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Disclaimer

The contents of this report reflect the views of the author or authors who are responsible for the
facts and the accuracy of the data presented herein. The contents do not reflect the official
views of the North Dakota Department of Transportation or the Federal Highway
Administration. This report does not constitute a standard, specification, or regulation.




TABLE OF CONTENTS

PURPOSE ... 1
SCOPE . 1
LOCATION . e e 1
DESIGN . 1
Figure 1 Drainable base . . .......... .. . i e 1
Figure 2 Dense Graded base. ............ ... .. . i 2
Figure 3 Sensor Location JOINIS .. . ... .ottt 3
Figure 4 Sensor Location Mid-Panel . .......... .. ... ... ... .. i ... 3
CONSTRUCTION . ..o e e e e e e e 4
EVALUATION . . e e e e e e e e 4
Graph 1 Moisture %'s in base under Joints 1995 ......................... 5
Graph 2 Moisture %'s in base under Joints 1996 ......................... 6
Graph 3 Moisture %'s in base under Mid-Panel 1995 ...................... 7
Graph 4 Moisture %'s in base under Mid-Panel 1996 ...................... 8
Graph 5 Moisture %'sinsubgrade 1995 . ... ... ... ... ... .. . e, 9
Graph 6 Moisture %'s insubgrade 1996 . ............ ... ... ... .. . .. 10
SUMMARY oo 11-14
Figure 5 Average Moisture Drainable Base @ Joint . ..................... 12
Figure 6 Average Moisture Dense Graded Base @ Joint .................. 12
Figure 7 Average Moisture Drainable Base @ Mid-Panel .................. 13
Figure 8 Average Moisture Dense Graded Base @ Mid-Panel .............. 13

APPENDIX A Construction Plans



MOISTURE SENSORS IN A BASE AND SUBBASE

Project IM-8-094(005)331
NDEP94-05

PURPOSE:

The purpose of this study is to determine the effectiveness of a permeable base
in reducing the moisture levels in the base and subgrade.
SCOPE:

The scope of this experimental project is to compare the moisture levels in the
salvaged base beneath a permeable base, in a dense graded base, and in the subgrade.
These sections are beneath a Portland Cement Concrete (PCC) pavement roadway
surface.

LOCATION:

This project is located in the eastbound lanes of Interstate 94 in Cass County
near Casselton, North Dakota. The moisture sensors are located at station 880+98.4,
station 881+35.9, station 891+52.5, and station 891+90. See appendix A.

DESIGN:

The design called for placing three moisture sensors in two different roadway

sections. The first section consists of four inches of a drainable base and eight inches

of salvaged bituminous base placed on the subgrade as shown in figure 1.
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The second section consists of six inches of dense graded base placed on the
subgrade as shown in figure 2 below. Each section called for placement of moisture
sensors at two locations. The roadway section with a drainable base called for placing
two moisture sensors in the salvaged base and one sensor in the subgrade as shown in
figure 1. The roadway section without the permeable base called for placing two

moisture sensors in the dense graded base and one sensor in the subgrade as shown

in figure 2.
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Figure 2

The sensors were located below a skewed transverse joint and below the
midpoint of a concrete panel for each type of base course as shown in figures 3 and 4.

It is anticipated that the joint sealant will eventually lose its sealing capacity and
allow moisture to readily enter the base material below the joints. It is then anticipated
that the permeable base will remove the excess moisture while the dense graded base
will allow the moisture to accumulate causing the base to lose its support capability.

The amount of moisture entering the base course at the midpoint of the PCC
panels will be dependent on the lateral movement of the moisture in the base and

capillary movement of moisture from the subgrade.
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CONSTRUCTION:
Installation of the moisture sensors was performed by Fargo Electric from Fargo,

North Dakota in September 1994. The installation was constructed to plan without

problem in the following sequence:

1) Installation of cabinet concrete footings

2) Trenching for conduit and sensors

3) Installation of sensors and conduit

4) Compaction of trench fill

5) Mounting of controlled environment cabinets

6) Installation of multiplexer control panel

7) Tagging and recording cables from sensors
EVALUATION:

The graphs on the following pages represent the monthly average of the data
collected from the moisture sensors. Graph 1 and Graph 2 include data from the
sensors in the salvaged base and in the dense graded base located at the transverse
joints. Graph 3 and Graph 4 include data from the sensors in the salvaged base and in
the dense graded base located at the midpoint of the PCC pavement panels. Graph 5
and Graph 6 represent data from the sensors located in the subgrade for all locations.

There is no data available for the month of June 1995 for any of the sensors.
There was erroneous data from the sensors in the subgrade under the mid-panel dense
graded base during May, July, August, and September of 1995, which was not included in
graph 5. There was also erroneous data from the sensors in the subgrade under the
transverse joint dense graded base during May and August of 1995 which was not
included in graph 5. The data for 1996 includes only the months of April, May, June, and
July. This is due to problems collecting the data between January and April of 1996. It
was also decided to change the evaluation parameters of the study to include data from

July to July for the next comparisons.
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SENSORS LOCATED AT MIDPANEL
WITHIN BASE COURSE
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SENSORS IN SUBGRADE
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SENSORS IN SUBGRADE
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SUMMARY:

A comparison of sensor readings on Graphs 1 and 2 show that since
construction, the top of the salvaged base course (Figure 5) averages 22% moisture at
the joint location. The bottom of the salvaged base course (Figure 5) at the same
location averages 35% moisture. Graphs 1 and 2 also show that the moisture content of
the top of the dense graded base course (Figure 6) has an average of 27% moisture
while the bottom of the dense course (Figure 6) has an average moisture content of
23%.

A comparison of sensor readings on Graphs 3 and 4, where the sensors are
located at mid-panel, indicate that the top of the dense graded base course (Figure 7)
has an average moisture of 18% at mid-panel and the bottom of the dense graded base
course (Figure 7) has an average of 19% moisture. The graphs also show that the top of
the salvage base course (Figure 8) has an average of 27% moisture while the bottom

(Figure 8) has an average of 25% moisture.

Graphs 5 and 6 show the moisture contents in the subgrade below a transverse
joint (Figure 5) to be 24 % below the salvage base and 31% below the dense graded
base (Figure 8). The mid-panel moisture contents are 29% below the salvage base
(Figure 6) and 38% below the dense graded base (Figure 7). A comparison of these

moisture contents is shown in the following diagrams.
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Figure 7
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These results are inconclusive at this time. It appears that at joint locations the
drainable base is not effective or is only marginally effective in reducing the moisture
content in the base material. It is however effective in reducing the moisture content of

the subgrade at the joint locations.
The mid-panel locations appear to show that the dense graded base is more

effective than the drainable base, however the moisture content in the subgrade shows

the drainable base to be more effective.
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990 The contracter shall furnish the Department with a Pearpoint Color

POl Flexiprobe System consisting of the following:

Quantity 10 2 Description

1 EA 12201108 Camera Control Uanlt

) A HCO504%01 S Meter 16 ft Link Cable

b EA 321201 ¥ Plece

}EA 1K 1180001 Metel Coiler

1 EA 1cesos604 flod 328°

I EA 112662001 6V S4ma Lighthead

§ EA 1€2179004 Plastic Sleeve

) EA il ]] Camera Color

1 EA PPicSIO) Spring Centering Device

) EA AIQROA00SL Radie Sonde Recelver

1 EA H1266220) Lamp Replace PCB Kit

) EA 4 Nead V(R W/Audio & Video-in
Copabiltftes

1 EA Hlonds Generator 650 Watt

The specified system shall become the property of the Department.

(WOTE: Northern Mater Works Supply s the only licensed dealer of the

Pearpoint flexible video system In North Dakota.)

. The unit price bid for “Pearpoint Color flexiprobe System” shall
Include al) cosls te provide Lhis system.

HOTES

L I

FEN AID PRO3 N uRy

A
8 [N.D.

1M-8-094(005)331 8

990 The contractor shall furnish and install a Moisture Sensor System
P02 consisting of the following:

Soilmoisture Equipment Corporation

Quantity Product No. Description
2 6050X) Trase System |
12 600502 Buriable Waveguide.{2 Meter Cable)
12 6006120 Extension Cable (20 Meters)
2 6021C16 T0R Switching Board (16 Channel)
2 6022 Milttiplexer Contrel Board
Hlennessy Products
Quant ity Product No. - Description
2 LSSB83017A13R
2 231613 Shelf Kit
2 240627 fan Thermostat
4 240625 300 Watt Meat Kit
2 Insulation Adder

The specified system shall become the property of the Departwent. The
contractor shall install the Moisture Sensor System sccording to the
manufacturer's recommendations. A representative from the Sollmoisture
Equipment Corporation shall be present during installation of the
equipment. The contact person is Richard White (phone number
(805)964-3525 . )

The contractor shall take the steps necessary to protect the sensors
once they are in place. Damaged sensors shall be replaced at the
contractor's expense.

The cables running from the sensors to the cabinet shall be placed in
1 fnch rigid conduit.

The contractor shat) glive 48 hours advance notice of Installation of
sensors to CIiff Kuntz of the NDDOT (phone number (701)221-6910.)

The unit price dbid for "Molsture Sensor System™ shall include all costs
to provide and instal) this system.
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