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LTPP Seasonal Monitoring Program
Site Installation Report for GPS Section 831801 (83A)
Oak Lake, Manitoba

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 831801, which
is part of the core Seasonal Monitoring Program (SMP) under the Federal Highway Administration
(FHWA) LTPP Division. This pavement section was instrumented on October 12, 1993, and had
regular data collection through June 21, 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 T i i

GPS section 831801 is located on the westbound driving lane of Trans-Canada Highway 1 in the
southwest corner of Manitoba near Oak Lake, which is about 46 kilometers west of Brandon.

T ion In ion

This four-lane divided highway has a 112-mm thick asphaltic concrete surface, which consists of the
original asphalt surface placed in 1984 and a coarse-aggregate surface seal placed at a later date. The
rest of the pavement structure consists of a granular base with an average thickness of 475 mm and a
coarse-grain subgrade. Drilling and sampling data identified two base layers, crushed and uncrushed
gravel, with the combined thickness ranging from 455-mm to 500-mm thick. 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 LO5SA and LOSB tables - layer thickness and material type; and

LTPP Form S04 - base and subgrade moisture data.

vV vy vTYyYVvVvYy

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 Informati

The geographic location and existing pavement structure place this section in Cell 7 of the SMP
experiment, which is defined by the following parameters:

Thin asphaltic concrete pavement (less than 127-mm thick);
Coarse-grain subgrade;

Freezing environment; and

Dry environment.

vvvwyy

This was the sixth 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-101: List of Installed Instrumentation,” which is included in Appendix
C-1 along with other SMP installation forms.

Data for thrs 1993 mstallatlon were transferred to forms from the LTPP Seasonal Monitoring

: 3 994, The 1994 forms were used to
keep all msta!latlon reports umform 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
Pr . it

The Manitoba Highways and Transportation, sometimes referred to as "the agency” in this report,
currently has a long-term monitoring plan where Benkelman Beam deflection data is collected yearly
on the entire highway network from April through May. The deflection data is used for pavement
designs and for setting spring load restrictions on secondary highways. In this respect, the agency
was very willing to participate in the SMP regarding GPS sections 831801 and 833802.

Mr. Ray Van Cauwenberghe and Mr. Fred Young of Manitoba Highways and Transportation were
initially contacted regarding potential sections identified for the seasonal monitoring pilot activities
started in 1991 under the Strategic Highway Research Program (SHRP). GPS section 831801 was
included in the pilot study, and falling weight deflectometer (FWD) data was collected during seven
visits from the fall of 1991 through the spring of 1992 on roughly a monthly basis as weather
permitted. Field notes and data analysis results from this pilot monitoring are included in Appendix
D-3.

In 1993, Mr. Dennis Watson of Manitoba Highways and Transportation was contacted to confirm
continued agency support for GPS section 831801 as a core section in experimental Cell 7 of the SMP
study administered by the FHWA LTPP Division. The agency agreed to support the section and to
defer any pavement rehabilitation at least the five years required to get three years of monitoring data
that is collected every other year. Section 831801 is also the control section for the SPS-3 sections at
this location.

On August 27, 1993, a pre-installation meeting was held with Manitoba Highways and Transportation
staff in Winnipeg, Manitoba. Staff involved with instrumentation installation and monitoring activities
for both GPS section 831801 and 833802 attended the meeting. A presentation was given on the
SMP and arrangements were made for the agency to supply equipment and materials required for the
installation. Installation dates were set for agency staff to verify availability of equipment and
materials, because the Regional Coordination Office (RCO) was looking at a very tight schedule to
complete seven SMP installations before winter weather conditions would prevent any additional
installations. The agenda, list of participants, and notes from the meeting are included in Appendix
B-1.

After the pre-installation meeting, Mr. Robert Van Sambeek and Mr. Watson stopped at GPS section
833802 to identify any installation concerns with the site and to select which end of the section to
monitor. No visit was made to GPS section 831801, because of the distance to the site. Also,
information from the SHRP SMP pilot testing done in 1991/1992 was available to make the necessary
installation decisions.

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 included 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 setting for the noise filter at
8.0, which is different than listed in the guidelines. However, this was not realized until after the
probes had been installed, and it is beyond the scope of this installation report to determine if the
noise filter has any effect on the calibration results.

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.”

S. 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.

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. Pavement distress
data and FWDCHECK program analysis for FWD testing done June 14, 1993 were used to select
Station 0-30 to Station 2+ 00 for monitoring with instrumentation placed at Station 0-20. This is the
same end of the section monitored in the SHRP SMP pilot study done in 1991/1992.

B. Installation Activiti

The SMP instrumentation installation itinerary for Canada included travel, installation, and data
collection time for three sites over a two-week period. Two travel days were allowed to make the
1600 kilometer trip from the RCO to the installation in Saskatchewan, which included stops at GPS
sections 833802 and 831801 in Manitoba to confirm installation details at the sites and extra time for
crossing the international border between the United States and Canada.

Border crossing was delayed one day because of problems encountered for instrumentation that was
not returning to the RCO. Eventually, required forms for equipment registration and exemptions
from import taxes and duties were completed. The certificate of registration that will allow export of
instrumentation used at GPS section 831801 after termination of monitoring is included in Appendix
C-1.

Instrumentation installation was completed at GPS section 831801 on October 12, 1993. 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-101: 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-105(A): Lab Gravimetric Moisture Contents;
Data Sheet SMP-105(B): Gravimetric Moisture Comparison;
Data Sheet SMP-106: TDR Moisture Content; and

Data Sheet SMP-107: Representative Dry Density.
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Piezometer installation was done according to protocol. 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. '

A 460-mm square for the instrumentation hole and a 100-mm wide trench for the conduit were
marked on the pavement surface at Station 0-20 using the pavement edge stripe as a transverse
reference. FWD testing was done on the SMP portion of the section from Station 0-30 to Station
2+00 including a test over the instrumentation hole. The FWD locations were very close to white
paint marks still visible from the SHRP SMP pilot testing done in 1991/1992.



The block and conduit trench were sawed after the FWD testing over the instrumentation hole was
done, and the block was lifted out using anchors tapped into the pavement. The block was placed in
a heated truck cab to help accelerate setting of epoxy used later in the day to bond the asphalt block
back in place. The "Derric Digger," used by the agency to install sign posts, 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 not placed according to protocol on this site, because there would not have been a
probe in the crushed gravel base, and there would have been three probes in the uncrushed gravel
base. Therefore, RCO staff proposed a modified placement to FHWA LTPP Division staff, which
was accepted, and TDR probe 1 was placed mid-depth in the crushed gravel base layer, and TDR
probes 2 and 3 were placed in the uncrushed gravel base. The remaining TDR probes were placed
according to protocol.

For installation reports from the LTPP North Central RCO, "Data Sheet SMP-I05(A): Lab
Gravimetric Moisture Contents," is used to report agency laboratory moisture results. Also, "Data
Sheet SMP-I05(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, along with a plot of the moisture results, 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-I06: 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-105(B): Gravimetric
Moisture Comparison,” located in Appendix C-1. A plot comparing the TDR probe
moisture data to the field and laboratory data is also included in Appendix C-1.

> The field and laboratory moisture results, excluding results from TDR probe 9, were
very consistent with an average difference of only 0.4 percentage points compared to
the difference of 2.9 percentage points for TDR probe 9.

> The moisture estimate from TDR probe 1 for the crushed gravel base is 3.9
percentage points higher than the average obtained between the field and laboratory
data. Also, the average moisture from TDR probes 2 and 3 in the uncrushed gravel
base are 1.8 percentage points higher than the average from field and laboratory data.

> The moisture estimates from TDR probes 4 and 5 in the upper part of the subgrade
are nearly identical to results from the field and laboratory tests. However, the
results are less consistent for the remaining five TDR probes in the subgrade. For
these TDR probes, moisture estimates average 4.4 percentage points higher than the
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field and laboratory results. The subgrade changes to fine-grain for TDR probes 8
and 9, which would impact the calculated TDR moisture estimate if the dry density
for this material is different than the coarse-grain part of the subgrade; the dry density
is used to convert volumetric moisture data obtained from the TDR probe to the
gravimetric equivalent.

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

1. Are the same equations used appropriate for all the materials on this site
including fine-grain subgrade, coarse-grain subgrade, uncrushed-gravel base,
and crushed-gravel base?

2. Are better estimates of dry density for the various layers available to convert
from volumetric to gravimetric moisture?

3. How much influence does compaction have on the results?

"Data Sheet SMP-I07: 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

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

I1-23 and Figure II-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 7.5 m and the
weather pole is offset about 7.9 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 base material was left slightly higher than the original, and the warmed
asphalt block was placed in the hole. A loaded truck was driven across the block several times to
seat the block until it was the same height as the pavement. The block was carefully removed, and a
thin layer of very warm W.R. Meadows "REZI-WELD 1000" multi-purpose construction epoxy was
placed in the hole to fill voids in the bottom of the block and help prevent settlement of the block.
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The block was placed in the hole and seated again with the loaded truck. The trench for the conduit
was patched with asphalt, and heated epoxy was poured into the saw cuts to bond the pavement
thermistor probe and asphalt block in place. The medium-viscosity epoxy had a 45-minute pot life at
room temperature, which was sufficient to continue adding material to the saw cuts as the epoxy
settled. The saw cuts were filled to within about 15 mm of the pavement surface. By keeping the
block warm, and heating the epoxy, the RCO staff had hoped the epoxy would set up quickly;
however, the epoxy was still soft when the road was opened to traffic.

On the following day, the block was inspected to see if it had shifted. The block had not moved, and
the epoxy had set up. Dow Corning 890-SL crack sealant was used to fill the saw cuts flush with the
pavement surface.

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

> On April 29, 1994, a low-severity transverse crack was recorded extending from the
right saw cut for the block. On June 17, 1994 the crack had closed back up. On July
25, 1994, the crack was back.

> On December 14, 1994, some spalling was noted between the block and the trench,
and the sealant was starting to pull away from the block.

> By February 15, 1995, the transverse crack extending across the lane from the right
saw cut had deteriorated to medium severity. However, the crack was not recorded
on March 13, 1995. Only a short crack was noted on April 11, 1995 and June 21,
1995.



III. SMP Data Collection
A, Initial SMP Data Collection

On October 13, 1993, final wiring of the datalogger in the cabinet was completed; test locations were
marked on the pavement according to protocol using the pavement edge stripe as a reference; PK
nails were placed at offsets 0.16 m and 3.51 m; and the first set of SMP data was collected.

Three 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 10, 1993. The November resistivity probe readings along with manual data
collected October 13, 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.

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 SM ]

Routine data collection was done on the site from October 13, 1993 through June 21, 1995, and
Manitoba Highways and Transportation 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 12, 1993, a relay was added to the datalogger at the site, which
included a change in the data format for subsequent files.

> Between November 12, 1993 and December 13, 1993, the weather pole was
vandalized, and the air temperature sensor and tipping-bucket rain gauge were on the



ground. Air temperature and precipitation data for this period should be compared
with local weather station data to see if edits are required.

On May 13, 1994, the FWD deflection sensor located at the center of the loadplate
was not working.

On August 18, 1994, water ponding at the piezometer location from heavy rains ran
inside the piezometer when the cap was removed.

Temperature data for the period from January 25, 1995 to March 14, 1995 is only
available for a partial day on February 15, 1995. This section experienced two
consecutive months with battery failures for the datalogger and subsequent loss of
temperature and precipitation data for the site. Local weather station data could
provide air temperature and precipitation data, but no subsurface temperature data will
be available.

TDR probe 8 data collected on both January 25, 1995 and March 14, 1995 indicates
an open-circuit failure, and the data is not useable.

Instrumentation and equipment problems at the site include the following:

Battery failures for the datalogger noted on January 25, 1995 and February 15, 1995
resulted in two months of lost data.

Cold temperature problems with the cable reader caused vertical shifts in some traces
and general failure of the cable reader if temperatures were extremely cold. Screen
prints of TDR data are included in Appendix D-2.

TDR probe 8 open-circuit failures on January 25, 1995 and March 14, 1995 indicate
the signal does not transfer from the cable into the printed circuit board at the probe.
This same failure mode was observed on one of the TDR probes installed at GPS
section 271018 in Little Falls, Minnesota.

The signal generator used to collect manual resistivity data does not always have the
power output required to get sufficient current flow through the 150 mm of frozen soil
between the electrodes in four-point mode, and corresponding voltage drops recorded
on the data sheets are misleading. It is beyond the scope of this report to determine
what minimum current flow to require before the corresponding voltage drop
observed can be considered valid for resistivity calculations.

Vertical movement of the piezometer has been documented on other SMP installations
with both a piezometer and an agency benchmark. On this installation with a single
elevation reference, agency staff have tied the piezometer elevation to another
reference on three occasions to help determine the piezometer stability. Elevation
data shown on the plot in Appendix D-2 indicates 4.0 mm and 9.0 mm of change in
elevation for the piezometer for successive surveys. This indicates one of the
references is moving, and elgvation data analysis for estimating frost heave will have
to account for movement of the reference.
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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 i j ighli

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

> This was the sixth SMP installation in the LTPP North Central Region, and GPS
section 831801 was one of the seven sections monitored for the SHRP SMP pilot
testing done the fall of 1991 through the spring of 1992.

> Section 831801 has predicted frost penetration to 2.3 m, which is among the deepest
for sections in the North Central Region. However, the resistivity probe has the last
electrode 1.97-m deep to monitor maximum frost/thaw depths.

> Agency staff are collecting temperature, precipitation, and frost/thaw data at the site

to obtain continuous data records instead of typical SMP monitoring data obtained
every other year.

> Data for this 1993 installation were transferred to forms from the L. TPP Seasonal
Monitoring P : m i n i ideli il 4
B. R dations for rovi lati

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

> Recommended changes in the guidelines to include at least one TDR probe in each
base and subbase layer.

> Use rapid-set epoxy, instead of medium-set epoxy, for pavement repair on
installations done in cold weather .

12



Appendix A-1: Test Section Background Information

Appendix A-1 contains the following test section background information:

vyvYyvyvVvYyvyy

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 LOS5B tables - layer thickness and material type; and

LTPP Form S04 - base and subgrade moisture data.
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SLURRY SEAL

16+50 TO 20+50

83A310
THIN OVERLAY

8+850 TO 13¢50

GPS
831801

ARBITRARY 0400 TO 5+00



STRATEGIC HIGHWAY RESEARCH PROGRAM RECEIVED

GENERAL PAVEMENT STUDIES AT 251380
Long-Term Pavement Performance Monitoring
Project Information Sheet ST, L
REGION: North Central PAVEMENT TYPE: AC on Granular Base
STATE: Manitoba
SHRP Assigned ID: 831801 District: 5 Year Open: 1984
State Assigned ID: 2 Highway: PTH- 1 Year Traffic: 1984
Design Cell ID: 1-103 Length: 3.5 miles AADT: 2802
Lanes: 2 Trucks: 15.0 %

Shoulder Surface Type: Unspecified
Project Status: Approved

DESIGN FACTORS - Moisture: Dry be =
Temperature: Freeze e gg cotk =
Subgrade: 55 = Sandy Silt F
Traffic: 56 KESAL/Yr Low ( 85)
AC Thickness: 4.0 in. — H4.Y Med (3.0, 8.0)
Base Thickness: 18.0 in. High (10.0)
AC Stiffness: 520 ksi Low (650)
LAYER CONFIGURATION
LAYER LAYER LAYER LAYER
NO. DESCRIPTION THICKNESS MATERIAL TYPE
4 3 = Orig Surface 2.0 1 = HMAC, Dense Graded
3 4 = HMAC Below Surf 2.0 28 = Bituminous Base, Dense, Hot, CPM =~ . } _—
2 5 = Base Layer 18.0 23 =~ Crushed Stone, Gravel, or Slag e
1 7 = Subgrade 51 = Clay (Liq Lim>50) LR

PAVEMENT LAYER INFORMATION

ASPHALT CONCRETE LAYERS

LAY -- GRADE --- AC AC ACVIS ACVIS PEN AC AC AGG AC

NUM VISC PENETR CONT DENS S 140 275 77 TRBF VOID SPGR STIFF
4 175 6.6 143 2 731 252 181 4.5 511
3 175 6.4 143 2 731 252 181 4.5 530

Zi4 (""‘Q7>



Revised June 8, 1988

SECTION FIELD VERIFICATION FORM

.ate State Project Code o 4;2
' State Code _2_ ____3
Rater SHRP Section I.D. | B o |

Project and Section Idencification

State District No. ___ _ County or Parish _{2M of SIFToM
Route Signing (Numeric Code) _.L_
Interstate .......... 1 SEALE covvecvsscsanss 3
Primary ..... ceecnens 2 OCREE ceveveccsssanes &
Route -Number H. Wy /
LTPP Experiment Code (=/(023
Number of Through Lanes (One Direction) 2
Direction of Travel : : A
Eastbound ...cccv0e0 L Northbound ....... .. 3
Westbound .......... 2 Southbound ......... & y
Available Project Length (Without Discontinuities) R 000
Start Point . End Point
Test Section Milepoints . s .
Additional Section Location Information*: __
0l ;o L./ kem [Z8) miles) L) of PRoviwridl HL E!
0 or 6T Am (43 nclec] £ of NE Y 25
* Include distances from two landmarks (refer to specific procedures
outlined in the Initial State Visit Guidelines).
Location of monument: -
om o
Lane Width (Feet) . . 1.
Lane (By Number) Included in Monitoring Section _ -
(Lane 1 is Outside Lane, Lane 2 i{s Next to Lane 1, etc.)
Shoulder Data: Outside ’ Inside
' Shoulder Shoulder
Total Width (Feet) _ 9. —L.
Paved Width (Feet) . _Z. /(
Surface Type _& '
TUrf coceeeeennseses L CONCTELE .ovecescaseese & \ :
Cranular .....ceteee 2 Surface Treatment ..... 5 ~
Asphalt Concrete ... 3 OLhEr .eceecececccsocns B
Additional Data for PCC Shoulders:
Average Joint Spacing (Feet) ___ __ _ —_° ..

Skewness of Joints (Feet)
Joints Match Pavement Joints?
(Yes - 1; No - 2)

3
s * com—— ——— S—

5.18



Revised July 6, 1988

SECTION FIELD VERIFICATION FORM

Date State Project Code =
State Code - -
Rater SHRP Section I.D. | &2 2
Project and Section Idencification
State District No. ___ - County or Parish T\l ol o= - -
Route Signing (Numeric Code) J__
Interstate .......... 1 State .....ccceeaeene
Primary ............ . 2 Other ........... .
Route Number _ !
LTPP Experiment Code -0 3
Number of Through Lanes (One Direction) 2z
Direction of Travel =
Eastbound .......... 1 Northbound ......... )
Westbound .......... 2 Southbound ........
Available Project Length (Without Discontinuities) 7000 FT
Start Point End Point

Test Section Milepoints
Additional Section Location Information*

.15 K D k""‘ L\] A M e AT T ) R S

7i38 ven W O Trovsirids s Tl

#* Include distances from two landmarks (refer to specific procedures

outlined in the Initial State Visit Guidelines).
Location of monument:

. Geometric Information
Lane Width (Feet)

Lane (By Number) Included in Monitoring Section

Lz
z

(Lane 1 is Outside Lane, Lane 2 is Next to Lane 1, etc.)

Shoulder Data: Outside Inside
Shoulder Shoulder

Total Width (Feet) __Z. __c.
Paved Width (Feet) __Zz. — ~
Surface Type . —

Turf .....00000eeeee 1 CONCTELe ...vvesssoeens &

Granular ........... 2 Surface Treatment ...., 5

Asphalt Concrete ... 3 Other .....cceveeseeses B

Additional Data for PCC Shoulders:
Average Joint Spacing (Feet) __ _ _ __ ___.
Skewness of Joints (Feet)

Joints Match Pavement Joints?
(Yes - 1; No - 2)

5.19
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Cut, F{ll, or At Grade:
Depth of Cut/Fill at Start of Section:
Depth of Cut/Fill at End of Section:

Revised July 6, 1988

SECTION FIELD VERIFICATION FORM (CONTINUED)

State Code

SHRP Section I.D. |

8 3
o _{

Joint Information for JCP

Fll
5/

Average Contraction Joint Spacing (Feet)

Average Intermediate Sawed Joint Spacing (Feet) (JRCP Only)

Skewness of Joints (Feet/Lane)

CORE 1 (Beginning of Project)

class '4

Layer Layer Brief
No. Types* Thickness Material Description
1 Subgrade (G) ) STy [00m (A4-4¢)
2 % STy Sond
3 B 21" 3" minws - ss‘Zcrugq
4 A 2" ¢ Seme mif = Tu© 1 4TS
S A 9” C. TI\')I;)T Cer Pt PNein
6 A <. ™3 E 7
7
Notes:
CORE 2 (End of Project)
Layer Layer Brief
No. Types* Thickness Material Description
1 Subgrade (G) . Sandy S 1T (A4) o
2 6 5 5l,fy SnnA 5/,‘9},T/7 mere l’/ASTIC Tbem ab
3 3 17" SiITY Sand
“ QU ‘% Sc.'-,(, m:x - The /;{7')
A S SR z
3 —4 1 24 TighT Compoelion |
6 A < S’ Chip Sec] -—well Penelr=Ted 1 nTo Sarface
7
Notes:

*Layer Types: A = HMAC/Surface Treatmént, P = PCC Layer, B = Base/Subbase,

G = Subgrade

5.20
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Revised June 8, 1988

DISTRESS SURVEY FORM
AC Surfaced Pavements
(GPS Experiments 1,2,6,7)

Date State Code

2
o |

Rater SHRP Section 1D ’ E;

2

Severity Level
Low Medium High

— —

1. Alligator Cracking
(Sq. Ft.)

2 Block Cracking
(Sq. Ft.)

3. Patch Deterioration
(Number and Sq. Ft.)

4, Pumping
(Check highest severity found)

5. Raveling/Weathering
. (8q. Ft.)

6. Transverse Cracking
-+ (Number of Cracks)

7. Bleeding (Measure only when extensive enough to cause a gcduction
in skid resistance, Sq. Ft.) Low -of Seql 'a owP

8. Average <o.sn
Rut
Depth 0.5-1"
> 1"

Comments Local,z2ed Ratling £ Flasaing wiTh bulge on o-Ter S de

O +o0%0 ?Of‘35—0‘ ;nc‘;\c‘q‘rr‘ﬂﬂ {;‘.//\-\VC, bQ/"W

O+00 = O+//O = Sheo~lderr drop 00‘ Cansed ‘:;'w/ A/BW—O‘H.O’{'

C‘j/\fa")'\/o\f/\

5.21



TIR ¥

SHRP/LTPP LAYER THICKNESS
LOSA - LOSB TABLES '

26-AUG-93
=== STA 0 --- -- STA 5 === ~--meece--
THICK MATL THICK MATL LAYER DESC
214 214 107
12 302  14.5 302 2 6
6 304 5.2 304 3 s
2.2 1 2.2 1 4 4
2.1 1 23 1 5 3
EYrY 4 \e?*\~

TYPE

GS

AC
AC

L0OS B REPRESENTATIVE
THICK

MATL INVENTORY

,1,_

2 ?& \S .535

3,_

¢ oqy A
s



Luta o7
STATE CODE g2
sarp assrovep w83/ 40/

v1pp EXPERIMENT G 7S /  ROUTE/HIamuAY- 7/ vLane Direction  J
SAMPLE/TEST: (a) Before Section (b) After Sgection FIELD SET NO. ]

C SHRP-LTPP
SHRP REGION /\/ FIELD MATERIAL SAMPLI)
STATE m [> AND FIELD TESTING

[ : DCG SHEET: 24
OPERATOR 5 WAL & HAMwuCLEAR DENSITY GAUGE I.1, L SHEET NUMBER 9 OF 21
[ TEST DATE_|,-_7 - 90 LOCATION: STATION ai’ TEST PIT NUMBER_7 P-]
DATE OF LAST MAJOR CALIBRATION/3-/2-89F OFFSET feet from °/s
Note: Use additional sheets i1f necessary 55“)
e
[ . |DEPTR FROM SURFACE TO . A /
THE TOP OF THE LAYER, ) Z 20
INCHES (SEE S03) ( 0 - PN (oan M)
BASE COURSE TOP SUBBASE TOP | SUBGRADE TOP
TEST TYPE Result, pef Result, pcf Result, pcf
Wet Dry Wet Dry Wet Dry

MATERIAL TYPE:
(Unbound-G Other=T)

1 /28,6 | /30,1 [/38.61125.71/16.7 | jo8.0
| s, 23,7 1/29.8195.9 |/2.71//5-5 | ]05.5
| " s lzn.9 1209 /3.6 1129.9]176.7 | o7
w0 moese) 4 17247 17292 1129.2150.5]//6r 1 | J06-]
- AVERAGE WBZS /20,1 /91.71433.0| 116.9 | /06,7

Method (A,B,or C)

k Rod Depth, inches 7 ”_ 8 “ 8 i

1175 g 5.7 18,7 16,7187 8,1
fxg.rgggs 2 éc? : 5'3 8'7 é[/ /0'0 ﬁ's_
CONTENT, % 317,85 S.8 Q.7 é,4 /9.0 94
(AASHTO T239-86) 4 | 7,5 5.3 18.7 6.1 /0.0 2.4

s 5.7 67 A
GENERAL REMARKS: 3 C L PATE | Sup PH3E

/%f%é— AR K Pefocty A #ry. 7
L AfEation: Ryl pare
' 1e0ATERIALS AND RESEARCH

Form S04/Issued 19 February 1990



s
/

g /\./ C, SHRP-LTPP STATE CODE 9 3
m >

-~ SHRP REGION FIELD MATERIAL SAMPLING 93 / g J /
STATE AND FIELD TESTING SHRP ASSIGNED ID

vrep ExeerENT_G2S [/ rovtemicwiay 7C 7/ vane / Direction  (L/
SAMPLE/TEST: (a) Before Section (b) After Section FIELD SET NO. /

L _ IN_SITU DENSITY AND MOISTURE TESTS DCG SHEET: 24
oPERATOR B WAREHH /1 NuCLEAR DENSITY GavE I.0. 7-23  super xumser /0 of 21
TEST DATE_f-_7 -4 LOCATION: STATION TEST PIT NUMBER
DATE OF LAST MAJOR CALIBRATION/R -/2- 89 OFFSET feet from °/s
Note: Use additional sheets if necessary §_S'V)

. |DEPTR FROM SURFACE TO 4 —1 . ~ N
THE TOP OF THE LAYER, 225 2375 2S.75
INCHES (SEE S03) 19,235 - (0.603.5] (0. 9090 )
BASE COURSE TOP SUBBASE TOP SUBGRADE TOP
TEST TYPE Result, pcf Result, pcf Result, pcf
Wet Dry Wet Dry Wet Dxy - !

MATERTAL TYPE:
(Unbound~G Other=T)

1386 | /2,7 /92.3]/39.8|/72.4] 109.9
s 2| 174.2(/92.71135:9|/29-8 | 1104
' 12281 132.71/94.8 |124.]/22.3] ]07.2
(aasuro 1238-86) 4 | /[, | | ) B9, 7 /42,4 /%.//ZZ«_S /09.7
| averace /40.2] 133.3 | /9341/35.8]/25%3] 09,1

b Method (A,B,or C)

Rod Depth, inches 4 /! . 8 ~ : 8 ” :

” 116,78} 5.2 |7.52]5.6 [/3.7 5 /75

o |6 "1 5, |75 |5.51/4,4 |3.0

CONTENT, % 316.7 1 5,218.1 [5.9]12.1 | 2,0

(aswro 1239-86) 4 1457 V| 5. |75 |5,5113.1] rz.0

AVERAGE 5.2 5.6 /2.9
GENERAL REMARKS: - 4 nc SHBATE |44 suBpAIC

CER D VER ED AND APP, MO -DAY-

Jig= 57 4 ot X Lple A PRT Nseo
Crew Chiief, Contractor SHRP Representat!ﬁp ~ Date *
Af£iliation: Af£ilfation: P71

IATERIALS AND RESEARCH

1 PORTAGE AVENUE (ANNEX
INIPEG, MANITCEA RIG OT3)

Form S04/Issued 19 February 1990
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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.



SHEET 1
DISTRESS SURVEY

LTPP PROGRAM

DISTRESS SURVEY FO v

v

DATE OF DISTRESS SURVEY (MONTH/DAY/YEAR)

:SURVEYORS :
‘PAVEMENT SURFACE TEMP - BEFORE __ __

BI-&D —— — o—

EIF

Revised Hay 29, 1992

STATE ASSIGNED ID

—— —

HA

STATE CODE 23

SHRP SECTIN I _/ B o/
CONCRETE SURFACE.

26/19/93

PHOTOS, VIDEO, OR BOTH WITH SURVEY (P, V, B) 13;
— .°C; AFTER

°c

. — — p—

‘DISTRESS TYPE

SEVERITY LEVEL

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

CRACKING

1.

ALLIGATOR (FATIGUE) CRACKING
(Square Meters)

BLOCK CRACKING
(Square Heters)

EDGE CRACKING (Meters)
LONGITUDINAL CRACKING (Meters)

Paving Lane-edge Related
Length Sealed (Meters)

Other
Length Sealed (Meters)

REFLECTION CRACKING AT JOINTS
Number of Transverse Cracks

Iransverse Cracking (Meters)
Length Sealed (Meters)

Longitudinal Cracking (Meters)
Length Sealed (Meters)

TRANSVERSE CRACKING
Number of Cracks

Length (Meters)
Length Sealed (Meters)

PATCHING AND POTHOLES

7.

PATCH/PATCH DETERIORATION
(Number)
(Square Meters)

Potholes
(Number)
(Square Meters)

— s * coams

. 3/
<zt

- ar—— a————

— o ® —

I

[
I



SHEET 2
DISTRESS SURVEY

LTPP PROGRAK

Revised May 29, 1992

s

STATE ASSIGNED ID

STATE CODE D3

SHRP SECTION ID _{ & o 4

DATE OF DISTRESS SURVEY (MONTH/DAY/YEAR) © (/ ) 4 /4 3

DISTRESS SURVEY FOR PAVEM

CONTINUED

SURVEYORS: B8 v tw_, __ __

S WITH ASPHALT CONC SURFACES

DISTRESS TYPE

SEVERITY LEVEL

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

SURFACE DEFORMATION

9.
10.

RUTTING - REFER TO SHEET 3 FOR SPS-3 OR Form TRNPROF1 from Dipstick Mznual

SHOVING
(Number)
(Square Meters)

SURFACE DEFECTS

11.

12,

13.

BLEEDING
(Square Meters)

POLISHED AGGREGATE
(Square Meters)

RAVELING AND WEATHERING
(Square Meters)

HISCELLANEOUS DISTRESSES

14,
15.

16.

—— — —'*

_——’—

s w— ———* c— — — = c—

LANE-TO-SHOULDER DROPOFF - REFER TO SHEET 3

WATER BLEEDING AND PUMPING
(Number)

Length of Affected Pavement
(Meters)

OTHER (Describe)




Revised May 29, 1992

-

STATE ASSIGNED ID

SHEET 3
DISTRESS SURVEY . STATE CODE Z 2
LTPP PROGRAM SHRP SECTION ID | 8 o |

DATE OF DISTRESS SURVEY (MONTH/DAY/YEAR) 0 G/ / /9 3.
. SURVEYORS: 8 5 o

ISTRESS SURVEY FOR PAVEMENTS WITH ASPHALT CONCRETE S FACES

CONTINUED
9. RUTTING (FOR SPS-3 SITE SURVEYS)

INNER WHEEL PATH OUTER WHEEL PATH
Point Point
Point  Distance!  Rut Depth Point Distance!  Rut Depth
No. (Meters) (mm) No. (Meters) (mm)
1 0. L _. GPS3 1 0. .
2 1s.25 __ < . 2 15.25
3 30.5 . 3 30.5
4 45.7s 1. . /owsnck 45.15
5 61. R — s 61. _
6 76.25  _ | . NATA ¢ 76.25
7 91.5 —N_ - 3 91.5  __
8 106.75 __ 7 _. 8 106.75
9 122. — 9 122. _
10 137.25  _ D). 10 137.25
11 152.5 — . 11 152.5
14, LANE-TO-SHOULDER DROPOFF
Point Distance! Lane-to-Shoulder
Point No. Meters ’ Dropoff (mm)
1 0. —— ——  Ne PATHETEC
2 15.25 — -
3 30.5 .
4 45.75 — e e
5 61. — e
6 76.25 — e e
7 91.5 — e s
8 106.75 — e s
9 122. — — s
10 137.25 — e s
11 152.25 — e e
Note 1: "Point Distance" is the distance in meters from the start of

the test section to the point where the measurement was made.,
The values shown are SI equivalents of the 50 feet spacing
used in previous surveys.



DATE:.___ &[4/ AGENCY:___sman To 84

TIME: . Qoo SECTION:___g318°21

OPERATOR: _ fou

RECORDER:___ muaniTo4_ oor

COMMENT ?

+8Uv» Difsnck

Y2 Cogfg AGC o SUCLACE  wNICH Uy EEFET DI FSTick .

DIPSTICK READING (+/-)

STA 1 2 3 4 5 6 7 8 9 10 | 11 12 | 13 | TOTAL| SUM
0 /871210 /2|262|¥20| 291 |-acp| /o9 | Z 37| 234 Z56] N\ | | 2549

L1 971211 |~/5P 1251 (=420 )0/ 3 |-/ 74\-292 2 92 | -2 %0 F2. 920 | + .oz
S0 V/67|275|1//¢ |2/3|9%9 |2 7é|-0vAzcz|2vr | 2257227 | 2957 21

WA S R o, —z:%-zw 2 Y\|-22> -24%v | =.0
100 [z 73|333| ) 75 207 ‘/gjz golo7z|oX| 290|225l /75 z.Los |

8 227 B8 Z| ~ /872 /8| 47N 2o IS -0 372 FeT S22 | /7Y 2. 0% -.0%3
180 |/43|173|0/£8 |25 & 28lz 2/ | 2w2| 1 20| 200 226|274 Z2.148 |

T Nt/ 2 AL 152 o s st 28 PO /22 20t FRos|~/ 2y =35 | t.013
200 |pa7\2 34| 05|/ Q2| Her\272 078 /22| S50 70 | 230 \ 2,272
’_i'_d_&?g:_z_ga -éz"f-/‘f?-‘/gz-z Y2 AuZi AAWEEA-Y P Ak s AN o \ -2.237 +'O°3
80 |) 52|/ w2iegw |z g5\ wéel 2 7o\loz 2| 25zl z 7o 107 | 1 72] ) 2.383

24 19012/ 079 - 2ed 2 e A2 7|0 se 2 we| 2 78-202|-172] [ |\ |-2.370 | .07
800 | )o@y 7N o7l 220l sqlz9/ 100 1e3|260!) 741207l \ | | |2.304

1.4 |~1571-7781702 |-2,5 |~ iz pol105- éo 2587 7@l-2z2A_\ | \_Z2.321]-2!7
350 \v68l-073| 18| 534 28803 & | 227| 2 ppl 2|z 7] \| | 12.358

w7 Uegl-vbsled 70187k 539l 292034l oz/ 2 gt zio -z 2 ) (2.5 | .08
400 17 32|/ 7z losg| /1 95| 83| 292|100 (162 27182 1292] (| \ |2.45%

& Pzoal/g2tpss i~ Fyezl-3istoests zat gy 7292 [ |-2408 +.04¢
450 |/ 7/ 300|032 206|522\ 207|122\ /32223 /26 | 207 \ | 2458 +

Tr 1 70|-227143 7 |2 09|- 507 B26l-p 0|t v S /2 I € 3l=227 [ [-24% | .03
S00 |V 2él2 /131717 | 207|506 357|z00|r33 200701235 \ 2596 +.07Y
Y fgol2 X8l 2eArsos- 3 309 iz brrrl-s72-257 O | | [zZs1R ’
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*%% LTPP Section ID : 831801 *#*x

Date Surveyed : 06/29/89
Unit : #1
Camera s #1
Operator ¢ SHUMAK
Date Digitized : 02/13/90

Rut Depth (mm)

No. Station Leftside Rightside
01 0+02 5 8
02 0+53 7 7
03 1+05 5 6
04 1+55 4 8
05 2+05 7 10
06 2+55 5 8
07 3+05 4 7
08 3+55 6 10
09 4+06 5 10
10 4456 4 10
11 5+06 3 9
--------------------- Summary -————————m—me— e e a e
Maximum 7 10
Minimum 3 6
Average 5.0 8.5
SD 1.3 1.4



831801 %=«

*%*% LTPP Section ID

Date Surveyed

: 06/21/91
Unit : 41
Camera : #1
Operator : CHAN
Date Digitized $ 09/13/91

Rut Depth (mm)

No. Station Leftside Rightside

01 0-02 4 5

02 0+48 7 6

03 0+98 6 6

04 1+49 6 6

05 1499 4 7

06 2+49 5 9

07 2499 5 7

08 3+50 S 11

09 4400 4 7

10 4450 4 8

11 5401 3 7
e — e ——————— SumMmary =~=-==ccccmcccccccccnnce—-
Maximum 9 11
Minimum 3 5 '
Average 5.2 7.2
8D 1.7 1.7
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12:14 930614
File: C:\FWD\DATA\831801E3.FWD
Road: TC-1 WB LANES, 46 Km WEST OF BRANDON, MB
Subsection: 831801 ’

* 4 141.3 15486 24.30 18.23 14.6

1
* 4 141.0 15464 24.30 18.27 14.65
Mileage:-.008 -> .102

10.72
10.81

26,
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Summary of Data for section 831801E

Analyzed by: ROBERT VAN SAMBEEK on 09-30-1993

UNCORRECTED Overall Deflection Statistics

Sensor

R

Mean Values (mils/kip)

Sensor Sensor Sensor Sensor

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

1.3031 1.0546 0.7708 0.5643
1.2877 1.0540 0.7809 0.5785
1.2735 1.0509 0.7900 0.5917
1.2522 1.0418 0.7943 0.5998

Standard Deviations
Sensor Sensor Sensor Sensor

0.1489 0.1087 0.0793  0.0642
0.1452 0.1102 0.0813 0.0667
0.1460 0.1131 0.0851 0.0699

Coefficient of Variation

Sensor Sensor Sensor Sensor

Sensor

0.3700
0.3790

Sensor

Sensor

------

0.0201
0.0228
0.0221
0.0242

Sensor
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Flexible Pavement Deflection Statistics -

CORRECTED
Sensor

0.2142
0.2032
0.2017

Sensor

Mean Values (mils/kip)

Sensor Sensor Sensor Sensor

- - - - - o - - - - e - - -

1.3031 1.0546° 0.7708 0.5643
1.2877 1.0540 0.7809 0.5785
1.2735 1.0509 0.7900 0.5917
1.2522 1.0418 0.7943 0.5998

Standard Deviations

Sensor Sensor Sensor Sensor

- - - - - .- e - - - e .-

0.1537 0.1054 0.0752 0.0613
0.1489 0.1087 0.0793 0.0642
0.1452 0.1102 0.0813 0.0667
0.1460 0.1131 0.0851 0.0699

Coefficient of Variation

Sensor Sensor Sensor Sensor

- - - - - - - - - e - -

11.79% 9.99% 9.75% 10.87%
11.57% 10.31% 10.15% 11.11%
11.40% 10.49% 10.30% 11.27%
11.66% 10.85% 10.72% 11.66%

831801E

- - -

0.3790

Sensor

0.0404
0.0416
0.0449

Sensor

- - - - -

......

- om o o o



Qutlier Statistics - 831801E

Number of
Station Height Sensor Std. Dev.
75 1 1 2.28
75 2 1 2.24
75 3 1 2.20
75 4 1 2.25
175 1 1 2.20
175 1 3 2.22
175 1 4 2.13
175 2 1 2.27
175 2 2 2.11
175 2 3 2.25
175 2 4 2,17
175 3 1 2.28
175 3 2 2.11
175 3 3 2.20
175 3 4 2.08
175 4 1 2.25
175 4 2 2.08
175 4 3 2.14
175 4 4 2,07
350 1 2 2.74
350 2 2 2.31
350 3 2 2.10
350 4 2 2.01



Pavement Construction Information - 831801E

Material Layer
Code Material Name Thickness
700 Asphaltic Concrete 4.4
304 Crushed Gravel 5.6

302 Uncrushed Gravel 13.2
Depth to rigid foundation: 100.0 ft.
FLEXIBLE Pavement Thickness Data - 831801E
(comparison of each calculation to the expected value)

Minimum expected SN value: 2.97
Maximum expected SN value: 5.23

Effective
Height Station SN

- - e - - - - ot o o o - - o e -

No predicted SN values fall outside the expected range...



FLEXIBLE Pavement Thickness Statistics - 831801E

Drop height 1

Subgrade Effective
Subsection Station Modulus SN

T T I R T B A N N IR

R e e T T T I T T T T I R

1 -40 16577 4,75
-35 19234 4.70
-30 19218 4.75
-25 19421 4.70
-20 19536 4.65
-15 18897 4.65
-10 18983 4.65

-5 18816 4.75
0 18917 4.95
25 19253 4.85
50 18704 4.45
75 18701 4.10
100 18716 4.45
125 17708 4.50
150 17454 4.50
175 16697 4.20
200 19203 4.40
225 19152 4.35
250 18851 4.40
275 19081 4.60
300 19013 4.70
325 18975 4.50
350 20356 4,25
375 21073 4.40
400 21016 4.75
425 22526 4.60
450 22703 4.50
475 23441 4.15
500 23506 4.80
505 22497 4.80
510 22897 4.90
515 23131 4.95
520 23182 4.95
525 23279 5.05
530 23494 5.05
535 24119 4.95
540 24314 4,35
Subsection 1 Overall Mean: 20423 4.62
Standard Deviation: 2155 0.25

Coeff Of Variation: 10.55% 5.47%

B e T el T I T T e T R



FLEXIBLE Pavement Thickness Statistics - 831801E

Drop height 2

Subgrade Effective
Subsection Station Modulus SN

e e e e e W ST W oW e @ M S e o e e e e e e e M e e e e G oW e e e W e

e i T T T T T T T T T U S S

1 -40 18703 4.80
-35 19008 4.75
-30 19260 4.75
-25 19207 4.75
-20 18746 4.70
-15 18783 4.70
-10 18167 4.70

-5 18371 4.80
0 18767 4.95
25 19215 4.85
50 18852 4.50
75 17946 4.20
100 19144 4.50
125 17708 4.50
150 16798 4 .55
175 16162 4.25
200 18245 4.50
225 18767 4.40
250 18631 4.50
275 19075 4.65
300 18294 4.75
325 18389 4.60
350 20693 4.35
375 21195 4.50
400 21533 4.80
425 22883 4.65
450 23832 4.55
475 23906 4.30
500 24086 4.80
505 22661 4.85
510 23079 4.90
515 23491 4.95
520 23978 5.00
525 23600 5.10
530 23917 5.10
535 24397 5.00
540 24239 4.45
Subsection 1 Overall Mean: 20398 4.67
Standard Deviation: 2501 0.23

Coeff Of Variation: 12.26% 4.94%

e e e mr e m e e e oM e e ek M W M M SR TR W M e e e A e B N e e e e h e e e e e e e e o w w e



FLEXIBLE Pavement Thickness Statistics - 831801E

Drop height 3

Subgrade Effective
Subsection Station Modulus SN

L E e e e e e e e W™ W e WM S W e e W E oW e e Mmoo e W W e e e e

e e e W WM m T e R e E W e e e E o A s e R e e e e A A e e Gm e e e e

1 -40 18658 4.85
-35 18489 4.80
-30 18640 4.85
-25 18724 4.80
-20 18335 4.75
-15 18212 4.75
-10 18385 4.75

-5 18398 4.80
0 18809 5.00
25 18927 4.90
50 18445 4.55
75 17167 4.30
100 18817 4.55
125 16873 4 .55
150 16124 4.65
175 15699 4.35
200 17681 4 .55
225 17730 4.50
250 17938 4 .55
275 18334 4.70
300 17609 4.80
325 17665 4.65
350 20067 4.40
375 20595 4.60
400 21152 4.85
425 22261 4.70
450 22852 4.65
475 23463 4.40
500 23341 4.85
505 22236 4.95
510 22535 4,95
515 23054 5.00
520 23435 5.05
525 23277 5.10
530 23427 5.15
535 23658 5.10
540 23535 4.50
Subsection 1 Overall Mean: 19853 4.74
Standard Deviation: 2491 0.22

Coeff Of Variation: 12.55% 4.66%

B e e m e e m m o m T e M e e R M T W B e Wk e e e e M e ke m oo e e e



FLEXIBLE Pavement Thickness Statistics - 831801E

Drop height 4

Subgrade Effective
Subsection Station Modulus SN

LR R e Tt T e T T T T T T T T T T P P P e

I B N ettt el T e e e T e T T T T R P R P T AP

1 -40 18382 4.90
-35 18259 4.90
-30 18525 4.95
-25 18519 4.90
-20 18161 4.80
-15 17769 4.85
-10 17946 4.85

-5 18074 4.90
0 18252 5.00
25 18684 4.95
50 18023 4.65
75 16568 4 .35
100 18103 4.60
125 16428 4.60
150 15744 4.70
175 15253 4.40
200 17337 4.60
225 17364 4.55
250 17587 4.65
275 17697 4.75
300 16995 4.90
325 17479 4.75
350 19315 4.45
375 20276 4.70
400 20202 4,95
425 21775 4.80
450 22396 4.70
475 23440 4.50
500 22804 4.90
505 21762 5.00
510 21993 5.05
515 22937 5.10
520 23447 5.15
525 23351 5.20
530 23305 5.20
535 23290 5.15
540 22989 4,65
Subsection 1 Overall Mean: 19471 4.81
Standard Deviation: 2542 0.22

Coeff Of Variation: 13.06% 4.63%

Ll i I I e Tt e e T T T R S P Y
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Date

To

Subject

-Ménitoba %

November 12, 1961 Memorandum
" John Hosang, P. Eng. From R. A. Van Cauwenberghe, P. Eng.
_Barry Rowley, P. Eng. Senior Engineer: Pavements,

. Ross Adamson, P. Eng. Geotechnical and Research

. Ross Scrase, P. Eng. .1181 Portage Avenue (Annex)

. Fred Young, P. Eng. Telephone

. Dave Reid 945-0560

STRATEGIC HIGHWAY RESEARCH PROGRAM (SHRP)
SEASONAL VARIATION TESTING

The North Central regional contractor for SHRP, Braun
Intertec Pavement, is planning to conduct Falling Weight
Deflection (FWD) testing at the GPS-1 test site on PTH 1, West
of Brandon. Braun plans to conduct all-day FWD testing, on an
irregular basis, during the winter of 1991, and intensive FWD
testing in the spring of 1992.

As discussed with Braun, and with agreement from the
Department, testing will be allowed only under the following
safety related conditions:

1. Dry sSurface - The pavement surface should be dry and
ice-free at, and within the vicinity of
the test section.

2. Good Visibility - The determination of good visibility

shall be acceptable to District
personnel.

3. Daylight Hours - Testing is restricted to daylight hours
only. Inclusive in this time is the
set-up and/or removal of traffic control
devices.

4. Traffic Control - The District will provide and supervise
the control of traffic.

Braun has tentatively scheduled the first FWD testing
session for Wednesday, November 13 8:00 a.m. - 3:30 p.m. The

above criteria will govern whether testing will proceed as
planned.

LK/bb

cc: Erland Lukanen, P. Eng.p////
Braun Intertec Pavement
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Bob V

-, Manitoba | g?)’

To . From . Deanis Watson
. LIST . }&u& & % . Research Engineer

. Materials & Research
. 12th Floor ~ 215 Garry Straet

08/24/93 11:21 204 945 2229 MTLS & RESEARCH @oo1/001

Telephone , 245-8982

Subject . RE: Scasonal Monitoring Iastrumentation Iastallation Mesting

Two of our Manitoba Test Sites have been selected by the U.S.
Federal Highway Administration’s Long Term Pavement Performance
project to be monitored seasonally. The purpose of this monitering
is to evaluate the seasonal variations in pavement structural
strength. The measurement of the factors affecting this strength,
namely frost depth, rainfall, water table, and temperature, involve
the installation of the appropriate monitoring instruments. The
Manitoba sites involved are PTH 75 at Glenlea and PTH 1W at Oak
Lake which are both scheduled for installation of the monitoring
instrumentation in mid-October, 1993. :

A meeting to organize the activities has been arranged for
“) Friday, August 27 at 10:00 a.m. in the Boardroom on the 15th Floor,

215 Garry Street, Winnipeg.

Please have one of your staff attend in the event that you
cannot. '

Please contact me at 945-8982 if you require any further

information. .
<
N =
DW/bb Dennis Watson
LIST: !

Fred Young, P. Eng., Materials and Research
Bob Rurylko, P. Eng., Traffic
Dave Reid, Virden - FAX
Russ Farrell, Selkirk - FaX
Lawrence Papuga (for Rene Gervais), Bridges and Structures
——3Dr. Eugene L. Skok Jr.
Braun Intertec Pavement Inc., St. Paul, Mn. -~ FAX
R. Van Sambeek
Braun Intertec Pavement Inc., St. Paul, Mn. - FAX
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FHWA-LTPP SEASONAL MONITORING PROGRAM IN MANITOBA

MEETING AGENDA

August 27, 1993 from 10:00 AM to 12:00 Noon
Boardroom on the 15th floor

215 Garry Street, Winnipeg, Manitoba
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FHWA-LTPP SEASONAL MONITORING PROGRAM IN MANITOBA

,,g}w, %\»&i\

tives 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.

- wet 0 limate — Jomrdac _ £2O imddes o
r no freeze climate
- pavement surface type (AC or PCC)

- pavement urfg‘
— Otn, rvu. .
- Factors not dt}med in the core expenment include — lmt e & %“'emk"
- pavement edge drains ,-c.b-.;m»...s\s
- recycled materials
- CRCP
- shallow water table ( ver <lallew, )
- shallow bedrock 7
-etc

- Factors defined e core expenment momtored by FHWA-LTPP include &7
@%} emin ek

- 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 — Mo K oA i-do e

'4.-;“5‘\'\ &n‘p‘o—w —f \n.)u—v\-a
:?a riCe dehw / .

Overview of Sensor Installation and Monitoring Activities
- Two days for initial instrumentation installation and monitoring
- About $10,000 of equipment installed ateachsite — .o - \\...,L.J.m.) \ebor costr
- Monitor sections every other year (70 days over a 10 year period)

\or] ,\ I Relate environmental variations to changes in pavement performance
Mot ‘\,“n ‘))(° - pavement, base and subgrade strength calculated from deflection data
«$ collected monthly most of year and bi-weekly in the spring

- ride quality determined from proﬁle data collected five times per year
- pavement distress documented using detailed distress surveys two times per
year T LMo K fasco  plebo
- frost heave/swelling soil momtored using elevauon data collected‘R'
in first year and two times per year after the first year



. . X ;
Section Location 94 %j \

T
S

4
- 64 sections in the Core Experiment monitored under FHWA-LTPP contract

- 16 sections in the North Central Region 3
- two core sections in Manitoba //’,; f5-
- 831801, WB PTH 1, Near Oak Lake (West of Brandon)
- 833802, NB PTH 75, Near Glenlea (South of Winnipeg) - pc&

- no supplemental sections identified in the North Central Region at this time

~ éab»-e “Sgw’\es '\k\ue\\l“

Allowable Maintenance

- routine maintenance
- any scheduled?

- no structural rehab preferred for ten years

- safety is primary concern

Ch\es g.—
— C"""*&“l o—rcw‘a..) k’wrlzi A g%w:? wo—-ﬁ‘

o 1 .
,.-‘J —_— R’ \,se ’?"b\"’ \\""“ <""’:"% < ) v-\y —— 1 L“—‘f
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= ‘P\\o)(- ‘lv\ “\-—Q—L“"\ ) Q\v‘l‘u&.‘
= e sde \a Negha. ‘U»\IL\

j o R - P,-Q_Qg,‘:‘w\ N L—‘»&\..&.LL—IW
TDR (Time Domain Reflectometry) Probes

/ . - FHWA design and manufacture
N - three prong
O - $60.00 each
(,p S ‘/‘ N , _
('f’\«» - measure dielectric of material between probes and relate to moisture content

- air = 1.0
X X - -drysoil =304 _ < | . T.-d ~lo € (L.ct\Le.Fa\&w)

- water = 80

60(7 - calibration

- laboratory in air and water
V r - field moisture test on material placed on probes loo
7 | 97 - retain soil samples for additional laboratory calibration (@ _ w«fows w—=\*
- 10 probes per installation
4 -onemld-depthmthebase<“-
- seven at six inch intervals in the top of the subgrade
- two at 12 inch intervals approximately seven feet below the surface

Thermistor Probe

- Measurement Research Corporation (MRC)
- $1000.00
N ot \eee . .
v - thermistors’ chang resistance with change in temperature

. ov P& bom
v o - built in multiplexeriAfor automated readings
2%

é" ' - two part o
) - stainless steel section ~ b
- monitor temperature gradient through the pavement surface
- one inch deep
- mid depth ~ So-{ . <
- one inch bottom of t
ny fmwc m of pavemen
- plexiglass section

¢! .
- monitor temperatures at 15 points along probe - Lo ferom 4 ream {, 0

/ 6” ,“"‘érvu/f' /J.?Lw

- laboratory calibration at three temperatures . é7 ool
-t~ L*‘K L
y
— Resmn \"\rr . o



Resistivity Instrumentation

- CRREL design
- PVC probe with 36 electrodes at two inch intervals
© - $800.00
- large increase in resistance when moisture in the soil freezes 'A* J5
- determine both frost and thaw depth 731 ->7L RSP 2
le
- require signal generator and multimeters l"ldt‘ re 7[: d
- compute AC resistance between electrodes
- fc ?N—Ui—v\_% Wy v 2 v-—-&-\—\ Q'P
- both manual measurement and automated Vomr i Tle sor \
- - \5'\ J fc\.om‘q.aél
Air Temperature i
- Campbell Scientific
- $150.00
- air probe and radiation shield

ﬂ' o\Lo‘Jﬂ. A\"Lt_\—\

- mount on instrument pole ey

Rain Gauge/Tipping Bucket
- Texas Electronics
- $255.00 >
. o e o ey . o — &"‘GQ L\WWFL
- 0.1 mm (0.004 inches) liquid precipitation per tip
. I — 41‘-«-—- o-+ ‘%n:L\ \un{. |
- mount on instrument pole
- Y= ‘-YV{- 4

Equipment Cabinet and Instrument Pole

- telephone pedestal

- break away classification

- contain power supply, data logger, sensor connections for mobile reader

- conduit runs into cabinet from instrumentation hole

- pea rock inside base to prevent condensation

- located about 26 feet off edge of driving lane — \iws A«J b e=lble (e "“\

. on T Trobes.

- instrument pole

- two inch diameter galvanized pipe

- break away classification

- extend below frost line

- holds rain gauge and air temperature probe

- located about 27 feet off edge of driving lane ~ balai «o\ 2w 0 et c.té,‘,..;i“"



Interface/Communications Equipment

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

- cable reader

- Tektronics model 1502

- $8000.00
- generates signal and monitors reflected energy from TDR probes
g g ‘ energy H‘_Q'L‘t."wg,— ?oit.g_

- computer and software 4o demeal ‘ﬂ-«owsk, pvo be

- "onsite" used to monitor temperatures and rainfall continuously do dilectm e

- "mobile" used to monitor resistivity probe and TDR probes during site visits "

- T~in

oty ©
Fo pmristoe

- monitor depth to groumj water table ContaT

Observation Piezometer

- designed to act as frost free bench mark

- Dave Esch design

- anchor at 14 foot depth

- sliding section extends eight feet below the surface
- filled with water proof grease

Instrumentation Installation and Initial Monitoring

- two days required with third day as contingency
- first day complete instrument installation
- second day collect data

- tentative schedule . — qut\ [’”I_"’W C‘L'l‘(p g“" h—‘}n'b S ‘Ll >
Oct. 12 & 13 - 831801, WB PTH 4, Near Oak Lake

833802) NB PTH 75, Near Glenlea

D B?tingency days for weather or equipment problems

, ee k.,
- one day every month ﬂ-)‘a,}; /' GL"‘"" 17 r/ f/7 M”/ o ,«p,r—' nd

- every other year for 10 years 2o of ..\,,.-'/'Le?a‘ Mon.f")gr-eg

m ) . L%
) C/o/é\/‘ A.”/A'A Aqmun/ Jf—r/(/r/j .

Agency Requirements —

7 ot shal oz bocts

-~ Ef‘fvz(, ocontrons ey fw'&’ly Corcorns



Project Contacts for Maintenance Activities and Traffic Control )\ s %,,Z. c ot l
1 - will set up traffic control directly with districts if desired ,% 74"“ "

i3 @" g Public Relations " P>

- coordinate with FHWA representative on-site regarding any news coverage . l
,_’ -— A \\ \QQL A ¥Q
\})‘ /V Utility Clearance

\\ - 700 foot section (extend 100 foot outside both ends of 500 foot test section)
6 - sections marked on right edge of driving lane with white pamt e
- clear driving lane and 40 feet into the ditch : s
Traffic Control for Full Lane Closure \ e
- two days for initial installation and monitoring—&2%
- lane closure for 700 foot section
_ - signs, cones, and arrow board 2
-setupasearlyaspossxble D) N dn October
-7:30 AM?  — S rien chber
- may want to mark locations for/&,_.

P om0
“ Estabhsh Bench Mark for Elevation Referem:eh3 aics /.é, /&M»—s - “
\ - not affected by frost prege B
\_\ - actual elevation not reqmr_e\dm lf - Lol ‘: —e 2
} ~Equipment A \N\oE
o
- pavement saw and operator g°
',!\(/ - only required for first day during instrument mstallatnon ?(c, -~
\‘\}:-, .+~ saw 16 inch square block out of the pavement surface ("
%" ;?’-7;&,4‘ - located in the outer wheel path
) Q & ] /’ <,/ , - will put block back in-place on AC sectlon 7o ec ﬂ,,— me S
w : N\
Vs \ ;E" - equipment capable of cutting one inch deeper than estimated pavement
(“\1 N thicknesses below ~ )
T, X - 831801 4.4 inches Asphalt (S5 —a/5Omnn
RASE - 833802 9.8 inches Portland Cement Concrete (/7 > 275 )
vy
,E. Q - - saw four inch wide trench for condult (lwm “ )
;f ‘;{ [ ,‘,V’ - extend from outer wheel path to pavement edge ( s,
t
4 - drill rig and operator
\7}\ - only required for first day during instrument installation
gﬂ r 40,/ - able to drive in ditch or back up to location for instrument pole ( 'Z.'Z © (F@ Lo..-.c_)
o/
i o)( « ¢ - bore one six-inch diameter hole for piezometer (L5 M)
S » f“Q - 14 foot depth  ((~ 1 wdhins
Fh o~ \\ - located on shoulder
] X/' ér‘ - location may depend on cap used for piezometer
1
A



FP"

- bore one 12 inch diameter hole for instrumentation
7 - solid stem auger preferred
’ - eight foot depth (2.5
- located in outer wheel path
- NCRCO has 12 inch diameter auger with 1-5/8 mch male hex drive

?ww

- bore one 12 3152 ameter hole for equipment cabinet
- two feet deep > \r'\c-«s L\‘l
- located about 26 feet outside the driving lane in the di
§0 e
- bore one snx—%nch diameter hole for the instrumentation pole
<¢,u3 - 10 feet deep ( 3. doer
(/ - located adjacent to the equipment cabinet in the ditch

- small portable generator? >W@V) A’

Vv - not sure if needed \.col:t R . Ve rlqer' g,. Oon,
'\\__"______,_--.—' T — ‘~-—-.—._. —y
Materials
- cover assembly for piezometer
~ N - must function for ten years
Wf s - able to open in the winter
v’ - minimum four inch inside diameter

for piezometer cover and instrumentation pole
timate six bags

- bentonite pellets for sealing piezometer
- five gallon bucket

fk - filter sand for piezometer
- 400 pounds (four bags) -
- particle size not critical <Silies S ewel

- pea gravel or trap rock for equipment cabinet

Q:’
(gi( 500 pound
- 500 pounds - . S
\ - 3/8 inch size preferred el se=\eoei ~/

\ e\ P Seals
\o- asphalt patch for ¢onduit trench‘hllf 7e w
\ . ¥l b
\ /‘ estimate %ounds 2 X 2z % ({ E
ui concrete to repair PCC sections
nly for 833802 by Glenlea Y Gk 3 Rk de "

- estimate three to four cubic feet @~ ¢

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



|

Dry Density Determinatiqn;_ A‘ : o
| a; : Tare Weigt.xt:of Erhpty Mold: e .Ib)f'*
b, Weight of Mold and Compacted Soil: g
c. h Weight of Compacted Sample (b - a): 8 (e ___ Ib)
d.  Unit Weight of Compacted Soil = [(b-4) / 943.0 ]1= e __gem®
| #h-2*30] = L _u®)
e.  Dry Density of Compacted Soil # [d/ (100 - )] = e glem?
(_ Ib/£e)
,) Moisture Content Determination:
m. Tare Weight of P I -+
n. Weight of Pan gid Moisture Sample: ———__.__8
0. . Weight of P3A and Dry Sample: R -
p. Weight of/Moisture (n - 0) ——_+__8
q-  Weight'of Dry Sample (o - m): . | . o __.__=&
I Mofsture Content by Weight = [/ (@ + @ * 100] = o __ . %
Commen ’,M MeT PAcT _ oOF Procspuct. 1o 1993
Prepared by: /@m\éw );n-usfe’( Employer: Braun Intertec Corporation

2 2 saAA3 A

Seasonal Monitoring Program Guidelines: Version 2.1a/March 1995

LTPP Seasonal Monitoring Program Agency Code [23)
Data Sheet SMP-107
Representative Dry Density LTPP Section ID (\S.>

Depth of Repréentati?e Sample (from pavement surface): __.____'m

" Date (dd/mmm/yy): _zj_/_zg_f_—-/if: CLE& [2— o< F3 /uﬂmc)

Data Sheet SMP-I07: Representative Dry Density
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BRAUN’

INTERTEC 83/50/ T
B T/ PANG Bucl ET RAIN GHACE IND ANY AIR TEMPERATURE
' PRoBE

THE HOLE WHAS DRILLEY lTH SoL/NO 3STE%
AUGCER 12 INCHED IN DIAMETER.

TT whs ADVANCEY 10 I DEPIH OF 7.2 FzE7
BLloww EXISTING GAouUNY SURFICE.

T7 WHAS PLACEY ABOUT 4IMcHES 7Y { 1AcHES
BENING THE EGwlPmMENT CHABINET,

THE 5«3,7725/’)/} SECTIoH = 2" P//L: L L771 .
THE Flook ZApHeE LWAHS o FeE7— #/NSHES
LelNG TIP 70 71F.

4+ PULS OF SHAARETE -

THE SAKRETE AIVE  50]/L WHS comvRCIET -
WHeN (T WAS [Pracgp
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DEPARTMENT OF THE TREASURY ' Form Appraved.

UNITED STATES CUSTOMS SERVICE ] OMB No. 15150014
CERTIFICATE OF REGISTFKATIQN' NO.
9 CFR 10.0, 10.9, 10.88, (NOTE: Number of copies 10 be submitted varies with type of trensacsion.
‘ 148.8, 148.32, 148.37 Inquire st District Director's office as 10 number of copies required.)
/.. Jarmier) BIL or INSURED NO. DATE
| . o/ 4/s
NAME, ADDRESS, AND ZIP CODE TO WHICH CERTIFIED ARTICLES EXPORTED FOR:
=ORM IS TO BE MAILED (# Appllcabb)
- : : [J ALTERATION® '[J PROCESSING*
g“"“’“ Inrrerse . O REPAIR" O otHeR, (specity)
1983 Stosn PlacE T USE ABROAD
2 , (] REPLACEMENT
7- e e STUT . -~ * NOTE: The cost or vaive of atteration:
> p M L2 2 i tetrs, s, o s
] LiST ARTIGLES EXPORTED
Number -+ Kind of
Packages Packages
&
;_SNA“ TURE OF OWNER OR AGENT (Print or Type and Sign) DATE
r~ s(,/gg MV%’ gma_fk /e/;//p;—v, -
‘ The Above-Described Articies Were: M
% EXAMINED LADEN under my supervision

,.

N b«quyQ

i Stusors

- S'I_QNA

<
| A CERTIFICATE ON RETURN
)uty-fre;entrylsclaimodhrﬂwduaibodmicbouhavinaboonexpomdwuhombemﬁtddnwbwkmdmnmmodumhmgodoxuptumd (uso_

- s e em——a P . - R RN e . . A . B Ve e

"_ * NATURE OF IMPORTER (Print or Type and Sign) __

I NOTE: officers shall draw lines through all unused spaces with ink or indelibie pencil.
REDUCTION ACT NOTICE: Paperwork Reduction coliecting this informaton. how we will use 1. and whether have 10 10 us. We ask
mmwibawmmt:m‘gmmdmmw’w-”mmm“mmwmnmm hmmsmdu’:"mm gmm for exported

then retumed into the United Siates. YOur response is mandsiory and 10 your benefd.
"% U.8.GPO:1992-0-343-023/70539 Customs Form 4455 (020984)




Seasonal Instrumentation Site 831801 Oaklake, Manitoba
Salvageable Equipment - U S Customs
~ i n =297

Telephone cabinet manufactured by Reliance

§ CR 10 data logger manufactured by Campbell Scientific, Inc. (SN. 16524)
PSI2 power supply mamufactured by Campbell Scientific, Inc. (SN. 5655)

Lo Electronic rain gauge manufactured by Texas Electromcs, Tnc (SN. 12052693)

Air temperature probe with radiation shxeld Mode! 107-L Part #LT421316

Instrumentation pole (2" galvanized pipe) 10 foot section placed in the grouud and 8 foot section above
ground X .

Resistivity probe (SN. 83AR)
3 MRC thermistor probe (SN. 83AT) R I
/ Ten time-domain reflectometry (TDR) probes (SN. 83A01 to 83A10) U S Customs
- ' » Pembina. N.D' 28271
; Eight foot copper grounding rod
14 foot galvanized pipe with eight foot grease sleeve

32 foot flexible conduit
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s 4 W
«\/V‘W_ q : Seasonal Monitoring Program Guidelines: Version 2.1a/March 1995

LTPP Seasonal Monitoring Program Agency Code (573
_ Data Sheet SMP-C02
) Thermistor Probe Check LTPP Section ID [ /8° /)

Thermistor Probe Assigned Serial Number : - [ 8324 T
Air Temperature Probe Assigned Serial Number: [S34 AT] =

Prepared by: IV t:\‘ﬁﬁ' fromm Qa3 D‘*”\Employer: Braun Intertec Corporatic;n
Date (dd/mmmiyy): 2{_I po v | 95 (fom 1993 yros TRt p770)

Data Sheet SMP-C02: Thermistor and Air Temperature Probe Check
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-*"i’repared by: /eyv/_rﬂ/}- Employer: Braun Intertec Corporation
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L P Seasonal Monitoring Program

Data Sheet SMP-C03
Resistivity Probe Check

Agency Code
LTPP Section ID

Zlectrical Resistivity Serial Number:

B2 4R

Date (dd/mmmlyy):: 21 | Mo VI 25 (Fr 1953 I(rt7messnm)

Data Sheet SMP-C03: Electrical Resistivity Probe Check
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Pavement Repairs Y ¢ " W ﬁ‘ﬂ
P

- patch conduit trench on AC showlders with asphalt patch
- assist with block replacement on AC section

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

Miscellaneous Activities
- mow grass in area identified for utility clearance or bring weed whip to the site

o .S:r— e w/
2» ].,,\-&1., c.,.L;A-wJ!\'\

S
Instrumentation 7
- provide all instrumentation

- install all instrumentation
- may ask anyone on-site for assistance

- monitoring activities {-‘—q@w oA\ < \ ; Yoaoe

- will collect all required monitoring data ._ N
W e e
- NCRCO phone 612-776-7522 - q
- main contacts for Seasonal Monitoring P TN
- Bob Van Sambeek et S -
- Ron Urbach “ .
.‘"g), ~\% \'\—I’

. . - \cecc c‘\\ )
&S* to~ § o < e ) v

\Pm»x Z
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Manitoba )
oe Memorandum

September 22, 1993

To . From . pennis watson
LIST * Pavement Research Engineer
. - Materials & Resaearch
. . 12th Floor - 215 Garry Straet

Telephone 'L‘_\ 945-8982

Subject Installation of Seasonal Monitoring Instruments

This memo is intended to serve as a follew-up to our meeting of August 27 at
which a number of responsibilities were assigned.

The schedule remains unchanged with October 12 & 13 at Oak Lake and October 14
& 15 for Glenlea scheduled for installation and verifications. Traffic control personnel
will be requirad for all four days with the inatallation personnel raquired on October 12 and
14 only.

A helix-type monument has been seslected for use as an elevation benchmark and
will be installed by Gerald Chartier’s drill truck. The Regions zesponsible will be
requested to establish an accurate elevation from a geodetic benchmark.

Don Findlay (Region 2 Superintendent) will provide a pavement saw, operator and
an electric generator for use on beth of the sites.

Bill Halwachs (Region 2 Superintendent) will make Gerald Chartier’s drill truck
available for both sites. Mr. Chactier will arrange for an adaptor for connecting the helix
monument to the drill shaft for installation of the elevation benchmark. Mr. Chartier’s
truck is capable of drilling all of the holes required on both sites as well as installing
the helix monuments.

Roger Sutyla (Region Superintendent) and Richard Murphy (Region 3 Superintendent)
have been asked to provide 200 kg of filter sand, 250 kg of pea gravel, 1 pail of cold mix
asphalt, and 100 litres of water par site. Thase Superintendents are alsc reguested to
ensure that the grass be mowed 50 m on each end of the test sites and halfway down the slope
to facilitate easier installation of the ingtruments. Reflective hazard markers are also
required for installation on the instrument pole.

Tha utility companies, namely Manitoba Telephone Sysrtem and Cantra Gas, have been
contacted and have assured me that the drilling will not interfere with their facilities.

I will bring the 12 bags of sackcrete, quick set concrete, plezometer cover, and
bentonite pellets to tha sites.

If there are any questions on these matters, Please feel free to contact me at
anytime. :

.

Dannis Watson

Attached -~ Site Layout

DW/bb
Distribution List:
Bob Van sambaeek, Project Engineer, Braun Intertec, St. Paul, Mn. (FAX)
Russ Farrell, Maintenance Manager, Selkirk Highways Office
Richard Murphy, Maintenance Superintendent, Virden Highways Office
Roger Sutyla, Maintenance Superintendent, Steinbach Highways Office
Don Findlay, Maintenance Superintendent, Carman Highwaye Office
Gerald Chartier, Drill Truck Operator, Wilkes Yard
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Appendix B-2: Pre-Installation Equipment Checks/Calibration Information

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

vV vyvyysy

Data Sheet SMP-CO01:
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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Data for Section:

Deflection
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Section
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Deflection Data for Section:

Corrected
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for Section

Corrected Deflection Data
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for Section

Deflection Deviation Data

¢

eeacsdmenmvesccnmvenvec ecorafocacocccne

400

Sensor 1

Prv/Nxt Defl PgUp/PgDn:Prv/Nxt Loc

300

3
6.0
-3.9

tandard
wiations

*
3

Station (£t

Drop Height 1

Prv/Nxt Ht

200
-

100

Exit 471

Location 3

-l1e0

ScrnDume F10

) 3



831801E

Deflection Deviation Data for Section

------------------------------------------------
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Composite Modulus vs Deflector for Section:

8. 700E+05

F§3§§i

station -15

0.0800E+00

Radial Distance

3, a

2,

Drop Height 1,

End PgUp PgDn

ExitPlots Home

F10



831801E

Composite Modulus vs Deflector for Section
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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; and
> Pre-installation meeting agenda, list of participants, and notes.



' : . L71¥0 |
Manitoba m, )

Highways and
Transportation

Materials & Research

1181 Portage Avenue (Annex)
Winnipeg, Manitoba

R3G 0T3

November 20, 1990

Erland Lukanen

1404 Concordia Avenue
St. Paul, Minnesota
U.S.A. 55104

Subject: Seasonal Deflection Testing

We are pleased that plans are underway to conduct seasonal
testing. Our agency is anxious to participate and therefore are
willing to provide the necessary traffic control to conduct 16
days of deflection testing per year on our GPS 1 and GPS 2
sections. :

Our frost depth estimate is assumed to be within 1 foot. -
Will it be necessary to eventually install frost depth measuring
instrumentation and, if so, what type of instrumentation?

222, %wéz@

R. Q/’Van Cauwenberghe, P. En§.
RAVC/rp Senior Engineer: Pavements,
. Geotechnical & Research

Attachment

cc: F. D. Young




WORKSHEET FOR GATHERING FROST DEPTH INFORMATION FOR SEASONAL TESTING

GPS-1 and 2 SECTIONS IN NORTH CENTRAL REGION

SECTION FULL- AC DEPTHTO | DEPTHTO FROST
AGENCY | NUMBER | DEPTH (in. SOIL WATER REFUSAL DEPTH
L. Y 1%'3“ T F] 13 1 N T1CET
IL.| 171003 N 110 F N N
IN. [ 1810287 Y 150| F N N
IN.| 181037] Y 140| F N N
IN.| 182008] Y 190 F N N
IN.|] 182009 N 150 F N N
- TA.| 191044 Y 160 F_ N N
KS.| 201005 Y 13.5| F N 16
KS.| 201009 Y 100] C "N N-
KS.| 201010 Y 80| C N N
KY.| 211010 N 63] C N 15
KY.| 211014 Y 125] C N N
KY.| 211034 Y 150| F N 10
ML | 261001| N 23| C 6 N
ML | 261004] N 45| C N- 2.5
ML | 261010 N 23] F 6.5 N
ML | 261012] N 60| F N N
ML| 261013] N 75| C N N -
MN.| 271016 | N 30| C N N
MN.| 271018| N 45| C 20 N
MN.| 271019] N 48| C N N-«
MN.| 271023] N 107] C N N
MN.| 271028 Y 95| C N N
MN.| 271029 Y 80| C N N
MN.| 271085 Y 120| F N N
MN.| 271087 Y 143 C N N
MN. | 276251 N 701 C N N
MO. | 291002 N 70| F N N
MO. | 291005 N 90| F N N
MO.| 291008] N 100 F N N
MO.| 291010 N 140] F N 75
NE | 311030 | Y 70| F N N
ND.| 332001 N 25| F N N
SD.| 469187 N 45| F N N
MB. | 831801 N 44| F N N 7.5
MB.| 836454 Y 11.0| F N N 7.5
SK.| 906405| N 30| C N N

WET SOIL

WET@ 5’

6" LEAN PCCBASE

BIT. STAB. BASE
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S NATIONAL RESEARCH COUNCIL

. STRATEGIC HIGHWAY RESEARCH PROGRAM

North Central Région. 1404 Concordia Ave., St. Paul, MN 55104, Tel: (612) 644-2996 Fax: (.612) 844-1045

RicHarp C. INGBERG
Regional Engineer

June 26, 1991

Mr. F.D. Young

Dir. Matls. & Res.

Manitoba Highways & Transp.
1181 Portage Ave. (Annex)
Winnipeg, Manitoba R3G 0T3
Canada '

Fred— ‘

Dear Me—¥oung;
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 coptinue up to 12 hours. The
instrumentation to be installed includes temperature probes, frost probes, and moisture
sensors at each site. SHRP will furnish all instrumentation 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 Manitoba monitoring is based on
the above factors:

831801 on TC-001 westbound, west of Brandon

THE NATIONAL RESEARCH COUNCA, IS THE PRINCIPAL OPERATING AGENCY OF THE NATIONAL ACADEMY OF SCIENCES ANO THE NATIONAL ACADEMY OF ENGINEERING TO SERVE GOVERNMENT AND OTHER ORGANIZATIONS.



Y
G

We hope that Manitoba 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
site in the seasonal monitoring plan. If the site can not be included, an alternative site
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: Ray Van Cauwenberghe, LTPP Contact
E.L. Skok
R.J. Van Sambeek
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_ _ 31D |
Manitoba | | o))

Highways and

Transportation .

Materials & Research

1181 Portage Avenue (Annex)
Winnipeg, Manitoba .
R3G 0T3

July 9, 1991

Richard C. Ingberg -
Regional Engineer, S.H.R.P.
1404 Concordia Ave.,
St. Paul, Minnesota, 55104

Dear Dick:

I hope this finds you well and enjoying summer. I look
forward to our meeting with you and Gene on July 31st, 1991.

Concerning your letter June 26, 1991, regarding seasonal
monitoring of SHRP-GPS Seutions, this is to advise that we
will be pleased to participate.

Hopefully we will be able to provide sufficient staff for
instrumentation installation when the time comes.

Kinds regards,

o,

FDY/rp Fred D. Young, P. Eng
Director of Materials & Research

cc: R.ALVLC.

J. Hosang




B E &&5 ﬁ s~ ?;;;gjol::e;;l:c: Pavement, Inc.

St. Paul, Minnesota 55117-2004

! N T E RT E C 612-776-7522 Fox: 776-7201

Engineers cnd Scientists Serving
the Built ond Naturc! Environments

DATE: October 31, 1991 .
TO: Cheryl Richter, SHRP %f
FROM: Erland Lukanen /W

RE: SEASONAL MONITORING SECTIONS

In previous discussions you have told us that we can begin scheduling the deflection
testing part of the seasonal monitoring. We may be able to do that very soon now. I
would like to confirm that this is in fact do-able and provide the status of the sections
that have been identified.

Our first year route will be along the western tier of the region involving Manitoba,
Saskatchewan, North Dakota, South Dakota, Nebraska, and Kansas. The second year
route would involve the rest of the agencies that are participating. The status of all of
the section in our first year route are as follows:

831801 Manitoba OK

906405 Saskatchewan OK

383005 North Dakota Waiting for information on instrumentation
requirements before agreeing to participate

469187 South Dakota OK

311030 Nebraska OK

201005 Kansas OK

201009 Kansas OK

201010 Kansas OK

We only have one section identified by PCS Law in the western tier that is still in
question and that is the rigid pavement section in North Dakota. Gonzalo has indicated
another section is available in a different region.

The eastern route, however, is not fairing nearly as well. The current status is as follows:

271016 Minnesota OK

276251 Minnesota OK

261004 Michigan HOLD: No budget

261001 Michigan HOLD: No budget

261010 Michigan HOLD: No budget

394031 Ohio OUT: Cannot close lane due to heavy traffic
184042 Indiana UNKNOWN

171003 Ilinois Waiting for instrumentation requirements

before giving approval

3310\



To: Cheryl Richter, SHRP October 31, 1991
FROM: Erland Lukanen

So as you can see we have a reasonably filled western route but a very small eastern
route at this time. Since we are proposing to conduct a western route in year one or
odd number years and an eastern route in even number years, that gives us more time to
work out problems and establish replacement sections if necessary before year two starts.
However, if replacement sections end up in the midst of a year one route, we may
eventually have to evaluate changing our route for purposes of efficiency. If we can get
information on the agency requirements for instrumentation installation we amy be able
to include the North Dakota section in the year one testing route. Wisconsin has
expressed an interest in participating in the seasonal monitoring, particularly with the
556351-55 section. One of these may be a replacement for 383005 but I have not
reviewed the drilling and sampling data yet. '

cc. Gonzalo Rada, PCS Law



"OMMENTS FROM FWD FILE FOR TESTING IN THE OWP
350 L-TRANS.CR.BETWEEN D2 AND D3
>00 L-TRANS.CR.UNDER D2

Summary of Results

Section uniformity:
NO Subsections were identified within the section.

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

Outliers - Section data: %1036 total combinations within the section
23 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: 148 total combinations within the section
All results are within the range of expected values.

Subgrade response:
148 height/station combinations exhibit linear response.
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Seasonal Monitoring Program Guidelines: Version 2.1a/March 1995

LTPP Seasonal Monitoring Program Agency Code 3 33
Data Sheet SMP-102
Installed Instrument Location LTPP Section ID L/ 82|

Longitudinal and Transverse Location of Instrumentation

Instrumentation Hole |l o-—2zo | D=0 |_ o©.76 _0.706
Observation Piezometer o= —I_t 00 |—o.30—0.61
Equipment Cabinet o—zo | 0=20|—=1.69|=7.47) -
Weather Station o—=2° |lo—zo|=-07.62-27.93| - -

3

! Transvefse distance in meters from pavement edge (see LTTP Manual for FWD .
Testing) with (+) values toward mid-lane and (-) towards shoulder

Depth Location of Instrumentation:

Thermistor |Metal Top | O©. o225 |0.

Probe Metal Bottom _:Q oBg7l0. Q_'Q_ .
) PVCTop |0 . 165[0.[ 65

Resistivity Probe 0.1 L5 |0.1 65 .

Dz O.2425 M below Ac. s rfaca. @ St \doo  om 120X ~93

' 0

1 Q___-l_g__i 0,200 - | Al deptls *0.%5mfc

2 0.527 0.340 | s conveded fion |

3 o.4849 giii’ Qg A done

4 0.64( 0.650 i teebes . Q3.

) 0.7949 0.81 0

6 0.94¢ 0.960

7 l.099 1.110

8 1251 1.25 0

9 L. 556 L. FE ) . - Jlee

10 l.861 | 8§55 ~ o
ATTACH TOP-VIEW SKETCH OF INSTRUMENTATION T

DIRECTION OF TRAFFIC AND LOCATION OF THERMISTOR AND RESISTIVITY
PROBES. LABEL PROBES "T"/AND "R", RESPECTIVELY

Prepared by: bl Ui S Employer: Braun Intertec Corporation

Date(dd/mmm/y/): LQ_/KL_(_/_E ([ol/ /}OCYLqS /',,.,;A//)

Data Sheet SMP-I02: Instrumentation Location
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Seasonal Monitoring Progiam Guidelines: Version 2.1a/March 1995

LTPP Seasonal Monitoring Program Agency Code 3 31
Data Sheet SMP-103 ' ‘
" Log of Piezometer Hole " | LTPP Section ID 30 11l
Operator: P ENNE ﬁ qupment Used: Dck fI_C K OI_Q.G__K__
Locanon Stauon 1+00 Offset: _Q é _L ‘m (from lane edge) e
Bore Hole Dxameter. _& _(_)_ 3_ . mm Auger Type Sa/ml SIem - - *
) Scale Depth from Material ' Material
(m) - Surface' (m) Description . Code?
| SIry 5AM0 - BRowP
+0. 414 |
10 __ ,
—15__
I
_20_ . STLrY SANMY 214
BROWN
25 __
_3.0_ _
+73,365%
_35__ , —
40 STLTY  CLAY -
1S A owN | ; )

—45_1 2457 &

5.0

! Format: ? Format: _ -
| Prepared by: ﬁ(:/;ﬁ'r\? }7 // /( ___ Employer: Braun Infertec Corporation
“““ % Date (dd/mmm/yy) _LZ_/A_Q (re5%5 (Fo/ 20(,3[73 o 5/~x//aéd-«)

Data Sheet SMP-103: Log of Piezometer Hole
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- Seasonal Monitoring Program Guidelines: Version 2.1a/March 1995

LTPP Seasonal Monitoring Program Agency Code 3 z]
"Data Sheet SMP-104 '
Log of Instrumentation Hole LTPP Section ID ) 80
Operator: PENNER Equipment Used: 06RAILk  DIGG E, A
Locaﬁon' Statmn 0-20 ~ Offset: 0 . Z_ é m (from lane edge)
Bore Hole Diameter: 5 0 Y . mm o
Scale Strata Material Material
(m) Change! (m) Description Code?
__ 0.0 __ O il AC 730
020 __ 0.a39 "CRUSHED _GRAVEL - fSRowAS 304y
—em T Jeraver unerueo- BRown| 30 _
~ e 5,533 L e : .
__ 060 __ _
“on_ | o qyqg | STLTY $ANO- FIwE-BRown) | Q1Y
__ 080
_ 050 __ ,
T  CLAYEY SAND -BRowm | 4/
. 10 __ '
120 __
130 _ i3]
140 _
— 150 __ '
" e SILTY (LAY - bRowN 3
— L7 __ : :
. 1.80 __ : )
~ s [.905
— 200 __
210 __
_ 220 __
. 230 __
. 240 __
2.50

! Format: ? Format _ -
Prepared by: QWT\(L AVZ/( Employer: Braun Intertec Corporation
Date (dd/mmm/yy): Lz\_lﬂﬁﬁli_{ (ﬁ;/ 1 d-Oc =975 LT tL«//ajﬁ'h\>

Data Sheet SMP-I04: Log of Instrumentation Hole
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Seasonal Monitoring Program Guidelines: Version 2.1a/March 1995

LTPP Seasonal Monitoring Program
Data Sheet SMP-106
TDR Moisture Content

Agency Code
LTPP Section ID

(83

Required Settings:

(/8 o]

Dist./Division: 0.25m

Phase Velocity: 0.99

‘Noise Filter: 1 average

L Jo.pzo| Q) | .20 [12.13
2 |lo.340| 4 | 05F| _7.33
s loy2s| 1 _1766110.75
« |o.650) 1 __ 065114098
s loglo] 1 _[002[1648
s 09| _|__| . 12123.27
1 Jsgtol |0 35| 2233
s |t.25so| | |0 70| 2A3577
o |L.sé6o0| 1 _10.94 #3727
w (L850 _V_ 1095 2239 ]

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

(Dz -

T -

A

Dl)]2

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

ATTACH TDR TRACES TO THIS DATA SHEET.

Comments: Q) NeT 2fcewD D

qug L4

r 4

Prepared by: SV Fromn PATA Cotts<

™D

Date (dd/mmm/yy): )7 | AoV 1 35 (J,VWD /2 —
Data Sheet SMP-106: TDR Moisture Contents

{z—oeT - (923 tA-STH LL#ﬁw)

Employer: Braun Intertec Corporatian

o 1992)
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Seasonal Monitoring Program Guidelines: Version 2.1a/March 1995

LTPP Seasonal Monitoring Program Agency Code =2
Data Sheet SMP-CO05 o ) : §
Rain Gauge Calibration LTPP Section ID /82 /1
General Information:'
Manufacturer: 'Tifﬂs E Lec 1\57"-" oS _l‘“" <~
Model Number: T'(L? 52 6_‘ AL

Serial Number: 1290 5_ Z

Note: 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 Volume | Number of | Adjustment’
- (Military) (Military) (ml) Tips No. of Turns
1 et | gaes5 |43 .| _25. 0.5
2 |o738 | O%10o | MNa23 .| _ 97.| —T
o213 |o@fo | 473.]| 78.| —— |

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

. Comments: Pa1s F o 1963 /AR mepT7O -

onrs Fres .

KAeo DT~

Prepared by: _RSV

»

Employer: Braun Intertec Corporation

Date (dd/mmm/yy): 2( | ~cV | 92 5 (ﬁﬂ 1953 /MW'?’/?(:«:/

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,
certificate of registration for instrumentation, and photographs documenting the installation:

Yy ¥y Y VvV vVVYyVvYvYVYVvYVYvYYY

Data Sheet SMP-I01:
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-105(A): Lab Gravimetric Moisture Contents;
Data Sheet SMP-I05(B): Gravimetric Moisture Comparison;

Data Sheet SMP-I06;
Data Sheet SMP-107:

TDR Moisture Content;
Representative Dry Density;

Plot of Gravimetric Moisture Results;

Certificate of Registration from the United States Customs Service; and

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

Agency Code 851

LTPP Seasonal Monitoring Program
. Data Sheet SMP-101
Instrumentation Installed and Participants

Instrument Hole:

LTPP Section ID [L2O01]

-~ Thermistor Probe ol
Resistivity Probe | o1
TDR Sensors de
Equipment Cabinet:
Campbell Scientific CR10 Datalogger O 16 524 |
Battery Package o1 g 65 S
Weather Station: ' R SR
Rain Gauge o 12052 - ’i e
Air Temperature Probe ol B3ARAAT OE
... Radiation Shield e | i~ e L
Observation Piezometer/Bench Mark: R A n/a )

~ List of Participants:

Divu:u\s‘ A ATE D

Borwmr £ -T.

MAs ) TO BA MATLS . HoD RssEE
L [N ‘e S 'ﬂ

7:. P EunEL

Mmap tte3A  — Davy. R\6

sttt

Prepared by: (A/Mv 77& S

Employer: Braun Intertec Corporation

Date (dd/mmm/y{): _[_Q/_Q_B__Q_/jf (f’o/ {:)OCY(C{} .lls‘a//)

Data Sheet SMP-I01: List of Installed Instrumentation
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SEASONAL CHARACTERIZATION AND FATIGUE DAMAGE OF FLEXIBLE PAVEMENTS IN
THE NORTH CENTRAL REGION OF FAWA-LTPP STUDY

by

Chunhua Han, Erland O. Lukanen, and Robert Van Sambeek

Braun Intertec Corporation.
St. Paul, MN 55117-2004

ABSTRACT

‘ . ‘ ' co g - B : '
This paper contains analysis results of Falling Weight Deflectometer (FWD) data that was collected on
a monthly basis for seven General Pavement Studies (GPS) sections in the North Central Region of the
Federal Highway Administration Long-Term Pavement Performance (FHWA-LTPP) study. All seven
sections had an asphaltic concrete surface, each with different structural designs. About 1400 tests were
run on each section during a test day. The testing was on a monthly basis over a one-year period
according to the "SHRP LTPP Seasonal Monitoring Program.” The paper examines daily, seasonal and
spatial variation in pavement deflection, as well as, daily variation in temperature for selected test

sections. -

Layer modulus values were backcalculated using the LTPP study procedure and WESDEF. The results
indicate that the backcalculated modulus values of the asphaltic concrete surface layer are mainly
dominated by the pavement temperature and the logarithms of the modulus values are linearly related to
the mid-depth pavement temperature. The seasonal variation of the backcalculated modulus of the
supporting layers was also examined and characterized. - This shows that the monthly backcalculated
modulus of the subgrade strongly depend on the local climate conditions such as freezing and thawing.

Fatigue damage over the year was estimated for two typical sections based on the available field
instrumentation data. -A monthly damage percentage was than developed which shows the variation in
 structural capacity over that particular year. To do this, the horizontal tensile strain at the bottom of the

asphalt layer was obtained using a forward calculation technique. Witczak’s fatigue failure criterion was

used to sum monthly damage in each season assuming a constant monthly cumulative 18,000 pound (80

kN) Equivalent Single Axle Load (ESAL). A probability distribution of pavement temperature was used
to weigh the monthly fatigue damage. The results show that, with the in-field testing data and developed
methodology, the fatigue damage can be quantified and the period or season with the most damage can
be identified. - ‘ ‘
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INTRODUCTION

Nondestructive testing (NDT), along with temperature, moisture and frost/thaw depth instrumentation,
provides data to evaluate the long-term structural performance of pavements. In the Federal Highway
Administration Long Term Pavement Performance (FHWA-LTPP) study, 64 carefully selected pavement
test sections will be monitored (I). These sections, called seasonal monitoring sections, include four
pavement categories, two subgrade soil types, and four climat iczones. In a pavement service life cycle,
each climate (yearly) cycle is different from another and produces different impacts on pavement
structures. In each climate cycle, seasonal variation in environmental conditions may dramatically change
pavement support and material properties. Seasonal characterization, therefore, is a crucial step toward
the analysis of the environmental effect on structural characteristics of pavements. The seasonal
monitoring program of LTPP will be the first national study on the effects seasons have on pavement

-performance.

Distresses induced by fatigue damage are sensitive to climate conditions. Various fatigue criteria were
developed using laboratory and field measurements and expressed by a general logarithmic relation
between the tensile strain at the bottom of the asphalt layer and the number of load repetitions at a
standard temperature, 70°F (21°C). In Witczak's fatigue failure criterion (2), pavement temperature is
included as a variable rather than a standard condition after the strain-modulus relations at different
temperatures ‘were idealized. - This generalization by Witczak made it practical to estimate pavement
fatigue damage using only field-testing data. : : .

This paper deals with the seasonal characterization of seven General Pavement Studies (GPS) pilot
sections monitored in the North Central Region of the FHWA-LTPP study prior to installation of
instrumentation. The sections are asphalt pavements on fine-grained subgrades. The analysis results were
based on falling-weight-deflectometer (FWD) data collected on a monthly basis. Results of a
comprehensive study on the seasonal characteristics of selected flexible pavements and the relative
seasonal fatigue damage are presented. The study focused on deflection results. However, other data
such as Drilling and Sampling data, Laboratory Testing data, pavement temperature data, and frost tube
data were also used to obtain layer structure and thermal gradient information. Data from the
instrumented sections will be more complete and the results presented in this paper indicate the
importance of understanding the effects seasonal variation have on the performance of pavements. Such
understanding will be valuable in scheduling routine data collection, such as weigh-in-motion and
deflection. Factors to adjust measurments made during non-critical times could also be developed based
on seasonal sensitivities. '

FIELD TESTING

FWD testing in the pilot phase only included seven asphalt pavement sections built on fine-grained
subgrade in the dry-freeze climate of the North Central Region. Adequate structural data was collected
for all seven sections. One section was instrumented with a frost tube by the highway agency.
Currently, the second phase of seasonal field testing is underway. Sixteen test sections including four
pavement types (thin asphalt, thick asphalt, jointed plain concrete, and jointed reinforced concrete), two
subgrade soil types (fine and coarse), and two climate zones (dry-freeze and wet-freeze) will be monitored
in the North Central Region. Instrumentation for measuring temperature, moisture, and frost/thaw depth

have been installed on seven of these sixteen sections to date (1). The field testing described in this
paper, however, is limited to the pilot phase without the benefit of instrumentation.
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Regional Layout of Test Sections

Seven pilot test sections were monitored from November 1991 to August 1992 for studying the seasonal -

performance of aspbalt concrete pavements (Figure 1). Of these seven sections, five were used inthe ;

study because these five are geographically representative of the North Central Region. These include
Site 201009 in Kansas, Site 311030 in Nebraska, Site 469187 in South Dakota, Site 831801 in Manitoba,
and Site 906405 in Saskatchewan. Consequently, only one section was selected from three in Kansas.

Falling Weight Deflectometer (FWD)

A Dynatest Model 3000E FWD was used for testing the seasonal sections. FWD calibration was
maintained according to procedures established by FHWA-LTPP Study for yearly reference
calibration and monthly relative calibrations (3).

Testing Program

FWD testing was done according to the Strateic Highway Research Program LTPP guidelines (3).
However, not all of the procedures in the guidelines were applicable because instrumentation was not
installed on the sections. ’ »

The following points summarize the FWD testing that was done:

® only asphaltic concrete pavements were monitored,

e FWDCHECK (4) results and distress data from earlier testing were used to select which
end of the sections to monitor,

e 1/2 inch (1.27 cm) diameter holes, one inch deep, were drilled at 2.5 feet (0.76 m) and
6.0 feet (1.83 m) from the edge at either station 0 or 5 to serve as reference points for
positioning the FWD load plate, '

" @ test locations were measured out with a tape and marked with paint on the first round of
testing and remarked as needed on subsequent visits,

® the "FLEX" Testing Plan (3) was used for the sensor spacing, drop sequence, load levels,
data stored, test checks, etc., - ' o '

® testing was done both in the midlane and the outer wheel path at 25 foot (7.62 m) intervals
for 200 feet (61 m) of the section plus at four additional locations outside the section limits
in the area for future instrumentation (Figure 2),

e efforts were made to test within two inches of the original test point locations,

® testing was repeated on a monthly cycle unless other testing took priority,

e efforts were made to collect four sets of data at two hour intervals for each visit unless
equipment problems or weather delays prohibited,

® temperature gradient measurements were recorded hourly at three depths for each section
during the testing.
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Surface condition and layer structure .

A condition survey was conducted on Nov.29, 1990. The survey results are shown in Figure 3b
along with the layer structure. No other distress, except simple cracks, were observed. '

Deflection and temperature

Sensor 1, 4, and 7 deflections measured at the midlane at station 150 are plotted against the time in
Figure 5a. The deflections are the lowest in January and highest in August. The biggest daily
variation occurred in August; the corresponding spatial deflection variation is shown in Figure 5b.
The four deflection basins measured that day are shown in Figure 5c. The daily variation in
temperature is shown in Figure 5d.

Site 469187 in South Dakota
Site 469187 is 0.11 miles (0.18 km) north of reference post 156 on south bound ST 73 in South

Dakota. The road has one 12-foot (3.66 m) wide lane in each direction. - It is geographically at
latitude 45°00°, longitude 102°09°, and elevation 2360 ft (719 m). The site was constructed in 1989

and is in a Dry-Freeze Region.

Surface condition and layer structure

The Pavement surface is in excellent condition and has the structure shown in Figure 3c. )

Deflection and temperature

The seasonal deflections have minimal change from November to April, as shown in Figure 6a, with
maximum deflection in August. Spatial and daily variation in deflection is relatively small as shown
in Figures 6b and 6¢c. The daily variation in temperature is shown in Figure 6d.

Site 831801 in Manitoba

Site 831801 is on west bound Highway 1 west of Oak Lake, Manitoba. This road is a divided four-
lane road with two lanes in each direction. It is located geographically at latitude 49°50°, longitude
100°30, and elevation 1400 ft (427 m). The road was constructed in 1984. The site is in a Dry-

Freeze zone.

Surface condition and layer structure
The condition survey from May 9, 1992 is illustrated on Figure 3d, including the layer structure.
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FIELD DATA INTERPRETATION

In the analysis, a typical station and a typical date were selected to show seasonal and daily variation
in deflection and pavement temperature respectively. For a clear graphical interpretation, the
deflection data at the sensor offsets of 0 in. (0 cm, Sensor 1), 18 in. (46 cm, Sensor 4), and 60 in.
(152 cm, sensor 7) were included in the figures. All plotted points represent the average of four

. drops at each point. Multiple points plotted at any station represent additional passes at approximate
two hour intervals. '

Site 201009 in Kansas

Site 201009 is 0.65 miles (1.05 km) north of reference post 78 on south bound US 281 in Kansas.
The road has one 12-foot (3.66 m) wide lane in each direction. It is logated geographically at latitude
37°59’, longitude 98°45°, and elevation 1922 feet (586 m) above sea level. The road was constructed
in 1985.

* Surface condition and layer structure

A condition survey was conducted on Nov.19, 1991 when the seasonal monitoring program was
started. The survey results and layer structure are shown in Figure 3a.

Deflection and temperature

Figure 4a shows the seasonal deflection variation by date for the midlane test location at station 300,
for about 6,000 Ibs (26.7 kN) or 55 psi (379 kPa) plate pressure. On a test day, each test location
was tested two to four times. Sensor 7 deflection shows little change with time of year. However,
over the year, Sensor 1 and Sensor 4 deflection vary by 2 mils and 1 mil (0.050 and 0.025 mm),
respectively. The lowest deflection occurred in January. Spatial (longitudinal) and daily deflection
variation on April 14, 1992 are shown in Figure 4b. Again, Sensor 7 deflection fluctuates within a
‘small range. Four deflection basins measured at station 300 on Apr.14, 1992 are shown in Figure 4c.
The daily variation in temperature is shown in Figure 4d. '

Site 311030 in Nebraska

Site 311030 is 0.89 mile (1.43 km) east of reference post 129 on west bound US 6 in Nebraska. The
road has one 12-foot (3.66 m) wide lane in each direction. It is geographically at latitude 40°19°20",
longitude 99°50°02", and elevation 2300 ft (701 m). The road was constructed in 1982 and opened
to traffic in 1986. The section is located in an area classified as a dry-freeze.
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Deflection and temperature

Figure 7a shows the seasonal variation in the deflection. The deflections clearly define a pattern,
with a minimum in February and a maximum in May. In contrast to other sites, this site has a
shorter time between the minimum and the maximum deflection. However, the spatial and daily
variations remain relatively small (Figures 7b and 7c). The daily change in temperature is shown in
Figure 6d.

Site 906405 in Saskatchewan

Site 906405 is on east bound Highway 16 near Plunkett, Saskatchewan. This road is an undivided
‘two-lane road with one lane in each direction. It is located geographically at latitude 51°54°,
longitude 105°19°, and elevation 1785 ft (544 m). The road was constructed in 1969.

Surface condition and layer structure

. -

The condition survey from May 9, 1992 is illustrated on Figure 8; also included is the layer structure
with thaw/frozen/unfrozen subgrade. Climatic effects on soils in this section introduces additional
layers with different properties into the pavement layer structure, as defined by the frost tube data.

Deflection and temperature

Figure 9a shows the seasonal variation in deflection. The deflections clearly define a pattern, with a
minimum in February and a maximum in May. This site, similar to 831801 in Manitoba, has a
shorter time between the minimum and the maximum deflection. However, the spatial and daily
variation still remains relatively small (Figure 9b and 9¢). The daily variation in temperature is
shown in Figure 9d. :

SEASONAL CHARACTERIZATION

The deflection data were analyzed using two methods of layer moduli backcalculation: the SHRP
procedure (5) which is based on MODULUS (6), and WESDEF (7). Four sections shown in Figure
3 were analyzed using the SHRP method. Different weight factors were applied to deflections from
these four sections according to the layer information and sensor offset locations. The center
deflection weight factor was 1.0 while the other deflections had lower weight factors.

The frost tube instrumentation in Saskatchewan allowed four different seasonal layer structures to be
used as shown in Figure 8. For this particular case, the WESDEF program was used to backcalculate
layer moduli in each seasonal structure (8) because the SHRP process would not run the layer
configurations and low deflections during the frozen periods.
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Asphalt Layer |

For each test section, all the backcalculated asphalt modulus values at a fixed testing spot or station
were correlated to the mid-depth pavement temperature. The relationship between these two attributes
was determined from linear regressions based on the following equation:

E,_ = 1005570 (o) M

where E_, is asphalt modulus in ksi; T is the mid-depth temperature (°F); log,oE, and « are regression
coefficients. The regression results for all selected five sections are listed in Table 1.

Subgrade ’ N

The backcalculated subgrade. modulus are hardly related to the pavement temperature and are
characterized against the month. -Monthly variations in subgrade modulus for each section are shown
in Figure 10, where the subgrade modulus in ksi.were plotted against the numbered month. Some
data points in this figure were interpolated when testing data was not available. There are two
different seasonal patterns in subgrade modulus identified by the pilot testing program which show if
a freeze-thaw period is included in the climatic cycle. As expected, when subgrade is frozen, the
modulus is dramatically increased, and during the thaw, the modulus is significantly decreased. It
should be noted that the subgrade moduli for Site 831801 in Manitoba were backcalculated based on a
fixed pavement layer structure because no frost/thaw depth data was collected at this site; frost /thaw
depth data will be available at this site for the current round of testing. -

FATIGUE DAMAGE

The stiffness properties of the in-situ pavement materials needed for the structural analysis, were
evaluated through the field nondestructive testing program discussed above. The seasonal variation in
these properties results in different seasonal fatigue damage. Two major dominating factors are
considered: the temperature of the asphalt surface layer and the stiffness of the supporting layers..

‘Theory of Relative Fatigue Damage

Theoretically, for an infinitesimal time period dt, the temperature distribution can be expressed by a
probability density function f(T):

i TiE(T)dT = 1‘ | @

To

where function f(T) statistically describes the variation in temperature over the period of dt. The
function f(T) is useful as a weighting function of a fatigue failure function. Based on Minor’s
hypothesis, Witczak’s failure function (2) is used and has the following form:

N(T,e,) = ab*‘(—:-)'= - G
t

Where N(T,z) is the equivalent number of 18-kip (80-kN) axle loads to 10% Class 2 fatigue cracking
(slightly spalled alligator cracking); T is the pavement temperature (°F); ¢, is the critical horizontal
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strain at the bottom of the asphalt layer; a, b, ¢ and d are fatigue coefficients and equal
1.86351x10%7, 1.01996, 4.995, and 1.45, respectively. Equation 3 resulted from the idealization of
Kingham's tensile strain criteria that were derived directly from the results of flexible pavements at
the AASHO Road Test (9). It is seen from Equation 1 that N(T,z) depends only upon the '
temperature T for the period of dt if moduli of supporting layers are constant in the period of dt.
Therefore, it follows that the fatigue damage in the period of dt has the form as:

T, £(T)
=P, [ ' —===dT 4
| 6 =P [ o @
where P, is the actual equivalent number of 18-kip (80-kN) axle loads applied over the period of dt.
For a longer time period with t, and t; as the starting and ending time, the total damage can be

oobtained by integrating Equation 4:

£T)

d=[" " larppa - ®)

. f'O Tﬂ N(T’t) ( )

With the help of Equations 4 and 5, the relative fatigue damage in the period of dt to the period of

(ti-to) is estimated using the ratio in percentage: :
g-2 - ©

' d

Analysis Method

The analysis process involved the discretization of Equations 4 and 5, forward calculation of the
tensile strain g, and estimation of the relative fatigue damage. The discretization is based on the
variation in temperature for a month and the variation in material properties of supporting layers for a
year. Due to lack of continuous temperature measurements, and for illustration sake, it is assumed
that the variation in temperature during a testing day is representative for the month. In addition, the
monthly projection of annual ESAL is assumed to be constant and evenly distributed for a year.
When more data are available, these two assumptions can be eliminated. Steps to carry out the
analysis process are as follows: ‘

1. determine the discrete probability distribution of daily temperature using 10°F as the bin size.
2. calculate the asphalt moduli from Equation 1 using the central value temperature of each bin
and use constant moduli of supporting layers for each month.

Calculate the tensile strain &, using the WESLEA layered elastic program and in turn the
critical load repetition N(T,&,) for the same central value temperature.

Sum the division of temperature frequency by the critical load repetition bin by bin.

Repeat above steps for every month and sum the results for the whole year.

Determine the relative fatigue damage in percentage (yearly damage percentage) from the
ratio of the month sum and year sum. .

bl

Sk
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Analysis Results

Two sections were selected since they represent two completely different climate cycles. Other
conditions such as construction and instrumentation were also considered in the section selection for
analysis. The sections selected are Site 311030 in Nebraska with no freeze-thaw period and Site
906405 in Saskatchewan with a freeze-thaw period. Figures 11 and 12 show the analysis results of
relative fatigue damage for these two test sections. In terms of yearly damage percentage, the relative
fatigue damage is plotted against the numbered month for one year in these two figures. Itis clear
from the figures that, as indicated by the model, the most fatigue damage occurs in winter if there is
no freeze-thaw and if there is freeze-thaw, the most fatigue damage occurs when thawing starts, as is
expected. :

CONCLUSIONS . .
The following conclusions were reached on the basis of the results presented in this paper:

1. Practically, the FWD testing, along with field instrumentation, is effective in seasonally - -

" monitoring the long-term structural performance of pavements. The results presented could
facilitate better performance prediction of flexible pavements, depending on the climate zone
in question, regardless of when FWD testing is conducted. As long as the seasonal variation

- of subgrade in thaw/frozen state is known, adjustments, season by season, can be made,
analytically. ‘

2. On a semilog scale, backcalculated elastic modulus of asphalt surface is linearly dependent
upon mid-depth temperature in the asphalt ‘surface layer.

3. In a climate cycle, the period when the most fatigue damage to flexible pavements occurs
depends the existance of a significant freeze-thaw period. The most fatigue damage occurs
when thawing just starts. If no significant freeze-thaw period exists, the most fatigue damage
is limited to colder temperature period such as winter.

4. This primary data analysis may help scheduling future FWD testing by highlighting periods
when more tests are needed and when fewer tests are needed to define changes in moduli. It
confirms that additional tests may be needed in the spring in the frost zones but may not be
needed in.the southern states in the North Central Region. It also may allow seasonal
adjustment factors to be developed/refined to increase the value of deflection data colleted at

non-critical times of the year.

5. It also may be.very useful in collecting truck loading information if seasonal weigh-in-motion
is used. :
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Table 1 Regression Results
Section Agency log,oEo a ' R?
201009 Kansas 3.70 -0.013 0.94
311030 Nebraska 3.92 -0.017 0.98
469187 South Dakota 3.53 -0.011 0.95
831801 Manitoba 3.64 -0.612 0.95
906i0§ Sask_atchewan 3.41 -0.010 0.96 |




Han, Lukanen, & Van Sambeek ’ 13

Figure 1 Testing Section Layout
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Figure 7 Mmmed midlane deflections and pavement temperatures (6,000 Ibs load), GPS Test

Section 831801 in Manitoba: (a) deflections vs. testing date at Station 25; (b) deflections across test

section on July 16, 1992; (c) deflection basins; (d) pavement temperamure vs. time.
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Appendix D-3: GPS Section 831801 SHRP SMP Pilot Results

Appendix D-3 contains the following information:

> Notes from pilot site selection and testing; and
> Seasonal Monitoring Data Analysis Report for the SHRP SMP pilot.



BRAUN"
INTERTEC

Description:

Project No:
Date:

83180l

MANITOB A

l9alt

SEASONAL FwD LAYOUT

195

By:

] i | i ' P i i 1 ] i ]
i i : | [ ; i P ; ;
| B H i i i H H H N B
! ! i : ! | i : i i i : : ‘
; i i : | i ! ! ! e i
] L . T H
| T | ~ T T
i | ] i i i P |
L ; f i R P !
- T | ] ; ‘ I o
H T T ¥ . H N
| ; | Poo | j R !
. > : .- ‘ o dh-|—|—2+oe -
' ! ' : { t H !
; i ; ; : ’ : : : ‘ [ : :
i 1 : : : i H ; ¢ i i X
i i i [ S : : o | l i t Tl g
—— - — , . - ' 1:,_~ rancsman | e 0. -
i i } ] : i t i i 1 i
i ; * Y ‘ : | i i ! i
: i 1 t i {
i ; ;
i |
&— H —y
| i i i i
10t H j : H
P ] s e j ; f
. . v i 1 H 1 { !
i i i I : i
el b ! : ! i H : ; :
EN ‘ * : | ! o : : L
«;‘ - : 1 H ! N - H 1 . H ' _
’ . i |- ; : i } i b | . i [ R
! i i ! ! ‘ : ; : : }
i I i ! P [ o i P ‘
: S - ; : ; LI . N : :
i Lo o P <1 R j - r
i 1 ¢ : i i " i i - i H B i : ; : i i . i f i
i i i i { hd i ) hd f * H ‘+°c T 1 T T :
i i i + i H 3 i) ] 1 3 f
: L | i | i P! ! N
i P P :' I ; i P , T
i i i { H H { H P i
1 H 1] ] H 4 I 1 H
1 ] ) ! I ! ! ! t | ! | ! i ' | !
* t ; T 4 - s :
i | : i o | e % ' P P
| i o o
; i , e
! b i
i i { i Pt i
i ° ! . i i 1 i i 1 1
. P : | ! I S N DU 3
et g Py - ‘
B : ; f . N T N —
‘ i : | R '
(' 0 ° : : ( i B
) : g STRAEE _
- — — - . i S—
® o — O‘f"OQ '
35 ‘ '25' e f 2120, e I
_— . : s AU 7 l e Y \ S o ———- S S
_ {:——— ‘ .0 ——— -~ FRom_ ouTsIDE

LINE




L

i
8318814 -—

Deflection Data for Section:

4. 300QE+G1

® & o 0

cese

400 -

600

300
Station (£¢)

200

N
. -
L 4
®

160

J

malized

[lection

9.0995008
~100

2, 3, 4, 5, 6, 7

Sensors 1,
PglUp/PgDn:Prv/Nxt Loc

Drop Height 4

Prv/Nxt Ht

Location 3

SernDunmp FlO!Exit

4t

F2

9’0()

Joo ~

SN

— DTFL -

-—

L

—2oo X

(=]

~ S\ jmu_ -



o = = . )

N e e o e e e m e am owm e P e e e e o .

Structural (
N nhgp £

e

cvee

100

200 360
Station ¢f¢)

400 S00

Drop Height 1, 2, 3, 4

600



Subgrade Elastic Modulus foxr section: 8318814

©9.300E+0S
o
®
[ 9
r
b :
yheende : )
odulus \ —”’__”‘ H
\ : :
©.0Q0QE+929 ;
~-188 ] 100 208 300 400 500 608

Station (£ft)
. Drop Height 1, 2, 3, 4
JF1@:Exi tPlots



3

9L

oL

0}

voodene S N R ve.s
orin modnsred ne ROV S 2,
¥
w - 3
H
H
H
aroe - S S H
H
. ore.o
- ons
S
......... A
H
g
e P 8 .2
J—
K71}
.:.—
Isjueunno)
05 Sr oy SC 14 0z St ot S o
- TN S
= OO T SO S -~ seesSeresFaren
.
veor roschoss
v s
o
.
O . oo voee
JOPO: OO USRS PUNS SHNOR OUR SO OV SO JYROIE JUON JONOR JOUPS JOUE. O vece beres
B S0 OO
o QOO JO B > }
[N RN UG U0 S - " . ros
‘M
"84 8]

S!

Q1 uopdeg dHHS

9po) oS

Qi poubliissy oy

e~

;\.r\wd ora

— L



KT LTS

00C S$63 004 S81 008 743 0L 591 09 S5 058
| T I i
: { :
; S
(
04
i \
9 \l2) W9
‘e
S
:._ }
iuewwo)
058 Srl ori Scl ot f~A4) £oZi Sii P13 SO0t 00}
g
ot
f
, \
.0
K ¥1]
g1
vl

._lm...nm.vl_.o_%_.uomézm

< 8 . epog olng

Q1 poubissy oiv|s -

11



| ] |

| @] o]

00¢ Ss62 062 S0 oL $92 092 S8 052
i 1oy
% w m "
: :
: i $
i
t
i W) W
044 i H (1)
:._
IRUeWW)
052 Sre ore sez oZ2 Siz 01z S0 002
ﬁ 1% *® R
e}l
.S
& L iX
A% \ 9
I
4-13 H
o1
b
e ]
LAY
F 71} hp
-
- 1 uopoe
X _ Q1 UopdeS dHHS
apo) oS
T T qalpoubjssy eims

T le



Suouno)

Loy Sot 06C Ste oLe S9¢ 09¢ ose
; l $ l
f :
: H
: i €19
i ;
| ]
\ \
!
; % W9
Tl P 3
.t._
SRUARLOY)
£05¢C S o¥e £ o0e Sic oie 00¢
S
ot
‘a8 hw
-
Y o @ | aiuopes duis
<3 9pog elnis
T T T Ty peubissy ojels

e e .

13



[ =]

l o] 2]

005 Sor

s2y o2y Siy

‘s RN

.K.—
m T\ G1uopoes duHs
*po3 eimis

ai peubissy ainis

P e S

A.5






FrLsFS By =/ (,9
(sss10W) L 4IHS HEVYW HON38

1dIHS —X— 0 3% dMI N —©— dWMWO —A—~ do3a -

. 13s viva
HG6 966 366 096 N¥6 1¥6 M6 16 Hi6 416 Ov6 8¥6 DE6 9E6
GLO0- , 09€’L
I £ ul _..n—\\\mu me. —‘

0L0°0- nu/m/ \L\x]%\\m \V\\\mv 1
H £ 00¥'

G00'0-+ /g\m / \m\ m.
e \Y\.O =

. — A . N 0zl 2

. \ / vd Yy 4 \WI
000°0 < §

I
[
:

Hf ST ovv'L

i
1V}
LA}

G000+

Z _

0100
(0g-0 uoness) LogLes

_ . . e t % e as . ﬂ— .»J-Dl- 1 ¢oy )\ ~syet A4 L e ¢ . 7\W\dw * "\W-ﬂ@r % nL




..)..)..]..g..;..(
.|..|..(..4..

V .;..;..{..(
deefesiesds

Phesderieeiond

....)..)..g..|.
3ol ...)..)..;..|.
...?..?..!..!.

.i..;..(..(...:..

.
sessestecans

ssssesgescscqan

.
.
.
.

.
cesecfesscodscacarnyes

.
.
.

.
.
o

.
.

b
aessesbessasapeonnsae
.

.

..3..;..[ .|..(..¢..,, 5

...}..)..;.
...}..}..;.

I

=ttpp=Curve i selact {~): Pgil-Pyd=Primr Hexi set

Cond i€l e e e
c,-"\s:— \-c‘—éﬁ-—(“.

proble— o P
| o oy

.}..)..;..‘..
.)..;..;..;..
...)..;..;..]..(..g...f.au. }......)..;..;..g-.i..

e o e o s e o e o e o 0 2 S o2 e e e e e o e

TIME:

J
irl*?gd'P;D Peior-dexi

T0TAL FILE: 24
83SA93CK .MOB
TOTAL SET:

CURRENT SET: 2:

avesvevecans

2
1349

DATE: 12/11/93 |

File




cesve

escsseRrccsnihosuiatorarrrhesecatonreest
. .
.
.

.)..}..]..g
cdeeterfeete
3o

...)..}..;..;..(..g...z...:...

'3

o aae gon asn Gam o san Sat S SO0 SOn THY TS S VS, ome Sub me Sme
. . . .

O S

: 768

Py e e

H . H
H H H M
M H :

. M :

- P P S
. . .
. H H
. ceveasiane chesvera
. . . H
. - . H :
H . : : M
: b H . :
H : : : M
Iy N I
H . . .

H . H H

: : : H

: . : H

. . H .

cesnes - resessrsavem

< " . rd

: : . :

H H H .

: . . :

M H : .
cfeessesiasescfocenad

. . H H

: H : .

H H . .

H H H

. . . . b
*Seveae l.-ohuc‘:toooluztio"l:

. . H .

. . b N

H H . N

H M .

: < . °
Srssestescenan

. . .

H . .

. M .

M N .

< . .

e #recssrctacesrisaosan

£ 0 H "

. < H .

. . . .

. H . .

. . H .

. . . H
esservessemmeserussecerm

. 0 H .

H . H .

M . H H

. H : :

. H . .

b S : H

o

1 J

.
.3 ..,..._...;...
.

LI s
..‘__..---.._..-:_——-'-.------..._-_..—--..-- on s ou sen oes S o 000 aat 006 20 Sus S00 daw vew tme’

T0TAL FILE: 24
83SA93DL .MOB
TOTAL SET:

[\

.
o






Appendix D-1: Initial SMP Monitoring Data Collection

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

vV vy vVvyy

Data Sheet SMP-D03:
Data Sheet SMP-D04:
Data Sheet SMP-DO05:
Data Sheet SMP-D(8:

Contact Resistance Measurements;

Four-Point Resistivity Measurements;

Ground Water Table Measurements; and

Surface Elevation Measurements - AC Pavements.
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" Test Connections Voltage (ACV) Current (ACA) e=
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Figure III-5 - Contact Resistant Measurements - Data Sheet R1
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1. Date (Month - Day - Year) [\/0\/ (¥ -/2-93)
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Figure II1-6 - Four-Point Resistivity Measurements ; Data Sheet R2
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LTPP Seasonal Monitoring Study State Code @ _3_]
Form ¢
Ground Water Table Measurement Test Section Number [__I_Q_Q_/]
- Number Time Well Depth | Water Depth Weather Comments
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T g 7
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* Use only these weather terms: Sunny, Partly/Cloudy, Cloudy, Drizzle, Rain
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Figure III-7 - Ground Water Table Measurements - Data Sheet W1
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"LTPP Seasonal Monitoring Study | State Cod - @3 ’
o 2 oot ? | GPS section No.83/80] €
Transverse Profile Measurements- | Test Section Number C_l)
AC Sheet | of <~
STA BS m | IFs TFS | ELEV | REMARKS
Bm | 11756 LLATS | 0,606y i
V/?’) 11754 1500 | € HECZ 2ACE
TYPE OF INSTRUMENT L L/CA WitY NA Zadoﬁ
STA | EOP OWP MID WP cL | REMARKs |
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ELEV™ | 183525183t it e [T002a2 | 100222
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ELEV |JZ322351+—— | v=oe] [Joaliotde-—ir [ g
or 10| 8l40|_ 2080 |__782%|__7682 |__73°¢F H
ELEV. |13385%{ 15247 L | 753532 edo 734202
0+00|_ o5 | 8188 | __7922|_ 2775 |__788C
ELEV |10323FFe35BBe34a& | 10378] [IoAe=s .15
Prepared by: R R Wp /77 Employer: BR’F)U N /T/\ﬂé’? 76§e 1‘9’/ 5 23
Transverse Profile Measure/ments AC Pavements - Data Sheets E2 @z NA tC
K : 12 |
' ! B 4 A o
.I CD . : ‘l[: 307~ SHOQC/)‘
—_ P 7:5- » \-7_:\ . ;‘. |
\T’l\ i ) BV 103748 -3_0":7/__6"
| qnc {F,.\f?':c e |
CL7788

Fl~i 19,377/
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LTPP Seasonal Monitoring Study State Code )
FormE2. Do GPS Section No. 9}1 90_[
Transverse Profile Measurements- | Test Section Number C_l)
AC Sheet 2 of &~
STA BS HI / IFS TEFS ELEV REMARKS
||-~ 172756 H
I ﬂ
i

TYPE OF INSTRUMENT L E[CA (ylLr) NA2009)
STA | EOP OWP MID WP |+ CL |REMARKs [ °

1+ 1387 fM?Q T2 | _Tef0|_ 8138

Prepared by: r)\ R (’{/ D M Employer | Date: \/_"9// 3’617

- Transverse Profile Measurements AC Pavements - Data Sheets E2




Appendix D-2: Routine SMP Monitoring Data Collection Summary

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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831801 - 83SA Updated 31-Oct-95

LOCATION - PTH-1 WB Lanes, 27 Miles (46 Km) West of Brandon, MB
CONTACTS - Richard Murphy (204) 748-2227.
TEMP HOLES - Sta 0-03, Depths are about 0.8", 1.8", and 2.8" (AC thickness = 4.5").

DISTRESS COMMENTS:
Sta Fl - Tests at Sta 0-20 and at 25 foot intervals from Sta 0+00 to 2+00.

-20  LP ADJACENT TO INSTRUMENTATION HOLE AND L-TRANS.CR.
UNDER D2

150 M-TRANS.CR. BETWEEN D6 AND D7
175 M-TRANS.CR. BETWEEN D6 AND D7

Sta E3 - Tests at Sta 0-30, 0-25, 0-10, and at 25 foot intervals from Sta 0400 to
Sta 2+00.

-25 D7 ON INSTRUMENTATION HOLE AND 1’ BEHIND M-TRANS.CR.
-10  L-TRANS.CR. 6" IN FRONT OF D7 '

150 M-TRANS.CR. BETWEEN D6 AND D7

175  M-TRANS.CR. UNDER D7

PIEZOMETER - Sta 1+00, 2.0 feet from edge of paved shoulder, Depth = 4.303M.
ELEVATIONS - No DOT BM.

Offsets: PE OWP ML IWP ILE
™M 016 076 1.8 290 3.51
f® 05 25 60 95 115

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

Sta:  Transverse profiles at Sta 0-30, 0-20, 0-10, and every 25 feet from Sta 0+00 to
Sta 2+00.

COMMENTS - In 1996, may want to install nails according to current guide lines.
- Traffic control - Devin (summer?), Bev (winter?), and John (regular).





