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LTPP Seasonal Monitoring Program
Site Installation Report for GPS Section 276251 (27C)
Bemidji, Minnesota

I. Introduction

This report contains information specific to instrument installation and monitoring data collection for
the Long Term Pavement Performance (LTPP) General Pavement Study (GPS) section 276251, which
is part of the core Seasonal Monitoring Program (SMP) under the Federal Highway Administration
(FHWA) LTPP Division. This pavement section was instrumented on September 14, 1993, and had
regular data collection through June 15, 1995. The section will be monitored every other year under
the LTPP Study for a ten-year period or until it is removed from the study.

A. Test Site Location

GPS section 276251 is located in northern Minnesota on the westbound driving lane of U.S. Highway
2 on the south side of Bemidji at milepost 113.8.

B. General Test Section Information

This four-lane divided highway had the original 180-mm thick asphaltic concrete surface placed in
1982. The rest of the pavement structure consists of a 260-mm granular base on a coarse-grain
subgrade. Additional background information about the section is located in Appendix A-1. This
information includes, but is not limited to, the following items:

SMP location map;

Detailed section location map;

SHRP Inventory Data Sheet - traffic, design factors, and layer information;
SHRP Section Field Verification Form;

IMS LO5A and LO5B tables - layer thickness and material type; and

LTPP Form S04 - base and subgrade moisture data.
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Relevant pre-installation monitoring data for the section located in Appendix A-2 includes the
following:

> Pre-installation pavement distress data;
> Pre-installation FWD data (includes tests outside the section limits); and
FWDCHECK program uniformity analysis results.

C. _SMP Test Section Information

The geographic location and existing pavement structure place this section in Cell 16 of the SMP
experiment, which is defined by the following parameters:



Thick asphaltic concrete pavement (more than 127-mm thick);
Coarse-grain subgrade;

Freezing environment; and

Wet environment.

vV vYyvyy

s
o]

This was the third SMP installation in the LTPP North Central Region, and highlights of the
installation are summarized in Section IV of this report. The people involved with the installation are
listed on "Data Sheet SMP-I01: List of Installed Instrumentation,” which is included in Appendix
C-1 along with other SMP installation forms.

Data for this 1993 installation were transferred to forms from the LTPP Seasonal Monitoring
Program: Instrumentation and Data Collection Guidelines, April 1994. The 1994 forms were used to
keep all installation reports uniform and to facilitate data entry into the IMS database. Data transfer
included conversion from English to metric units with some rounding error. On some forms, data are
not available regarding procedure modifications adopted in 1994. On these forms the cells are usually
blank, and a comment is included on the form to explain the missing data.




II. Instrumentation Installation

A. Pre-Installation Activities

The Minnesota Department of Transportation (MnDOT) routinely monitors seasonal changes on
pavement structures, especially regarding frost/thaw conditions for posting spring load restrictions. In
this respect, MnDOT was very willing to participate in the SMP, and GPS sections 271018, 271028,
274040, and 276251 were included in the core SMP study.

Mr. Fred Maurer of MnDOT was initially contacted regarding potential sections for the core
experiment in Minnesota. Mr. Maurer worked with district offices to evaluate potential sections with
the requirement to defer rehabilitation at least five years. This is the minimum period required to get
three years of monitoring data that is collected every other year.

Minnesota GPS sections 271023, 271028, 271029, 271087, and 276251 are all in SMP Cell 16, and
sections 271028 and 276251 were approved for the core SMP experiment. With respect to GPS
section 276251, MnDOT agreed to defer any rehabilitation at least long enough to get the minimum
number of monitoring cycles, as long as pavement conditions were not a safety concern. Section
276251 is the control section for the SPS-3 sections at this location.

On July 15, 1993, Regional Coordination Office (RCO) staff met with MnDOT staff at the Materials
and Research facility in Maplewood, Minnesota. This meeting was held to coordinate support from
MnDOT’s Geotechnical and Foundations Division regarding a drill rig and various materials that the
Materials and Research facility would supply for the four installations in Minnesota. At this meeting,
tentative installation dates were discussed for all four installations to enable MnDOT staff to verify
availability of equipment and materials. Also, the RCO was looking at a very tight schedule to
complete seven SMP installations in the region before winter weather conditions would prevent any
additional installations. At this meeting, an August 12, 1993 date was set for a group pre-installation
meeting for all MnDOT and RCO staff involved with the four installations. The agenda and notes
from the meeting in Maplewood are included in Appendix B-1.

On August 12, 1993, the group pre-installation meeting was held in Baxter, Minnesota. The meeting
agenda, list of participants, and notes from the meeting are included in Appendix B-1.

On the way to the group pre-installation meeting in Baxter, RCO staff stopped at GPS section 271018
to identify any installation concerns with the site and to select which end of the section to monitor.
After the group meeting, RCO staff visited GPS sections 271028, 276251, and 274040. Field notes
from the site visit for section 276251 are included in Appendix B-1.

At the RCO, pre-installation activities included performing instrumentation checks/calibrations, and
incorporating improvements to the installation process based on field notes from previous
installations. Improvements to the installation process are listed in Section IV of this report, and
results from instrumentation checks/calibration are inciuded in Appendix B-2. The checks were
performed according to 1993 guidelines, but the results are reported using 1994 forms, as discussed
earlier. The forms include the following:



Data Sheet SMP-CO1: TDR Probe Check;

Data Sheet SMP-C02: Thermistor and Air Temperature Probe Check;

Data Sheet SMP-C03: Electrical Resistivity Probe Check;

Data Sheet SMP-C04: Function Generator, Multi-meter, and Switch Box Checks; and
Data Sheet SMP-C05: Tipping-Bucket Rain Gauge Calibration.
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For the TDR probes, checks/calibrations were done with the cable reader settings for velocity of
propagation at 0.50 and the noise filter at 8.0, which are different than listed in the guidelines. Also,
TDR probe 1 failed the check in water, but this was not realized until after the probe had been
installed.

With respect to instrument checks on the resistivity probe, Data Sheet SMP-CO03 requires "distance
from top of probe" for each electrode. However, procedures in 1993 recorded "spacing between
electrodes” on two separate lines about 180 degrees apart on the probe. As a consequence,
cumulative errors from adding the 35 "spacings” had to be accounted for to transfer the data to the
1994 form. Adjustments were performed as described below to estimate "distance from top of probe”
within +5 mm:

1. Obtained average values for probes checked in 1994 and 1995 for the following:
- Electrode No. 1 assigned 29 mm (42 mm) if not measured;
- Electrode No. 17 in the range 840 mm + 3 mm as a check; and
- Electrode No. 36 assigned at 1,805 mm from the top of the probe.
- Average electrode spacing is (1805 - 29)/35, which is 50.74 mm.

2. Added the 35 "spacings"” measured for the first line, divided the value by 35 to get the
average, subtracted 50.74 mm to get adjustment value, and subtracted adjustment
value from each "spacing.”

3. Repeated Step 2 for the second line.
4, Added two adjusted "spacings” and divided by two to get "adjusted average spacing.”

5. Recorded Electrode No. 1 at 29 mm and cumulated "adjusted average spacings” to get
“"distance from top of probe” for the remaining 35 electrodes.

6. Checked "distance from top of probe” for Electrode No. 17 in the range 840 mm + 3
mm and Electrode No. 36 in the range 1,805 mm + 2 mm.

For the air temperature probe, no readout device was available while the thermistor probe was
checked. Therefore, the only check possible was to compare thermistor and air temperature probe
readings obtained overnight with both probes connected to the datalogger. The air temperature probe
was within +1.0 °C of the average reading on the thermistor probe. Also, in 1993 no forms were
used to record thermistor data checks, and for this site the hand recorded data is missing.

For the resistivity probe, loose electrode wraps were tightened by twisting the lead with a needle-nose
pliers, and lead wires sticking out of the potting material for the probe were covered with silicon
sealant for protection during installation. Excess potting material was scrapped off the electrodes for
better contact with the soil.



Pre-installation activities also required selection of the instrumentation location. From field
observations during the August 12, 1993 site visit and FWDCHECK program analysis for the section,
Station 3+00 to Station 5+20 was selected for monitoring, and instrumentation would be placed at
Station 5+ 15, based on the following items:

> Avoids overhead power line crossing the road at Station 0+00;
> Less pavement distress at the test locations; and
> Subgrade strength at the instrumentation location was more representative of the

adjacent monitoring section.

B. Installation Activities

Instrumentation installation was completed on September 14, 1993 in spite of cold temperatures and
drizzle that continued most of the day. Some final installation activities continued on the following
day. The following installation forms are included in Appendix C-1 along with field notes and
photographs of the installation:

Data Sheet SMP-I01: List of Installed Instrumentation;

Data Sheet SMP-102: Instrumentation Locations;

Data Sheet SMP-103: Log of Piezometer Hole;

Data Sheet SMP-104: Log of Instrumentation Hole;

Data Sheet SMP-105: Field Gravimetric Moisture Contents;
Data Sheet SMP-I05(A): Lab Gravimetric Moisture Contents;
Data Sheet SMP-I05(B): Gravimetric Moisture Comparison;
Data Sheet SMP-106: TDR Moisture Content; and

Data Sheet SMP-I07: Representative Dry Density.
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Piezometer installation was complicated by the coarse-grain subgrade caving in at a depth of 2.5 m
with saturated sands starting at a depth of about 2.75 m. Several unsuccessful attempts were made to
get the required depth, but the sands continued to cave in at about 2.5 m. Attempts with the drill rig
to push the piezometer assembly into the subgrade also failed. MnDOT staff cut about 0.6 m off the
bottom of the piezometer, and the drill rig was able to push the 3.73-m long piezometer assembly
below the existing shoulder. It was not possible to place filter sand around the bottom of the
piezometer because the hole caved in. This is not a problem because the subgrade soils are sand.

A 0.6-m long access tube was set in concrete just below the existing shoulder material to protect the
top of the piezometer and provide easy access for measurements. A 3.0-m long grease sleeve was
used on this piezometer to isolate the piezometer from frost heave. The grease sleeve extends about
0.2 m up into the access tube and the space between the two is filled with sand. Additional field
notes on piezometer installation are included in Appendix C-1.

The lane width, referenced to the edge stripe, varied from 3.66 m to greater than 3.9 m on this
curved section of roadway, and the edge stripe could not be used to locate the instrumentation hole.
Instead, a lane-edge reference was established 3.66 m from the cold-joint crack down the center of the
two-lane road, and wheel tracks visible on the pavement surface also supported the 3.66-m wide lane.



The established lane-edge reference was used to mark a 460-mm square for the instrumentation hole
and a 125-mm wide trench for the conduit on the pavement surface at Station 5+15. FWD testing
was done prior to cutting the pavement, but tests were only completed from Station 5+00 to Station
5+20 because of equipment problems.

The pavement surface above the instrumentation location was lifted out using anchors tapped into the
pavement, and it was set aside for later replacement. The drill rig was moved into position over the
hole and material was put into buckets as it was removed from the hole in 0.15-m lifts.

TDR probes were placed according to protocol with TDR probe 1 mid-depth in the granular base.

For installation reports from the LTPP North Central RCO, "Data Sheet SMP-I05(A): Lab
Gravimetric Moisture Contents," is used to report DOT lab moisture results. Also, "Data Sheet
SMP-105(B): Gravimetric Moisture Comparison" was created to summarize moisture data obtained
from field moisture tests, laboratory moisture tests, and interpretation of TDR probe data. These
forms are included in Appendix C-1, and the following assumptions and conclusions were made
regarding the moisture data:

> LTPP Directive Number: SM-13 “TDR Trace Interpretation Method for Calibration
and Function Checks" dated August 17, 1995 was used to interpret the apparent
length of each TDR trace obtained during installation for estimating moisture results.
This method was specified for "calibration and function checks," but no other method
had been distributed by FHWA LTPP staff. The interpreted apparent lengths are
reported on “Data Sheet SMP-106: TDR Moisture Content” in Appendix C-1.

> Equations on pages II-2 and II-5 of the LTPP Seasonal Monitoring Program:
Instrumentation Installation and Data Collection Guidelines, April 1994 were used to
convert apparent lengths to gravimetric moisture estimates for the base and subgrade
materials, and the results are included on "Data Sheet SMP-I05(B): Gravimetric
Moisture Comparison,” located in Appendix C-1.

> All TDR probe traces printed during the installation look similar including TDR probe
1 in the crushed gravel base. Moisture estimates from TDR probes 1 through 6 and
TDR probe 10 average about 1.4 percentage points greater than the average obtained
between field and laboratory data. For TDR probes 7 through 9, the data was less
consistent, even between the lab and field data.

> Answers to the following questions could help explain the differences seen, but they
are beyond the scope of this report:

1. Are the equations used appropriate for coarse-grain subgrade and granular
base materials?
2. How much influence does compaction have on the results?

"Data Sheet SMP-107: Representative Dry Density,” was not used in 1993, but it is included in
Appendix C-1 to keep the report complete and uniform with other installation reports.



Several items were changed regarding installation of the datalogger cabinet and weather pole as
follows:

> RCO staff were not able to get the 9.1-m offset from the lane edge specified on page

11-23 and Figure 1I-12 of the LTPP Seasonal Monitoring Program: Instrumentation
Installation and Data Collection Guidelines, April 1994 because the TDR cables

provided were too short. The cabinet at this site is offset about 7.9 m and the
weather pole is offset about 8.2 m. This places the obstructions inside the normal
9.15-m safety zone for highways. However, FHWA LTPP Division staff approved
the two obstructions as break-away objects (page II-32 of manual) for placement
inside the safety zone. -

> The bottom of the front panel on the datalogger cabinet was notched about 0.1 m so
the conduit buried about 0.3 m below the shoulder was easier to get into the cabinet,
and it also slightly increased the distance the cabinet could be placed from the
roadway.

> The conduit for the air temperature probe and tipping-bucket rain gauge signal wires
was cut into the back of the cabinet above ground instead of running the conduit
underground as shown in the guidelines. If the cables were run underground, the air
temperature probe signal cable would have to be extended using special wire and
resistors to compensate for increased lead resistance. Also, a union coupler was used
on the weather pole about 0.3 m above ground to make pole installation easier.

For pavement repairs, the block was placed in the hole and seated by driving a truck over the hole
several times. The base material was adjusted three times before the block was the same height as the
pavement, and the trench for the conduit was patched with cold-mix asphalt. W.R. Meadows "REZI-
WELD 1000" multi-purpose construction epoxy was poured into the saw cuts to bond the pavement
thermistor probe and original pavement surface material in place. This medium-viscosity epoxy had a
45-minute pot life which was sufficient to continue adding to the saw cuts as the epoxy settled. The
saw cuts were filled to within about 15 mm of the pavement surface, and Dow Corning 890-SL was
used to fill the remaining saw cuts the following day.

On September 15, 1993, final wiring of the datalogger in the cabinet was completed and MnDOT
installed a level-one benchmark at Station 5+02 and offset -20.42 m from the driving lane. The
stainless steel rod used for the benchmark extends 22-m deep to refusal. The MnDOT benchmark is
expected to be more stable then the piezometer as a reference for pavement surface elevation data.

Additional observations about the pavement repair at the instrumentation hole up to the completion of
this installation report include the following:

> Within the first month after the pavement repair, the trench material settled 6.0 mm.
> On May 17, 1994, a low severity longitudinal crack was recorded between the block

and the lane edge. By May 10, 1995, the longitudinal crack between the block and
the lane edge had increased to medium severity.



By August 24, 1994, the crack sealant had separated between the block and the
trench.

On September 29, 1994, hairline cracks were recorded near the saw cuts.

On June 15, 1995, about 12 mm of settlement on the conduit trench was corrected
using cold-mix asphalt patching material.



III. SMP Data Collection
A. Initial SMP Data Collection

On September 15, 1993, test locations were marked on the pavement using the edge reference
established the previous day. For each transverse location, offsets were measured from the centerline
cold-joint crack, because a string line could not be used on the curved roadway. PK nails were
placed at offsets 0.16 m and 3.51 m, and the first set of SMP data was collected.

Four cycles of FWD data were collected, as well as elevation data and piezometer data. The RCO
had not received a switch box for manual readings on the resistivity probe, and manual readings were
not taken until November 17, 1993. The November resistivity probe readings along with manual data
collected September 15, 1993 are included in Appendix D-1 as follows:

One set of contact resistance data;

One set of four-point resistivity data;

One ground water table measurement; and

One set of elevation data, which included shots on the MnDOT benchmark.
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Computer data files obtained from automated data collection using the dataloggers included the
following:

> Two sets of TDR traces and CRREL voltages; and
> Temperature and precipitation data collected from the datalogger to verify operation
overnight.

Temperature data from the thermistor probe should not be entered into the IMS database because of
heat given off by epoxy used to repair the pavement and disturbance of material around the probe. In
addition, temperature data up to several days after instrument installation will have to be reviewed to
determine when the disturbed materials came back to thermal equilibrium. Data affected by the
installation will have to be edited from the computer files.

B. Routine SMP Data Collection

Routine data collection was done on the site from September 15, 1993 through June 15, 1995, and
MnDOT has continued to collect temperature and frost data from the site. LTPP’s standard data
tracking log, which summarizes the data collected on the site, is included in Appendix D-2.

Events that influenced the data collection and that will influence data interpretation for the site include
the following:

> On November 17, 1993, a relay was added to the datalogger at the site, which
included a change in the data format for subsequent files.



> On October 19, 1993, reference locations for the outside wheel path (OWP), which
were placed at 0.91 m were shifted to 0.76 m for all remaining data collection. This
only affects the elevation data collected September 15, 1993.

Instrumentation and equipment problems at the site include the following:

> Low moisture content in the sand subgrade produces short apparent lengths for the
TDR data, and changes in moisture will be difficult to estimate. Also, the second
inflection point on the TDR traces cannot be extrapolated by the intersection of a zero
slope line through the minimum and a line drawn tangent to the signal out the end of
the probe, because the signal slope through the probe remains positive. Screen prints
of the TDR data are included in Appendix D-2.

> Pin | on the resistivity probe plug was repaired May 10, 1995. The pin was pushed
into the plug. Also, the two readings involving electrode 36 had no current, which
indicates an open circuit.

> Elevation difference between piezometer and MnDOT benchmark changed about 6.0
mm during the first frost/thaw cycle after installation as shown on the plot in
Appendix D-2. The benchmark movement will complicate elevation data analysis for
estimating frost heave.

Other problems experienced at the site include failures with switch boxes used to collect manual
resistance and resistivity data and failures of the CRREL multiplexer for automated resistance data
collection. Print screens showing the failure modes for the CRREL multiplexer are included in
Appendix D-2.
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IV. Summary, Conclusions, and Recommendations

A. Instrumentation Installation Highlights

The following items are identified by the authors as unique or particular items of interest regarding
this section in the SMP.

This was the third SMP installation in the LTPP North Central Region, and
experience gained on previous installations decreased the installation time and people
required.

The Ohio DOT was planning a SPS project that included installation of similar
instrumentation used for the SMP, and representatives from the Ohio DOT and
several Ohio universities flew into Bemidji to visit the site and observe the installation
procedures used by RCO staff.

Moisture changes in the pavement structure may be affected by surface drainage
characteristics for the pavement section located on the low side of the super elevation
around a curve.

Data for this 1993 installation were transferred to forms from the LTPP Seasonal
Monitoring Program: Instrumentation and Data Collection Guidelines, April 1994.

B. Recommendations for Improving Installations

In addition to previous modifications from other installations, the following procedure and equipment
changes from protocol were used during this installation:

>

Placed a thin layer of epoxy in the instrumentation hole to fill voids in the bottom of
the asphalt concrete block to help prevent settiement.

Used a 0.1-m by 0.4-m board with five cable clips to hold TDR cables tight against
the instrumentation hole while compacting materials.

Purchased 30-m long conduit and cut it into three sections to avoid splicing 7.6-m

long conduits to obtain 9.45-m long conduit required for the TDR, thermistor, and
resistivity probe cables.

11



Appendix A-1: Test Section Background Information

Appendix A-1 contains the following tEst section background information:
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SMP location map;

Detailed section location map;

SHRP Inventory Data Sheet - traffic, design factors, and layer information;
SHRP Section Field Verification Form; ,

IMS LOSA and LOSB tables - layer thickness and material type; and

LTPP Form S04 - base and subgrade moisture data.
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STRATEGIC HIGHWAY RESEARCH PROGRAM
GENERAL PAVEMENT STUDIES
Long-Term Pavement Performance Monitoring
Project Information Sheet

REGION: North Central PAVEMENT TYPE: AC on Granular Base

STATE: Minnesota

SHRP Assigned ID: 276251 District: 2 Year Open: 1984 1982
State Assigned ID: Highway: U.S.- 2 Year Traffic: 1985
Design Cell ID: 1- 29 Length: miles AADT: 5000
Lanes: 2 Trucks: 9.4 %
Shoulder Surface Type: Asphalt Concrete
Project Status: Approved
Restrictions: SPS Site
DESIGN FACTORS - Moisture: Wet
Temperature: Freeze
Subgrade: 57 = Sand Coarse
Traffic: 60 KESAL/Yr Low ( 85)
AC Thickness: 6.0 in. Med (3.0, 8.0)
Base Thickness: 5.0 in. Low (10.0)
AC Stiffness: 516 ksi Low (650)
LAYER CONFIGURATION
LAYER LAYER LAYER LAYER
NO. DESCRIPTION THICKNESS MATERIAL TYPE
4 3 = Orig Surface 6.0 1 = HMAC, Dense Graded
3 5 = Base Layer 5.0 23 = Crushed Stone, Gravel, or Slag
2 6 = Subbase Layer 8.0 24 = Sand
1 7 = Subgrade 57 = Sand

PAVEMENT LAYER INFORMATION

ASPHALT CONCRETE LAYERS

IAY -- GRADE --- AC AC ACVIS  ACVIS PEN AC AC AGG  AC
NUM VISC PENETR CONT DENS S 140 275 77 TRBF VOID SPGR STIFF
4 135 5.5 143 6.1 516



Revised June 8, 1988

SECTION FIELD VERIFICATION FORM

Date £—\1—90 State Project Code N/ﬁ
State Code 2 _1__
Rater Mae , SHRP Section I.D. & _2 S _I_
e and tio t a
State District No. o = County or Parish Be.eans
Route Signing (Numeric Code) . ' 2
Interstate ......e00. 1 State ..ceeeccccssos . 3
Primaxy .ceeeevecenss 2 Other ..iieeseecsocns 4
Route -Number v s 2
LTPP Experiment Code £HPS 1
Number of Through Lanes (One Direction) <
Direction of Travel : 2
Eastbound .......... 1 Northbound ......... 3
Westbound ...... ceee 2 Southbound ......... &
Available Project Length (Without Disconcim{ities)
Start Point . ~ End Point
Test Section Milepoints ! 3 .8 4 S .32 .15

Additional Section lLocation Information*: . Sm B4Ylyoo- 842 + 0O
(M6 112 = Sm 749 +49%.00) . '
SEetoca 1% Sus Souart oF Erveoncr Rawnd For  CSAL z_(g’r‘* ST_ZZU‘_'J
o Bemaw - RwrRASS '
% Include distances from two landmarks (refer to specific procedures
outlined in the Initial State Visit Guidelines).
Location of monument: 1’ W

N
7 Botnt A OaMn S
ADAEST To Brumwsoss SueubeR FRmwaxaz. Stowoue_ STTONS

Geomet ¢ Informatio

Lane Width (Feet) , 4 =
Lane (By Number) Included in Monitoring Section . .
(Lane 1 is Outside Lane, Lane 2 is Next to Lane 1 etc.)
Shoulder Data: Qutside - Inside
Shoulder Shouldex
Total Width (Feet) - L 2.
Paved Width (Feet) 1 O , —_ 2.
Surface Type . =
Turf .. iiiivveeennss 1 CONCrete ...ceesececees &
Granular .......2... 2 Surface Treatment ..... 5
Asphalt Concrete ... 3 Other ...vecececrsnases b
Additional Data for PCC Shoulders:
Average Joint Spacing (Feet) __’\-) —_— N .
Skewness of Joints (Feet) . A__ d
Joints Match Pavement Joints? A ’

(Yes - 1; No - 2)

——

5.18



SHRP/LTPP LAYER THICKNESS
LOSA - LOSB TABLES

10-AUG-93
--------- LOSA -------=--- --- STA 0 --- -- STA 5 --- -e-=------ L05 B REPRESENTATIVE ----ce-eeonnx
CON LAYER DESC TYPE  THICK MATL THICK MATL LAYER DESC TYPE  THICK MATL INVENTORY
1 1 7 sS - 204 204 107 ss 204 1
1 2 5 GB 10 302 10.5 302 2 5 GB 10.2 302 3

1 3 3 AC 7.9 1 6.9 1 3 3 AC 7.1 1 5



‘ / SHRP-LTPP STATE CODE o
P REGION /t/ c FIELD MATERIAL SAMPLING
IE /m/ AND FIELD TESTING SHRP ASSIGNED ID_ X -2;5957

P EXPERIMENT (%«/ ROUTE/HIGHVAY 2

Lane

~/TEST: (a) Before Section

RATOR_/ Eﬁjgs’// %

T DATE Y -27 -

E OF LAST MAJOR CALIBRATION
Use additional sheets if necessary

e.

_L_ Direction
FIELD SET NO. ‘

(b) After Section_ /
DCG SHEET: 24

IN SITU DENSI HOISTU'RE TESTS
!

NUCLEAR DENSITY GAUGE I.D. ?'z ; SHEET NUH.BEREE OF;

CATION: STATION < + le2- *TEST PIT NUMBER

-'_10 OFFSET __ 7 feet from °/s

PTH FROM SURFACE TO Y
E TOP OF THE LAYER, ] /7
CHES (SEE 503) /
BASE COURSE TOP SUBBASE TOP SUBGRADE TOP
TEST TYPE Result, pcf Result, pcf .. Result, pcf
Wet Dry Ket Dry Wet Dry
\TERTAL TYPE: :
Inbound=G Other=T) 6
Y1326 1/38.) AW "
S L 2/32.3 (/278 // )23.2 | )3
DR Vv A sl VELN) / 12234 | /153
SHTO T238-86)° 4 /32/ 132.2 / N J2e3 /188
wERaGE /36,6 17295 |/ L7297 | We o
fethod (A,B,o0r C) V4 ‘ /
od Depth, inches / . /L. - b ‘ :
. 1 o / 8.6 .
e A W <1 /| 18
CONTENT, % 3 4.8 / 7./
(AASHTO T239-86) 4 s/ / 4.3 N R S
AVERAGE 53 2.3
NERAL REMARKS : ’ e
RTIFIED v ROVED ' MON‘I'H DAY-YEAR |

ew Chief, Contractor
filiation:

&
/ - A -
RS

SHRP Representa&x_rﬁ F “w."Date
Affiliation: — : .

Form S04/Issued 19 February 1990

IR




Appendix A-2: Pre-Installation Monitoring Data and FWDCHECK Results

Appendix A-2 contains the following pre-installation monitoring data and FWDCHECK analysis
results:

> Pre-installation pavement distress data;
> Pre-installation FWD data; and
> FWDCHECK program uniformity analysis results.
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FHWA-LTPP PAVEMENT TEMPERATURE PROFILE MEASUREMENTS

SHRP NORTH CENTRAL REGION

SHRP SECTIONI.D. # 27425

AGENCY _ /2 WESSTR TESTING FJ O
ROUTE/HIGHWAY # _ (K7 FIELD SET # =
TESTING DATE 7//5//73 SHEET # <~ OF 3
LOCATION — STATION __<ec belo.y
DEPTH Di=/, [02=24 Ds=5—z D4 = D5 =
’ ‘ ' / WEATHER
MILTIME Ti (F) T2 (F) T3 (F) T4 T5((F) CONDITIONS
(030 | 7%¢ 73.0 70.0 / \ Pc.
(/oo | §/& | 75,2 | 7.9 [ \ <
/200 | %= ¢ r7’7,,?S 23,1 \\ /] =
[
| |
D R e e —— — S :H
DEPTH | D= 72 [ p2= 22| ps-= 7 | /
br ThAKes P /. 2o } \
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Summary of Data for section 276251E
Analyzed by: DANA MILLER on 08-11-1993

UNCORRECTED Overall Deflection Statistics
Mean Values (mils/kip)

Test Drop Sensor Sensor Sensor Sensor Sensor Sensor Sensor

Loc Ht 1 2 3 4 5 6 7
K] 1 0.9516 0.7740 0.6632 0.4986 0.3818 0.2361 0.1384
2 0.9058 0.7347 0.6320 0.4818 0.3716 0.2330 0.1354
3 0.8573 0.6930 0.5945 0.4571 0.3550 0.2260 0.1321
4 0.8200 0.6589 0.5646 0.4370 0.3420 0.2192 0.1296

Standard Deviations

Test Drop Sensor Sensor Sensor Sensor Sensor Sensor Sensor
Loc. Ht 1 2 3 4 5 6 7

- - - - - - - - - - - - - - - oo - - - - - --—- - -- - - e - - - - - - - - -

0.1151 0.0805 0.0761 0.0360 0.0307 0.0280 0.0170
0.0960 0.0697 0.0647 0.0322 0.0300 0.0270 0.0146
0.0860 0.0639 0.0580 0.0307 0.0278 0.0252 0.0149
0.0778 0.0579 0.0523 0.0289 0.0265 0.024S 0.0149

B W N

Coefficient of Variation

Test Drop Sensor Sensor Sensor Sensor Sensor Sensor Sensor

oc. Ht 1 2 3 4 5 6 7
T 1 12.09% 10.40% 11.48% 7.22% 8.05% 11.87% 12.°0%
2 10.60% 9.48% 10.24% 6.68% 8.08% 11.60% 10.75%
3 10.03% 9.22% 9.76% 6.71% 7.84% 11.15% 11.28%
4 9.48% 8.79% 9.26% 6.62% 7.74% 11.36% 11.51%



‘est
Loc.

Test
Loc.

Test
Loc.

Drop

D WN R

Drop
Ht

D W R

Drop
Ht

D WN R

Flexible Pavement Deflection Statistics - 276251E

CORRECTED
Sensor

0.8396
0.7989
0.7557
0.7225

Sensor

0.0663

Sensor

11.46%
10.08%
9.61%
9.17%

Mean Values (mils/kip)

Sensor Sensor Sensor Sensor

- - - - - - e .- - = - - - - - - -

0.7740 0.6632 0.4986 0.3818
0.7347 0.6320 0.4818 0.3716
0.6930 0.5945 0.4571 0.3550
0.6589 0.5646 0.4370 0.3420

Standard Deviations

Sensor Sensor Sensor Sensor

- - - - - - - --- - - - - - - -

0.0805 0.0761 0.0360 0.0307
0.0697 0.0647 0.0322 0.0300
0.0639 0.0580 0.0307 0.0278
0.0579 0.0523 0.0289 0.0265

Coefficient of Variation

Sensor Sensor Sensor Sensor

10.40% 11.48% 7.22% 8.05%
9.48% 10.24% 6.68% 8.08%
9.22% 9.76% 6.71% 7.84%
8.79% 9.26% 6.62% 7.74%

Sensor

0.2361
0.2330
0.2260
0.2192

11.87%
11.60%
11.15%
11.36%

Sensor

-——— - -

0.1384
0.1354
0.1321
0.1296

Sensor

0.0170
0.G1 16
0.0149
0.0149

Sensor

10.75%
11.28%
11.51%



Outlier Statistics - 276251E

Number of

Station Height Sensor Std. Dev.
50 1 2 2.36
50 1 3 2.39
50 2 2 2.36
50 2 3 2.99
50 3 2 2.29
50 3 '3 2.93
50 4 2 2,37
50 4 3 2.93
300 1 4 -2.01
300 2 4 -2.07
300 3 4 -2.00
300 4 4 -2.10
520 1 1 2.62
520 2 1 2.43
520 3 1 2.37
520 4 1 2.28



Pavement Construction Information - 276251E

Material Layer
Code Material Name Thickness
700 Asphaltic Concrete 7.1
302 Uncrushed Gravel 10.2

Depth to rigid foundation: 100.0 ft.

FLEXIBLE Pavement Thickness Data - 276251E
(comparison of each calculation to the expected value)

Minimum expected SN value: 3.20
Maximum expected SN value: 4.93

Effective
Height Station SN
1 -30 5.45
2 -30 5.55
3 -30 5.65
4 -30 5.80
1 -20 5.10
2 -20 5.20
3 -20 5.40
4 -20 5.55
1 -10 5.45
2 -10 5.50
3 -10 5.65
4 ~-10 5.75
1 0 5.35
2 0 5.40
3 0 5.50
4 0 5.60
2 50 4,95
3 50 5.05
4 50 5.15
1 100 5.40
2 100 5.45
3 100 5.60
4 100 5.70
1 150 5.15
2 150 5.30
3 150 5.50
4 150 5.60
1 200 5.30
2 200 5.40
3 200 5.55
4 200 5.65
1 250 5.10



FLEXIBLE Pavement Thickness Data - 276251E

Effective
Height Station SN
2 250 5.15
3 250 5.30
4 250 5.45
1 300 5.40
2 300 5.55
3 300 5.75
4 300 5.85
4 350 5.00
1 400 5.45
2 400 5.60
3 400 5.70
4 400 5.80
1 450 5.00
2 450 5.15
3 450 5.35
4 450 5.50
2 500 4,95
3 500 5.10
4 500 5.20
2 510 5.10
3 510 5.25
4 510 5.35
1 530 5.20
2 530 5.40
3 530 5.55
4 530 5.65



FLEXIBLE Pavement Thickness Statistics - 276251E

Drop height 1

Subgrade Effective
Subsection Station Modulus SN

- w e e e e e E e m e e e e M@ Em e eEEEmEEm® T ®®®e®®E®®E--®®®=-a®®~"

LR I B I R i B R S P e A T IR TR R I S B I A

1 -30 26980 5.45
-20 26770 5.10

-10 27534 5.45

0 27683 5.35

50 27266 4.80

100 25954 5.40

150 24796 5.15

200 25168 5.30

250 25821 5.10

300 33258 5.40

350 33873 4,55

400 33044 5.45

450 33858 5.00

500 30760 4.80

510 33119 4.90

520 31700 4.25

530 32429 5.20

Subsection 1 Overall Mean: 29413 5.10
Standard Deviation: 3407 0.35

Coeff Of Variation: 11.58% 6.79%
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FLEXIBLE Pavement Thickness Statistics - 276251E

Drop height 2

Subgrade Effective
Subsection Station Modulus SN

- B E e ®E e .. Em e e Em e e e EEEm e Em e E®G® e mEE®mEm-®®®®E=®®®®®®w === -

1 -30 27712 5.55
-20 27843 5.20

-10 29443 5.50

0 28662 5.40

50 27564 4.95

100 26845 5.45

150 25118 5.30

200 25772 5.40

250 27927 5.15

300 33172 5.55

350 35081 4.70

400 32080 5.60

450 33133 5.15

500 31974 4.95

510 31479 5.10

520 32989 4.45

530 32033 5.40

Subsection 1 Overall Mean: 29932 5.22
Standard Deviation: 2990 0.32

Coeff Of Variation: 9.99% 6.11%
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FLEXIBLE Pavement Thickness Statistics - 276251E

.Drop height 3

Subgrade Effective
Subsection Station Modulus SN
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1 -30 28871 5.65
-20 27883 5.40

-10 29780 5.65

0 30616 5.50

50 28823 5.05

100 27111 5.60

150 25100 5.50

200 26148 5.55

250 28305 5.30

300 34019 5.75

350 34735 4.90

400 34009 5.70

450 33118 5.35

500 33315 5.10

510 32703 5.25

520 34061 4.60

530 32582 5.55

Subsection 1 Overall Mean: 30658 5.38
Standard Deviation: 3124 0.31

Coeff Of Variation: 10.19% 5.83%



FLEXIBLE Pavement Thickness Statistics - 276251E

Drop height 4

Subgrade Effective
Subsection Station Modulus SN

i e I T T T B T e e e e ettt

1 -30 28561 5.80
-20 28507 5.55

-10 29663 5.75

0 30838 5.60

50 29799 5.15

100 27509 5.70

150 25935 5.60

200 26556 ' 5.65

250 28614 5.45

300 34777 5.85

350 35331 5.00

400 34406 5.80

450 33381 5.50

500 34067 5.20

510 33404 5.35

520 35557 4.70

530 34095 5.65

Subsection 1 Overall Mean: 31235 5.49
Standard Deviation: 3294 0.32

Coeff Of Variation: 10.54% 5.76%
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Summary of Results

Section uniformity:
NO Subsections were identified within the section.

‘tliers - Test pits: 28 combinations at each test pit
NO Test pit data was present.

Outliers - Section data: 476 total combinations within the section .
16 height/sensor/station combinations are data outliers in subsection 1.

Structural capacity - Test pits: 4 combinations at each test pit
All results for TP 1 are within the range of expected values.
All results for TP 2 are within the range of expected values.

Structural capacity - Section data: 68 total combinations within the section
58 height/station combinations are NOT within the range of expected values.

Subgrade response:
68 height/station combinations exhibit linear response.
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Data for Section
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Deflection Data for Section: 276251E
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Corrected Deflection Data for Section
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Corrected Deflection Data for Section
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Data for Section

Deflection Deviation
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Deflection Deviation Data for Section
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Composite Modulus vs Deflector for Section
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Composite Modulus vs Deflector for Section
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Composite Modulus vs Deflector for Section
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Equivalent Structural Number for Section
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Elastic Modulus for Section
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Appendix B-1: Pre-Installation Site Recruitment and Coordination Information

Appendix B-1 contains the following pre-installation site recruitment and coordination information:

SMP site recruitment notes;

MnDOT Materials and Research meeting agenda and notes;
Site visit field notes; and

Pre-installation meeting agenda and notes.
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- NATIONAL RESEARCH COUNCIL —
. =)
J’hf -
STRATEGIC HIGHWAY RESEARCH PROGRAM

North Central Region, 1404 Concordia Ave., St Paul, MN 55104, Tel: (612) 644-2996 Fax: (612) 644-1045

" RicraRD C. INGBERG
Regional Engineer

June 26, 1991

Mr. Richard H. Sullivan

Asst. Div. Dir. Tech. Serv. Div.
Mn/DOT Matls & Res. Div.
1400 Gervais

Maplewood, MN 55109

A

Dear Me~Suitivan; o
Re:  Seasonal monitoring of SHRP GPS Sections

The SHRP LTPP program will be monitoring 64 GPS sections located throughout the
United States and Canada to determine daily, seasonal, and yearly effects of
temperature, moisture and frost on pavement structures. Detailed monitoring is needed
to fully understand critical pavement characteristics, and link these characteristics at
specific points in time to design factors.

The monitoring activities include: running pavement deflection tests; measuring
transverse and longitudinal pavement profiles; and recording temperature, moisture, and
frost conditions in the pavement structure and subgrade. Each section will be monitored
once a month throughout the year and several additional times during spring thaw on a
two year cycle.

The agency will be responsible for helping install the instrumentation, and for providing
traffic control for the monitoring activities. Typically, the monitoring activities will start
at 5 to 6 a.m. or daylight, whichever is earlier, and continue up to 12 hours. The
instrumentation to be installed includes temperature probes, frost probes, and moisture
sensors at each site. SHRP will furnish all instruméntation but will need assistance with
traffic control, coring, drilling, sawing and any other activity needed for installing the
instrumentation. The latest plan calls for deflection testing to begin by late summer, and
the installation of instrumentation completed by this fall.

A site selection process was used based on such factors as: surface thickness, joint
spacing, frost depth, ground water table, location, section uniformity, pavement condition,
sites per region and sites per agency. The following Minnesota monitoring is based on
the above factors:

271016 on US 71 southbound, north of Bemidji
276251 on US 2 northbound, bypass west of Bemidji

msmmouuazsemcow:tsnenuam.onemmamosnﬁmmwamsmnemmwammmmmowmm



We hope that Minnesota can participate in this part of the SHRP LTPP program. We
are asking for a preliminary response on whether your agency is willing to include the-
sites in the seasonal monitoring plan. If the sites can not be included, alternative sites
will have to be found in the North Central Region. Please respond as soon as possible,
but no later than July 12, 1991. Should you have any questions or wish to respond by
telephone or fax instead of writing, please do not hesitate to call. If I am not available,
please talk to Gene Skok, Erland Lukanen or Bob Van Sambeek.

Sincerely,

Richard C. Ingberg .-
Regional Engineer -

rci/bw
cc: Fred Maurer, LTPP Contact

E.L. Skok
R.J. Van Sambeek
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B R A u N Sm 1';;;'5‘;::;‘;;: Pavement, Inc. C /L)

St. Paul, Minnesola 55117-2004

l N T E RT E C | 812-776-7522 Fax: 776-7201

Engineers and Scienlists Serving
the Built and Natural Environments

Memorandum
Date: July 15, 1993
To: Fred Maurer
v/
From: Robert J. Van Sambeek “ 'L
t{“
Re: Discussion Topics for July 15, 1993 Meeting ,ibi/

The specific sites in Minnesota for the Seasonal Monitoring Program sponsora,i/éHWA-
LTPP Division are listed below along with tentative dates for the installations!

2 ke + 91" > GPS 271018 on US-10 two miles northwest of Little Falls, @4 and 8/25 =k er—tOummt N j_,
N i GPS 271028 on US-10 ten miles east of Deg%akw, A(‘_;‘ZLRQQ--B-A ‘b‘i\,,mz - :
" #b. yraw< > GPS 276251 on US-2 bypass in Bemidji, AG; 9/14 and 9/1@“‘4@ 2R34T
Lf e +z.'2e > GPS 274040 on US-2 five miles west of Grand Rapids, PCC, 9/21 and 9/22 — \l 16%

-{z--p -

The dates listed above are dependant on FHWA-LTPP Division office having someone \4_\0 L
available for each installation, and Mn D.O.T. having personnel and equipment available. 'S <7sg —Tsos

Items that need to be addressed prior to installation activities are listed on the attached sheet.
For some of the items only a contact name and phone number is needed at this time. For
other items, several people will need to be involved regarding schedules and equipment
availability.

i ?L-mc & (LS‘!' - . D<k ﬂ.u&J q7a-\We —_— Dx”é‘ 9

e EED MAuaip® S 779 -5TCE o= LTPP CemTaeT
[ : ~

| KBV tTee g - @28 - X (= Dsl- 3 Seres Iae )
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- = T . A
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e s A

(et Pree ot “
[

— ) ‘D4t i Ty P .
Z

TR LV = B B G-
///—'// el =
‘ ITEMS TO ADDRESS PRIOR TO SITE INSTALLATIONS

> Set date for meeting cerlti,al.l.)doca r_all people involved in the four installations. | \
- Brainard area?.” 4t ke~ ) wsmig 1o R T R YRIT —_,3;7.
-ﬁelvirfﬁew-imn-(Scﬂ ngineer with District 3) help organize? ‘

N ‘ M,/ /
: Cm\ e / .
_Au . v’\-ﬂ(‘&'- . ] - N o'[\ I/ %C Cew

2 fr . .
= T Maybe visit four sites after meeting? / (z . Lot
L — ".‘
- Include following personnel? /j P
- LTPP contact? —= T« ®
- Maintenance supervisor? / (‘/‘-J"\~ g ey Lee L~ Dy
- Drill rig operator? '
- FHWA Division personnel?

- Other?
2 Sos ke Tt =R A5

—

=T BLARS. pRLSonT - . AnD  TYRET DaPrIv .
> Option for highway agency to establish permanent bench mark at each site.— »—? LV\L r).cjlﬁ—
> Equipment requirements.
ery s oo ooy "
- Drill rig - See -7 e Tt —— = Anee ™
- 12 inch core? =~ ‘
- 10 inch minimum diameter hole required (solid stem auger?).

- 6 inch diameter hole located about 30 feet off roadway. —

- Pavement saw.
- 10 inch cut depth maximum required for ail four sites.

> Supplies
- See listings from installation guide.
> SHIFT  STTsS AT WG DAY 4 _ f"’:‘;—ur A cide
.& 3 Q&Dé_’:u‘ ’ I
-4
>
>

- s:\wp\bop_vism_pre.ma
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B RA w N sm ?;;;gk:::epr[:: Pavement, Inc.

St. Paul, Minnesota 55117-2004

INTERTEC _; 612:776-7522 Fox: 776-7201

Engineers and Scientists Serving
the Built and Notural Environments

July 29, 1993

Mr. Fred Maurer

Mn/DOT Materials and Research Laboratory
1400 Gervais Avenue

Maplewood, MN 55109

Dear Mr. Maurer:

Re: Group Meeting Announcement for Activities in FHWA’s Seasonal Monitoring
Program in Minnesota

A tentative meeting agenda and list of who should attend the meeting is attached. The same
information, along with a cover letter, was sent to the four District Materials Engineers
involved. The meeting objectives as stated in the cover letter include;

* Inform involved parties about the Seasonal Monitoring Program

* Assign and coordinate responsibilities for installation and monitoring

* Finalize schedules for equipment and traffic control requirements, and

* Address any questions or concerns about the Seasonal Monitoring Program.

Please make arrangements for people from the Materials & Research Laboratory to attend.
Some names, other than yourself, that have come up in previous meetings include,

Richard Sullivan - SHRP Representative

Warren Pladsen - in charge of drilling operations on the four sections,

Blake Nelson - initial planning of installations,

Joe Korzilius - involvement with instrumentation, and

Dave Bullock - involvement with instrumentation and FWD Spring Recovery testing.

Please give copies of the meeting announcement and agenda to the people you think need to
attend. It is very important that someone in charge of drilling operations attend the meeting.
If you have any questions or need additional information, please call me or Ron Urbach at
800-344-7477 or 612-776-7522.

Sincerely,

/:-Zr [/A,/;;sea———

Robert Van Sambeek

Project Engineer
s:\wp\bob_vimnmigl.sm



What:

When:

Where:

Who:

Agenda:

Meeting Announcement for Activities in LTPP’s Seasonal Monitoring
Program in Minnesota :

August 12, 1993 from 9:30 AM to 12:00 Noon

Mn/DOT Library Conference Room
1991 Industrial Park Road
Baxter, MN

(0.25 miles south of Paul Bunyan in Brainerd)

State Level

SHRP Representative
LTPP Contact

District Level
Materials Engineer and/or Soils Engineer

Maintenance Superintendent or Maintenance Sub Area Supervisor

Other Interested Parties

DOT staff involved with instrumentation or spring recovery study

University students

See next page
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FHWA-LTPP SEASONAL MONITORING PROGRAM IN MINNESOTA
MEETING AGENDA

Introduction
Review of LTPP Program and Activities

Objectives of the Seasonal Monitoring Program
Overview of Sensor Installation and Monitoring Activities

Test Sections
Section Location
Allowablq Maintenance

Sensors, Sensor Layout, and Installation
TDR Probes
Thermistor Probe
Resistivity Instrumentation
Air Temperature
Rain Gauge
Equipment Cabinet and On-Site Instrumentation
Observation Piezometer

Schedule
Insta.llation.
Monitoring

Responsibilities
Mn/DOT State Level
Project contacts

Mn/DOT District Level
Traffic control
Utility clearance
Pavement saw and operator
Filter sand
Bentonite pellets
Sac-crete
Pavement repairs

Mn/DOT Materials and Research Laboratory
Drill rig and operator
Access cover for piezometer

NCRCO and FHWA Staff
Instrumentation
- Monitoring activities

Closing Comments
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Braun Intertec Pavement, Inc.
1983 Sloon Place

St. Paul, Minnesota 55117-2004
612-776-7522 Fax: 776-7201

Engineers and Scientists Serving
the Built and Natural Environments

July 29, 1993

Mr. Graig Gilbertson

Minnesota Department of Transportation
401 Paul Bunyan Drive S.E.

Box 490

Bemidji, MN 56601

Dear Mr. Gilbertson:

Re: Group Meeting Announcement for Activities in FHWA’s Seasonal Monitoring
Program in Minnesota

Braun Intertec, under contract with FHWA LTPP Division, has responsibility for the Seasonal
Monitoring Program initiated by SHRP. Earlier this year, we worked together with Fred
Maurer to contact the Districts regarding sections to include in the program, and GPS section
276251 on US TH-2 bypass in Bemidji in District 2A was approved for use in the program.
In addition, sections by Detroit Lakes, Grand Rapids, and Little Falls were approved.

With the four sites in Minnesota relatively close together, only one group meeting is planned
for the Districts involved. A tentative meeting agenda and who should attend the meeting is
attached. The meeting objectives include;

* Inform involved parties about the Seasonal Monitoring Program

* Assign and coordinate responsibilities for installation and monitoring

* Finalize schedules for equipment and traffic control requirements, and

* Address any questions or concerns about the Seasonal Monitoring Program.

Please make arrangements for appropriate district people to participate in the meeting. It is
very important someone in charge of traffic control and maintenance attend the meeting. If
you have any questions or need additional information, please call me or Ron Urbach at
800-344-7477 or 612-776-7522.

Sincerely,

Robert Van Sambeek
Project Engineer

s:\wp\bob_v\mnmtg2a.sm
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Introduction

Review of LTPP Program and Activities
- see handout
Objectives of the Seasonal Monitoring Program

- Collect and analyze data to better understand the short and long term impacts
of environmental factors including temperature, moisture, and frost/thaw depth
on a pavement structure for improving pavement design.

- Factors defined in the core experiment monitored by FHWA-LTPP inciude
- wet or dry climate
- freeze or no freeze climate
- pavement surface type (AC or PCC)
- pavement surface thickness

- Factors not defined in the core experiment include
- pavement edge drains
- recycled materials
- CRCP
- shallow water table
- shallow bedrock
- etc.

- Agencies are encouraged to monitor supplemental sections to study factors
not included in the core experiment.

- reduced monitoring requirements

- use existing GPS or SPS sections

Overview of Sensor Installation and Monitoring Activities
- Two days for initial instrumentation installation and monitoring
- About $10,000 of equipment installed at each site
- Monitor sections every other year (70 days over a 10 year period)

- Relate environmental variations to changes in

- pavement, base and subgrade strength

- deflection data collected 14 times per year

- monthly most of year, and bi-weekly in the spring

- ride quality

- profile data collected five times per year
- pavement distress

- detailed pavement distress surveys two times per year
- frost heave/swelling soil

- elevation data collected five times in first year

- elevations two times per year after the first year



Test Sections
Section Location

- 64 sections in the Core Experiment monitored under FHWA-LTPP contract

- 16 sections in the North Central Region
- four core sections in Minnesota
- 271018, EB US-10, MP 140, North of Little Falls
- 271028, EB US-10, MP 58, East of Detroit Lakes
- 274040, WB US-2, MP 173, West of Grand Rapids
- 276251, WB US-2, MP 113, By pass in Bemidji

- supplemental sections in Minnesota
- none identified at this time

Allowable Maintenance
- routine maintenance

- no structural rehab preferred for ten years

- safety is primary concern
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Sensors, Sensor Layout, and Installation
TDR (Time Domain Reflectometry) Probes

- FHWA design and manufacture
- three prong
- $60.00 each

- measure dielectric of material between probes and relate to moisture content
- air = 1.0
-dry soil = 3to 4
- water = 80

- calibration
- laboratory in air and water
- field moisture test on material placed on probes
- retain soil samples for additional laboratory calibration

- 10 probes per installation
- one mid-depth in the base
- seven at six inch intervals in the top of the subgrade
- two at 12 inch intervals approximately seven feet below the surface

- cable reader
- generate signal for cable
- monitor return signal
- $8000.00

Thermistor Probe

- Measurement Research Corporation (MRC)
- $1000.00 each

- thermistors change resistance with change in temperature
- built in multiplexer for automated readings

- two part
- stainless steel section
- monitor temperature gradient through the pavement surface
- one inch deep
- mid depth
- one inch from bottom of pavement

- plexiglass section
- monitor 15 temperatures at six inch intervals

- laboratory calibration at three temperatures



Resistivity Instrumentation

- CRREL design ' :
- PVC probe with 36 electrodes at two inch intervals

- $800.00 each

- large increase in resistance when moisture in the soil freezes
- determine both frost and thaw depth

- require signal generator and multimeters
- compute AC resistance between electrodes

- both manual measurement and automated

Air Temperature

- Campbell Scientific
- $150.00 each

- Air probe and radiation shield

- mount on instrument pole

Rain Gauge/Tipping Bucket

- Texas Electronics
- $255.00 each

- 0.1 mm (0.004 inches) precipitation per tip
- liquid precipitation only

- mount on instrument pole

Equipment Cabinet and Instrument Pole

- telephone pedestal
- break away classification
- contain power supply, CR10 data logger, terminal strip for sensor
connections, and cables for mobile reader
- conduit runs into cabinet from instrumentation hole
- pea rock inside base to prevent condensation

- instrument pole
- break away classification
- extend below frost line
- holds rain gauge and air temperature probe



Interface/Communications Equipment

- mobile unit
- used on site to read TDR probes and resistivity probe
- multiplexers for automated readings

- cable reader
- Tectronics model 1502
- required for reading TDR probes

- computer and software
- "onsite" used to record data everyday
- "mobile” used to record data monthly

Observation Piezometer
- monitor depth to ground water table

- designed to act as frost free bench mark
- Dave Esch design
- anchor at 14 foot depth
- sliding section extends six feet below the surface

- filled with water proof grease
Schedule
Instrumentation Installation and Initial Monitoring
- two days required with third day as contingency
- first day complete instrument installation
- second day collect data
- tentative scheduld{ 4
-Aug 23 & ;4/ - 271018, EB US-10, MP 140, North of Little Falls
- Sept. 8 &9 -271028, EB US-10, MP 58, East of Detroit Lakes
- Sept. 21 & 22 - 274040, WB US-2, MP 173, West of Grand Rapids
- Sept. 14 & 15 - 276251, WB US-2, MP 113, By pass in Bemidji
Long Term Monitoring

- one day every month

- every other year for 10 years .



Responsibilities
Mn/DOT State Level

- project contacts for maintenance activities and traffic control

L ——

Mn/DOT District Level

| - traffic control for full lane closure
i - two days for initial installation and monitoring
- lane closure for 500 foot section
- signs, cones, and arrow board
//: L/\..&‘\L \‘L g (‘L&LJW -’—:’—D
' - equipment 7 :
- pavement saw and operator
- if drill rig not able to core 12 inch diameter, then saw 14
inch square block out of the pavement
- located in the outer wheel path
- will put core back in-place on AC sections

- equipment capable of cutting one inch deeper than estimated
pavement thicknesses below

-271018 4.5 inch AC

-271028 9.6 inch AC

- 274040 8.2 inch PCC

-276251 7.9 inch AC

- saw three to four inch wide trench for conduit
- from outer wheel path to.outside pavement/shoulder

- materials \"_, ot -
4: i §¢-< é fe< {.':
- coordinate withl Materials and Research Laboratory<
\ T - \ nNece e~
s T - asphalt patch for conduit trench ( '
\r)r“ : - estimate 500 pounds

- water for mixing sackcrete and equipment clean-up
- estimate 30 gallons

/ )« - pavement repairs

g ~ N - patch conduit trench on AC shoulders with asphalt patch
Q) — |

3 S - assist with core or block replacement on AC sections

- assist with rapid set concrete patch for instrumentation hole and
conduit trench on PCC pavements

¢



Mn/DOT Materials and Research Laboratory

- drill rig and operator
- only required for instrument installation (first day)

- if possible, cut 12 inch core for instrumentation
- 12 inch inside diameter core barrel required
- core located in outer wheel path

- bore one six-inch diameter hole for piezometer
- 14 foot depth
- located on shoulder

- bore one 12 inch diameter hole for instrumentation
- solid stem auger preferred
- eight foot depth
- located in outer wheel path
- NCRCO has 12 inch diameter auger with two-inch hex drive

- bore one 12 inch diameter hole for equipment cabinet

- two feet deep
- located about 26 feet outside the driving lane in the ditch i

- bore one six-inch diameter hole for the instrumentation pole

- 10 feet deep
- located adjacent to the equipment cabinet in the ditch

- materials

- cover assembly for piezometer
- must function for ten years
- able to open in the winter

™™~ sackcrete for piezometer cover and instrumentation pole /
. L - estimate four bags required

52

- bentonite pellets for sealing piezometer
- five gallon bucket \ ~

- filter sand for piezometer
- 400 pounds (four bags) y
- particle size not critical
: - pea gravel for equipment cabinet
T - 500 pounds
B - 3/8 inch size preferred

15(r :
- [ = quick set concrete to repair PCC sections G( _
(- - only for 274040 by Grand Rapids NS '
pl ‘ - estimate to four cubicfeet ‘<= - _ '
/ V/ M——— / (é , ] v' .

'\\'3-\



NCRCO (Braun Intertec) and FHWA Staff

- instrumentation
- provide all instrumentation
- install all instrumentation '
- may ask DOT people for assistance

- monitoring activities
- will collect all required monitoring data
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B R Au N sm | ll;;;lsil ‘I,::emr:: Pavement, Inc.

St. Paul, Minnesoto 55117-2004

| N T E RT E C 612-776-7522 Fax: 776-7201

Engineers and Scientists Serving
the Built and Naturol Environments

Memorandum
Date: August 31, 1993
To: Graig Gilbertson - District Materials Engineer
Tom Stanko - Maintenance Sub Area Supervisor
From: Robert J. Van Sambeek ﬂ‘/
Re: Instrument Installation and Monitoring Activities for GPS Section 276251 on

US-2 Bypass Westbound MP 114.

This letter is a follow up to District level responsibilities discussed at the August 12, 1993
meeting in Baxter, MN. Also, Fred Maurer asked that all work related to the FHWA-LTPP
project be billed to charge 1.D. 00 310 ####, where #### represents the four digit work item.

%*

*

Utility Clearance
- MP 113.86 to MP 113.73 of westbound US-2 bypass.
- 700 feet total from 100 feet west of Sta.0+00 to 100 feet east of Sta.5+00.
- Stations marked on right edge of driving lane with white paint.
- Clear driving lane and 40 feet north of section into the ditch.

If possible, mow grass in area identified for utility clearance, or bring weed whip to site
on September 14th.

Traffic Control September 14th and 15th (Schedule September 16th as contingency day
for weather delays or equipment break down).

- Full lane closure MP 113.86 to MP 113.73 in the westbound driving lane.

- Traffic control in-place by 7:30 AM both days.

Pavement Saw and Operator on September 14th.
- Able to saw about 9.0 inch depth.
- Cut 14 inch square block out of the pavement in the outer wheel path.
- Remove block in one piece to bond back in-place later in the day.
- Cut four inch wide trench from outer wheel path across 11 foot paved shoulder.

Materials for Equipment Installation and Pavement Repairs.
- Six bags sackcrete.
- 500 pounds 3/8 inch pea gravel or trap rock.
- 500 pounds asphalt patch.
- Water for sackcrete and equipment clean-up (Not more than 30 gallons).

Patch four inch wide trench and assist with block replacement in the outer wheel path.

c:\smp\wp\mn2pre.sm



Appendix B-2: Pre-Installation Equipment Checks/Calibration Information

Appendix B-2 contains the following data sheets for the pre-installation equipment checks/calibration:

vy vvyeyy

Data Sheet SMP-C01:
Data Sheet SMP-C02:
Data Sheet SMP-C03:
Data Sheet SMP-C04:
Data Sheet SMP-C05:

TDR Probe Check;

Thermistor and Air Temperature Probe Check;

Electrical Resistivity Probe Check;

Function Generator, Multi-meter, and Switch Box Checks; and
Tipping-Bucket Rain Gauge Calibration.
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Seasonal Monitoring Program Guidelines: Version 2.1a/March 1995

LTPP Seasonal Monitoring Program
Data Sheet SMP-C02
Thermistor Probe Check

Agency Code
LTPP Section ID

NS
o

A

|N

Thermistor Probe Assigned Serial Number :

(7<)

Air Temperature Probe Assigned Serial Number: [ 7 C AT

Distance from ——
<2 Top (m)<iich il

1 0.200

2 0./l 52

3 0. =

4 0.017

s 10.03932

6 0.,20

7 0.4£48

8 0.320

o 10.475

10 " 10.6 24

n_ |0.227

12 0.930

13 L. 03U

4 | /. &35

15 1.375

6 | (.S 37 _<£_._ .

7 | 1L.69s | . .

8 |1.949] . _

End PR ¢ I n/a n/a
Air Probe n/a _ __Sl_ ____ _ _Q_'_ .

Comments: Q) N wAfaSuesd o 1943 . Ac—  DATR

TRASFEAALD TfRem

obh

SHee TS

Prepared by: _R3V Vool
Date (dd/mmm/yy): 21 _[NMe VvV | 95 (A/e.

Employer:

Braun Intertec Corporation

{96 3 I~ff>ru.)

Data Sheet SMP-C02: Thermistor and Air Temperature Probe Check
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LTPP Seasonal Monitoring Program Agency Code 273
Data Sheet SMP-C03 . P
Resistivity Probe Check LTPP Section ID (625 /]

Electrical Resistivity Serial Number: 2 CRr

Consector | Bctrate DiwtbnTop i) - I ionf o on
Pin Number. | Number. |- .. Linel Lie2 .| - ~Ave= ) muity/.] & o
36 1 L P R Jp—— Q-gz—é_ 1 —— e — e~ Two ‘\N$ © ?NLb
35 2 . \_.___10.07 \ .04 9 for specog s i~ 1993
34 3 I P A — 051 dotas
3 e |- |_.___[0.L%L 03[
32 5 T [ _.322_7: __I-S'_ﬁ_ M Guessiio ‘trech' Line
3l 6 . _10. 288 T [ 05[] Aad oohiele & ootride
30 7 . 0. 335 1 1 ZZUZ T aar:
29 3 é, e 0.32% _A4sLl] [orie )
28 9 .. “___10.435 __s}_é,_ ’/ /
27 10 . . - . 122 | _.0 — ,,4 :é colies Ao
2 T ﬁ_b__- 2371 | 1 452 b £33 &
25 12 :-_-:f ot _ | 0.5891 | |_.05¢0 sho it JE e .
24 B | _. () V.0 %0 ,] IS5 R
Ee) VI D . 0.691 _.0sL
2 5 | . _a '}___ j)_._‘_?% ] ’} _ 3_5_{30_
21 16 e e _10.7392 0 —
20 LI D S Q._@_q_? | _.0s52 —__
19 TN I 7 A 0.393| | _.050 | :
18 U Zj .E___ 0.94¢ _.053 | ]
17 0 |_. — . _10.99¢ _.0s50 ./ \
16 21 | _. YV | _.___11.049 _.0352 L ~
15 2 |_._ _T_.___1_109% _.050
14 B | _.__ < __|1.1 _0s1] | g .l
13 % | _._ P L4001 | _0351 Toanch | "
12 s | _.__ ‘| _.___|L.E50 ] _.0s1| - l |
1 26 I 1.70] _.08¢ ol S
10 27 | _._ {g_ ___114.35:3 _0s& 4 ?
9 2 | _._ VWl_.___[1.943 _.050 |
8 2% | _.___ | .45 051 | [
7 30 e 1 S0 ] _.05 !
6 an PN _]i1.5%561] | _.0s 1 ‘
5 2 | _.__Y | _.___ (.804 \\ . ig—_
4 33 S ( Z 22 _.
3 Y D .20 \ __.ZQESQ_
2 s | _.__ _V_.___11.25 ] — 0SSl
1 36 | _.__ | _.____ _L-%DE MO |_.f351

Bowom | . ____ | e l E_ o/a o/s . )
- No\ues
. \ | " b rov— — -\“ v €1
“omments: ’D"“" Qf‘:“\'—- ‘llo\otla \'—o-"\ 5?0(;'\3 le s o 5"‘ | (: “"?? ¥ fP“T‘f
- VTS v rvee T e ?‘x*&% T abet 1508 £07 e Lom v 4‘%.
Prepared by: ﬁ:‘w’/.’}‘ﬂ[/ Employer: Braun Intertec Corporation
M 4
Date (dd/mmm/yy): _%f_/_/‘/_?_f_/_?__{ (/—’éﬂ {943 [~ 577L¢ )

Data Sheet SMP-C03: Electrical Resistivity Probe Check



HPYD X0g YNIMS put ‘TRUNINIA ‘10JEIUID uonduny :p0D-dIAIS 1994S eleq
o

\.V spss~el  Ebby vQ\ 35 1524 Fzz “@\ses\va areq

Fojur uneag :Jakojdwg A :Aq paredaig

- Lbbs 7 3 LA :SUBWIWO))
= TH =y 00 6C - 6¢
- 1Y = ¢ 6€ \vn\ 8¢

(ADV)-a8m0A Y

T T T d(Areyw) suny, wejs
[[_s 221 _ d] uonoas dd11 | S$H09YD X0g YoNMS pue ‘Ijawniny ‘IOJRIUID) Uonoun,j
. $00-dIAIS 1°94S eieq .
(2] apo)) Koualy weidord SuloIUoIN [eu0SeIS ddI T

S661 Yoe el °T uolsiop :sauljaping weidosd Suirojuoly [euoseag



Seasonal Monitoring Program Guidelines: Version 2.1a/March 1995

LTPP Seasonal Monitoring Program Agency Code (21
Data Sheet SMP-C05 . : -
Rain Gauge Calibration LTPP Section ID [z S 1]

General Information:.

Manufacturer: - TExAS T s’?fim NS /Nc

Model Number: Tep — 525 M

Serial Number: _l_ 2043

Z
=)
=)
)

. The screen should be tacked inside the funnel using silicon at three to four points to
prevent loss from wind. )

Rain Gauge Calibration Data_—~

Trial Start Time End Time Volu Number of | Adjustment'
- (Military) (Military) ) Tips No. of Turns

1 ) _____‘//____-_. . .

—— —— e P P e ——
e e mad — —

3 _______?/ o . —— . e

! Adjust gauge to obtain 100 tips + 3 for 473 ml of water.

Comments: C‘) DATR ST Racawosd 1,0 193 cdicks,

G et WS CaiBeaTED  Prwre T | MSTALL ATV

P d

Prepared by: ﬂV Employer: Braun Intertec Corporation
Date (dd/mmm/yy): /5 I _Acev | 9 5 (/S;%M /1993 Pﬂ'fﬁ'/

Data Sheet SMP-C05: Tipping-Bucket Rain Gauge Calibration



Appendix C-1: Instrumentation Installation Information

Appendix C-1 contains the following installation data sheets and associated field notes, as well as,
photographs documenting the installation:

vV v vVvVYy VYV VYVYYY

Data Sheet SMP-101:
Data Sheet SMP-102:
Data Sheet SMP-103:
Data Sheet SMP-104:
Data Sheet SMP-105:

List of Installed Instrumentation;
Instrumentation Locations;

Log of Piezometer Hole;

Log of Instrumentation Hole;

Field Gravimetric Moisture Contents;

Data Sheet SMP-I05(A): Lab Gravimetric Moisture Contents;
Data Sheet SMP-105(B): Gravimetric Moisture Comparzson ~

Data Sheet SMP-106:
Data Sheet SMP-107: -

TDR Moisture Content;
Representative Dry Density; and

Installation Photographs.
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Seasonal Monitoring Program Guidelines: Version 2.1a/March 1995

LTPP Seasonal Monitoring Program Agency Code (2 73
Data Sheet SMP-101 :
Instrumentation Installed and Participants | LTPP Section ID Lé 25/

List of Equipmeni::

Instrument Hole:

Thermistor Probe o ] 27 ¢cT

Resistivity Probe = 27 €CR

TDR Sensors 1o 27 €01 to

| 2 27cl0
Equipment Cabinet:

Campbell Scientific CR10 Datalogger O | L L5 30

Battery Package o | §5 37 |
Weather Station: :

Rain Gauge o 12243 |

Air Temperature Probe o | ZTCAT

.. Radiation Shield e | | T

Observation Piezometer/Bench Mark: < | n/a

List of Participants:

Participan Agency/Employer:
Kopear Vaw SmbEcE BRAuww  [fvTrERTEC Cogf
Rowwep uepacH L b *~
Daca  Miuen 1 'S b}
JoEL 2L Tof (SN s g
Hetin®  VITALLS M DoT ——.Dz‘u—g e
Eugerne  Toemonen (RS b o
Tom~ s Taneo Ma DT —DisT, 2.
OY%io DoV avp uaV. TrRog- O Dot ./MNt Vo
Prepared by: __ e P A ./jfcé‘f Employer: Braun Intertec Corporation

Date (dd/mmm/;y): (1 0¢ec 195 (/Soﬂ - (YSepT 3 Lusbet()

Data Sheet SMP-I01: List of Installed Instrumentation
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Seasonal Monitoring Program Guidelines: Version 2.1a/March 1995

LTPP Seasonal Monitoring Program Agency Code A
Data Sheet SMP-102 -
Installed Instrument Location LTPP Section ID (62 S)]

Longitudinal and Transverse Location of Instrumentation:

Instrumentation Hole S4+15 | b+ 15| +0.76:+0.7 1|
- <X || Observation Piezometer 4400 _3-_t 979 (=3. _g_i -2 6 b .
Equipment Cabinet 5 4+LS f+t1 5 |=2.90 —7.92
Weather Station sSHiI5| 5+ 15|—8 . 23| -8-23
70T Beaconek Tt 02 =20.4da
—+ TTansverse distance i i ual 10r

Testing) with (+) values toward mid-lane and (-) towards shoulder
)(/ ON V-1, 1923 PRER. ©.3231 M Rilews Eof @ Sta. Y=o
Depth Location o Instrumbntation: s————-

Thermistor | Metal Top o.025 10.025 Mot measured.,
Probe Metal Bottom | ©. / 5510 . | § O |Mph measused, S
PVCTop 10.22 9|0.3 15 '
Resistivity Probe 0.A2410.225
1 0.304 ©0.290 Al dots 0,005
2 0.457 p.995% converded from
3 0.6 0 0610 neavest fo iaclo.
4 0.7462 0.750 .
5 0.9 149 0.900
6 1.0 67 1.060
7 L.2173 l. 220
8 1L.3724 1.2b65
9 l.67¢ 1 1.670
10 1.931[ 1.220
ATTA - A )

DIRECTION OF TRAFFIC AND LOCATION OF THERMISTOR AND RESISTIVITY
PROBES. LABE& PROBES "T" AND "R", RESPECTIVELY

Prepared by: _(/Cloi~e (,/5 Employer: Braun Intertec Corporation
Date (dd/mmm/y/y): _{__(__/Q__Q__C_,/_Z_f ( tor 1’-(51??; Lus 0}

Data Sheet SMP-102: Instrgxmentation Location
M Q(b\UL (e o cwbr X wrentirsl Ly ieoa b 726%m AlLoefk"-‘ 34‘009'
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Seasonal Monitoring Program Guidelines: Version 2.1a/March 1995

Prepared by: d&j_ﬂ’\;,— —'Z;//% f | Braun Intertec Corporat
Date (dd/mmn/yy): _Z_&_/ﬁ&_é._li_{ (E)»’ 1Y 55/93 J,MS/ﬂ//alébV\)

Employer:

LTPP Seasonal Monitoring Program Agency Code Lz_ 73
Data Sheet SMP-I03 _
Log of Piezometer Hole LTPP Section ID 625 1]
Operator: _H. VITALIS Equipment Used: MOBTLE CORE\DRTL
Location: = Station: E__tf_i Offset: _ 3. _é_ §_m (from lane edge) |
Bore Hole Diameter: 2_ Q :}_ . mm Auger Type: So [ /'6/ 5 ‘Zem
Scale Depth from Material Material
(m) Surface' (m) Description Code?
0,150 SILTY SAND _T0RScIL 279
_05__
__ 1o ___
_15__ SI[_T‘{ SAND
20 CTNE TO HMEQTUrM 202
GRAINED  BROWA
25 __
CAUE TN AT ABouT
—30_ 2.4370 A7 meles
_35_ DEATH, WATER AT
ABouT 2. 71m,
__40__
__45__ 4. 570
5.0
! Format: ' 2 Format: ___ -

ion

Data Sheet SMP-I03: Log of Piezometer Hole



BRAUN"
) oF Z

|NTE RTEC 2S5/ ——
| PlEZom EZ&/&/ BENCHMARY

7-14-7>

LochTiely (/U%LS' A7 STHTIen 3+77
O FFSET 2! FRowmn WHITE LINE.

TSTARTEY To Aucell 8" BUGCER . SEVERAL
: HTTEW/’TS wﬂ?b Inz2e TJo TRY 7O CE7
A Hor& )5S L DEZV To TMNSTAL THE
PlEZOMETER .

A5 CALLGN PrRIL whAS TAHEN Fo /2 )
 PosSS/BLE 77;37//\)& LATER. FRim | 'To 4.5 Feol

T SHATURATEY SANY WHAS ENCOUMNTERE])
AT APouT THE 9 Foo] PEPTH

BECAUSE OF 7/E SATURATRY So/LS
THE HOLE FKEPT CAVENG IN BT 8-7Fo07
DEW/"H THE floLE cotiLey No7 BE ADvaHcez7

- SEVERHL Mrm PTS WERE mpwne TO
T Pusy THE PlEZomETER 70 /4 DEFTH 2 )—
|45 FEET. T7 Couc sy No7 BrE LINE

TIE D07 cuur ABouT T FEET FRIm TiHE
UPPER PART OF THE 4 Foo7 SECTICN o=

| PIPE .

THE To7AL LENGTH ©F 777F
WHAS ]2 FEZT. 3 /NcHED> LoNE.

: ’7775’ FlEZomETEP- w/z;s ’77‘2}/ PuSHED Ll 7H

T /a/ FooT DEP77'/

PlEZ2gmETER




"BRAUN-* ,
JINTERTEC 27cesr  —— e —

' SolL MCm/E IN  WAS AT ABOUTE FEET BENTONMTE
PELLETS WERE PLACEW FRows p PEPTH oF
@ FEET WP Tu A DEPTH OF b FEET 8 JNCHES .

 BECAWSE OF THE CAVE FN_MNo FILTER SAND
WAS PLACEY .THE NATERAL Solts WERE A-
- FINE GRAINE SANK .

Soll  REMovEr FRom THE IBORE Holk
PDURING DRILLING WERE USEWX RS BAKFILL.
FRom b FooT PEPTH TU _APIUT T FEET

 PElow FRouNw LEVEL. |

TTHE 570D STEEL SLEZEVE WAS PaT So Tiie
/30'72/74 W//-}S WBouT Z.25 FEET Pllocy [=X)STING

THE STEEL SLEEVE WH 5 BPACUTILLEL LW TH- CoNcRER”
CSAARETE) To ABouT 3" FRum T77& T0 /-
LUGS WERE WELOLID s/ T7TE 5/ DE 0F THHE SULEVE
TO HELP NNCHOR (7 N T7E Collg RETE .

FILTER NLD (yss USED 72 T7LL THE AREA
 BETwerl TTE SLEEVE AN TINE FlEZomETER/
 BeNCHmARY PIPE. TH7ZS WHS PLACO? T
 APehT 2-2 INCHES BElow 7HeE T2/ o F T
”@Zomé’my BacHpRy PIPE.
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Seasonal Monitoring Program Guidelines: Version 2.1a/March 1995

LTPP Seasonal Monitoring Program Agency Code ‘ [27]
‘Data Sheet SMP-104 '

Log of Instrumentation Hole LTPP Section ID [2 5 1]

Operator: B . Viywas Equipment Used: Mobe  Cors / Deire

Location: * Station: 5 4+ 1 5 Offset: ©. 2 / m (from lane edge)

Bore Hole Diameter: E j O.mm

Scale Strata Material Material
(m) Change! (m) Description Code?
— g:;g: o, 11\ AT AL
030 __ 4
— os0 0,425 BasE 304
_ 050 __
— 060 __ SanD Fwe T mED. 202

070 __
0.80 __
090 __
1.00

.10 __
120 __
130 __
1.40

_ 150 __ _ (5O
- 1.60
_ 170_ SALD Eirne 6RM~ERD
_ 1’80: LT BRoww wAes s 2o

190 __

200 __
2B O
2.10 __

2.20

230

2.40

2.50

GRAMED  BRowro

! Format: __. m; 2 Format: __ __ ' .

Prepared by: _ASY from REU Nonrlllgfﬁ?ployer: Braun Intertec Corporation
Date (dd/mmm/yy): 2.2/ D=</ 25 (kf-&om o — SEP— /793 /~5‘71¢4¢/

Data Sheet SMP-104: ‘Log of Instrumentation Hole
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Seasonal Monitoring Program Guidelines: Version 2.1a/March 1995

LTPP Seasonal Monitoring Program Agency Code 7]
Data Sheet SMP-106 . :
TDR Moisture Content LTPP Section ID (&2 5/

Required Settings:

Dist./Division: 025m

Phase Velocity: 0.99

‘Noise Filter: 1 average

1 JJo.2909] Q) | D60 | .91
2 o 9yol [ | 0.55| _7.39
s lo.6so) 1| 051 | (44
+ le.zso|l 1 [ 0S5) | _£. %3
s lo.go0| _1__ | 049 | 574
¢ (L. 0bo| 1| 0Y%Y% | S.70
7 |L.age| _1__ | 0.5] |_£¢.%%
s |1.365| | 1096 | 5 23
o |1.¢72| | [ 0.85 | S. 01
o |i.aze| VYV _10.53]1_6.9%

! Distance in meters from pavement surface to TDR probe
2 Dielectric constant is determined as follows:

@ P
RGA

where & = dielectric constant; L, = appa.rent. length of probe, m; L = actual length of probe units
(= 0.203 m (8 in) for FHWA probes); V, = phase velocity setting (= 0.99).

(Dz - DI)
oWy |

ATTACH TDR TRACES TO THIS DATA SHEET.

Comments: Q) PaT  RaccrdDTD 1~ 1AA3

Prepared by: Employer: Braun Intertec Corporation
1Y~
Date @d/mmmlyy): o ! Acov | 95 (Fr. o= 5E,- 73 esrrec )

Data Sheet SMP-106: TDR Moisture Contents
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27632S7 I ta

@ 22-142 100 SHEETS
22-144 200 SHEETS

enscnsnn 17.770 m
Di‘f.-‘.. .25 m/div

icale.... 112 mp/div

LA N NN R NN ] 0.99
B ceeees 8 AV
LE NN NENREN] bat

cecsasse 17.620 m
DIV enaeae 20 midiv
iCaleenes 112 me/div
cennesss 0.99

2 eaunee 8 avs
sesesasa bat

....... « 17.610 m
IV eaaes 29 mAdiv
icale.... 112 mefdiv
casnmans 0.99

W eeseen 8 Y9
secanvens bat

Tekbtronix 13502B TDR
Date F-1¢y- 23

Cabl =
Notes 27\

Fing Spen

Input Trace
Stored Trace . _._._
Difference Trace .........

Tektronix 1502B TDR
Date q { V 23

CabiRllls/ - C
Notes &3S/

S _Five S

S0
Input Trace
Stored Trace aeceeeee.e

Difference Trace ..........

Tekbtronix 1502B TDR
Date Y-19-27
Cabl?lkf_sl_’_}j_
SO _Fe pr Lot
S0

Input Trace —
Stored Trace . _.__._._.
Difference Trace ....._....

ceveanes 17.9580 m
DY eenas 29 midiv
iCaleeese 112 mp/div
ceavasss 0.99

2 caenae 8 ave
esseesss bat

Tektronix 1502B TDR

Date 9g- / S-F 3

Cabiele2 s/~ Y

Notes ___(27¢<4)
SP Fire $he
: e

Input Trace
Stored Trace ...
Difference Trace ..........

....... . 17.540 m
DY enees <29 midiv
23lee..e 112 mesdiv
..... .ee 0.99

N iueeea 8 avse
cceaasers bat

Tekbtronix 1502B TOR
Date 7=/~ 27
Cable2?& 25/ -
Notes _(27¢0

QP Cirl SHey

Input Trace
Stored Trace oo,
Difference Trace .........



TS5/

lH-szP — tqas J DEdvrazlos 86 ‘ TOR- Trizrs — 4574 l%

30 SHEETS

22-142 100 SHEETS
22-144 200 SHEETS

42-141

@

veesvses 17.480 m
N¥ v 25 m/div
cale.... 112 mp/div
seacanee 0.99
Weaneea 8 aY¥YS9

Tektr'onﬁ 1502B TOR
Date 1y-93

CabIZ—ZéCZiLéz__
Notes _(27Cc &

by Fu’d Fohix

SA~D
input Trace
Stored Trace ____.__._._
Difference Trace S—

vecensas 17.3940 m
MY veese «25 m/idiv
cale.... 112 mp/div
vessanca 0.99
Yeeaons 8 avs
seeeaass bat

Tektronix 1S02E TDR
Date _9-/%-~93

Cable?'lé.ﬂg%__
Notes _(27& o7

SP Fipe Sior

Input Trace
Stored Trace —_.__._._.__
Difference Trace ...........

1ececcan 17.460 m
MY eraan o295 midiv
Cale.... 112 me/fdiv
Feanaaa 8 avs
seensaa AC

Tektronix 1502B TDR
Date _Z-/y- 9 Jg/
Cabler1L 2S5/ -
Notes __ (31 C,OY:,)

5 ﬁ lc t @ S

input Trace
Stored Trace __._._._.....__
Difference Trace ...........

tessnseas 17.460 m
MY eeean o295 midiv
cale.... 137 me/div
teesneee 0.99
Tereena 8 avs
-eseee.e bat

Tektronix 1502B TDR
Date .9 ~Jy. 913
Cablel1L 25/ - 7
Notes __(R7¢cy)

S p =, NS Sha

Input Trace
Stored Trace —__.__._._._.
Difference Trace ........_..

ereaase 17.620 m
MY eenan 25 midiv
2alee... 112 me/div

eseanee 0.99

Feaeene 8 avs
AN EE N NN} bat

Tekbtronix 1502B TDR
Date _I=/Y- 23

Cablw

Notes ('?."l [ X
SP__Awi Siuvn

Input Trace

Stored Trace —__._._._._._.
Difference Trace ...........

. e e e
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Seasonal Monitoring Program Guidelines: Version 2.1a/March 1995

LTPP Seasonal Monitoring Program Agency Code [Zz7]
Data Sheet SMP-107
Representative Dry Density LTPP Section ID [e2 5

Depth of Representative Sample (from pavement surface): __ . ____'m

Dry Density Determination:

a.  Tare Weight of Empty Mold: e (. _ I
b, Weight of Mold and Compacted Soil: g (_.__y
c. ) Weight of Compacted Sample (b - a): e _g(_.__b
d. _ __glem?
_ __ lb/ft)
e Dry Density of Compacted Soil = _ g/em’
(__ __u/f)
2 Moisture Content Determination:
m. Tare Weight of Pan: e g
n. Weight of Pan Moisture Sample: e ._8
0.  Weight of Parf and Dry Sample: — e __.__&
p. Weight of Moisture (n - 0): e __.__8
q.  Weight of Dry Sample (0 - m): ———-__8
T oisture Content by Weight = [(p/ (p + @) * 100] = __ . %
Comme N1 Dors_ \ Ao 1 43
, Prepared by: RSv ' Employer: Braun Intertec Corporation

S

Date (dd/mmmiyy): 22 | D<) 35 (Fox /9- SZP- (793  frsrree )

Data Sheet SMP-I07: Representative Dry Density
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Appendix D-1: Initial SMP Monitoring Data Collection

Appendix D-1 contains the following data sheets with information collected the day after
instrumentation instaliation: :

vvewyy

Data Sheet SMP-D03:
Data Sheet SMP-D04:
Data Sheet SMP-DO05:
Data Sheet SMP-D08:

Contact Resistance Measurements;
Four-Point Resistivity Measurements;

-Ground Water Table Measurements; and

Surface Elevation Measurements - AC Pavements.
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Seasonal Monitoring Program Guidelines: Version 1.1/June 1993

LTPP Seasonal Monitoring Study * State Code 27
Data Sheet BE D2
Contact Resistance Measurements * Test Section Number [ & 25 /)
1. Date (Month - Day - Year) L%-/7-73)
2. Time Measurements Began (Military) Nov (/9:37]

3. Comments /C*"'Jﬂ'/%x/. Tk, BFTE  pos StncI7ons BT~ Sy ror

Test Connections Voltage (ACV) Current (ACA)
Position /™1™, | Range Reading Range Reading Notes
Vi | V2 | Setting Setting
] ] 2 V 2.57 mA 2.2 39ve
2 3 2 8./5 /- 93 P Ywo0
3 3 4 9. 02 /.5 o~ \_|IS8ee
4 5 4 9. 14 7.5/ /4 \Jleeb0
5 5 6 9.19 /7.48 1/ j%l"&“
6 7 6 9.5y /.33 / . frree
7 7 8 ?.62 .28 Vs L [2%ve
8 9 8 9.37 [-40 N\ 6To0
9 || 9 10 Q.05 /.5 N 59veo
10 11| 10 9.d0 /.56 V- BV /lisees
1 1| 12 9.0¢ .52 N L1590
12 13| 12 8.57 /.73 N 4950
13 13 | 14 8.16 7.9/ Y3v0
14 15 14 8.56 1. 7Y 4990
15 15 16 8.3¢ /.82 Yoo
16 17 16 8.53 7.7% Y400
17 17 18 8.59 /72 Soeo
18 19 18 8.33 /.89 Y500
19 19 | 20 8.7 /.86 4450
20 21 20 8. 46 /I8 yi5o
21 21 22 Q.07 /.57 Gooo
22 23 | 22 9.5/ /.32 Ttov
23 23 24 ¥s5.62 ¥/.26 2y OuwT Hyooo
24 25 | 24 7. %6 /.3y 7050
25 25 26 * 0.0t » 8.2 —
26 27 26 9. (XA 7.5/ FALIIE Y
27 27 28 .02 (.52 9 [
28 29 28 8.81 /.62 s
29 29 30 8.606 /.70 §oso
30 3 30 R.6G32 /.69 Sioo
31 31 ] 32 8.2 (87 4400
32 33| 32 7.68 2.1 3600
33 33 34 7.3¢ z.27 3toe
34 35 34 7. /2 2. 28 3000
7. 19 Z.35 3050
" 36 37 | 38 .
I 37 38 | 39 - -
Y 39 40
Preparer _AJV Employer _Sedua AuTrarve '

X CHECKRED  Rsgd g THeC

Figure III-5 - Contact Resistant Measurements - Data Sheet R1

SAME

RESwueTY

TImES  wiTH

I11-9

No
FitesT
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Seasonal Monitoring Program Guidelines: Version 1.1/June 1993

LTPP Seasonal Monitoring Study * State Code [27)
Data Sheet ¥ Doy
Four-Point Resistivity Measurements * Test Section Number [ G2 5 /]
1. Date (Month - Day - Year) L7t-(7-2%)
2. Time Measurements Began (Military) : Mev [(/¢:2=]
3. Comments Z#«# Box LK. BAaTT v 6. L Infrs TR
Test Coanections Voltage (ACV) Current (ACA)
Position L]V, V: | L | Rasge Reading Range Reading Notes
Setting Setting
1 1] 2 3 | 4 v 0. Y3/ ~A 2.00
2 2} 3 4 [ C., 496 /.97
3 3] 4 5 |6 0. 4325 /.5
4 4| s | 6 |7 T 0.4968 /.93
5 5 6 7 8 o. Yo ! /- 48
3 6| 7| 8 |9 . -0.3%87 1. 26 /[ q g
7 17l s s w0 | o.38: (.29 T T
8 s | 9 10 |11 0.39% /.28 P
s | 9] 10| 11|12 0. ¥y2 /59 \ v
0 Jwo| 11| 123 0. Y2Y /.63 ' /
1 [ 12| 1314 0. 928 /.52
12 (12| 3] 14|15 o. YY1 /7
13 131 141 15 1]16 o.960 /.20
14 14 15| 16 | 17 O.4132 /.68
15 |15 16 | 17 | 18 0. 467 /.80
16 [16] 17 | 18 | 19 o. Y8 /- 76
17 170 181 19 |2 0.433 l-20
18 | 18| 19| 20 |21 O, Yu5 [,73
19 [19] 20 | 21 | 2 o. 919 /.68
20 [20]21]| 22| o.5Y5” L2
21 21| 2 | 23 | 24 . — K2y oar=
22 2| 23| 24 |25 o, ¥27 " 7.08
23 23] 24| 25 | 26 ¥ 3. Y07 ¥ /. §O
24 | 24| 25 | 26 | 27 % 2.639 ¥ /.60
25 | 25| 26 | 27 | 28 .00 / 8.25—
26 261 271 28 | 29 o.500 /52
27 27 ] 28 | 29 | 30 o.5Y8 /.50
28 | 28] 29 | 30 | 31 0.523 1,59
29 29[ 30 | 31 |32 0.602 /.23
30 |30 31| 32 |33 * 0.557 ¥ 43t
31 |31 32 [ 33 | 3¢ 0.6072 7.87
32 |32 33 | 34 | 35 0.,55¢ 2.06
33 133] 34| 35 | 36 O. &30 z. 12

Preparer __ 23 L Employer _ St pun AT eTTe

Figure III-6 - Four-Point Resistivitj/ Measurements - Data Sheet R2

M-10 = CHECKEED RZADpHS THREL TImES wiTH
SAML  RESyLTS
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Seasonal Monitoring Program Guidelines: Version 1.1/June 1993

* Use only these weather terms: Sunny, Partly Cloudy, Cloudy, Driuiﬁn

Collected by:

LTPP Seasonal Monitoring Study State Code ~ (.
Form % Do 27625/
Ground Water Table Measurement Test Section Number (bz5 )
. (
7' 34
- Number Time Well Depth | Water Depth Weather Comments
(ft) (1) Conditions*
/ /
1 |0820| /z PG,
2 a
3 \ :
4 \
; - \
1 /5y

U

q T 1T - ‘@ e S
= | Yoy o TRE

[ ' 3.6

siry (" re
43 at— = 2235 N
—““_f-——"Ji' L —
pa’ E B 2aus . Yis/s3
: mployer: Date:
Ser

Figure III-7 - Ground Water Table Measurements - Data Sheet W1

I-12
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VA, A
{ i\ b [ Z75¢q35
f/[,"’}vlmé lipe . 1100
LTPP Seasonal Monitoring Study State Code k=
Form B2 Do ® GPS Section No. £76 25/
Transverse Profile Measurements- | Test Section Number @zs!)
AC Sheet __/ of _@

STA IFS TFS ELEV REMARKS

BS H
psTI0m | 8056 | 45556 . God Bm ymlpeX

TYPE OF INSTRUMENT
STA EOPo| X oWyt |) MDD\ | Tweiee | © cLi$' | REMARKS

3400 13232 | 13055 | 12732 |_1243%| J22! F | rowefers<o

ELEV | _Z357 7357 P03 e =Ll 2 G112 nemarn Ton 2756438
§ %sb-’ﬂ‘k‘{‘rcw«.i,

3425 | 12777 | 12147 | 123427 | L2155 | L1917

ELEV | 28077174007 |G e 30494227

3450 | L2718 | L1250 | L2108 |_[1g%e| L1552

ELEV | SHi#e 570 F#72827a/b | F7282

S+74 | 12808 | 12285 | L7317 V1532 11393

ELEV | 2258035237 23233~ 25243

F=HOO| 2271 )
ELEV | 54584=—F

I A A A W 2 A WY 55 R w8
F+25 1 |. . . 2242 | 1.0998
ey | 555 | -4HELL| - MaYe | 12ee | LoTrd

52 50| 1968 | 11719 | L1385 | Toss | Leda?
vk w)

ELEV | 4892 | 8 /J39 839372187200

4+7 5| _ 11612 L3201 10736 Los43 | L
ELEV | 7238 G74B5 | _ 417 7t G0t G048

Prepared by: HR (//f/ Dm Employer: 57/?/3 t/N

Transvexjsc Profile Measurements: AC Pavements - Data Sheets E2
L ;

& l()') ~ q-'r
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S0
N7l

Transverse Profile Measurements: AC Pavements - Data Sheets E2

E'/:ZUCJJ‘ llél// 2775<a3B

LTPP Seasonal Monitoring Study | State Code (22)
Form 2 Do GPS Section No. 2 74 25/ ,

Transverse Profile Measurements- | Test Section Number (€z51)
AC Sheet ___of __ _

STA BS HI IFS ('TFS) ELEV _ | REMARKS
M | .8856 |10,885¢6 L0

— 17
TYPE OF INSTRUMENT

STA EOP OWP MID IWP ‘ CL REMARKS
S+00| 11187 | 10947 | 10587 | 0232 | 07972
BLEV | 3288797982 |Zuarse | 7Rl e [“apaIL
S+10|_L1o7! | _Lsgo2| lo2l? | _Loe?7|__731¢
ELEV | 27755 —Fbes4=— 10232 | " FR779 | 39046

| vatCH . WAREYEL] ERdl
s+lS| b | .| le33s|_ T778| Q1128 T b
BLEV | 73872 |Z - - ey ich e e |
5+20| _1.67:7| _lob#7 | 1023 | FAhr|_07700
ELEV™ | _Z#7P331-50707 | 10307 [ 1203313 #E5¢
— + -—ee | emeem e ow o e | e e e e eow e | o ames s emn es | ereres eon oen o | s e o e e e
ELEV | . & e o e e
| I I N T N P

ELEV | . | . V1 __ S
LSRN DSUI DERPIRI DNTIR I AruR DI
ELEV | _ . | e e e
— + e | emeeeen e e eas | eeeeram e e en | we oo os e en | oo emes es amaas | e eses em s e
ELEV | _ . . e e
Prepared by: KEA Employer:___ D2axw Date ?‘ 1573



Appendix D-2: Routine SMP Monitoring Data Collection Summary

i

Appendix D-2 contains the following information:

> Standard LTPP SMP data tracking log;
> Field testing information sheet; and
> Screen prints documenting equipment problems.
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276251 - 27SC Updated 5-May-95

LOCATION - US-2 WB Lanes, on bypass in Bemidji, MN (MP 113.8)
CONTACTS - Tom Stanko (218) 755-3799, Graig Gilbertson (218) 755-3807
TEMP HOLES - Sta 5+03, Depths are about 1.1", 3.7", and 6.9" (AC thickness = 7.0").

DISTRE M
Sta F1 - Tests at 25 foot intervals from Sta 3+00 to Sta 5400, and at Sta 5+ 15.

325 M-LONG.CR. 2’ LEFT OF LP AND SENSORS

350 M-TRANS.CR. UNDER LP AND L-LONG.CR. BEHIND THE LP

375 M-TRANS.CR. BETWEEN D6 AND D7

425 M-LONG.CR. 2’ LEFT OF LP AND SENSORS

450 M-LONG.CR. NEAR LP AND ALL SENSORS

475 M-TRANS.CR. 1’ BEHIND LP

515 LP ADJACENT TO INSTRUMENTATION HOLE AND M-TRANS.CR.
BETWEEN D6 AND D7

Sta  F3 - Tests at 25 foot intervals from Sta 3+00 to Sta 5+00, and at Sta 5+10,
and 5+20.

325 L-LONG.CR. FROMLP TO D6

350 M-TRANS.CR. UNDER LP

375 M-TRANS.CR. BEHIND LP AND BETWEEN D6 AND D7
475 M-TRANS.CR. UNDER THE LP

510 D7 ON INSTRUMENTATION HOLE

520 H-TRANS.CR. 1.5’ BEHIND THE LP

PIEZOMETER - Sta 4+00, 2.0 feet form the edge of paved shoulder, Depth = 3.727M.

ELEVATIONS - Mn/DOT BM at Sta 5+00, 57 feet from the edge of paved shoulder.

Offsets: PE OWP ML WP ILE
™M 016 076 1.83 290 3.51 (Assuming 12 foot lane,
ft) 0.5 2.5 6.0 9.5 11.5 not from white stripe.)

(nail) (hole) (hole) (hole) (nail)

Sta:  Transverse profiles every 25 feet from Sta 3+00 to Sta 5400, and at Sta 5+10,
5+15, and 5+20.

MMENTS - Frank or Daryl on traffic control.
- Need to fill temperature hole about one inch.
- In 1996, may want to install nails according to current guide lines.
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TOTAL FILE: 26
2?7SC93EL.MOB |
TOTAL SET: 2
CURRENT SET: 1':
TIME: 824 ;
DATE: 15,1293

siter=Cypve o select ()0 PgUrsPyb=Priopsdexi sei: CirlsPgu Pyb=Privr dexi file

)\)o 7"‘.—’3 IMVTLECTRND oY

o EroTEN 700 N

~TD- Y8z S



. IR ../ TOTAL FILE: 26 !

< 27SC94AA.MOB |

TOTAL SET: 1|
CURRENT SET: 1 :
TIME: 983 |
DATE: 19,8194 |

: CirlsPyil-Pyb=Prine-Hext file

Frmesme case  =F M

T oo TODR TRACE



TOTAL FILE: 26 :
27SC94BB.MOB
TOTAL SET: 3
CURRENT SET: 2:
TIME: 1316 :
DATE: 16,82/94 :

20 CielsPgi Pyd=Prine dext File

P i) PgilsPyD=PrinrHexi

.
pve Lo ez

C:@Jli‘~f AL wes
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