30/2019

Tested by: |RS

Test Location: |48.648846, -94.191014

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 79F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
85
2 110 25 1.0
3 125 15 1.6 5.0
3 135 10 20 3.3
9 160 25 3.0 2.8
12 189 29 4.1 2.4
12 205 16 4.7 1.3
12 222 17 5.4 14
12 238 16 6.0 1.3
12 257 19 6.8 1.6
12 280 23 7.7 1.9
12 302 22 8.5 1.8
12 310 8 8.9 0.7
12 330 20 9.6 1.7
12 352 22 10.5 1.8
12 380 28 11.6 2.3

Depth (inches)

Average DCP Indexl 2.1 |mm/b|ow
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Date of issue:

Reviewed By:
Road: TH 11 Tested by: |RS
Date Stabilized: 11-1 Test Location: |See below
Date Tested: 7/30/2019 Hammer Weight: |17.6 Ibs
Days after stabilization: | -460 Weather: |Sunny, 79F

Test Location CBR Test Location CBR | |Average: 21

48.648454, -94.236720 1.946 Standard o1 |4
48.646759, -94.225612 2.057 deviation:
48.647400, -94.213781 2.273 Design: 2.0
48.648494, -94.203496 2.208
48.648846, -94.191014 2.103

For all soils except CL<10 CBR and CH soils, CBR=292/(DPI*1.12). For CL<10, CBR=1/((0.017019*DPI)*2. For CH soils
CBR=1/(0.002871*DPI).
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be reproduced except in
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Road: TH 32
Test No. 321
Date Tested: 7/22/2019

Tested by: |RS

Test Location: [47.3759881, -96.280737

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 80F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
72
2 92 20 0.8
3 105 13 1.3 4.3
3 115 10 1.7 3.3
12 150 35 3.1 29
12 182 32 4.3 2.7
12 220 38 5.8 3.2
12 245 25 6.8 2.1
12 270 25 7.8 21
12 297 27 8.9 2.3
12 322 25 9.8 21
12 345 23 10.7 1.9
12 364 19 11.5 1.6

Depth (inches)

DCP Index
2 4 6

Average DCP Indexl 2.6 |mm/b|ow|
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Tol1l Free: (800) 972-6364

www . amengtest.com
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This document shall not
be reproduced except in
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Road: TH 32
Test No. 32-2
Date Tested: 7/22/2019

Tested by: |RS

Test Location: |47.3831674, -96.281057

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 80F

Nué?fx; o DCP Readings (mm) DITgrigce Depth (in) I(:)nsgllbrrgvev))(
75

2 90 15 0.6

3 100 10 1.0 3.3
6 115 15 1.6 2.5
6 132 17 2.2 2.8
9 155 23 3.1 2.6
9 177 22 4.0 2.4
15 205 28 5.1 1.9
15 230 25 6.1 1.7
15 265 35 7.5 2.3
15 300 35 8.9 23
15 330 30 10.0 2.0
15 360 30 11.2 2.0
15 385 25 12.2 1.7

DCP Index
0 2 4

Depth (inches)

Average DCP Index | 23 |mm/b|ow|
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Client: Office of Materials and Road Research CC: s cocument sl
Project: MnDOT Contract No. 1031051 a,,;::z;f',?g;‘::;::’im
Road: TH 32 Tested by: |RS
Test No. 32-3 Test Location: |47.390351, -96.281412
Date Tested: 7/22/2019 Hammer Weight: |17.6 Ibs
Weather: |Sunny, 80F
Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow) DCP Index
70 2 4
2 85 15 0.6 0
3 95 10 1.0 3.3 2
9 122 27 2.0 3.0 = 4
15 162 40 3.6 27 £ ;
c
9 180 18 43 2.0 =
9 195 15 4.9 1.7 % 8
18 217 22 5.8 1.2 © 10
6 222 5 6.0 0.8 "
9 235 13 6.5 14
12 250 15 7.1 1.3 14
9 265 15 7.7 1.7
15 280 15 8.3 1.0 Average DCP Index | 1.5 [mmiblow|
9 292 12 8.7 1.3
15 308 16 9.4 1.1
12 325 17 10.0 14
12 335 10 10.4 0.8
15 350 15 11.0 1.0
12 360 10 11.4 0.8
12 385 25 12.4 2.1
12 390 5 12.6 0.4
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be reproduced except in
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Inc.

Road: TH 32
Test No. 32-4
Date Tested: 7/22/2019

Tested by: |RS

Test Location: |47.3975329, -96.281761

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 80F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
70
2 85 15 0.6
3 100 15 1.2 5.0
6 120 20 20 3.3
6 136 16 2.6 27
9 160 24 3.5 2.7
9 180 20 4.3 2.2
15 210 30 5.5 2.0
15 240 30 6.7 2.0
15 265 25 7.7 1.7
15 292 27 8.7 1.8
15 318 26 9.8 1.7
15 342 24 10.7 1.6
15 365 23 11.6 1.5

Depth (inches)

DCP Index
2 4

Average DCP Indexl 2.4 |mm/b|ow|
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Road: TH 32 Tested by: |RS

Test No. 32-5 Test Location: |47.4047202, -96.281548

Date Tested: 7/22/2019 Hammer Weight: |17.6 Ibs

Weather: |Sunny, 80F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
70
2 80 10 0.4
3 95 15 1.0 5.0
12 140 45 2.8 3.8
12 170 30 3.9 25
12 196 26 5.0 2.2
12 224 28 6.1 23
12 245 21 6.9 1.8
12 266 21 7.7 1.8
12 290 24 8.7 2.0
12 315 25 9.6 21
12 336 21 10.5 1.8
12 360 24 11.4 2.0
9 375 15 12.0 1.7

DCP Index
0 2 4 6

Depth (inches)

Average DCP Indexl 2.4 |mm/b|ow|
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Client: MNDOT CC: e soument sl et
Project: ~ 27-20000 comova o Arron
TH 32 North i
Date of issue:
Reviewed By:
Road: TH 32 Tested by: |RS
Date Stabilized: 32-1 Test Location: |See below
Date Tested: 7/22/2019 Hammer Weight: |17.6 Ibs
Days after stabilization: | #VALUE! Weather: |Sunny, 80F
Test Location CBR Test Location CBR | |Average: 22
47.3759881, -96.280737 26 Standard 04 |
47.3831674, -96.281057 2.3 deviation:
47.390351, -96.281412 1.5 Design: 1.8
47.3975329, -96.281761 24
47.4047202, -96.281548 24

CBR=1/(0.002871*DPI).

For all soils except CL<10 CBR and CH soils, CBR=292/(DPI*1.12). For CL<10, CBR=1/((0.017019*DPI)*2. For CH soils
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Road: TH 55
Test No. 55-1
Date Tested: 7/22/2016

Tested by: |RS

Test Location: |45.7174036, -95.539210

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 83F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
68
2 95 27 1.1
3 110 15 1.7 5.0
3 120 10 20 3.3
9 145 25 3.0 2.8
12 174 29 4.2 2.4
12 205 31 5.4 26
12 240 35 6.8 29
15 287 47 8.6 3.1
12 326 39 10.2 3.3
12 360 34 11.5 28
12 375 15 121 1.3

DCP Index
0 2 4 6

Depth (inches)

Average DCP Indexl 2.9 |mm/b|ow|
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Road: TH 55
Test No. 55-2
Date Tested: 7/18/2019

Tested by: |RS

Test Location: |45.7216562, -95.547534

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 83F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
80
2 95 15 0.6
3 115 20 1.4 6.7
6 140 25 2.4 4.2
6 157 17 3.0 2.8
9 190 33 4.3 3.7
9 224 34 5.7 3.8
9 260 36 71 4.0
9 300 40 8.7 4.4
9 340 40 10.2 4.4
9 382 42 11.9 4.7

Depth (inches)

DCP Index
5 10

Average DCP Index | 4.3 [mmiblow|
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Road: TH 55 Tested by: |RS

Test No. 55-3 Test Location: |45.7258976, -95.555850

Date Tested: 7/18/2019 Hammer Weight: |17.6 Ibs

Weather: |Sunny, 83F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
70
2 90 20 0.8
3 110 20 1.6 6.7
3 125 15 2.2 5.0
3 137 12 2.6 4.0
3 145 8 3.0 2.7
9 175 30 4.1 3.3
9 200 25 5.1 2.8
9 230 30 6.3 3.3
9 253 23 7.2 2.6
9 268 15 7.8 1.7
12 285 17 8.5 14
9 297 12 8.9 1.3
9 320 23 9.8 2.6
9 354 34 11.2 3.8

Depth (inches)

DCP Index
5

Average DCP Indexl 3.2 |mm/b|ow|
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Road: TH 55
Test No. 554
Date Tested: 7/18/2019

Tested by: |RS

Test Location: |45.7297974, -95.564482

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 83F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
70
2 95 25 1.0
3 112 17 1.7 5.7
3 130 18 2.4 6.0
3 142 12 2.8 4.0
6 165 23 3.7 3.8
9 210 45 5.5 5.0
9 255 45 7.3 5.0
9 305 50 9.3 5.6
6 335 30 10.4 5.0
6 355 20 11.2 3.3
6 375 20 12.0 3.3

Depth (inches)

DCP Index
5

Average DCP Index | 4.7 [mmiblow|
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Road: TH 55 Tested by: |RS

Test No. 55-5 Test Location: |45.7329562, -95.573741

Date Tested: 7/18/2019 Hammer Weight: |17.6 Ibs

Weather: |Sunny, 83F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
75
2 90 15 0.6
3 105 15 1.2 5.0
3 115 10 1.6 3.3
9 150 35 3.0 3.9
6 170 20 3.7 3.3
9 195 25 4.7 2.8
9 220 25 5.7 2.8
9 250 30 6.9 3.3
9 275 25 7.9 2.8
6 282 7 8.1 1.2
9 290 8 8.5 0.9
9 304 14 9.0 1.6
9 325 21 9.8 2.3
9 350 25 10.8 2.8
9 380 30 12.0 3.3

Depth (inches)

DCP Index
2 4

Average DCP Indexl 2.8 |mm/b|ow|
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Client: MNDOT CC: e soument sl et
Project:  27-20000 soprova fram Aenan
TH 55 North i

Date of issue:
Reviewed By:

Road: 55 Tested by: |RS

Date Stabilized: 55-1 Test Location: |See below

Date Tested: 7/18/2019 Hammer Weight: |17.6 Ibs

Days after stabilization: | #VALUE! Weather: |Sunny, 83F

Test Location CBR Test Location CBR | |Average: 3.6
45.7174036, -95.539210 2.949 Standard 08
45.7216562, -95.547534 4.296 deviation:
45.7258976, -95.555850 3.16 Design: 27
45.7297974, -95.564482 4.672
45.7329562, -95.573741 2.806

CBR=1/(0.002871*DPI).

For all soils except CL<10 CBR and CH soils, CBR=292/(DPI*1.12). For CL<10, CBR=1/((0.017019*DPI)*2. For CH soils
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Road: TH 59
Test No. 59-1
Date Tested: 7/22/2016

Tested by: |RS

Test Location: [45.2900244, -95.912035

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 92F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
78
2 95 17 0.7
3 112 17 1.3 5.7
3 130 18 20 6.0
3 145 15 2.6 5.0
3 155 10 3.0 3.3
3 170 15 3.6 5.0
6 197 27 4.7 4.5
6 222 25 5.7 4.2
6 250 28 6.8 4.7
6 267 17 7.4 2.8
6 287 20 8.2 3.3
6 307 20 9.0 3.3
6 325 18 9.7 3.0
6 344 19 10.5 3.2
6 365 21 11.3 3.5
6 385 20 121 3.3

Depth (inches)

DCP Index
5

Average DCP Index | 4.1 [mmiblow|
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Project:  MnDOT Contract No. 1031051 aomot o Amaean
Engineering Testing,

Inc.

Road: TH 59 Tested by: |RS

Test No. 59-2 Test Location: |45.2972384, -95.912013

Date Tested: 7/22/2016 Hammer Weight: |17.6 Ibs

Weather: |Sunny, 92F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
80
2 100 20 0.8
3 115 15 1.4 5.0
9 145 30 26 3.3
9 165 20 3.3 2.2
9 190 25 4.3 2.8
9 205 15 4.9 1.7
9 222 17 5.6 1.9
9 245 23 6.5 2.6
9 270 25 7.5 2.8
9 305 35 8.9 3.9
9 330 25 9.8 2.8
9 340 10 10.2 1.1
9 355 15 10.8 1.7
9 370 15 11.4 1.7
9 382 12 11.9 1.3

Depth (inches)

DCP Index
2 4

Average DCP Indexl 2.5 |mm/b|ow|
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Tol1l Free: (800) 972-6364
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Project:
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Client: Office of Materials and Road Research CC:

This document shall not
be reproduced except in
full, without written
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Engineering Testing,
Inc.

Road: TH 59
Test No. 59-3
Date Tested: 7/19/2019

Tested by: |RS

Test Location: |45.304459, -95.911958

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 92F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
70
2 95 25 1.0
3 105 10 1.4 3.3
6 125 20 2.2 3.3
6 142 17 2.8 2.8
6 157 15 3.4 25
6 171 14 4.0 2.3
6 185 14 45 2.3
6 200 15 5.1 2.5
6 215 15 5.7 25
6 231 16 6.3 2.7
6 250 19 71 3.2
6 274 24 8.0 4.0
6 295 21 8.9 3.5
6 315 20 9.6 3.3
6 335 20 10.4 3.3
9 370 35 11.8 3.9

DCP Index
0 2 4 6

Depth (inches)

Average DCP Indexl 3.0 |mm/b|ow|
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Road: TH 59
Test No. 59-4
Date Tested: 7/19/2019

Tested by: |RS

Test Location: |45.3116708, -95911911

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 92F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
67
2 85 18 0.7
3 100 15 1.3 5.0
3 115 15 1.9 5.0
3 130 15 25 5.0
3 140 10 29 3.3
3 152 12 3.3 4.0
6 175 23 4.3 3.8
6 200 25 5.2 4.2
6 220 20 6.0 3.3
6 245 25 7.0 4.2
6 270 25 8.0 4.2
6 300 30 9.2 5.0
6 330 30 10.4 5.0
6 347 17 11.0 2.8
6 372 25 12.0 4.2
[

DCP Index
0 2 4 6

Depth (inches)

Average DCP Indexl 4.2 |mm/b|ow|
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Project: MnDOT Contract No. 1031051 aomrace o e
Engineering Testing,

Inc.

Road: TH 59 Tested by: |RS

Test No. 59-5 Test Location: |45.3188898, -95.911859

Date Tested: 7/19/2019 Hammer Weight: |17.6 Ibs

Weather: |Sunny, 92F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
70

2 95 25 1.0

3 110 15 1.6 5.0
6 130 20 2.4 3.3
6 145 15 3.0 25
6 160 15 3.5 25
6 175 15 4.1 2.5
6 190 15 4.7 2.5
6 205 15 5.3 2.5
6 220 15 59 25
6 240 20 6.7 3.3
6 264 24 7.6 4.0
6 290 26 8.7 43
6 315 25 9.6 4.2
6 340 25 10.6 4.2
6 355 15 11.2 2.5
6 374 19 12.0 3.2

6

Depth (inches)

DCP Index
2 4

Average DCP Indexl 3.3 |mm/b|ow|
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Client: MNDOT CC: s cocument st
Project:  27-20000
TH 59 North i
Date of issue:
Reviewed By:
Road: TH 59 Tested by: |RS
Date Stabilized: 59-1 Test Location: |See below
Date Tested: 7/18/2019 Hammer Weight: |17.6 Ibs
Days after stabilization: | #VALUE! Weather: |Sunny, 92F
Test Location CBR Test Location CBR | |Average: 3.4
45.2900244, -95.912035 4.056 Standard 07 L
45.2972384, -95.912013 2.476 deviation:
45.304459, -95.911958 3.037 Design: 2.7
45.3116708, -95911911 4.214
45.3188898, -95.911859 3.267

CBR=1/(0.002871*DPI).

For all soils except CL<10 CBR and CH soils, CBR=292/(DPI*1.12). For CL<10, CBR=1/((0.017019*DPI)*2. For CH soils
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Client: Office of Materials and Road Research CC: i documnt sl
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Road: TH 62 Tested by: |RS
Test No. 62-1 Test Location: |48.8624446, -95.538800
Date Tested: 7/17/2019 Hammer Weight: |17.6 Ibs
Weather: |Rain
Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow) DCP Index
79 0 2 4 6
2 93 14 0.6 0
3 105 12 1.0 4.0 2
3 120 15 1.6 5.0 = 4
6 134 14 2.2 2.3 % ;
6 150 16 2.8 2.7 =
9 175 25 3.8 2.8 % 8
9 197 22 4.6 24 © 10
9 223 26 5.7 2.9 "
9 245 22 6.5 24
9 263 18 7.2 2.0 14
9 280 17 7.9 1.9
9 296 16 8.5 18 Average DCP Index | 2.7 [mmiblow|
9 311 15 9.1 1.7
9 331 20 9.9 2.2
9 356 25 10.9 2.8
9 383 27 12.0 3.0
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Project: MnDOT Contract No. 1031051 aomrace o e
Engineering Testing,

Inc.

Road: TH 62 Tested by: |RS

Test No. 62-2 Test Location: |43.8624622, -95.523822

Date Tested: 7/17/2019 Hammer Weight: |17.6 Ibs

Weather: |Rain

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
80

2 92 12 0.5

3 110 18 1.2 6.0
3 120 10 1.6 3.3
3 130 10 2.0 3.3
3 140 10 2.4 3.3
3 150 10 2.8 3.3
3 157 7 3.0 2.3
3 165 8 3.3 27
6 185 20 4.1 3.3
6 200 15 4.7 2.5
6 220 20 5.5 3.3
6 235 15 6.1 2.5
6 255 20 6.9 3.3
6 272 17 7.6 2.8
6 285 13 8.1 2.2
6 305 20 8.9 3.3
6 320 15 9.4 25
9 350 30 10.6 3.3
9 385 35 12.0 3.9

DCP Index
0 5 10

Depth (inches)

Average DCP Indexl 3.2 |mm/b|ow|
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Project:  MnDOT Contract No. 1031051 aomot o Amaean
Engineering Testing,

Inc.

Road: TH 62 Tested by: |RS

Test No. 62-3 Test Location: |43.8624751, -95.513852

Date Tested: 7/17/2019 Hammer Weight: |17.6 Ibs

Weather: |Rain

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
68

2 90 22 0.9

3 105 15 1.5 5.0
6 124 19 2.2 3.2
6 141 17 29 2.8
6 155 14 3.4 2.3
6 172 17 4.1 2.8
9 193 21 4.9 2.3
9 214 21 5.7 2.3
9 233 19 6.5 21
9 251 18 7.2 2.0
9 266 15 7.8 1.7
9 280 14 8.3 1.6
9 292 12 8.8 1.3
9 306 14 9.4 1.6
9 321 15 10.0 1.7
9 338 17 10.6 1.9
9 360 22 11.5 2.4

Depth (inches)

DCP Index
2 4

Average DCP Indexl 2.3 |mm/b|ow|




AMERICAN
ENGINEERING
TESTING, INC.

Material Test Report

American Engineering Testing, Inc.

Saint Paul

550 Cleveland Ave N
St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364
www . amengtest. com

Project:

MnDOT Contract No. 1031051

Client: Office of Materials and Road Research CC:

This document shall not
be reproduced except in
full, without written
approval from American
Engineering Testing,
Inc.

Road: TH 62
Test No. 62-4
Date Tested: 7/17/2019

Tested by: |RS

Test Location: |43.8624854, -95.503878

Hammer Weight: |17.6 Ibs

Weather: |Rain

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
80
2 100 20 0.8
3 110 10 1.2 3.3
6 125 15 1.8 25
9 142 17 24 1.9
9 165 23 3.3 2.6
9 184 19 4.1 21
12 215 31 5.3 2.6
18 245 30 6.5 1.7
18 272 27 7.6 1.5
18 300 28 8.7 1.6
18 330 30 9.8 1.7
15 350 20 10.6 1.3
15 370 20 114 1.3

Depth (inches)

DCP Index
2

Average DCP Indexl 2.0 |mm/b|ow|

B-40
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Project:  MnDOT Contract No. 1031051 aomot o Amaean
Engineering Testing,

Inc.

Road: TH 62 Tested by: |RS

Test No. 62-5 Test Location: |43.8624817, -95.493895

Date Tested: 7/17/2019 Hammer Weight: |17.6 Ibs

Weather: |Rain

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
70

2 95 25 1.0

3 110 15 1.6 5.0
3 125 15 2.2 5.0
6 145 20 3.0 3.3
3 150 5 3.1 1.7
6 165 15 3.7 2.5
6 180 15 4.3 25
6 195 15 4.9 25
6 210 15 55 25
6 225 15 6.1 25
6 237 12 6.6 2.0
6 250 13 7.1 2.2
6 264 14 7.6 2.3
6 278 14 8.2 23
6 295 17 8.9 2.8
9 322 27 9.9 3.0
9 352 30 111 3.3

Depth (inches)

DCP Index
2 4

Average DCP Indexl 2.8 |mm/b|ow|
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Date of issue:
Reviewed By:

Road: 62 Tested by: |RS

Date Stabilized: 62-1 Test Location: |See below

Date Tested: 7/17/2019 Hammer Weight: |17.6 Ibs

Days after stabilization: | #VALUE! Weather: |Rain

Test Location CBR Test Location CBR | |Average: 26
48.8624446, -95.538800 2.659 Standard 05
43.8624622, -95.523822 3.188 deviation:
43.8624751, -95.513852 2.316 Design: 21
43.8624854, -95.503878 2.002
43.8624817, -95.493895 2.844

CBR=1/(0.002871*DPI).

For all soils except CL<10 CBR and CH soils, CBR=292/(DPI*1.12). For CL<10, CBR=1/((0.017019*DPI)*2. For CH soils

B-42
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Project: MnDOT Contract No. 1031051 aomrace o e
Engineering Testing,
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Road: TH 71 Tested by: |RS

Test No. 71-1 Test Location: |48.098223, -93.931970

Date Tested: 7/30/2019 Hammer Weight: |17.6 Ibs

Weather: |Sunny, T4F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
75
2 86 11 0.4
3 94 8 0.7 27
15 125 31 2.0 21
15 155 30 3.1 2.0
15 187 32 4.4 21
18 220 33 5.7 1.8
18 250 30 6.9 1.7
18 276 26 7.9 14
15 295 19 8.7 1.3
18 325 30 9.8 1.7
15 346 21 10.7 1.4
15 368 22 11.5 1.5

DCP Index
0 1 2 3

Depth (inches)

Average DCP Indexl 1.8 |mm/b|ow|

B-43



AMERICAN
ENGINEERING
TESTING, INC.

Material Test Report

American Engineering Testing, Inc.

Saint Paul

550 Cleveland Ave N
St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364
www . amengtest. com

Project:

MnDOT Contract No. 1031051

Client: Office of Materials and Road Research CC:

This document shall not
be reproduced except in
full, without written
approval from American
Engineering Testing,
Inc.

Road: TH 71
Test No. 71-2
Date Tested: 7/30/2019

Tested by: |RS

Test Location: |48.1 03968, -93925898

Hammer Weight: |17.6 Ibs

Weather: |Sunny, T4F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
80
2 100 20 0.8
3 110 10 1.2 3.3
3 120 10 1.6 3.3
6 135 15 2.2 25
12 165 30 3.3 2.5
15 195 30 4.5 2.0
12 230 35 5.9 29
15 265 35 7.3 2.3
15 300 35 8.7 2.3
15 330 30 9.8 2.0
15 364 34 11.2 2.3
15 395 31 12.4 21

Depth (inches)

DCP Index
2

Average DCP Indexl 2.5 |mm/b|ow|
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Road: TH 71
Test No. 71-3
Date Tested: 7/30/2019

Tested by: |RS

Test Location: [48.108173, -93.916704

Hammer Weight: |17.6 Ibs

Weather: |Sunny, T4F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
75
2 95 20 0.8
3 105 10 1.2 3.3
3 115 10 1.6 3.3
3 125 10 2.0 3.3
9 145 20 2.8 2.2
9 165 20 3.5 2.2
9 195 30 4.7 3.3
9 227 32 6.0 3.6
9 260 33 7.3 3.7
9 290 30 8.5 3.3
9 335 45 10.2 5.0
9 365 30 11.4 3.3

Depth (inches)

DCP Index
2 4

Average DCP Indexl 3.3 |mm/b|ow|
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Road: TH 71 Tested by: |RS

Test No. 71-4 Test Location: |48.1 13590, -93909336

Date Tested: 7/30/2019 Hammer Weight: |17.6 Ibs

Weather: |Sunny, T4F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
80

2 95 15 0.6

3 105 10 1.0 3.3
6 122 17 1.7 2.8
6 135 13 2.2 22
9 150 15 2.8 1.7
9 170 20 3.5 2.2
6 180 10 3.9 1.7
6 195 15 4.5 25
6 210 15 5.1 25
6 225 15 5.7 25
6 240 15 6.3 25
6 252 12 6.8 2.0
6 265 13 7.3 2.2
6 280 15 7.9 25
6 292 12 8.3 2.0
6 300 8 8.7 1.3
6 315 15 9.3 25
6 325 10 9.6 1.7
6 334 9 10.0 1.5

Depth (inches)

DCP Index
2

Average DCP Indexl 2.2 |mm/b|ow|
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Road: TH 71
Test No. 71-5
Date Tested: 7/30/2019

Tested by: |RS

Test Location: |48.118232, -93.899777

Hammer Weight: |17.6 Ibs

Weather: |Sunny, T4F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
75
2 90 15 0.6
3 105 15 1.2 5.0
3 115 10 1.6 3.3
3 125 10 2.0 3.3
3 130 5 2.2 1.7
12 160 30 3.3 25
12 190 30 45 2.5
12 222 32 5.8 2.7
12 250 28 6.9 23
12 270 20 7.7 1.7
12 290 20 8.5 1.7
12 315 25 9.4 21
12 342 27 10.5 2.3
12 365 23 11.4 1.9
12 385 20 12.2 1.7

Depth (inches)

DCP Index
2 4

Average DCP Indexl 2.5 |mm/b|ow|
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Date of issue:
Reviewed By:
Road: TH 71 Tested by: |Re| Seykora
Date Stabilized: 71-1 Test Location: |See below
Date Tested: 7/30/2019 Hammer Weight: |17.6 Ibs
Days after stabilization: | #VALUE! Weather: [Sunny, 74F
Test Location CBR Test Location CBR | |Average: 25

48.098223, -93.931970 1.783 Standard | og |
48.103968, -93925898 2.508 deviation:
48.108173, -93.916704 3.333 Design: | 1.9
48.113590, -93909336 2.198

48.118232, -93.899777 2.47

CBR=1/(0.002871*DPI).

For all soils except CL<10 CBR and CH soils, CBR=292/(DPI*1.12). For CL<10, CBR=1/((0.017019*DPI)*2. For CH soils
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Road: TH 83
Test No. 83-1
Date Tested: 7/24/2019

Tested by: |RS

Test Location: |43.9293175, -93.698210

Hammer Weight: |17.6 Ibs

Weather: |Sunny

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
67

2 92 25 1.0

3 105 13 1.5 4.3
3 119 14 2.0 4.7
3 130 11 25 3.7
3 140 10 29 3.3
3 150 10 3.3 3.3
3 157 7 3.5 2.3
6 175 18 4.3 3.0
6 197 22 5.1 3.7
6 222 25 6.1 4.2
6 245 23 7.0 3.8
6 274 29 8.1 4.8
6 297 23 9.1 3.8
6 312 15 9.6 25
6 321 9 10.0 1.5
6 334 13 10.5 2.2
6 347 13 11.0 2.2
6 374 27 121 45

Depth (inches)

DCP Index
2 4

Average DCP Index | 3.4 |[mmiblow|
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Project:  MnDOT Contract No. 1031051 aomot o Amaean
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Road: TH 83 Tested by: |RS

Test No. 83-2 Test Location: |43.9221416, -93.697599

Date Tested: 7/24/2019 Hammer Weight: |17.6 Ibs

Weather: |Sunny

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
75

2 100 25 1.0

3 120 20 1.8 6.7
3 135 15 2.4 5.0
3 155 20 3.1 6.7
3 165 10 3.5 3.3
3 174 9 3.9 3.0
3 186 12 4.4 4.0
3 200 14 4.9 4.7
3 210 10 5.3 3.3
3 220 10 5.7 3.3
6 240 20 6.5 3.3
6 260 20 7.3 3.3
6 285 25 8.3 4.2
6 310 25 9.3 4.2
6 327 17 9.9 2.8
3 332 5 101 1.7
3 340 8 104 2.7
6 355 15 11.0 2.5

DCP Index
0 5 10

Depth (inches)
(o)}

Average DCP Indexl 3.8 |mm/b|ow|
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Road: TH 83 Tested by: |RS

Test No. 83-3 Test Location: |43.9149320, -93.697750

Date Tested: 7/24/2019 Hammer Weight: |17.6 Ibs

Weather: |Sunny

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
75

2 110 35 1.4

3 130 20 2.2 6.7
3 147 17 2.8 5.7
3 158 11 3.3 3.7
3 165 7 3.5 2.3
3 180 15 4.1 5.0
3 195 15 4.7 5.0
3 205 10 5.1 3.3
3 220 15 5.7 5.0
3 230 10 6.1 3.3
3 240 10 6.5 3.3
3 245 5 6.7 1.7
3 250 5 6.9 1.7
3 255 5 71 1.7
3 270 15 7.7 5.0
3 280 10 8.1 3.3
3 300 20 8.9 6.7
3 325 25 9.8 8.3
3 380 55 12.0 18.3

DCP Index
0 10 20

Depth (inches)

Average DCP Indexl 5.0 |mm/b|ow|
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St. Paul, MN 55114

(651) 659-9001
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Client: Office of Materials and Road Research CC: s cocument sl
reproduced except in

Project:  MnDOT Contract No. 1031051 aomot o Amaean
Engineering Testing,

Inc.

Road: TH 83 Tested by: |RS

Test No. 83-4 Test Location: |43.9077229, -93.697636

Date Tested: 7/16/2019 Hammer Weight: |17.6 Ibs

Weather: |Sunny

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
70

2 95 25 1.0

3 115 20 1.8 6.7
3 135 20 2.6 6.7
6 165 30 3.7 5.0
6 195 30 4.9 5.0
3 215 20 5.7 6.7
3 225 10 6.1 3.3
6 244 19 6.9 3.2
6 250 6 71 1.0
6 252 2 7.2 0.3
6 256 4 7.3 0.7
6 260 4 7.5 0.7
6 270 10 7.9 1.7
6 278 8 8.2 1.3
9 302 24 9.1 2.7
6 330 28 10.2 4.7
6 370 40 11.8 6.7

Depth (inches)

DCP Index
5

Average DCP Indexl 3.5 |mm/b|ow|
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Material Test Report

American Engineering Testing, Inc.

Saint Paul

550 Cleveland Ave N
St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364
www . amengtest. com

Client: Office of Materials and Road Research CC: s cocument st
reproduced except in

Project: MnDOT Contract No. 1031051 aomrace o e
Engineering Testing,

Inc.

Road: TH 83 Tested by: |RS

Test No. 83-5 Test Location: |43.9005092, -93.697411

Date Tested: 7/24/2019 Hammer Weight: |17.6 Ibs

Weather: |Sunny

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
82

2 100 18 0.7

3 115 15 1.3 5.0
3 127 12 1.8 4.0
3 135 8 21 27
3 150 15 2.7 5.0
3 160 10 3.1 3.3
3 170 10 3.5 3.3
3 180 10 3.9 3.3
6 205 25 4.8 4.2
6 233 28 5.9 4.7
6 257 24 6.9 4.0
6 270 13 7.4 2.2
6 273 3 7.5 0.5
6 280 7 7.8 1.2
6 285 5 8.0 0.8
6 295 10 8.4 1.7
6 315 20 9.2 3.3
6 340 25 10.2 4.2

Depth (inches)

DCP Index
2 4

Average DCP Indexl 3.1 |mm/b|ow|
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American Engineering Testing, Inc.
Saint Paul

550 Cleveland Ave N

St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364

www . amengtest.com

Material Test Report

Client: MNDOT CC: s cocument st
Project:  27-20000
TH 83 South i
Date of issue:
Reviewed By:
Road: 83 Tested by: |Re| Seykora
Date Stabilized: 83-1 Test Location: |See below
Date Tested: 7/16/2019 Hammer Weight: |17.6 Ibs
Days after stabilization: | #VALUE! Weather: |Sunny
Test Location CBR Test Location CBR | |Average: 3.8
43.9293175, -93.698210 3.402 Standard 0.7
43.9221416, -93.697599 3.804 deviation:
43.9149320, -93.697750 5 Design: 3.0
43.9077229, -93.697636 3.51
43.9005092, -93.697411 3.137

CBR=1/(0.002871*DPI).

For all soils except CL<10 CBR and CH soils, CBR=292/(DPI*1.12). For CL<10, CBR=1/((0.017019*DPI)*2. For CH soils
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American Engineering Testing, Inc.

Saint Paul

550 Cleveland Ave N
St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364
www . amengtest. com

Client: Office of Materials and Road Research CC: s cocument sl
reproduced except in

Project:  MnDOT Contract No. 1031051 aomot o Amaean
Engineering Testing,

Inc.

Road: TH 109 Tested by: |RS

Test No. 109-1 Test Location: |43.7605718, -93.997369

Date Tested: 7/24/2019 Hammer Weight: |17.6 Ibs

Weather: |Sunny, 75F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
76
2 100 24 0.9
3 115 15 1.5 5.0
3 126 11 2.0 3.7
3 135 9 2.3 3.0
9 156 21 3.1 2.3
6 168 12 3.6 20
6 184 16 4.3 2.7
6 195 11 4.7 1.8
6 210 15 5.3 25
6 225 15 5.9 25
6 240 15 6.5 25
6 261 21 7.3 3.5
6 280 19 8.0 3.2
6 301 21 8.9 3.5
6 324 23 9.8 3.8
9 365 41 11.4 4.6

Depth (inches)

DCP Index
2 4

Average DCP Indexl 3.1 |mm/b|ow|
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ENGINEERING
TESTING, INC.

Material Test Report

American Engineering Testing, Inc.

Saint Paul

550 Cleveland Ave N
St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364
www . amengtest. com

Client: Office of Materials and Road Research CC:
Project: MnDOT Contract No. 1031051

This document shall not
be reproduced except in
full, without written
approval from American
Engineering Testing,
Inc.

Road: TH 109
Test No. 109-2
Date Tested: 7/24/2019

Tested by: |RS

Test Location: |43.7605414, -94.007325

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 75F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
70

2 92 22 0.9

3 97 5 1.1 1.7
6 108 11 15 1.8
6 116 8 1.8 1.3
9 135 19 2.6 21
12 151 16 3.2 1.3
12 168 17 3.9 14
15 185 17 4.5 1.1
15 203 18 52 1.2
15 222 19 6.0 1.3
15 243 21 6.8 14
15 264 21 7.6 14
15 287 23 8.5 1.5
15 309 22 9.4 15
15 315 6 9.6 0.4
15 327 12 101 0.8
12 339 12 10.6 1.0
12 355 16 11.2 1.3

Depth (inches)

DCP Index
1 2

Average DCP Indexl 1.3 |mm/b|ow|
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American Engineering Testing, Inc.

Saint Paul

550 Cleveland Ave N
St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364
www . amengtest. com

Client: Office of Materials and Road Research CC:
Project: MnDOT Contract No. 1031051

This document shall not
be reproduced except in
full, without written
approval from American
Engineering Testing,
Inc.

Road: TH 109
Test No. 109-3
Date Tested: 7/24/2019

Tested by: |RS

Test Location: |43.7604880, -94.017292

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 75F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
72

2 88 16 0.6

3 104 16 1.3 53
3 114 10 1.7 3.3
6 135 21 25 3.5
6 153 18 3.2 3.0
6 167 14 3.7 2.3
6 182 15 4.3 25
6 197 15 4.9 2.5
6 212 15 55 25
6 230 18 6.2 3.0
6 244 14 6.8 2.3
6 265 21 7.6 3.5
6 288 23 8.5 3.8
6 312 24 9.4 4.0
6 333 21 10.3 3.5
6 347 14 10.8 23
6 360 13 11.3 2.2

Depth (inches)

DCP Index
2 4

Average DCP Indexl 3.1 |mm/b|ow|
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American Engineering Testing, Inc.
Saint Paul

550 Cleveland Ave N

St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364

www . amengtest.com

Client: Office of Materials and Road Research CC:
Project: MnDOT Contract No. 1031051

This document shall not
be reproduced except in
full, without written
approval from American
Engineering Testing,
Inc.

Road: TH 109
Test No. 109-4
Date Tested: 7/24/2019

Tested by: |RS

Test Location: |43.7604950, -94.027231

Hammer Weight: |17.6 Ibs

Weather: |Sunny, 75F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
70
2 100 30 1.2
3 128 28 2.3 9.3
3 145 17 3.0 5.7
3 164 19 3.7 6.3
3 182 18 4.4 6.0
3 205 23 5.3 7.7
3 235 30 6.5 10.0

DCP Index
0 5 10 15

Depth (inches)

Average DCP Index | 7.5 [mmiblow|
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American Engineering Testing, Inc.
Saint Paul

550 Cleveland Ave N

St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364

www . amengtest.com

Client: Office of Materials and Road Research CC: s cocument st
reproduced except in

Project:  MnDOT Contract No. 1031051 aomot o Amaean
Engineering Testing,

Inc.

Road: TH 109 Tested by: |RS

Test No. 109-5 Test Location: |43.7605007, -94.037183

Date Tested: 7/24/2019 Hammer Weight: |17.6 Ibs

Weather: |Sunny, 75F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
70

2 85 15 0.6

3 95 10 1.0 3.3
3 107 12 15 4.0
12 138 31 2.7 26
9 155 17 3.3 1.9
12 180 25 4.3 21
12 204 24 5.3 2.0
12 225 21 6.1 1.8
12 252 27 7.2 2.3
12 282 30 8.3 25
12 307 25 9.3 2.1
12 323 16 10.0 1.3
12 332 9 10.3 0.8
12 343 11 10.7 0.9
12 354 11 11.2 0.9
12 365 11 11.6 0.9
12 382 17 12.3 1.4

DCP Index
0 2 4 6

Depth (inches)

Average DCP Indexl 1.9 |mm/b|ow|
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Saint Paul

550 Cleveland Ave N

St. Paul, MN 55114

(651) 659-9001

Tol1l Free: (800) 972-6364

www . amengtest.com

Client: MNDOT CC: s cocument st
Project:  27-20000
TH 109 West R
Date of issue:
Reviewed By:
Road: 109 Tested by: |RS
Date Stabilized: 109-1 Test Location: |See below
Date Tested: 7/24/2019 Hammer Weight: |17.6 Ibs
Days after stabilization: | #VALUE! Weather: [Sunny, 75F
Test Location CBR Test Location CBR | |Average: 3.4
43.7605718, -93.997369 3.104 Standard | 54 L
43.7605414, -94.007325 1.331 deviation:
43.7604880, -94.017292 3.104 Design: 1.0
43.7604950, -94.027231 7.5
43.7605007, -94.037183 1.92

CBR=1/(0.002871*DPI).

For all soils except CL<10 CBR and CH soils, CBR=292/(DPI*1.12). For CL<10, CBR=1/((0.017019*DPI)*2. For CH soils
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Project:  MnDOT Contract No. 1031051 aomot o Amaean
Engineering Testing,

Inc.

Road: TH 238 Tested by: |RS

Test No. 238-1 Test Location: |45.7239862, -94.593792

Date Tested: 7/29/2019 Hammer Weight: |17.6 Ibs

Weather: |Overcast, 70F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow) DCP Index
85 0 5 10
2 92 7 0.3 0
3 105 13 0.8 43 2
6 125 20 1.6 3.3 =
6 145 20 2.4 3.3 £ 4
9 185 40 3.9 44 % 6
9 205 20 47 22 g
9 225 20 5.5 2.2 o 8
9 237 12 6.0 1.3 10
9 250 13 6.5 1.4
6 260 10 6.9 1.7 12
6 272 12 7.4 2.0
6 294 22 8.2 3.7 Average DCP Index | 2.7 [mmiblow|
6 296 2 8.3 0.3
6 312 16 8.9 27
6 325 13 9.4 2.2
6 360 35 10.8 5.8
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Saint Paul

550 Cleveland Ave N
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(651) 659-9001
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Client: Office of Materials and Road Research CC: s cocument sl
reproduced except in

Project: MnDOT Contract No. 1031051 aomrace o e
Engineering Testing,

Inc.

Road: TH 238 Tested by: |RS

Test No. 238-2 Test Location: |45.709007, -94.602747

Date Tested: 7/29/2019 Hammer Weight: |17.6 Ibs

Weather: |Overcast, 70F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
90
2 105 15 0.6
3 115 10 1.0 3.3
3 122 7 1.3 2.3
3 130 8 1.6 27
3 135 5 1.8 1.7
3 142 7 2.0 23
6 155 13 2.6 2.2
6 170 15 3.1 2.5
6 190 20 3.9 3.3
6 21 21 4.8 3.5
6 237 26 5.8 4.3
6 265 28 6.9 4.7
6 295 30 8.1 5.0
6 330 35 9.4 5.8
6 367 37 10.9 6.2

Depth (inches)

DCP Index
5

Average DCP Indexl 3.6 |mm/b|ow|
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Saint Paul
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(651) 659-9001

Tol1l Free: (800) 972-6364
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Client: Office of Materials and Road Research CC: s cocument sl
reproduced except in

Project:  MnDOT Contract No. 1031051 aomot o Amaean
Engineering Testing,

Inc.

Road: TH 238 Tested by: |RS

Test No. 238-3 Test Location: |45.700779, -94.605120

Date Tested: 7/29/2019 Hammer Weight: |17.6 Ibs

Weather: |Overcast, 70F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
90

2 110 20 0.8

3 125 15 1.4 5.0
3 135 10 1.8 3.3
3 142 7 2.0 23
3 150 8 2.4 2.7
3 157 7 26 23
3 167 10 3.0 3.3
3 175 8 3.3 27
3 184 9 3.7 3.0
3 190 6 3.9 2.0
3 200 10 4.3 3.3
3 215 15 4.9 5.0
3 224 9 5.3 3.0
3 232 8 5.6 27
6 246 14 6.1 2.3
6 265 19 6.9 3.2
6 290 25 7.9 4.2
6 340 50 9.8 8.3

Depth (inches)

DCP Index
5

Average DCP Indexl 3.5 |mm/b|ow|




AMERICAN
ENGINEERING
TESTING, INC.

Material Test Report

American Engineering Testing, Inc.

Saint Paul
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Project:  MnDOT Contract No. 1031051 aomot o Amean
Engineering Testing,

Inc.

Road: TH 238 Tested by: |RS

Test No. 238-4 Test Location: |45.688692, -94.604301

Date Tested: 7/29/2019 Hammer Weight: |17.6 Ibs

Weather: |Overcast, 70F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
75

2 95 20 0.8

3 115 20 1.6 6.7
6 125 10 2.0 1.7
6 142 17 2.6 2.8
6 160 18 3.3 3.0
6 177 17 4.0 2.8
6 195 18 4.7 3.0
6 210 15 5.3 2.5
6 220 10 5.7 1.7
6 232 12 6.2 2.0
6 245 13 6.7 2.2
6 260 15 7.3 2.5
6 270 10 7.7 1.7
6 282 12 8.1 2.0
6 295 13 8.7 2.2
6 312 17 9.3 2.8
6 325 13 9.8 2.2
6 355 30 11.0 5.0

Depth (inches)

DCP Index
5

Average DCP Indexl 2.7 |mm/b|ow|
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(651) 659-9001

Tol1l Free: (800) 972-6364

www . amengtest.com

Project:

MnDOT Contract No. 1031051

Client: Office of Materials and Road Research CC:

This document shall not
be reproduced except in
full, without written
approval from American
Engineering Testing,
Inc.

Road: TH 238
Test No. 238-5
Date Tested: 7/29/2019

Tested by: |RS

Test Location: [45.681660, -94.603741

Hammer Weight: |17.6 Ibs

Weather: |Overcast, 70F

Number of _ Difference Depth (in) DCP Index
Blows DCP Readings (mm) (mm) (mm/blow)
80
2 90 10 0.4
3 94 4 0.6 1.3
6 105 11 1.0 1.8
3 110 5 1.2 1.7
6 124 14 1.7 2.3
6 135 11 2.2 1.8
9 150 15 2.8 1.7
9 172 22 3.6 2.4
9 190 18 4.3 2.0
9 220 30 5.5 3.3
9 245 25 6.5 2.8
9 274 29 7.6 3.2
9 305 31 8.9 3.4
9 330 25 9.8 2.8
9 345 15 10.4 1.7
9 382 37 11.9 41

DCP Index
0 2 4 6

Depth (inches)

Average DCP Indexl 2.4 |mm/b|ow|




Material Test Report

AMERICAN
ENGINEERING
TESTING, INC.

American Engineering Testing, Inc.
Saint Paul
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St. Paul, MN 55114
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Tol1l Free: (800) 972-6364

www . amengtest.com

Client: MNDOT CC: s cocument st
Project:  27-20000
TH 238 North R
Date of issue:
Reviewed By:
Road: 238 Tested by: |Re| Seykora
Date Stabilized: 238-1 Test Location: |See below
Date Tested: 7/29/2019 Hammer Weight: |17.6 Ibs
Days after stabilization: | #VALUE! Weather: |Overcast, 70F
Test Location CBR Test Location CBR | |Average: 3.0
45.7239862, -94.593792 2.733 Standard 05 |
45.709007, -94.602747 3.56 deviation:
45.700779, -94.605120 3.451 Design: 25
45.688692, -94.604301 2.745
45.681660, -94.603741 2.43

CBR=1/(0.002871*DPI).

For all soils except CL<10 CBR and CH soils, CBR=292/(DPI*1.12). For CL<10, CBR=1/((0.017019*DPI)*2. For CH soils




APPENDIX C: TONN2010 ANALYSIS SHEETS BY LOCATION
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APPENDIX D: SIEVE ANALYSIS AND CHEMICAL EXTRACTION



AMERICAN
ENGINEERING
TESTING, INC.

A

Material Test Report

American Engineering Testing, Inc.

St. Paul Albertville

550 Cleveland Ave N 5548 Barthel Ind Dr, Ste 500
St. Paul, MN 55114 Albertville, MN 55301

(651) 659-9001 (763) 428-5573

Toll Free: (800) 972-6364 www.amengtest.com

Client: MINNESOTA DEPT OF CC:
TRANSPORTATION !
Draft Report - Subject to
change pending final review
Project: DCP FDR Tests
Date of Issue: 6/18/2020
St. Paul MN
Job No:  27-20000
Sample ID 20-11563-S1 Method: MnDOT 1202, MnDOT 1203
Field Sample ID THO1
Date Sampled Date Tested:
Source Tested By:
Material
Specification Gradation
Sampling Method Sieve Size % Passing Limits
Location %in (19.0mm) 96
Y6in (12.5mm) 94
Date Submitted 6/17/2020 3/8in (9.5mm) 89
No.4 (4.75mm) 79
No0.8 (2.36mm) 65
Other TestResults S0 .
No.16 (1.18mm) 50
Description Method Result Limits No.30 (600um) 38
Granular Ratio MnDOT 1202, MnDOT 1203 No0.40 (425um) 32
Asphalt Content (of Total Sample) (%) MnDOT 1852 0.9 No.50 (300um) 24
No.100 (150um) 10
No0.200 (75um) 6.3
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Form No: 18909, Report No: MAT:20-11563-S1

© 2000-2020 QESTLab by SpectraQEST.com
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AMERICAN
ENGINEERING
TESTING, INC.

A

Material Test Report

American Engineering Testing, Inc.

St. Paul Albertville

550 Cleveland Ave N 5548 Barthel Ind Dr, Ste 500
St. Paul, MN 55114 Albertville, MN 55301

(651) 659-9001 (763) 428-5573

Toll Free: (800) 972-6364 www.amengtest.com

Client: MINNESOTA DEPT OF CC:
TRANSPORTATION !
Draft Report - Subject to
change pending final review
Project: DCP FDR Tests
Date of Issue: 6/18/2020
St. Paul MN
Job No:  27-20000
Sample ID 20-11563-S2 Method: MnDOT 1202, MnDOT 1203
Field Sample ID THO9
Date Sampled Date Tested:
Source Tested By:
Material
Specification Gradation
Sampling Method Sieve Size % Passing Limits
Location %in (19.0mm) 100
Y6in (12.5mm) 93
Date Submitted 6/17/2020 3/8in (9.5mm) 90
No.4 (4.75mm) 81
No0.8 (2.36mm) 72
Other TestResults S0 %
No.16 (1.18mm) 60
Description Method Result Limits No.30 (600um) 45
Granular Ratio MnDOT 1202, MnDOT 1203 No0.40 (425um) 35
Asphalt Content (of Total Sample) (%) MnDOT 1852 1.4 No.50 (300um) 25
No.100 (150um) 11
No0.200 (75um) 6.0
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Form No: 18909, Report No: MAT:20-11563-S2

© 2000-2020 QESTLab by SpectraQEST.com
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AMERICAN
ENGINEERING
TESTING, INC.

A

Material Test Report

American Engineering Testing, Inc.

St. Paul Albertville

550 Cleveland Ave N 5548 Barthel Ind Dr, Ste 500
St. Paul, MN 55114 Albertville, MN 55301

(651) 659-9001 (763) 428-5573

Toll Free: (800) 972-6364 www.amengtest.com

Client: MINNESOTA DEPT OF CC:
TRANSPORTATION !
Draft Report - Subject to
change pending final review
Project: DCP FDR Tests
Date of Issue: 6/18/2020
St. Paul MN
Job No:  27-20000
Sample ID 20-11563-S3 Method: MnDOT 1202, MnDOT 1203
Field Sample ID TH11
Date Sampled Date Tested:
Source Tested By:
Material
Specification Gradation
Sampling Method Sieve Size % Passing Limits
Location %in (19.0mm) 97
Y6in (12.5mm) 91
Date Submitted 6/17/2020 3/8in (9.5mm) 88
No.4 (4.75mm) 79
No0.8 (2.36mm) 71
Other TestResults S0 %
No.16 (1.18mm) 60
Description Method Result Limits No.30 (600um) 47
Granular Ratio MnDOT 1202, MnDOT 1203 No0.40 (425um) 39
Asphalt Content (of Total Sample) (%) MnDOT 1852 2.8 No.50 (300um) 31
No.100 (150um) 17
No0.200 (75um) 9.1

¥
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2 Bo#2 & ¥ o® .3 8 3 T

——
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Form No: 18909, Report No: MAT:20-11563-S3

© 2000-2020 QESTLab by SpectraQEST.com
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AMERICAN
ENGINEERING
TESTING, INC.

A

Material Test Report

American Engineering Testing, Inc.

St. Paul Albertville

550 Cleveland Ave N 5548 Barthel Ind Dr, Ste 500
St. Paul, MN 55114 Albertville, MN 55301

(651) 659-9001 (763) 428-5573

Toll Free: (800) 972-6364 www.amengtest.com

Client: MINNESOTA DEPT OF CC:
TRANSPORTATION !
Draft Report - Subject to
change pending final review
Project: DCP FDR Tests
Date of Issue: 6/18/2020
St. Paul MN
Job No:  27-20000
Sample ID 20-11563-S4 Method: MnDOT 1202, MnDOT 1203
Field Sample ID TH32
Date Sampled Date Tested:
Source Tested By:
Material
Specification Gradation
Sampling Method Sieve Size % Passing Limits
Location %in (19.0mm) 99
Y6in (12.5mm) 93
Date Submitted 6/17/2020 3/8in (9.5mm) 90
No.4 (4.75mm) 78
No0.8 (2.36mm) 65
Other TestResults S0 .
No.16 (1.18mm) 53
Description Method Result Limits No.30 (600um) 42
Granular Ratio MnDOT 1202, MnDOT 1203 No0.40 (425um) 34
Asphalt Content (of Total Sample) (%) MnDOT 1852 1.5 No.50 (300um) 24
No.100 (150um) 9
No0.200 (75um) 6.2

¥
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2 Bo#2 & ¥ o® .3 8 3 T
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e
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N/A

D-4
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Form No: 18909, Report No: MAT:20-11563-S4

© 2000-2020 QESTLab by SpectraQEST.com
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AMERICAN
ENGINEERING
TESTING, INC.

A

Material Test Report

American Engineering Testing, Inc.

St. Paul Albertville

550 Cleveland Ave N 5548 Barthel Ind Dr, Ste 500
St. Paul, MN 55114 Albertville, MN 55301

(651) 659-9001 (763) 428-5573

Toll Free: (800) 972-6364 www.amengtest.com

Client: MINNESOTA DEPT OF CC:
TRANSPORTATION !
Draft Report - Subject to
change pending final review
Project: DCP FDR Tests
Date of Issue: 6/18/2020
St. Paul MN
Job No:  27-20000
Sample ID 20-11563-S5 Method: MnDOT 1202, MnDOT 1203
Field Sample ID TH55
Date Sampled Date Tested:
Source Tested By:
Material
Specification Gradation
Sampling Method Sieve Size % Passing Limits
Location %in (19.0mm) 100
Y6in (12.5mm) 96
Date Submitted 6/17/2020 3/8in (9.5mm) 93
No.4 (4.75mm) 83
No0.8 (2.36mm) 70
Other TestResults S0 5
No.16 (1.18mm) 55
Description Method Result Limits No.30 (600um) 38
Granular Ratio MnDOT 1202, MnDOT 1203 No0.40 (425um) 30
Asphalt Content (of Total Sample) (%) MnDOT 1852 2.8 No.50 (300um) 21
No.100 (150um) 11
No0.200 (75um) 8.1
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Form No: 18909, Report No: MAT:20-11563-S5
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Page 1 of 1



AMERICAN
ENGINEERING
TESTING, INC.

A

Material Test Report

American Engineering Testing, Inc.

St. Paul Albertville

550 Cleveland Ave N 5548 Barthel Ind Dr, Ste 500
St. Paul, MN 55114 Albertville, MN 55301

(651) 659-9001 (763) 428-5573

Toll Free: (800) 972-6364 www.amengtest.com

Client: MINNESOTA DEPT OF CC:
TRANSPORTATION !
Draft Report - Subject to
change pending final review
Project: DCP FDR Tests
Date of Issue: 6/18/2020
St. Paul MN
Job No:  27-20000
Sample ID 20-11563-S6 Method: MnDOT 1202, MnDOT 1203
Field Sample ID TH59
Date Sampled Date Tested:
Source Tested By:
Material
Specification Gradation
Sampling Method Sieve Size % Passing Limits
Location %in (19.0mm) 94
Y6in (12.5mm) 87
Date Submitted 6/17/2020 3/8in (9.5mm) 83
No.4 (4.75mm) 72
No0.8 (2.36mm) 60
Other TestResults S0 o
No.16 (1.18mm) 47
Description Method Result Limits No.30 (600um) 31
Granular Ratio MnDOT 1202, MnDOT 1203 No0.40 (425um) 21
Asphalt Content (of Total Sample) (%) MnDOT 1852 0.5 No.50 (300um) 14
No.100 (150um) 9
No0.200 (75um) 6.9

¥
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2 Bo#2 & ¥ o® .3 8 3 T

3 3 3

e
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Form No: 18909, Report No: MAT:20-11563-S6

© 2000-2020 QESTLab by SpectraQEST.com
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AMERICAN
ENGINEERING
TESTING, INC.

A

Material Test Report

American Engineering Testing, Inc.

St. Paul Albertville

550 Cleveland Ave N 5548 Barthel Ind Dr, Ste 500
St. Paul, MN 55114 Albertville, MN 55301

(651) 659-9001 (763) 428-5573

Toll Free: (800) 972-6364 www.amengtest.com

Client: MINNESOTA DEPT OF CC:
TRANSPORTATION !
Draft Report - Subject to
change pending final review
Project: DCP FDR Tests
Date of Issue: 6/18/2020
St. Paul MN
Job No:  27-20000
Sample ID 20-11563-S7 Method: MnDOT 1202, MnDOT 1203
Field Sample ID TH62
Date Sampled Date Tested:
Source Tested By:
Material
Specification Gradation
Sampling Method Sieve Size % Passing Limits
Location %in (19.0mm) 99
Y6in (12.5mm) 95
Date Submitted 6/18/2020 3/8in (9.5mm) 93
No.4 (4.75mm) 84
No0.8 (2.36mm) 73
Other TestResults S0 &
No.16 (1.18mm) 59
Description Method Result Limits No.30 (600um) 37
Granular Ratio MnDOT 1202, MnDOT 1203 No0.40 (425um) 25
Asphalt Content (of Total Sample) (%) MnDOT 1852 1.7 No.50 (300um) 17
No.100 (150um) 10
No0.200 (75um) 7.4
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Form No: 18909, Report No: MAT:20-11563-S7

© 2000-2020 QESTLab by SpectraQEST.com
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AMERICAN
ENGINEERING
TESTING, INC.

A

Material Test Report

American Engineering Testing, Inc.

St. Paul Albertville

550 Cleveland Ave N 5548 Barthel Ind Dr, Ste 500
St. Paul, MN 55114 Albertville, MN 55301

(651) 659-9001 (763) 428-5573

Toll Free: (800) 972-6364 www.amengtest.com

Client: MINNESOTA DEPT OF CC:
TRANSPORTATION !
Draft Report - Subject to
change pending final review
Project: DCP FDR Tests
Date of Issue: 6/18/2020
St. Paul MN
Job No:  27-20000
Sample ID 20-11563-S8 Method: MnDOT 1202, MnDOT 1203
Field Sample ID TH71
Date Sampled Date Tested:
Source Tested By:
Material
Specification Gradation
Sampling Method Sieve Size % Passing Limits
Location %in (19.0mm) 100
Y6in (12.5mm) 95
Date Submitted 6/18/2020 3/8in (9.5mm) 92
No.4 (4.75mm) 82
No0.8 (2.36mm) 72
Other TestResults S0 %
No.16 (1.18mm) 60
Description Method Result Limits No.30 (600um) 45
Granular Ratio MnDOT 1202, MnDOT 1203 No0.40 (425um) 35
Asphalt Content (of Total Sample) (%) MnDOT 1852 1.7 No.50 (300um) 27
No.100 (150um) 13
No0.200 (75um) 71
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3 3 3

e
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Form No: 18909, Report No: MAT:20-11563-S8

© 2000-2020 QESTLab by SpectraQEST.com
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AMERICAN
ENGINEERING
TESTING, INC.

A

Material Test Report

American Engineering Testing, Inc.

St. Paul Albertville

550 Cleveland Ave N 5548 Barthel Ind Dr, Ste 500
St. Paul, MN 55114 Albertville, MN 55301

(651) 659-9001 (763) 428-5573

Toll Free: (800) 972-6364 www.amengtest.com

Client: MINNESOTA DEPT OF CC:
TRANSPORTATION !
Draft Report - Subject to
change pending final review
Project: DCP FDR Tests
Date of Issue: 6/18/2020
St. Paul MN
Job No:  27-20000
Sample ID 20-11563-S9 Method: MnDOT 1202, MnDOT 1203
Field Sample ID TH83
Date Sampled Date Tested:
Source Tested By:
Material
Specification Gradation
Sampling Method Sieve Size % Passing Limits
Location %in (19.0mm) 100
Y6in (12.5mm) 91
Date Submitted 6/18/2020 3/8in (9.5mm) 83
No.4 (4.75mm) 7
No0.8 (2.36mm) 60
Other TestResults S0 2
No.16 (1.18mm) 50
Description Method Result Limits No.30 (600um) 39
Granular Ratio MnDOT 1202, MnDOT 1203 No0.40 (425um) 33
Asphalt Content (of Total Sample) (%) MnDOT 1852 0.9 No.50 (300um) 28
No.100 (150um) 18
No0.200 (75um) 10.7
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Form No: 18909, Report No: MAT:20-11563-S9

© 2000-2020 QESTLab by SpectraQEST.com
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AMERICAN
ENGINEERING
TESTING, INC.

A

Material Test Report

American Engineering Testing, Inc.

St. Paul Albertville

550 Cleveland Ave N 5548 Barthel Ind Dr, Ste 500
St. Paul, MN 55114 Albertville, MN 55301

(651) 659-9001 (763) 428-5573

Toll Free: (800) 972-6364 www.amengtest.com

Client: MINNESOTA DEPT OF CC:
TRANSPORTATION !
Draft Report - Subject to
change pending final review
Project: DCP FDR Tests
Date of Issue: 6/18/2020
St. Paul MN
Job No:  27-20000
Sample ID 20-11563-S10 Method: MnDOT 1202, MnDOT 1203
Field Sample ID TH109
Date Sampled Date Tested:
Source Tested By:
Material
Specification Gradation
Sampling Method Sieve Size % Passing Limits
Location %in (19.0mm) 99
Y6in (12.5mm) 94
Date Submitted 6/18/2020 3/8in (9.5mm) 88
No.4 (4.75mm) 76
No0.8 (2.36mm) 68
Other TestResults S0 o
No.16 (1.18mm) 61
Description Method Result Limits No.30 (600um) 53
Granular Ratio MnDOT 1202, MnDOT 1203 No0.40 (425um) 45
Asphalt Content (of Total Sample) (%) MnDOT 1852 1.7 No.50 (300um) 37
No.100 (150um) 17
No0.200 (75um) 8.2
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Material Test Report

American Engineering Testing, Inc.

St. Paul Albertville

550 Cleveland Ave N 5548 Barthel Ind Dr, Ste 500
St. Paul, MN 55114 Albertville, MN 55301

(651) 659-9001 (763) 428-5573

Toll Free: (800) 972-6364 www.amengtest.com

Client: MINNESOTA DEPT OF CC:
TRANSPORTATION !
Draft Report - Subject to
change pending final review
Project: DCP FDR Tests
Date of Issue: 6/18/2020
St. Paul MN
Job No:  27-20000
Sample ID 20-11563-S11 Method: MnDOT 1202, MnDOT 1203
Field Sample ID TH238
Date Sampled Date Tested:
Source Tested By:
Material
Specification Gradation
Sampling Method Sieve Size % Passing Limits
Location %in (19.0mm) 99
Y6in (12.5mm) 93
Date Submitted 6/18/2020 3/8in (9.5mm) 89
No.4 (4.75mm) 76
No0.8 (2.36mm) 63
Other TestResults S0 o
No.16 (1.18mm) 50
Description Method Result Limits No.30 (600um) 34
Granular Ratio MnDOT 1202, MnDOT 1203 No0.40 (425um) 26
Asphalt Content (of Total Sample) (%) MnDOT 1852 3.2 No.50 (300um) 18
No.100 (150um) 10
No0.200 (75um) 6.5
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