Minnesota Road Research Project

2006 Cells 27 & 28 Construction Report

MnROAD Low Volume Road

Timothy R. Clyne, P.E.
Ruth Roberson
John Siekmeier, P.E.

Minnesota Department of Transportation
Office of Materials
1400 Gervais Avenue
Maplewood, Minnesota 55109

November 2006

This report represents the results of research conducted by the authors and does not necessarily represent the view or policy of
the Minnesota Department of Transportation. This report does not contain a standard or specified technique.



ACKNOWLEDGEMENTS

The contributions to a successful construction project by the following people are gratefully
acknowledged:

Student Workers

Felipe Camargo
Cassandra O’Neal
Yer Vu

Bao Thao
Matthew Beyer
Agueda Guerra

MnROAD Site Staff

e Bob Strommen
Doug Lindenfelser
Jack Herndon
Ted Snyder
Len Palek
Ben Worel

Contractors
e Dave Pribnow
e Scott Johnson
e Darin, Equipment Operator

Fabric Suppliers
e Larry Salzer
e John Moyer

Pooled Fund Support
e Karen Henry
e John Stormont
e Bob Burnett
e Mike Eacker

Intelligent Compaction Team
e Mike Mooney
e David White
e Heath Gieselman
e Several Graduate and Undergraduate Students from lowa State University & Colorado
School of Mines



TABLE OF CONTENTS

INTRODUCGTION ..ottt ettt bttt e e be e et e e be s e se s ebeseese s esenaeseaenesnenennas 1
Y aL (@Y AN B N = Tod | 1] SO 1
T 0] 11T ST 1
LOW VOIUME ROAA.......c..iiiiiiieeieieee ettt b nne s 1
MnROAD Instrumentation and Performance Database...........ccccvveveiiriieii v 2

PROJECT BACKGROUND........ootitiiitiiatiiee ettt sttt st se st sesbenesnenestanesnens 2
Geocomposite Capillary Barrier DIAIN .........ccooveieiiiieie et s sne e e 2
[a1e=] T =] 1 AT ya] o= Tod 1 o] PO SRS 3
Related LOCAI STUTIES ......oiveeeeieeeieee ettt ettt a e te e seeeneenee e 3

CELL HISTORY ..ttt bbbttt et b et ettt sttt e et n et e e nn e 4
T T S 4
I Ui 1ol o - Vo 1o PSS 4
AV T g1 A O] o o [ To] RSOSSN 5

CELLS 27 & 28 RECONSTRUCTION ...utitiiiiiisieieieieie sttt sttt sttt seesessene e 6
A L T I 1= o | o ST SRRPTRSR 7
CONSLIUCTION CONIACT ... .cueiiiitiitiite sttt bbbttt bttt ens 7
SENSOIS INSTAIIEA ...ttt ettt se et e e seesaeeneenaeas 8
Geocomposite Capillary Barrier Drain and Edge Drain Installation ............ccccccoveveviivenennnn, 10
Intelligent Compaction RESEAICH ........ooiiiiii e 14
COoNSLIUCTION FIEIA NOTES ...ttt ere s 14
Construction SAMPIES TAKEN ......cc.iiiiiiieeeee ettt nee e 17

CONSTRUCTION SUMMARY ..ottt sttt sttt e te sttt st be st seseeseneesesnns 23

APPENDIX A: MNROAD TEST SECTION LAYOUTS

APPENDIX B: SENSOR LOCATIONS

APPENDIX C: CABINET WIRING DIAGRAMS

APPENDIX D: SENSOR WIRING SUMMARY

APPENDIX E: DATALOGGER PROGRAMS



LIST OF TABLES

Table 1. Cells 27 & 28 Ride QUalILY DAt ........c.ccuriiiriiriiieiiisie e 5
Table 2. Cells 27 & 28 Rutting Data (INCHES) ........c.cciuiiiieiiieie e e e e e srae s 6
Table 3. Cells 27 & 28 Fatigue Cracking Data ............cccerueiiiiiiiiiieieeesese e 6
Table 4. Cells 27 & 28 PALCh Data .......cceeiiiiiiie ettt et e 6
Table 5. Instrumentation INStAHEA ..........c.coviieiiie e et 8
QLI Lo L ST T [0 1 A0 TSR 14
Table 7. Material Samples Taken During CONSIIUCLION .........ccveiiiiiiiiisieiereee e 18
Table 8. Borrow Material PrOPEITIES ......cccviiiiiieiie ettt ee et ste e e e st e e s e e eneeenre e 18
Table 9. Aggregate Base GratdatiONsS ..........ccoceriiierieieiieieseeiese et sae e ae e ree e sre e e sresseeseenns 19
Table 10. HMA Aggregate GradationsS .........ccccviieeieeiieesieeieesiesiresee e esseesreesieesseessnesseesnsessseessessseens 19
Table 11. HMA Field TeStiNg RESUILS ......cc.oiiiiiiiiiiiisc e 20
Table 12. Asphalt Binder DSR TeSt RESUILS........cciviiieeiee e 20
Table 13. Asphalt Binder BBR TeSt RESUILS.......ccviiiieieiieie st 20
Table 14. Asphalt Pavement Analyzer Rut Testing RESUILS ........c.ccovvieiiiriii i se e 21
Table 15. Cells 27 & 28 Post-Construction Ride Quality Data ...........ccccooeriiiieiiiiiseee e 23
Table 16. Cells 27 & 28 Post-Construction Rutting Data (iNCheS) ........c.ccvvveiiveiieeiee e se e 23
Table 17. MnROAD Performance Monitoring SChedule ... 23
Table B-1. SENSOr LOCAIIONS. ......iiiiiieieitiiieite sttt sttt sttt et esbesbe et seeereenbesbesneenee e B-1

Table D-1. Sensor Wiring SUMMAIY .........coueieiiiiiiiniesieieieee st D-1



LIST OF FIGURES

Figure 1. Illustration of GCBD between Base and Subgrade ...........cccoovvveviieiie v 3
Figure 2. Cells 27 & 28 ESAL Accumulation OVEr TIME.......ccoouiiiiieiiieeeerie st 5
Figure 3. MNROAD GCBD Project LOCAtION.........c.ccviiiieiecieeie sttt 7
Figure 4. Plan View 0f SENSOr LOCALIONS ......cceiiiiiiiiieiie ettt es 9
Figure 5. Sensor Depths at Each Location (WCR, HDS, ECH20) ..........cccocvviiieie e 9
Figure 6. Sensor INStallation PrOCEAUIE ............oiiiieii ettt 10
Figure 7. Ideal GCBD — Edge Drain System CONSLIUCLION ..........ccevviieviiiiiie e 11
Figure 8. Pre-Fabrication of the GCBD-Edge Drain SYStem.........c.cocivieriiiiieie e 12
Figure 9. Trench Construction and Field GCBD-Edge Drain Installation............ccccccooveviiiiiiiiicnnnenn, 13
Figure 10. Bituminous MixX DeSign REPOIT........c.ciiiiiiiiiee ettt 21
Figure A-1. MNROAD Test Cell Layout (Mainling) .........ccccoveviiiieiiiiie s A-1
Figure A-2. MnROAD Test Cell Layout (Low Volume Road) .........cccoveviiiiieniieeiene e A-2
Figure C-1. Cabinet 1 Wiring DIagram .......c.ccviieieiieie et ste s re st te et sae e sae e C-1
Figure C-2. Cabinet 2 Wiring DIagram ........oieiieiiieeie ettt see e e e C-1

Figure C-3. Cabinet C WIiring DIagram .........cccvcvieiiiieeie e se ettt st ste et nas C-2



ABSTRACT

The purpose of this report is to provide details on the 2006 reconstruction of Cells 27 and 28 on
MnROAD’s Low Volume Road. There were three significant aspects of research behind the test cell
reconstruction: field validation of a Geocomposite Capillary Barrier Drain (GCBD) for limiting moisture
changes in pavements, Intelligent Compaction (IC) research performed on the unbound base and subgrade
layers, and accelerated testing of PG 52-34 binder to support a Local Road Research Board (LRRB)
project. This report documents the previous pavement condition, pavement structural and mix designs,
instrumentation plan, field construction activities, material sampling, and laboratory test results.
Significant effort in communication and coordination between research and construction personnel led to
a successful construction project.



INTRODUCTION
MnROAD Facility

The Minnesota Department of Transportation (Mn/DOT) constructed the Minnesota Road Research
Project (MNnROAD) between 1990 and 1993. MnROAD is located 40 miles northwest of Minneapolis/St.
Paul and is an extensive pavement research facility consisting of two separate roadway segments
originally containing 40 distinct test cells. Each MNnROAD test cell is approximately 500 feet long.
Subgrade, aggregate base, and surface materials, as well as, roadbed structure and drainage methods vary
from cell to cell. All data presented herein, as well as historical sampling, testing, and construction
information, can be found in the MNROAD database and in various publications. Layout and designs
used for the Mainline and Low Volume Road are shown in Appendix A. Additional information on
MnROAD can also be found on its web site at http://mnroad.dot.state.mn.us/research/mnresearch.asp.

Mainline

The MnROAD Mainline is a 3.5-mile 2-lane interstate roadway carrying “live” traffic. The Mainline
consists of both 5-year and 10-year pavement designs. The 5-year cells were completed in 1992 and the
10-year cells were completed in 1993. Originally, a total of 23 cells were constructed consisting of 14 hot
mix asphalt (HMA) cells and 9 Portland cement concrete (PCC) test cells. Superpave and whitetopping
cells were added in 1997 and 2004.

Traffic on the Mainline comes from the traveling public on westbound 1-94. Typically the Mainline is
closed for three days per month and the traffic is rerouted to the original interstate highway to allow
MnROAD researchers the ability to safely collect data and record test cell performance. The traffic
volume has increased dramatically since the test facility first opened, from an estimated 14,000 vehicles
per day in 1994 to over 26,000 vehicles per day today. The Mainline equivalent single axle loads
(ESALS) are determined from two weigh-in-motion (WIM) devices located at MNROAD. An IRD Inc.
hydraulic load scale was installed in 1989 east of the mainline test cells, and a Kistler quartz WIM was
installed in 2000 between PCC cells 10 and 11. Over time the mainline has received roughly 6 million
flexible ESALSs and 10 million rigid ESALSs as of December 2005.

Low Volume Road

Parallel and adjacent to the Mainline is the Low Volume Road (LVR). The LVR is a 2-lane, 2 Y2-mile
closed loop that contains 20 test cells. Traffic on the LR is restricted to an MnROAD operated vehicle,
which is an 18-wheel, 5-axle, tractor/trailer with two different loading configurations. The "heavy" load
configuration results in a gross vehicle weight of 102 kips (102K configuration). The “legal” load
configuration has a gross vehicle weight of 80 kips (80K configuration). On Wednesdays the
tractor/trailer operates in the 102K configuration and travels in the outside lane of the LVR loop. The
truck travels on the inside lane of the LVR loop in the 80K configuration on all other weekdays. This
results in a similar number of ESALSs being delivered to both lanes even though the number of passes
differs.

Several pavement sections on the Low Volume Road have been reconstructed since 1993.

e The original hot mix asphalt (HMA) test sections (Cells 24-31) were built in 1993. All contained
PG 58-28 asphalt binder, but they were constructed at different thicknesses and over different
base and subgrade types. These sections contained different asphalt contents based on different
mix designs, which is an added variable in the experiment. Four of the original eight cells are
still in service.

e The original five Portland cement concrete (PCC) test sections (Cells 36-40) were constructed in
1993. All sections used the same PCC mix design, but construction variables include pavement
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and base thickness, subgrade type, panel length, and inclusion of dowel bars. All five original
PCC cells are still in service.

e Three Superpave test sections (Cells 33-35) were constructed in 1999. These cells contained the
same structural and mix designs except for the asphalt binder type, which differed at the low
temperature performance grade. The performance grades for Cells 33, 34, and 35 were PG 58-28,
58-34, and 58-40 respectively.

o Three Qil Gravel test sections (Cells 26-28) were built in 1999 and 2000. Qil gravel is a
pavement technology imported from Scandinavia in the mid-1990s that consists of a soft asphalt
emulsion surface over a strong, stable, and often large stone base. Qil gravel technology has
evolved over time at MNROAD. It began with a cold paving process by the Finnish Road
Administration on a county road adjacent to MNROAD in 1994, and became “Americanized”
with a warm plant mix in later applications.

o Cells 32, 52, and 53 were constructed in 2000. Cell 32 is a thin concrete (5 inches) applicable to
low volume roads, and Cells 52 and 53 mimic Cell 6 on the Mainline except for the type of dowel
bars used.

e Cells 26, 31, and 54 were reconstructed in 2004. The latter two sections used Mesabi select
aggregate, which is a byproduct of Taconite mining from northern Minnesota.

MnROAD Instrumentation and Performance Database

Data collection at MNROAD is accomplished with a variety of methods to help describe the pavement
response to loads and the environment and the actual pavement performance. Layer data is collected from
a number of different types of sensors (initially numbering 4,572) located throughout the pavement
surface and sub-layers. The sensors measure variables such as temperature, moisture, strain, deflection,
and frost depth. Data flows from these sensors to several roadside cabinets, which are connected by a
fiber optic network that is fed into the MNROAD database for storage and analysis. MNnROAD staff also
monitor pavement performance on a regular basis, and the data is input into the database. Monitoring
data includes ride, distress, rutting, faulting, friction, FWD, forensic trenches, and material laboratory
testing. Data from the sensors or monitoring activities can be requested from the MnROAD database by
contacting Mn/DOT researchers. For more details on MNROAD data please visit:
http://www.mrr.dot.state.mn.us/research/ MNnROAD _Project/MnROADReports/MnRoadOnlineReports/
MNROADDBDescriptions.pdf.

PROJECT BACKGROUND
Geocomposite Capillary Barrier Drain

The genesis for this construction project was an NCHRP IDEA (National Cooperative Highway Research
Program — Innovations Deserving Exploratory Analysis) study entitled, “Geocomposite Capillary Barrier
Drain (GCBD) for Limiting Moisture Changes in Pavements: Product Application.” Thisisa
collaborative project among three organizations: the University of New Mexico (UNM), the U.S. Army
Cold Regions Research and Engineering Laboratory (CRREL), and the Minnesota Department of
Transportation (Mn/DOT). In addition, a pooled fund study (TPF-5(126)) has been established with
contributions from Michigan and New York to support this project. The overall purpose of the project is
to facilitate the transfer of the GCBD technology to engineering practice. This will be accomplished
through demonstration and documentation of GCBD fabrication, field installation and performance, and
the development of the capability to incorporate the GCBD in subsequent designs.

The geocomposite capillary barrier drain (GCBD) comprises three layers that are, from top to bottom: a
transport layer (a specially designed geotextile), a capillary barrier (a geonet), and a separator
(geotextile). The bottom two layers arrive from the manufacturer as a single piece. An illustration of the
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GCBD is shown in Figure 1. Utilizing a GCBD for pavement drainage explicitly accounts for unsaturated
flow and will result in greater drainage efficiency compared to conventional drainage strategies. With a
GCBD, the base and subgrade will theoretically contain less water than a pavement without a GCBD at
any point in time. This is important because the strength of both the base course and subgrade degrades
with increased moisture, and ultimately reduces pavement structural durability. Thus, a GCBD will result
in increased longevity of the pavement. Expected benefits of the GCBD include:

o Reduced equilibrium water content in base

. Prevent positive pressures in base

. Prevent wetting of underlying subgrade due to infiltration
. Prevent capillary rise of water from subgrade into base

. Provide complementary separation and stabilization

Quantifying these benefits will be the outcome of this research project. More information can be found at
the project website at http://www.mrr.dot.state.mn.us/research/construction/2006geocomposite.asp.

Transport Layer —
B ase special geotextile

GCBD
\. Capillary Barrier &

Separator — geonet

Figure 1. Hlustration of GCBD between Base and Subgrade

Intelligent Compaction

In addition to the GCBD study, there was an opportunity to partner with the Colorado School of Mines
and lowa State University on the National Cooperative Highway Research Program (NCHRP) Project 21-
09, Intelligent Soil Compaction Systems. One of the tasks of the NCHRP project was to conduct field
tests of intelligent compaction technology on an active construction project, and MnROAD provided an
excellent opportunity to facilitate this research. Intelligent compaction involves the use of rollers that are
equipped with a control system that can automatically adjust compactive effort (amplitude, frequency,
speed) in response to a material’s modulus during the compaction process. The data output aims to (1)
enhance the ability of the roller operator and/or project inspection personnel to make real-time corrections
in the compaction process; (2) be available for inspector review on demand; (3) allow for a plan-view,
color-coded plot of roller stiffness and/or roller pass number measurements throughout a designated
section of roadway. The goal of this project is to integrate the intelligent compaction efforts with in situ
and laboratory testing in order to develop recommended construction specifications for the application of
intelligent compaction systems in soils and aggregate base materials. For more information see the
NCHRP website at http://www4.trb.org/trb/crp.nsf/All+Projects/NCHRP+21-09.

Related Local Studies

The asphalt mixture type was selected to complement a Minnesota Local Road Research Board (LRRB)
study entitled “Performance of PG 52-34 Oil on Local Roads.” The objective of this study was to
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determine at which traffic level PG 52-34 could be used as an effective binder grade without being
susceptible to rutting. The use of this binder on the Low Volume Road under controlled MNROAD truck
traffic will provide an accelerated test and be a benefit for the LRRB study.

In addition to the work being done on the LVR, Cell 1 on the mainline required a 1.5-inch mill and
overlay in the driving lane. The condition of Cell 1 was deteriorating rapidly, primarily in the driving
(right) lane. Top down cracking, transverse cracking, rutting, and ride quality have reached or are
approaching levels that require extensive repair. A dense array of instrumentation was placed in the right
wheel path in the vicinity of station 1105 + 50 during initial construction in 1993. The pavement was
significantly weakened around these sensors and was becoming badly damaged by traffic. The milling
and paving operations performed on Cell 1 were simply done as overruns on the larger project.

CELL HISTORY
Materials

Cell 27 extends from Station 174 + 90 to 180 + 65 on the LVR, and Cell 28 goes from Station 180 + 65 to
186 + 35. Both cells were originally constructed in 1993 with a 5-year design life (approximately 3
million ESALS) following Mn/DOT 2350 specifications for hot mix asphalt. Cell 27 was originally
designed as 3 inches of HMA over 11 inches of Class 6 base over a clay subgrade (R-value of 12). Cell
28 was similar except that the Class 6 base was instead a 13-inch deep Class 5 base. The asphalt binder
had a penetration grade of 120/150, which through laboratory testing was later graded as a PG 58-28.

In August 1999 Cells 27 and 28 were reconstructed at MNROAD. The existing HMA surface and base
materials were removed to the clay subgrade. A large stone base, with a topsize of 4 inches, was placed
in a 14-inch layer. Because of the size of the aggregate and the inexperience of the contractors and
inspectors working with this material, the large stone base was segregated towards the west end of Cell
27. It was decided to place the material in two 7-inch lifts from then on, which provided a more uniform
base throughout the remainder of Cell 27 and Cell 28. Cell 27 was paved with a double chip seal, which
is simply two applications of a uniform one-size aggregate combined with a rapid setting emulsion. On
Cell 28 a 1-inch layer of Class 6 base was placed over the large stone base in order to provide a smooth,
stable construction platform, followed by 2 inches of oil gravel surface. The double chip seal on Cell 27
was removed and replaced with a 2-inch oil gravel surface the following summer (September 2000).

Traffic Loading

In June of 1994, the MnROAD truck began traveling on the LVR. Figure 2 shows the accumulation of
traffic for Cells 27 & 28 from their construction (1999 and 2000) up to the time of reconstruction in June
2006. The 80K lanes had received roughly 100,000 Equivalent Single Axle Loads (ESALS); the 102K
lanes had received about 80,000 ESALs. Cell 28 had one more year of traffic applied than Cell 27.
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Figure 2. Cells 27 & 28 ESAL Accumulation over Time

Pavement Condition

The condition of Cells 27 & 28 was deteriorating rapidly, mainly in the 80K (inside) lane. Fatigue
cracking, potholes, and patches were becoming prevalent and providing a rough ride for the MNROAD
truck operator.

Table 1 shows the ride quality measured prior to reconstruction. Data was collected with the Pathways
van by Mn/DOT Pavement Management staff and converted into International Roughness Index (IRI).
The IRI ranged from 2.3 to over 5.5, and the Present Serviceability Rating (PSR) ranged from 0.7 to 2.4.
The verbal rating corresponding to the PSR ranges from “very poor” to “poor” to “fair” condition as the
PSR increases. Video logs also enabled the calculation of a Surface Rating (SR) to quantify pavement
distress — the lower the number, the more cracking is present.

Table 1. Cells 27 & 28 Ride Quality Data

Cell Lane IRI, m/km | PSR SR
27 80K 4.48 1.2 2.1
102K 2.37 2.4 3.6

28 80K 3.85 1.5 3.2
102K 5.57 0.7 1.9

Table 2 shows the average rutting conditions measured with a 10-foot straightedge in October 2003, the
last measurement taken before reconstruction. The rutting in Cell 28 is near or above the %2 inch mark,
which is the common trigger for rehabilitation. The soft oil gravel surface has shoved back and forth
under traffic, which may have increased the rutting values.



Cells 27 & 28 exhibit a fair amount of fatigue cracking, and this is the primary reason that these sections
were chosen for reconstruction. The cracking and related potholes likely developed from a thinner-than-

Table 2.

Cells 27 & 28 Rutting Data (inches)

Cell Lane | LWP | RWP | Average

97 80K 0.10 0.18 0.14
102K 0.13 0.48 0.31

28 80K 0.31 0.48 0.40
102K 0.66 0.55 0.60

designed HMA surface over a segregated large-stone base. Annual distress surveys recorded, among

other distress types, the total fatigue cracking area at three severity levels (see Table 3). The 80K lane in

Cell 27 was particularly fatigued. Because of the extent of the fatigue cracking, a number of small
patches were placed in August 2005. Much of the fatigue cracking reappeared through the patches in a
short time, and the severity level of each patch takes this into account (see Table 4). The maximum
surface area covering each lane in each cell is 6000 square feet (12 ft x 500 ft).

Table 3. Cells 27 & 28 Fatigue Cracking Data

Total Area, square feet
Cell | Lane Low Medium High TOTAL
27 80K 352 290 143 785
102K 115 0 60 175
28 80K 188 0 27 215
102K 9 77 20 106
Table 4. Cells 27 & 28 Patch Data
Low Severity Medium Severity High Severity
Cell Lane | Number | Area, sq ft | Number | Area, sq ft | Number | Area, sq ft
97 80K 5 304 4 258 2 56
102K 0 0 0 0
K 1 77
28 80 0 0
102K 0 3 87 0

CELLS 27 & 28 RECONSTRUCTION
The location of Cells 27 and 28 at MNROAD is shown in Figure 3 below.




Pavement Design

Future application of the GCBD is anticipated to be primarily on low volume roads. Therefore, a
“typical” pavement design for a low volume road in Minnesota was chosen for the MNROAD test
sections. The HMA lanes were 13 feet wide with 4-ft Class 2 aggregate shoulders on each side. The
pavement consisted of 4 inches of HMA (Level 3 Superpave) over 6 inches of Mn/DOT Class 5 aggregate
base over the GCBD (Cell 27 only) over 7 inches of borrow material. An analysis with MnPAVE, which
is Mn/DOT’s mechanistic-empirical pavement design procedure, shows that this pavement section will
hold up under traffic for over 8 years, well past the duration of the GCBD study.

Construction Contract

The project was assigned SP # 8680-152 and let on March 24, 2006. Three local contractors submitted
bids, and Hardrives, Inc. was awarded the contract based on their low bid of $178,874.16. The contract
award date was April 7, 2006. The Contract number was S06061.

One of the challenges during the contracting process was determining how to pay Hardrives fairly for
their assistance during the intelligent compaction phase of the construction. Hardrives was solely
responsible for removal of the existing pavement and the new HMA paving, but in the interim they were
required to provide a reclaimer, motor grader, water truck, and disk harrow along with a common
operator to assist the I1C team with their work. This was accomplished by Mn/DOT paying for each piece
of equipment by the hour each day that it was required to be on site.



Sensors Installed

Instrumentation for monitoring water content, soil moisture tensions, temperature, and water table depth
were installed in the pavement subsurface during construction (see Table 5). Sensor arrays were installed
within the control (Cell 28) and GCBD (Cell 27) sections at 10 random locations as shown in Figure 4. In
each array, sensors were located in the middle of the base course, just above and below the base
course/subgrade interface, and 6 inches into the subgrade (see Figure 5). A ground water monitoring well

consisting of 10 feet of screened PVC and approximately 5 feet of solid PVC was installed at the
centerline of each test section and extend 15 feet below the surface of the pavement. Two longitudinal
edge drains terminating at the headwall of tipping bucket enclosures were installed in Cell 27 to collect
and measure drainage. A thermocouple tree consisting of 4 sensors was installed in Cell 28 to measure
the temperature at various depths in the asphalt pavement. All instrumentation is connected to a data
acquisition system so that data collection is automated. Data will be loaded to the MNnROAD database on

a daily basis.
Table 5. Instrumentation Installed
Sensor Description Model Number Installed
Water Content Measures volumetzlc Ca_m pt_)e_ll 40 sensors in all,
Reflectometer water content f_rom 0% to Scientific 4 at each location
saturation CS616-L
Heat Dissipation Measures soil water Campbell 20 sensors in all,

Sensor

matric potential

Scientific 229

3 at 6 random locations

Measures volumetric

20 sensors in all,

water content, electrical Decagon L
ECH,0 Probe conductivity, and ECH,O TE 2 at each location in the
subgrade
temperature
Consists of pipe buried Druck PDCR
Open Standpipe with | vertical into the ground to 1830-8335 2 sensors in all,
Pressure Transducers measure the level of the pressure 1 in each cell
water table transducers
Measures the amount of 5 tioping buckets in all
Tipping Bucket water flow out from the N/A PRINg bt !
. 1 on each side of cell 27
edge drains
Measures temperature of 4 sensors in all,
Thermocouple T-Type 1 location in cell 28

HMA at various depths




Cell 27 transition Cell 28

edge drains Locaron | Number | rom €L
1 175+70 0"
< tipping buckets 2 176480 | 3.25
3 176+80 -9.27'
* GCBD corresponds w/ edge drains 4 177+80 [ -3.25
5 179+80 9.75'
6 179+80 -3.25'
7 181+50 3.25'
8 183+50 3.25'
9 185+50 9.75'
10 185+50 -3.25'

Figure 4. Plan View of Sensor Locations
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Figure 5. Sensor Depths at Each Location (WCR, HDS, ECH,0)




Much of the instrumentation work was performed before the construction project began by several
student workers. Sensors were calibrated in the laboratory, and lead wires were prepared. Every sensor
and lead wire was marked to allow for easy installation in the field. Once each unbound layer (common
borrow and Class 5 base) was placed and compacted, researchers were ready to install the sensors. At
each location, a hole was augured with a skid steer loader. Each sensor was placed at the appropriate
depth and its location was recorded by portable GPS technology. The hole was backfilled with granular
material and compacted with a hand tamper. A skid steer loader cut the trenches for the lead wires to the
appropriate splice vaults and cabinets. Once inside the cabinets, the leads were wired into the appropriate
data logging equipment. See Figure 6 for the installation sequence.

See Appendices B through E for detailed sensor locations, cabinet wiring diagrams, sensor wiring
summaries, and datalogger programs.

LR i . L 2 S

Figure 6. Sensor Installation Procedure — (A) Auguring Hole, (B) Installing Sensors, (C)
Backfilling, (D) Re-Compacting

Geocomposite Capillary Barrier Drain and Edge Drain Installation

One of the biggest challenges of this construction project was the placement of the geocomposite
capillary barrier drain and edge drains. The type of installation used at MNROAD had never been done
before in the field, so everyone knew that it would be a learn-as-you-go process. The installation
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procedure was recommended based on tests performed in the laboratory at the University of New Mexico
in order to optimize the performance of the GCBD. Figure 7 shows the ideal construction of the GCBD -
edge drain system. A rectangular trench with vertical sides should be dug. A solid PVC pipe with a slot
cut into the top is positioned at the bottom of the trench along one side. (Solid PVC pipe is used in this
study instead of a slotted pipe so that all of the water moved through the GCBD is captured and measured
via tipping buckets.) The GCBD is tucked into the pipe and goes back up out to the shoulder. The
challenge to the contractors and researchers was to take this design and translate it into field construction.

Base course

Fine filter

aggregate > (
Subgrade
Slotted

drain pipe

Figure 7. ldeal GCBD — Edge Drain System Construction

MnROAD site personnel and student workers performed much of the GCBD and edge drain work prior to
construction. The idea was to construct the GCBD - edge drain system in small, manageable pieces and
then tie everything together in the field. Figure 8 shows the following steps in pre-fabricating the GCBD
— edge drain system prior to field installation.

A. A 17 slot was cut along the top of each pipe with a skill saw using a special 10-ft jig built in-

house. The jig allowed for a consistent, clean cut along the top of each pipe.

B. Two pipes were glued together into 20-ft pieces.

C. Both GCBD fabrics were cut into 20-ft lengths. The Tenax fabric was cut in half lengthwise to
make a 6.25-ft wide strip. The Amatex fabric comes on 5-ft wide rolls.
The GCBD fabrics were folded over in preparation of insertion into the pipe. Approximately 2 ft
was left over to cover the shoulder once installed in the field.
The 2 fabric pieces were inserted into the slotted pipe.
The fabric was tied to the pipe with wire ties in order to hold it in place.
The GCBD-pipe system was rolled up and secured by a wire tie.
The rolls were placed on a flatbed trailer for transport to the construction site.

o

Tomm
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Figure 8. Pre-Fabrication of the GCBD-Edge Drain System
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Field construction of the GCBD-edge drain system was another hurdle that needed to be cleared. The
difficulty came in digging a clean trench and preparing a flat bottom with the proper slope for the edge
drain to lie in. A creative approach was put forth that led to satisfactory construction of the trench, as
shown in Figure 9:

A.

B.

A tractor backhoe with a small (1-ft wide) flat-bottom bucket dug the trench on both shoulders.
The trench was dug about 16 inches deep.

Two inches of fine filter aggregate was added to the trench. A leveling jig was made up from
nailing several 2 x 4s together. This jig was run across the entire length of the trench to assure a
consistent depth of 14 inches.

A jumping jack tamper was used to compact the bottom of the trench.

The 20-ft rolls of pipe were inserted into the trench and pushed together, making sure to keep the
slot facing upright. Fine filter aggregate was added on each side of the pipe as backfill, and it
was again compacted with the jumping jack tamper.

Four large rolls of Tenax fabric (12.5 ft wide x 200 ft long) were rolled out with the assistance of
Hardrives and the Tenax salesman. The fabric covered an area about 30 ft wide x 400 ft long.
The Amatex fabric was laid on top of the Tenax fabric to cover the same area (not shown).

The GCBD was secured to the subgrade by pounding 16-penny nails through the fabric. Small
piles of Class 5 aggregate were also placed along the edges of the Amatex fabric to hold it down.

o~ / i
Figure 9. Trench Construction and Field GCBD-Edge Drain Installation

- S e

Due to limitations in material availability the GCBD covered only 400 feet of the cell and not the entire
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500-ft length. The length of the GCBD should have no bearing on the results of the study, as the research
will calculate different moisture parameters based on the surface area or volume of the pavement.
Another consideration in the field construction was that no edge drains were installed in Cell 28, the
control section. Because the pipe on Cell 27 is solid PVC, the only water that enters it comes directly
from the GCBD. The focus of the research is on GCBD vs. no-GCBD, so the inclusion of edge drains on
Cell 28 would be superfluous.

Intelligent Compaction Research

The research team from Colorado School of Mines and lowa State University was at MNROAD for 2 %
weeks during early to mid July to perform intelligent compaction research. Their overall research
objective was to build a comprehensive database of dynamic roller data (CMV, Omega, ks, Eyin, CCV) vs.
in-situ test data (density, moisture, lightweight deflectometer, surface seismic, dynamic cone
penetrometer, plate load test, Clegg hammer) for both a clay subgrade and for a granular base throughout
the compaction process (i.e., from loose to dense). They profiled the stiffness up to 5 meters in depth and
measured lift thickness at in-situ test locations. To accomplish this objective, the items that were
evaluated include:
e Frequency, amplitude, and speed effects on dynamic roller data
e Effect of drum type (smooth, padfoot) on roller/in-situ relationships
o Answer the question, “Does padfoot work for subgrade and base soils?”
o Effect of variable mode operation on dynamic roller data measurement to determine if variable
mode can be used during measurement
o Benefits of the three forms of feedback control (CAT, Bomag, Ammann) on compaction
characteristics
e Compare in-situ compaction curve (moisture-density from passes) with laboratory Proctor,
gyratory, and vibratory for the subgrade and base materials
o Perform resilient modulus testing of the two soil types using the prep technique that best matches
field data
o Instrument the rollers comprehensively to measure all roller data simultaneously
o Performance of each roller’s instrumentation system (including GPS mapping), e.g., validity,
repeatability, reliability

Construction Field Notes

Table 6 is a summary of Mn/DOT’s field notes taken during reconstruction. The notes basically reflect
the main activities that occurred each day.

Table 6. Field Notes

Date Notes

HMA pavement. The 2.5” oil gravel surface was milled off of Cells 27-28, and the driving
June 19 [lane of Cell 1 was milled to a depth of 1.5”. The millings were dumped in the MNnROAD
stockpile area. The backhoe (Liebherr RR 952) began removing the large stone base to a
depth of 14”.

Hardrives began milling using a CAT PM-465 reclaimer. It took 5 passes to remove all of the

Ted Snyder is on the job as Inspector. Hardrives continued excavating the base on Cells 27-
June 20 |28. They daylighted to the ditch on the south side so as not to create a bathtub. Care was
taken to work around the cabinets.
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June 21

Hardrives daylighted to the ditch on the north side. A motor grader (CAT 140H) shaped the
bottom of the excavation, creating a 0.015’/" cross slope. A vibratory steel wheel roller
compacted the subgrade. A motor grader began stripping the topsoil off of the borrow area,
making a berm on the south and east sides. The backhoe walked down to the borrow area and
finished stripping the topsoil. The Contractor’s work was finished until the Intelligent
Compaction team arrived.

July 4

Travel day for NCHRP researchers. lowa State University and Colorado School of Mines
personnel arrived on site.

July 5

IC team got Caterpillar roller (CAT CS-563E) roller up and working. They mapped out the
bottom of the excavation in a pad foot setup.

July 6

IC team got the other 2 rollers [Ammann AC 110 (solid steel drum) & Bomag BW 213 DH
(pad foot)] up and running. The mapped the bottom of the excavation with these rollers. CSM
students attached vertical and horizontal accelerometers to the rollers in addition to the
manufacturer’s instrumentation. ISU team recorded various lightweight deflectometer (LWD)
data in Cell 27: Prima, Zorn, 2 Clegg hammers, DCP, nuclear density gage. A portable GPS
unit was used to map the test locations. Hardrives hauled in 15 cu yd of Class 5 material for
samples into the stockpile area. No other work was done by them. A motor grader with
scarifier, bulldozer, and water truck were parked on site per the terms of the construction
contract.

July 7

Darin, the Hardrives operator, ran the water truck on Cell 27, then the motor grader w/
scarifier teeth to rip up the subgrade to a depth of 14”. I1SU performed DCP and nuclear
density tests on Cell 27 after the motor grader passes. Hardrives crew began hauling borrow
to Cell 27 starting on the west end. Darin moved the blading operation to Cell 28.

July 8

Hardrives had a reclaimer (CAT RS-650) on site. Darin ran the reclaimer and water truck on
Cell 28 and then moved to Cell 27. Hardrives crew hauled borrow to Cell 28. Darin worked
the reclaimer, blade, and water while the NCHRP team tested the rollers on Cell 27.

July 10

Darin ran the reclaimer on Cell 28. IC team rolled Cell 28 and then tested with LWDs. A
Mn/DOT team began installing sensors into the subgrade on Cell 27.

July 11

Darin ran the reclaimer, blade, and water on Cell 28 while the IC team tested the rollers on it.
The CAT roller was transported out in order to switch to a smooth drum. Hardrives crew
began digging trenches for the edge drains on Cell 27 using a tractor backhoe with a 1-ft wide
bucket. Researchers installed the first 80 ft of pipe-GCBD system in the 80K lane. Fine filter
aggregate was placed in the trench to secure the pipe.

July 12

Darin ran the reclaimer, blade, and water truck on Cell 28. 1C team continued rolling with pad
and smooth drums, LWD companion testing as they went along. Hardrives crew finished
digging the trench on Cell 27, taking care around one instrumentation location. Researchers
finished installing the pipe-GCBD in both lanes in a 400 ft long stretch. Hardrives crew also
began filling borrow pit back in. A dozer pushed the berms back across and into the hole.

July 13

Hardrives crew finished backfilling and compacting the edge drain trenches. They helped
researchers roll out the Tenax fabric. They then moved over to fill in the borrow pit with an
excavator and dozer. Hardrives also began making a stockpile of topsoil so that they could
later use it along the slopes of Cells 27-28. Researchers rolled out the Amatex fabric on top of
the black fabric, overlapping the pieces and holding down edges with small piles of Class 5.
Meanwhile, Darin ran the reclaimer, blade, and water truck on Cell 28. He also used the
backhoe loader to strip and dig in the stockpile area, charging the time to the motor grader.
The CAT and Bomag rollers were converted to a smooth drum.
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July 14

When the researchers arrived at MNROAD about 6:30 a.m., all of the Amatex fabric was
blown astray and Class 5 material was strewn about the Tenax fabric due to 60 mph wind gusts
the night before. Researchers began shoveling, sweeping, and vacuuming the Class 5 from the
plastic layer so that it wouldn’t clog and prevent water transport. This work was done ahead
of Class 5 placement, which Hardrives began hauling from the west end. A bobcat was used
to sprinkle material on the fabric as it advanced so as not to wrinkle the GCBD. A dozer
pushed the material ahead, and a blade was used to shape it. Hardrives finished Cell 27 and
dumped some extra material in the transition area for the IC team to test with. Meanwhile,
Darin ran the reclaimer, blade, and water truck on Cell 28 and in the stockpile area. He dug a
trench about 7 ft deep, then filled it with 3 ft of excavated large stone base material. Clay
borrow was then added 1 ft at a time to test the influence depth of the rollers.

July 15

IC team continued research in the stockpile area and on the Class 5 base on Cell 28. Darin ran
the reclaimer, blade, and water truck. He also finished grading and compacting the subgrade
on Cell 28.

July 17

IC team continued research on Cell 28, retesting a few soft spots in the subgrade. An Open
House was held from 10:00 — noon to demonstrate the intelligent compaction rollers, ISU
mobile geotechnical trailer, and the GCBD project. Glenn Engstrom, Mike Mooney, and Ruth
Roberson gave presentations in the MNROAD conference room, followed by field visits.

July 18

Hardrives crew hauled Class 5 base onto Cell 28. 1C team mapped the subgrade on Cell 28
before the base was placed. Darin continued running the blade, backhoe loader, and water in
the stockpile area and on Cell 28. The reclaimer was transported out by Hardrives about 1:00
p.m.

July 19

Darin ran the blade, dozer, and backhoe loader on Cell 28 and the stockpile area. 1C team
continued testing rollers. They installed pressure plates and LVDTs in 3 directions (X, y, z) in
each clay layer.

July 20

Darin ran the dozer and backhoe loader in the stockpile area while the IC team continued
testing. CSM cleaned up and left town by 7:00 p.m. Darin reshaped the clay pit and restored
the stockpile area before leaving. Mn/DOT survey crews on site to blue top Class 5.

July 22

Hardrives crew came in to finish blade the Class 5 base on Cells 27-28. They needed 4 extra
trucks of Class 5 material. Hardrives also started hauling in topsoil for the slope along the
north side of Cells 27-28. The topsoil came from the berm behind the borrow pit and pole
barn.

July 27

Hardrives crew finished bringing in topsoil on the south side of Cells 27-28. Hardrives
bladed, watered, and rolled Class 5 in preparation for HMA paving. They cleaned up the
edges of the base as well as the topsoil borrow area.

August 4

Two samples (25 Ib bags) of Class 5 aggregate were taken by Mn/DOT for QA testing.

16




August 7

Tom Wood was on site to assist with Mn/DOT field inspection. Hardrives paving crew on site
to pave HMA. Equipment included CAT AP-1055B paver, Ingersoll Rand DD-130HF
vibratory (breakdown) roller, and Dynapac CC622VHF steel wheel (finish) roller. Steve Weis
(paving foreman) called and said PG 52-34 oil was having trouble passing the specifications at
Flint Hills Resources. The Project Engineer approved substitution of PG 58-34 binder for the
lower lift of Cells 27-28. The PG 52-34 binder eventually passed specs and was used for the
top lift of Cells 27-28 as well as Cell 1. Paving began with the bottom lift on Cells 27-28,
moved onto Cell 1 (the paver broke down for about an hour before starting Cell 1), then
moved back to place the top lift on Cells 27-28. Tack coat was sprayed on Cell 1 at a rate of
0.10 gal/sq yd and on Cells 27-28 at 0.04 gal/sq yd before paving. A total of 827 tons (34
trucks) of HMA was placed on the project. 25 5-gallon buckets of loose mix was sampled
from the paver wings for later research and stored in the MNROAD polebarn. QC/QA samples
were also taken from 2 locations (1 from each lift) by the contractor and Mn/DOT.

August 10

Ted Snyder was on site early in the morning to take HMA cores for QC/QA testing. A
Hardrives representative took cores from 4 random locations (2 each lift) along with 2
companion cores for Mn/DOT. Hardrives crew placed Class 2 aggregate on shoulders.
Mn/DOT took 1 sample (25 Ib bag) for QA testing. Hardrives cleaned up the edges where the
shoulder and topsoil meet.

August 16

Doucette’s Landscaping & Contracting was on site to establish turf along the ditches of Cells
27-28 and in the borrow area. They seeded a total of 1.6 acres. Jack Herndon was on site to
assist with Mn/DOT inspection. The field construction was satisfactorily completed.

October 23

The final documentation for the project was completed by Ted Snyder (Chief Inspector) and
Tim Clyne (Project Engineer) and sent to Mn/DOT’s District 3 (St. Cloud) office. The total
cost of the construction contract came to $179,244.20.

Construction Samples Taken

The following samples listed in Table 7 were collected during construction. Tables 8-14 show the testing
results from each of these materials. Figure 10 shows the mix design report (MDR) for the hot mix
asphalt used on this project.
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Table 7. Material Samples Taken During Construction

Sample Material | Sample Type | # of Samples | Test Type
Borrow Material 25-1b bag 3 Inforrr]natlo
Stockpile Future
Class 5 Aggregate (15 cu yd) 1 Testing
i Quality
Class 5 Aggregate 25-1b bag 3 Control
i Quality
Class 2 Aggregate 25-1b bag 1 Control
HMA Aggregate Stockpile 1 each Future
(4 sources) (10 cu yd) Testing
HMA Loose Mix 5-gallon 9 Future
(PG 58-34) bucket Testing
HMA Loose Mix 5-gallon 16 Future
(PG 52-34) bucket Testing
. (2) 67 x 127 2 Quality
HMA Loose Mix cylinder (1 each lift) Control
” 6 Quality
HMA Cores 4" core (3 each lift) Control
. 5-gallon 20 Future
Asphalt Binder bucket (10 each) Testing
Table 8. Borrow Material Properties
Tested By Mn/DOT ISU ISU
Location Borrow Borrow | Stockpile
% Passing #4 95.0 98 99
% Passing #200 55.9 59 56
Liquid Limit 32.7 40 30
Plastic Limit 17.3 23 20
Plasticity Index 15.4 17 10
% Silt 41.1 36 37
% Clay 14.8 23 19
Textural Class Loam | Clay Loam | Clay Loam
AASHTO Group A-6 A-6 A-4
Group Index 5 8 3
Optimum Moisture, % 154 17.7 16.2
Max Density, Ib/ft® 108.4 105.5 109.8
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Table 9. Aggregate Base Gradations

Class 2 Class 5%

Sieve Size Sample | Specifications Sample Specifications
mm U.S. A Min  Max A B C Min  Max
315 11/4" 100.0 100.0 100.0 100.0
25.0 1" 100.0 100.0 100.0 100.0 100
19.0 3/4" 99.8 100 96.7 96.0 91.3 90 100
16.0 5/8" 99.4 93.0 91.2 85.0
125 1/2" 94.5 86.6 84.1 81.1
9.5 3/8" 86.7 65 90 82.8 79.1 78.3 50 90
4.75 #4 64.0 35 70 73.7 69.8 724 35 80
2.36 #8 46.2 66.8 62.3 67.0
2.00 #10 42.7 25 45 65.0 60.3 65.5* 20 65
1.18 #16 33.2 58.2 53.7 59.4

0.600 #30 23.8 44.5 41.1 44.9
0.425 #40 20.5 12 30 36.3* 32.7 36.8* 10 35
0.300 #50 17.4 26.7 24.4 26.5
0.150 | #100 12.4 14.8 13.8 12.6
0.075 | #200 8.6 50 | 13.0 9.8 9.3 8.0 3 10

Note (1) - Samples A & B taken from road, Sample C from stockpile
* Value does not meet Specification

Table 10. HMA Aggregate Gradations

Sieve Size Mn/DOT Contractor JMF Limits
mm US. | 52-34 58-34 | 52-34 58-34 Min Max
25.0 1" 100 100 100 100

19.0 3/4" 100 100 100 100 100 100
16.0 5/8" 100 100

125 1/2" 96 97 95 97 87 100
9.5 3/8" 86 87 84 84 73 87
4.75 #4 70* 68 67 67 55 69
2.36 #8 60* 59 57 58 47 59

2.00 #10 56 56
1.18 #16 45 44 43 44

0.600 #30 32 31 30 30
0.425 #40 23 23

0.300 #50 16 16 14 14
0.150 | #100 6 10 6 6

0.075 | #200 3.7 4.0 3.2 3.3 2.0 4.4
* Value beyond warning limit
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Table 11. HMA Field Testing Results

Mn/DOT Contractor
Test 52-34 58-34 | 52-34 58-34
Ig Oven AC% 5.9 5.8 5.8 5.8
%FAA 42 42 41 41
% One Face Crushed 85 85 85 89
X
S Gmm 2481 | 2484 | 2471 | 2.476
§ %Gmm @ N-initial 89.4 89.5 90.2 90.0
S %Gmm @ N-max 94.2 95.0 95.9 95.9
%Air Voids @ N-design 5.8 5.7 49 4.8
VMA 17.1 16.8 16.6 16.3
VFA 66.1 66.1 70.5 70.6
" % Water Absorbed 0.3 0.3 0.2 0.2
S Core Height (mm) 45 44.5
% Bulk Sp. Gravity (Gmb) | 2.260 | 2.330 | 2.297 | 2.330
Z % Max Density 91.1 93.8 92.9 94.2
% Air Voids 8.9 6.2 7.1 5.8
Table 12. Asphalt Binder DSR Test Results
Test "l o - o High Temp
Sample Type Temp, °C G*/sind, kPa | G*xsing, kPa | Fail Temp, °C PG Grade
. 2 1.511
Original > > 55.2
58 0.696
RTFOT 52 3.532 55.7
58 1.649 52
4 4.617
Extracted 6 6 51.6
52 2.074
PAV 13 3094
Table 13. Asphalt Binder BBR Test Results
Seriile Test Measured Results SF-:\filure Temps, °i3 Lo T
Type | Temp, °C : i titfiness | m-value | pG Grade
Stiffness, MPa | m-value (300 MPa) (0.300)
PAV 24 183 0.336 -28.7 -25.8
-30 346 0.217
24 188 0.310 e
Extracted - : -28.0 -24.6
-30 378 0.214
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Table 14. Asphalt Pavement Analyzer Rut Testing Results

Sample Air APA Rut Ave. Ave. Rut Number of
P Voids | Depth, mm | Voids Depth, mm Passes
1 6.1% 10.7
0,
2 0.3% 125 6.0% 10.9 2040
3 5.9% 9.3
4 5.8% 11.2
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BITUMINOUS PLANT MIX DESIGN REPORT

NESQ
W 5 Minnesota Department of Transportation
é,g’ %f-)'» Office of Materials # 0'2006'1 93
1 = 1400 Gervais Avenue Date: 8/11/2006
2, 6}8’ Maplewood, MN 55109
V> or Tei Phone (651) 779-5614
FAX: (651) 779-5580
THIS MIX DESIGN REPORT IS NOT VALID UNTIL PLANT NO. INDICATED BELOW IS CERTIFIED.
SPEC 2360
TO BE FILLED IN BY CONTRACTOR —— 2006
ENGINEER [For MIX TYPE [ SPWEB340
PROJECT NUMBER
CONTRACTOR SIGN. - PER
FOR ALL STATE, COUNTY, AND CITY PROJECTS, CONTRACTORS MUST FAX A COPY GRADE PROPOSAL
TO MN/DOT TWO WORKING DAYS PRIOR TO PRODUCTION AT (651) 779-5580

THIS MIXTURE HAS BEEN REVIEWED FOR VOLUMETRIC PROPERTIES ONLY, IT DOES NOT ASSURE THAT FIELD
PLACEMENT AND COMPACTION REQUIREMENTS HAVE BEEN MET.

PLANTNO. [ 901208  |-| 2006A | JoOBMIXFORMULA
" For Information Onl
Begin With Test Number Sieve Size Composite JMF orwr:g“r.' Formula Y
(mm) (in.) Formula LIMITS
375 (11/2) - PP
SP[WE[ 301 | [ers 0 : ¥
19.0  (3/4) 100 100 |- [ 100 cs
-- -- === 125 (1/2) 94 87 |- 100 E I
9.5 (3/8) 80 73 |- _87 N N
475 (#4) 62 55 |- 69 T4
2.36__ (#8) 53 47 |- 59
0.075 (#200) 2.4 20 |-] 44 YA
Spec. Voids 4.0 3.0 |-[_ 50 (NEW)
Spec. VMA 14.0 13.7
% AC 5.7 53
{TOTAL)

TM # 2006-083 Indicates a Gyratory Density of 147.6 | (lbs/ft3) at 60 Design Gyrations
Use of anti-strip agent required: ﬁ

Proportions Pit Source of Material Sp.G
48 % (71059 BARTON ELK RIVER #2 BA 3/4" 2.644
24 % (19106 KRAEMER BURNSVILLE 9/16" CHIP (LIMESTC. IE) 2.675
20 % |71041 AGG IND ELK RIVER. CLASS D MAN. SAND 2.651

8 % 171002 BARTON ELK RIVER #1 WASHED SAND 2.656
%
%
%
%
Mix Aggregate Specific Gravity at the Listed Percentages = 2.654
This Mix Design Report supersedes MDR/REC # 0-2003-224 Dated: 9/25/2003

Remarks MINUS #4 AGGREGATE SPG AT THE LISTED PERCENTAGES =

2,640
Mix Design Rsviewfh . cc:
~ I [ Contractor - COMMERCIAL ASPHALT #8
] ™,
{ lli L__:{}/' Metro Inspection
! Vo

Figure 10. Bituminous Mix Design Report
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CONSTRUCTION SUMMARY

Initial field reviews of the pavement sections show that both cells are smooth with no cracks and very
little rutting. There are a few tire marks where MNnROAD researchers turned their vehicles when the
HMA mat was still warm and soft. Tables 15 and 16 show initial IRI and rutting measurements,

respectively.

Table 15. Cells 27 & 28 Post-Construction Ride Quality Data

TABLE 16. Cells 27 & 28 Post-Construction Rutting Data (inches)

Cell Lane IRI, m/km | PSR SR
27 80K 1.45 3.2 4.0
102K 1.34 3.3 4.0

28 80K 1.64 3.0 4.0
102K 1.20 3.4 4.0

Cell Lane LWP | RWP | Average
27 80K 0.04 0.01 0.02
102K 0.07 0.03 0.05
28 80K 0.07 0.01 0.04
102K 0.07 0.03 0.05

The NCHRP IDEA team and the NCHRP IC team will carry out subsequent research. The MnROAD
Operations staff will conduct regular pavement performance monitoring. Table 17 shows the type of
monitoring activities scheduled and the frequency of measurements.

Table 17. MnROAD Performance Monitoring Schedule

MnROAD Collection Comment
Monitoring Activity | Frequency
varvin Nov-Dec 2006: 1 per week, Jan-Feb 2007: 2 per month, Mar 1 —
FWD Data Collection fre uyencg Spring Thaw 2007: 1-2 per week for moisture/stiffness changes, After
g y Spring Thaw 2007: 2 per month
. Measure frost pin elevations with rod & level for frost heave.
Frost Pins 2/ month . ;
Measuring frequency may vary over time.
Manual Distress Survey 2 [ year Modified LTPP Survey (April, October)
ALPS Rutting Advanced Laser Profile System. Collects transverse profiles using a
3/ year , .
Measurements 12.5” beam for measuring ruts.
Pathwavs Lonaitudinal Pavement Management office collects ride data summaries and ERD
ys Long 3/ year files. Digital images are evaluated for distress calculations to
Profile - . .
determine a Surface Rating rating once a year.
Friction 2 [ year Summer runs to determine skid on smooth & ribbed tires.

Pavements Office
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Material Testing As needed Field and laboratory tests as needed

The entire construction process from plan preparation through final completion was a learning experience
for everyone involved. Challenges included developing the proper bid items and special provisions and
digging the edge drain trench. Accomplishments included installing the instrumentation, pre-fabrication
of the GCBD-pipe system, and coordination between the researchers and the Contractor. All in all, this
was a successful construction project.
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APPENDIX A

MNROAD TEST SECTION LAYOUTS



Updaled - August 2005

MnROAD Mainline (1-94 Interstate)
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Figure A-1. MnROAD Test Cell Layout (Mainline)



Hot Mix Asphalt Test Sections

34 35 36 37 38 39

26 27 28 | 29 |30 | A

27 27
a
Layer Depth
Inches; [
(Inches) 14 1
Clay
Clay Cla Clay
Clay Clay Y Clay
Asphalt Binder| 120/150 120/150 120/150 Oil nla 120/150 Double Oil 120/150 Oil 120/150 120/150
Binder PG Grade| _58-28 58-28 58-28 Gravel 58-28 58-28 Chip Gravel 52-34 58-28 Gravel 52-34 58-28 58-28
Design Method 35 50 50 Gyratory 50 Seal Gyr-60 35 Gyr-60 50 75
Surbgrade "R Value| 70 70 12 12 12 12 12 12 12 12 12 12 12 12
Construction Date| Aug-93 Aug-93 Aug-93 Sep-00 May-04 Aug-93 AUg-99 Sep-00 Aug-06 Aug-93 AUg-99 Aug-06 Aug-93 | [ Aug-93
35 Material Legend
Suface Materials Base Materials
Hot Mix Aspalt Class-3 Sp.
Layer Depth Class-4 Sp.
(Inches) Ol Gravel
Double Chip Seal
M PSAB
12 Crushed Stone
Clay Clay Clay Clay Wik __
Class 1f
Binder PG Grade| 58-28 64-34 nla 58-28 nla 58-34 n/a 58-40
Design Method 75 Gyratory n/a Gyratory n/a Gyratory n/a Gyratory
Surbgrade “R" Value 12 12 12 12 12 12 12 12
Construction Date|_Aug-93 Sep-04 Sep-96 Aug-99 Sep-96 Aug-99 Sep-96 Aug-99

Concrete Test Sections

35 36 kT4 38 39

26 27 28 | 29 | 30 | 31

36 37 38 39 52 53 54
6.4" 6.4" 6.4" 6.4"
75" 75" 75"
Sand Clay Clay 60"
Layer Depth 5" 5" Culverts
(Inches)
Clay Clay
Sand Clay Clay
Panel Width 12 12 12 12 12 Gravel 12' 13'/14' 13'/14' 12
Panel Length 15 12 15 20" 15 Section 10’ 15' 15' 15"
Dowel Bar Diameter| 1" none 1" 1" none - none Varies none 1"
Subgrade "R" Value 70 70 12 12 12 12 12 12 12 12 12
Construction Date| Jul-93 Jul-93 Jul-93 Jul-93 Jul-93 Sep-98 Jun-00 Jun-00 Jun-00 Oct-00 Oct-04

Figure A-2. MNnROAD Test Cell Layout (Low Volume Road)

A-2



APPENDIX B

SENSOR LOCATIONS



Cabinet

Location

Table B-1. Sensor Locations

Station Offset from

Length Unigue ID Model Sequence Cell S/IN# Number Centerline Depth (in) Northing (m) Easting (m) Elevation (m)

Wk PFPPFPRFPPPFP P RPPOOOLOWDWODWWWWWWNDNDNMNDNDNDNDNDNDMNDNNMDMNDMNMNMNRPERRERPPRPPEPPPRPPRPEPRPRREPRERRRPRERPR
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250
250
250
250
200
200
200
200
250
250
250
250
250
250
250
250
200
200
200
200
200
200
200
200
250
250
250
250
250
200
200
200
200
200
200
200
250
250
250
250
250
250
250
250
250
250
250
250
250
250

27-RE-201
27-RE-202
27-RE-203
27-RE-204
27-RE-205
27-RE-206
27-RE-207
27-RE-208
27-RE-209
27-RE-210
27-RE-211
27-RE-212
27-RE-213
27-RE-214
27-RE-215
27-RE-216
27-RE-217
27-RE-218
27-RE-219
27-RE-220
27-RE-221
27-RE-222
27-RE-223
27-RE-224
28-RE-225
28-RE-226
28-RE-227
28-RE-228
28-RE-229
28-RE-230
28-RE-231
28-RE-232
28-RE-233
28-RE-234
28-RE-235
28-RE-236
28-RE-237
28-RE-238
28-RE-239
28-RE-240
27-HD-201
27-HD-202
27-HD-203
27-HD-204
27-HD-205
27-HD-206
27-HD-207
27-HD-208
27-HD-209
28-HD-210

RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
RE
HD
HD
HD
HD
HD
HD
HD
HD
HD
HD

201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
201
202
203
204
205
206
207
208
209
210

27 n/a 175+56
27 n/a 175+56
27 n/a 175+56
27 n/a 175+56
27 n/a 176+39
27 n/a 176+39
27 n/a 176+39
27 n/a 176+39
27 n/a 176+41
27 n/a 176+41
27 n/a 176+41
27 n/a 176+41
27 n/fa 177+41
27 n/a 177+41
27 n/a 177+41
27 n/a 177+41
27 n/a 179+37
27 n/a 179+37
27 n/a 179+37
27 n/a 179+37
27 nl/a 179+38
27 nl/a 179+38
27 nl/a 179+38
27 nl/a 179+38
28 n/a 181+41
28 n/a 181+41
28 n/a 181+41
28 n/a 181+41
28 n/a 185+41
28 n/a 185+41
28 n/a 185+41
28 n/a 185+41
28 n/a 185+40
28 n/a 185+40
28 n/a 185+40
28 nl/a 185+51
28 n/a 183+41
28 n/a 183+41
28 n/a 183+41
28 n/a 183+41
27  nl/a 175+56
27 10830 175+56
27 10827 175+56
27 10828 176+41
27 10842 176+41
27 10832 176+41
27 n/a 177+41
27 10833 177+41
27 10844 177+41
28 10843 183+41

B-1
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23.031
12.087
8.228
4.764
24.488
14.331
10.433
5.394
25.039
14.685
10.276
5.118
23.701
12.756
9.134
5.827
23.740
11.732
9.055
3.819
23.661
12.717
8.504
5.866
22.559
11.654
8.701
5.512
23.819
16.968
9.803
5.501
22.598
11.968
8.465
5.394
23.346
12.008
8.858
4.449
13.189
9.291
5.827
16.378
12.283
6.929
14.528
10.709
6.968
12.165

5012511.006
5012510.988
5012510.816
5012510.941
5012493.629
5012493.533
5012493.716
5012493.698
5012497.028
5012497.007
5012496.529
5012496.529
5012476.837
5012476.786
5012476.897
5012476.864
5012436.680
5012436.659
5012436.841
5012436.822
5012440.316
5012440.331
5012440.289
5012440.232
5012400.745
5012400.520
5012400.772
5012400.758
5012362.932
5012362.692
5012362.896
5012362.896
5012323.656
5012323.661
5012323.660
5012323.657
5012326.543
5012326.546
5012326.505
5012326.529
5012510.904
5012510.617
5012510.726
5012496.766
5012496.390
5012496.394
5012476.574
5012476.742
5012476.763
5012362.901

444053.934
444053.912
444053.842
444053.966
444072.801
444072.782
444072.996
444082.965
444076.158
444076.177
444075.859
444075.940
444098.836
444098.870
444098.745
444098.760
444143.467
444143.445
444143.648
444143.616
444146.850
444146.893
444146.749
444146.659
444193.889
444193.737
444193.935
444193.899
444241.779
444241575
444241722
444241724
444288.493
444288.503
444288.456
444288.509
444290.616
444290.636
444290.638
444290.611
444053.924
444053.784
444053.911
444075.930
444175.851
444075.972
444098.563
444098.743
444098.798
444241.634

266.297
266.575
266.673
266.761
266.394
266.652
266.751
266.879
266.385
266.648
266.760
266.891
266.622
266.900
266.992
267.076
266.853
267.158
267.226
267.359
266.914
267.192
267.299
267.366
267.297
267.574
267.649
267.730
267.828
268.002
268.184
268.291
267.822
268.092
268.181
268.259
267.588
267.876
267.956
268.068
266.547
266.646
266.734
266.605
266.709
266.845
266.855
266.952
267.047
267.872
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250
250
250
250
250
250
250
250
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200

28-HD-211
28-HD-212
28-HD-213
28-HD-214
28-HD-215
28-HD-216
28-HD-217
28-HD-218
27-EC-201
27-EC-202
27-EC-203
27-EC-204
27-EC-205
27-EC-206
27-EC-207
27-EC-208
27-EC-209
27-EC-210
27-EC-211
27-EC-212
28-EC-213
28-EC-214
28-EC-215
28-EC-216
28-EC-217
28-EC-218
28-EC-219
28-EC-220
27-0S-201
28-0S-202

HD
HD
HD
HD
HD
HD
HD
HD
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
EC
oS
oS

211
212
213
214
215
216
217
218
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
201
202

28 10838 183+41
28 10825 183+41
28 10837 185+40
28 10841 185+40
28 10839 185+40
28 10829 185+41
28 10836 185+41
28 10831 185+41

27
27
27
27
27
27
27
27
27
27
27
27
28
28
28
28
28
28
28
28
27
28

n/a 175+56
n/a 175+56
n/a 176+39
n/a 176+39
n/a 176+41
n/a 176+41
n/a 177+41
n/a 177+41
n/a 179+37
n/a 179+37
n/a 179+38
n/a 179+38
n/a 181+41
n/a 181+41
n/a 183+41
n/a 183+41
n/a 185+40
n/a 185+40
n/a 185+41
n/a 185+41
n/a 176+13
n/a 185+86
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39" 10.276
39"  6.890
117" 12.559
117" 9.449
117" 6.850
39" 17.402
39" 11.181
39" 6.535
0" 23819

0" 12.756
39"  25.354
39" 14.488
117" 25.630
117" 15.079
39" 24.449
39" 13.110
117" 24.528
117" 11.732
39" 24.646
39" 13.425
39" 24.449
39"  12.756
39" 25.394
39" 13.110
117" 23.976
117" 12.835
39" 25.000
39" 16.968
-39" 168" (14"
-39" 168" (14"

5012362.775
5012362.749
5012323.558
5012323.472
5012323.571
5012326.505
5012326.439
5012326.510
5012510.932
5012510.926
5012493.535
5013493.599
5012496.915
5012496.990
5012476.762
5012476.738
5012436.633
5012436.610
5012440.245
5012440.265
5012400.648
5012400.557
5012362.847
5012362.737
5012323.522
5012323.516
5012326.408
5012326.438
5012500.211
5012317.521

444241761
444241.751
444288.319
444288.472
444288.274
444290.518
444290.408
444290.437
444053.829
444053.812
444072.667
444072.720
444076.004
444076.098
444098.702
444098.706
444143.354
444143.298
444146.730
444146.699
444193.885
444193.894
444241.767
444241.726
444288.499
444288.477
444290.574
444290.567
444067.521
444300.712

267.920
268.006
268.077
268.156
268.222
267.991
268.149
268.267
266.277
266.558
266.372
266.648
266.370
266.638
266.603
266.891
266.833
267.158
266.889
267.174
267.249
267.546
267.536
267.848
267.787
268.070
267.798
268.002
266.600
268.082



APPENDIX C

CABINET WIRING DIAGRAMS
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Figure C-2. Cabinet 2 Wiring Diagram
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APPENDIX D

SENSOR WIRING SUMMARY



Table D-1. Sensor Wiring Summary

Sensor ID | Wire Color | TUMCUOV 1 epqox | CE4 | AMA16 | AM16/32-1 | AM16/32- 2
Description
C-616
27-RE-201 Green output 1H
Orange enable 1L
Red Terminal Block
Black
Clear
27-RE-202 Green output 3H
Orange enable 3L
Red Terminal Block
Black
Clear
27-RE-203 Green output 5H
Orange enable 5L
Red Terminal Block
Black
Clear
27-RE-204 Green output 7H
Orange enable 7L
Red Terminal Block
Black
Clear
27-RE-205 Green output 9H
Orange enable 9L
Red Terminal Block
Black
Clear
27-RE-206 Green output 11H
Orange enable 11L
Red Terminal Block
Black
Clear
27-RE-207 Green output 13H
Orange enable 13L
Red Terminal Block
Black
Clear
27-RE-208 Green output 15H
Orange enable 15L
Red Terminal Block
Black
Clear
27-RE-209 Green output 17H
Orange enable 17L
Red Terminal Block
Black
Clear
27-RE-210 Green output 19H

D-1




Orange enable 9L |
Red Terminal Block
Black
Clear
27-RE-211 Green output 21H
Orange enable 21L
Red Terminal Block
Black
Clear
27-RE-212 Green output 23H
Orange enable 23L
Red Terminal Block
Black
Clear
27-RE-213 Green output 25H
Orange enable 25L
Red Terminal Block
Black
Clear
27-RE-214 Green output 27H
Orange enable 27L
Red Terminal Block
Black
Clear
27-RE-215 Green output 29H
Orange enable 29L
Red Terminal Block
Black
Clear
27-RE-216 Green output 31H
Orange enable 31L
Red Terminal Block
Black
Clear
12V - Terminal block
HDS 229
27-HD-201 Blue Thermocouple High 1-H1
Red Thermocouple Low 1-L1
Green Heater High 1-H2
Black Heater Low 1-L2
Clear Shield Shield
27-HD-202 Blue Thermocouple High 2-H1
Red Thermocouple Low 2-L1
Green Heater High 2-H2
Black Heater Low 2-1.2
Clear Shield Shield
27-HD-203 Blue Thermocouple High 3-H1
Red Thermocouple Low 3-L1
Green Heater High 3-H2
Black Heater Low 3-L.2
Clear Shield Shield

D-2




27-HD-204 Blue Thermocouple High 4-H1
Red Thermocouple Low 4-1L.1
Green Heater High 4-H2
Black Heater Low 4-1.2
Clear Shield Shield
27-HD-205 Blue Thermocouple High 5-H1
Red Thermocouple Low 5-L1
Green Heater High 5-H2
Black Heater Low 5-L2
Clear Shield Shield
27-HD-206 Blue Thermocouple High 6-H1
Red Thermocouple Low 6-L1
Green Heater High 6-H2
Black Heater Low 6-L2
Clear Shield Shield
27-HD-207 Blue Thermocouple High 7-H1
Red Thermocouple Low 7-L1
Green Heater High 7-H2
Black Heater Low 7-L2
Clear Shield Shield
27-HD-208 Blue Thermocouple High 8-H1
Red Thermocouple Low 8-L1
Green Heater High 8-H2
Black Heater Low 8-L2
Clear Shield Shield
27-HD-209 Blue Thermocouple High 9-H1
Red Thermocouple Low 9-L1
Green Heater High 9-H2
Black Heater Low 9-L2
Clear Shield Shield
ECH20
27-EC-201 White 4-8H
Red 4-8L
Bare G
27-EC-202 White 2-3H
Red 2-3L
Bare G
27-EC-203 White 3-6H
Red 3-6L
Bare G
27-EC-204 White 1-1H
Red 1-1L
Bare G
27-EC-205 White 4-7H
Red 4-7L
Bare G
27-EC-206 White 1-2H
Red 1-2L
Bare G
27-EC-207 White 3-5H
Red 3-5L
Bare G
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27-EC-208 White 2-4H
Red 2-4L
Bare G
CR10XTCR Black 4H
Red E3
Clear AG
OS Clear G
White AG
Red E2
Green 3H
Black 3L
Tipping Bucket
27-TB-201 White P1
Black G
27-TB-202 White p2
Black G
CE4 Power 12V 12V
CE4 Ground G
CE4 Enable C6 CTRL
CE4 Current Excitation| Channel COM H2
Chann 1
CE4 Ground COM L2
AMAL6 oy 12V
Power
AM416
Ground G GND
AMA416
Enable c2 RES
AMA416
Advance C5 CLK
AM16/32 - 1 C3 RES
AM16/32 - 1 C5 CLK
AM16/32 - 1 G GND
AM16/32-1| 12V 12V
AM16/32-1| SE3 COM ODD H
AM16/32-1| C8 COM ODD L
AM16/32 - 1 G
AM16/32 - 2 C7 RES
AM16/32 - 2 C5 CLK
AM16/32-2| 12V 12v
AM16/32 - 2 G G
AM16/32-2| C1 COM ODD L
AM16/32 - 2| SW12V COM ODD H
1H COM H1
1L COM L1
AM16/32 - 2 Jump from C4 to SW 12V Ctrl
| G | | cowm
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APPENDIX E

DATALOGGER PROGRAMS



Cabinet 1
{CR10X}

:Written by: Ruth Roberson
:Project:GCBD 2006
;Cabinet 1

; This program measures soil temperature
(HDS and ECHOTE), matric potential
(HDS),

;water content (CS616 and ECHOTE),
electrical conductivity (ECHOTE), draiange
(Tipping buckets),

;and water talbe elevation (OS).

*Table 1 Program
01:10 Execution Interval (seconds)

1. Batt Voltage (P10)
1.1 Loc [ Batt_Volt ]

2: If time is (P92)

1:0 Minutes (Seconds --) into a
2: 720  Interval (same units as above)
3:11  SetFlag 1 High

3: If Flag/Port (P91)
1:11 Do if Flag 1 is High
2:30 Then Do

;Tipping Bucket readings

Pulse (P3)

1 Reps

1 Pulse Channel 1
2 Switch Closure, All Counts
96 Loc[TB 1 ]

1.0 Mult

0.0 Offset

Reps

Pulse Channel 2

Switch Closure, All Counts
:97 Loc[TB 2 ]

E-1

5:1.0
6: 0.0

Mult
Offset

;:Begin 9 HDS measurements

6: Do (P86)

1:42  SetPort 2 High

7: Beginning of Loop (P87)
1:0 Delay

2:9 Loop Count

8: Do (P86)

1:75  Pulse Port 5

Temp (107) (P11)

1 Reps

7 SE Channel

3 Excite all reps w/E3
2 Loc[Tref C ]

1 Mult
0 Offset

ocuprwnE @

10: Thermocouple Temp (DIFF) (P14)

1:1 Reps

2:21  2.5mV 60 Hz Rejection
Range

31 DIFF Channel

4:1 Type T (Copper-Constantan)
5:2 Ref Temp (Deg. C) Loc [
Tref_ C ]

6:3 --Loc[Tinit. 1 ]

7:1 Mult

8:0.0 Offset

11: Do (P86)

1:46  SetPort 6 High

12: Excitation with Delay (P22)

1.1 Ex Channel

2:0 Delay W/EX (units = 0.01 sec)
3:100 Delay After Ex (units = 0.01
sec)

4:0 mV Excitation



13: Thermocouple Temp (DIFF) (P14)

1:1 Reps

2:21  2.5mV 60 Hz Rejection Range
3:1 DIFF Channel

4:1 Type T (Copper-Constantan)
5.2 Ref Temp (Deg. C) Loc [ Tref C
]

6:21 --Loc[T1l sec |

7:1.0 Mult

8:0.0 Offset

14: Excitation with Delay (P22)

Ex Channel

Delay W/EXx (units = 0.01 sec)
mV Excitation

15: Thermocouple Temp (DIFF) (P14)

1:1 Reps

2: 21 2.5 mV 60 Hz Rejection Range
3:1 DIFF Channel

4:1 Type T (Copper-Constantan)
5:2 Ref Temp (Deg. C) Loc [ Tref C
]

6:30 --Loc[T39 sec ]

7:1.0 Mult

8:0.0 Offset

16: Do (P86)

1: 56 Set Port 6 Low

17: Z=X-Y (P35)

1:30 --XLoc[T39 sec ]
2:21 --Y Loc[T1 sec ]
3:12 --ZLloc[dT 1 ]

18: End (P95)

19: Do (P86)
1: 52 Set Port 2 Low

:CS616 Soil Volumetric Water Content
Readings

reset mux

Delay After Ex (units = 0.01 sec)

E-2

20: Do (P86)
1:43  SetPort 3 High

:Measure 16 CS616

21: Beginning of Loop (P87)
1:0 Delay
2:16 Loop Count

;pulse clock

22: Do (P86)
1: 75 Pulse Port 5

23: CS616 Water Content
Reflectometer (P138)

1:1 Reps

2:3 SE Channel

3:18  Allrepsuse C8
4:40 --Loc [ Period_1 ]
5:1.0 Mult

6:0.0 Offset

24: End (P95)

25: Do (P86)
1: 53 Set Port 3 Low

‘Measure 8 ECHOTE water content, EC,
temp measurements
‘reset mux

26: Do (P86)
1:47  SetPort 7 High

27: Beginning of Loop (P87)
1:0 Delay
2:8 Loop Count

:pulse clock
28: Do (P86)
1:75  Pulse Port 5



29: Step Loop Index (P90)
1:3 Step

:Turn on SW 12Volt

30: Do (P86)
1:44  Set Port 4 High

31: Port Serial 1/0 (P15)

Reps

8-Bit, TTL ASCII, 1200 Baud
TX after CTS

D
O O
N &2

Start Loc for TX [ ]
Number of Locs to TX

3 Termination Character for RX
0 Max Characters to RX

9:50  Time Out for CTS (TX) and/or
RX (0.01 sec units)

10: 72 -- Start Loc for RX [

11: 1.0  Mult for RX

12: 0.0  Offset for RX

1
2
3
4
Us
5
6
7
8

91— O

32: Do (P86)
1: 54 Set Port 4 Low

33: End (P95)

34: Do (P86)
1: 57 Set Port 7 Low

35: If Flag/Port (P91)
1:11 Do if Flag 1 is High
2:10  Set Output Flag High (Flag 0)

36: Set Active Storage Area (P80)
1.1 Final Storage Area 1
2:229 Array ID

37: Real Time (P77)
1: 110  Day,Hour/Minute (midnight =
0000)

38: Sample (P70)

First (RTS/DTR) of Control Ports

1.2 Reps

2:1 Loc [ Batt_Volt ]
39: Sample (P70)

1:9 Reps

2:12  Loc[dT_1 ]

40: Sample (P70)
1:9 Reps

2:3 Loc [Tinit_1 ]
41: Sample (P70)

1:9 Reps

2:30  Loc[T39 sec ]

42: Do (P86)
1:20  Set Output Flag Low (Flag 0)

43: Do (P86)
1:10  Set Output Flag High (Flag 0)

44: Set Active Storage Area (P80)
1.1 Final Storage Area 1
2:216  Array ID

45: Real Time (P77)
1: 110  Day,Hour/Minute (midnight =
0000)

46: Sample (P70)
1:16 Reps
2:40  Loc[Period 1 ]

47: Do (P86)
1:20  Set Output Flag Low (Flag 0)

48: Do (P86)
1:10  Set Output Flag High (Flag 0)

49: Set Active Storage Area (P80)
1:1 Final Storage Area 1
2:222  Array ID

50: Real Time (P77)
1:110  Day,Hour/Minute (midnight =
0000)



51: Sample (P70)

1: 24 Reps

2: 72  Loc]| ]

52: Do (P86)

1:20  Set Output Flag Low (Flag 0)
53: Do (P86)

1:10  Set Output Flag High (Flag 0)

54. Set Active Storage Area (P80)
1.1 Final Storage Area 1
2:202 Array ID

55: Real Time (P77)

1: 110  Day,Hour/Minute (midnight =
0000)

56: Totalize (P72)

1:1 Reps

2:96 Loc[TB 1 ]

57: Totalize (P72)

1:1 Reps

2:97 Loc[TB 2 ]

58: Do (P86)

1:20  Set Output Flag Low (Flag 0)
59: Do (P86)

1:21  SetFlag 1 Low

60: End (P95)

*Table 2 Program
01: 10 Execution Interval (seconds)

;Water Table Readings from pressure
Transducer

1: Ex-Del-Diff (P8)
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1:1 Reps

2:14 250 mV Fast Range

3.6 DIFF Channel

4:3 Excite all reps w/Exchan 3
5:100 Delay (units 0.01 sec)

6: 2500 mV Excitation

7:99  Loc[OS ]

8:1 Mult

9:0 Offset

2: Do (P86)

1:10 Set Output Flag High (Flag 0)

3: Set Active Storage Area (P80)
1.1 Final Storage Area 1
2: 203 Array ID

4: Real Time (P77)

1: 1110 Year,Day,Hour/Minute
(midnight = 0000)

5: Sample (P70)

1.1 Reps

2:99 Loc[OS ]

6: Do (P86)

1:20  Set Output Flag Low (Flag 0)

*Table 3 Subroutines
End Program

-Input Locations-
1Batt Volt111
2Tref C 141
3Tinit1 111
4Tinit.2 110
5Tinit 3 110
6Tinit 4 110
7Tinit5 110
8Tinit 6 110
9Tinit 7 110



10Tinit.8 110 56 VWC_1 100

11Tinit9 110 57VWC 2 100
12dT 1 111 58VWC 3 100
13 110 50vWC 4 100
14 110 60VWC 5 100
15 110 61VWC 6 100
16 110 62VWC 7 100
17 110 63VWC 8 100
18 110 64VWC 9 100
19 110 65VWC_10 100
20 110 66 VWC_11 100
21Tl sec 111 67 VWC_ 12 100
22 000 68 VWC_13 100
23 000 69VWC_14 100
24 000 70VWC_15 100
25 000 71VWC_ 16 100
26 000 72 121
27 000 95 100
28 000

29 000 9%6TB 1 111
30T39 sec 121 97TB 2 111

31 110 99 OS 111

32 110 -Program Security-
33 110 0000

34 110 0000

35 110 0000

36 110 -Mode 4-

37 110 -Final Storage Area 2-
38 110 0

39 000 -CR10X ID-

40 Period_1 111 0

41 110 -CR10X Power Up-
42 110 3

43 110

44 110

45 110

46 110 Cabinet 2

47 110

48 110 {CR10X}

49 110

50 110 ;Written by: Ruth Roberson
51 110 :Project:GCBD 2006
52 110 ;Cabinet 2

53 110

54 110 ; This program measures soil
55 110 temperature (ECHOTE),
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;water content (CS616 and ECHOTE),
electrical conductivity (ECHOTE)

*Table 1 Program

01: 30.0000 Execution Interval (seconds)

1. Batt Voltage (P10)
1.1 Loc [ Batt_Volt ]

2: If time is (P92)

1:0 Minutes (Seconds --) into a

2: 780 Interval (same units as above)
3:11  Set Flag 1 High

3. If Flag/Port (P91)

1:11 Do if Flag 1 is High

2:30 ThenDo

:CS616 Soil Volumetric Water Content
Readings

;reset mux

4: Do (P86)
1:41  SetPort 1 High

:Measure 16 CS616

5: Beginning of Loop (P87)
1:0 Delay
2:12 Loop Count

;pulse clock

6: Do (P86)
1: 72 Pulse Port 2

7: CS616 Water Content Reflectometer
(P138)

1:1 Reps

2:1 SE Channel

3:13  Allrepsuse C3
4:40 --Loc [ Period_1 ]
5:1.0 Mult
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6: 0.0 Offset

8: End (P95)

9: Do (P86)
1:51 Set Port 1 Low

;Beginning 6 ECHOTE water content,
EC, and soil temperature

;reset mux

10: Do (P86)
1:45  SetPort 5 High

11: Beginning of Loop (P87)
1:0 Delay

2:6 Loop Count
;pulse clock

12: Do (P86)

1:76  Pulse Port 6

13: Step Loop Index (P90)
1:3 Step

:Turn on SW 12Volt

14: Do (P86)
1:44  SetPort 4 High

15: Port Serial 1/0 (P15)

1:1 Reps

2:0 8-Bit, TTL ASCII, 1200 Baud
3:0 TX after CTS

4:1 First (RTS/DTR) of Control
Ports Used

5:72  Start Loc for TX [

]

6: 0 Number of Locs to TX

7:13 Termination Character for RX
8: 50 Max Characters to RX

9:50  Time Out for CTS (TX) and/or

RX (0.01 sec units)
10: 72 -- Start Loc for RX [



]

11: 1.0  Mult for RX

12: 0.0 Offset for RX

16: Do (P86)
1: 54 Set Port 4 Low

17: End (P95)

18: Do (P86)
1:55 Set Port 5 Low

19: If Flag/Port (P91)
1:11 Do if Flag 1 is High
2:10  Set Output Flag High (Flag 0)

20: Real Time (P77)
1: 110  Day,Hour/Minute (midnight =
0000)

21: Sample (P70)

1:2 Reps

2:1 Loc [ Batt_Volt ]

22: Do (P86)

1:20  Set Output Flag Low (Flag 0)
23: Do (P86)

1:10  Set Output Flag High (Flag 0)

24 Set Active Storage Area (P80)
1:1 Final Storage Area 1
2:216  Array ID

25: Real Time (P77)

1:110  Day,Hour/Minute (midnight =
0000)

26: Sample (P70)

1:12  Reps

2:40  Loc[Period_1 ]

27: Do (P86)

1:20  Set Output Flag Low (Flag 0)
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28: Do (P86)
1:10  Set Output Flag High (Flag 0)

29: Set Active Storage Area (P80)
1:1 Final Storage Area 1
2:222 Array ID

30: Sample (P70)

1:18  Reps

2:72  Loc]| ]

31: Do (P86)
1: 21 Set Flag 1 Low

32: End (P95)

*Table 2 Program
01:0 Execution Interval (seconds)

*Table 3 Subroutines
End Program

-Input Locations-
1Batt_Volt111

2Tref C 110
3Tinit.t1 100
4Tinit 2 100
5Tinit 3 100

6 Tinit 4 100
7Tinit5 100
8Tinit 6 100
9Tinit.7 100
10Tinit 8 100
11Tinit 9 100
12dT_1 100
13 100
14 100
15 100
16 100
17 100
18 100
19 100
20 100
21Tl sec 100
22 000



23
24
25
26
27
28
29

30 T39 _sec

31
32
33
34
35
36
37
38
39

40 Period_1

41 Period_2
42 Period_3
43 Period_4
44 Period_5
45 Period_6
46 Period_7
47 Period_8
48 Period_9

000
000
000
000
000
000
000
100
100
100
100
100
100
100
100
100
000
511
910
910
910
910
910
910
910
910

49 Period_10910
50 Period_11910
51 Period_121710

52
53
54
55

56 VWC_1

57 VWC 2
58 VWC_3
59 VWC_4
60 VWC 5
61 VWC 6
62 VWC_7
63 VWC 8
64 VWC 9
65 VWC_10
66 VWC_11
67 VWC_12
68 VWC 13

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
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69VWC 14 100
70VWC_15 100
7LVWC_16 100

72 511
95 100
96TB_1 100
97TB.2 100
990S 100

-Program Security-
0000

0000

0000

-Mode 4-

-Final Storage Area 2-
0

-CR10X ID-

0

-CR10X Power Up-
3



Cabinet 3
{CR10X}

;Written by: Ruth Roberson
:Project:GCBD 2006
:Cabinet 3

; This program measures soil temperature
(HDS and ECHOTE), matric potential
(HDS),

;water content (CS616 and ECHOTE),
electrical conductivity (ECHOTE),

;and water table elevation (OS).

*Table 1 Program
01:10 Execution Interval (seconds)

1. Batt Voltage (P10)

1:1 Loc [ Batt_Volt ]

2: If time is (P92)

1:0 Minutes (Seconds --) into a
2: 720  Interval (same units as above)
3:11  SetFlag 1 High

3. If Flag/Port (P91)

1:11 Do if Flag 1 is High

2:30 ThenDo

4: Temp (107) (P11)

1:1 Reps

2: 7 SE Channel

3:3 Excite all reps w/E3

4:2 Loc[ Tref C ]

5:1 Mult

6: 0 Offset

:Begin 6 HDS measurements
5: Do (P86)
1:42  SetPort 2 High

6: Beginning of Loop (P87)
1:0 Delay
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2:9 Loop Count

7: Do (P86)
1: 73 Pulse Port 3

8: Thermocouple Temp (DIFF) (P14)
1:1 Reps

2:21  2.5mV 60 Hz Rejection
Range

3:1 DIFF Channel

4:1 Type T (Copper-Constantan)
5.2 Ref Temp (Deg. C) Loc [
Tref C ]

6:3 --Loc[Tinit_1 ]

7:1 Mult

8:0.0 Offset

9: Do (P86)

1:48  Set Port 8 High

10: Excitation with Delay (P22)

1:1 Ex Channel

2:0 Delay W/EXx (units = 0.01 sec)
3:100 Delay After Ex (units =0.01
sec)

4:0 mV Excitation

11: Thermocouple Temp (DIFF) (P14)
1:1 Reps

2:21  2.5mV 60 Hz Rejection
Range

31 DIFF Channel

4:1 Type T (Copper-Constantan)
5:2 Ref Temp (Deg. C) Loc [

Tref C ]

6:21 --Loc[T1 sec ]
7:1.0 Mult

8:0.0 Offset

12: Excitation with Delay (P22)

1:1 Ex Channel

2:0 Delay W/Ex (units = 0.01 sec)
3:3900 Delay After Ex (units = 0.01
sec)

4:0 mV Excitation



13: Thermocouple Temp (DIFF) (P14)

1:1 Reps

2:21  2.5mV 60 Hz Rejection Range
31 DIFF Channel

4:1 Type T (Copper-Constantan)
5:2 Ref Temp (Deg. C) Loc [ Tref_ C
]

6:30 --Loc[T39 sec ]

7:1.0 Mult

8:0.0 Offset

14; Z=X-Y (P35)

1:30 --XLoc[T39 sec ]
2:21 --Y Loc[T1l sec ]
3:12 --ZLloc[dT_ 1 ]

15: End (P95)

16: Do (P86)
1: 58 Set Port 8 Low

17: Do (P86)
1:52 Set Port 2 Low

:CS616 Soil Volumetric Water Content
Readings

;reset mux

18: Do (P86)

1:45  SetPort 5 High
;Begin Measure 16 CS616
19: Beginning of Loop (P87)
1:0 Delay

2:12 Loop Count

:pulse clock

20: Do (P86)

1:76  Pulse Port 6

21: CS616 Water Content Reflectometer
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(P138)

1:1 Reps

2:3 SE Channel

3:17  Allreps use C7
4:40 --Loc [ Period 1 ]
5:1.0 Mult

6:0.0 Offset

22: End (P95)

23: Do (P86)
1: 55 Set Port 5 Low

;Begin measurement of 8 ECHOTE
;reset mux

24: Do (P86)
1:45  SetPort 5 High

25: Beginning of Loop (P87)
1:0 Delay

2: 8 Loop Count

;pulse clock

26: Do (P86)

1:76  Pulse Port 6

27: Step Loop Index (P90)
1:3 Step

:Turn on SW 12Volt

28: Do (P86)
1:44  Set Port 4 High

29: Port Serial 1/0 (P15)

1:1 Reps

2:0 8-Bit, TTL ASCII, 1200 Baud
3:0 TX after CTS

4:7 First (RTS/DTR) of Control
Ports Used

5:72  Start Loc for TX [

]

6: 0 Number of Locs to TX



7:13 Termination Character for RX
8: 50 Max Characters to RX
9:50  Time Out for CTS (TX) and/or

RX (0.01 sec units)

10: 72 -- Start Loc for RX [
11: 1.0  Mult for RX

12: 0.0  Offset for RX

30: Do (P86)
1: 54 Set Port 4 Low

31: End (P95)

32: Do (P86)
1:55 Set Port 5 Low

33: If Flag/Port (P91)
1:11 Do if Flag 1 is High
2:10  Set Output Flag High (Flag 0)

34. Set Active Storage Area (P80)
1.1 Final Storage Area 1
2:229 Array ID

35: Real Time (P77)
1: 1110 Year,Day,Hour/Minute
(midnight = 0000)

36: Sample (P70)

1:2 Reps

2:1 Loc [ Batt_Volt ]
37: Sample (P70)

1:9 Reps

2:12 Loc[dT_ 1 ]
38: Sample (P70)

1:9 Reps

2:3 Loc [ Tinit 1 ]

39: Sample (P70)

1:9 Reps
2:30  Loc[T39 sec ]
40: Do (P86)
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1:20  Set Output Flag Low (Flag 0)
41: Do (P86)
1:10  Set Output Flag High (Flag 0)

42: Set Active Storage Area (P80)
1.1 Final Storage Area 1
2:216  Array ID

43: Real Time (P77)
1: 1110 Year,Day,Hour/Minute
(midnight = 0000)

44: Sample (P70)

1:12 Reps

2:40  Loc[Period_1 ]

45: Do (P86)

1:20  Set Output Flag Low (Flag 0)
46: Do (P86)

1:10  Set Output Flag High (Flag 0)

47: Set Active Storage Area (P80)
1:1 Final Storage Area 1
2:222 Array ID

48: Real Time (P77)
1: 1110 Year,Day,Hour/Minute
(midnight = 0000)

49: Sample (P70)

1:24  Reps

2: 72  Loc]| ]

50: Do (P86)

1:20  Set Output Flag Low (Flag 0)
51: Do (P86)

1:21  SetFlag 1 Low

52: End (P95)

*Table 2 Program
01:0 Execution Interval (seconds)



39 000
40 Period 1 511
41 Period 2 910

*Table 3 Subroutines 42 Period 3 910
43 Period 4 910
End Program 44 Period_5 910
45 Period 6 910
-Input Locations- 46 Period 7 910
1Batt Volt111 47 Period 8 910
2Tref C 141 48 Period 9 910
3Tinit1 111 49 Period_10910
4Tinit2 110 50 Period_11910
5Tinit 3 110 51 Period_ 121710
6Tinit 4 110 52 100
7Tinit5 110 53 100
8Tinit 6 110 54 100
9Tinit 7 110 55 100
10Tinit 8 110 56VWC_1 100
11Tinit9 110 57VWC_2 100
12dT_1 111 58VWC_3 100
13 110 50vwWC 4 100
14 110 60VWC 5 100
15 110 61VWC 6 100
16 110 62VWC_ 7 100
17 110 63VWC 8 100
18 110 64VWC 9 100
19 110 65VWC_10 100
20 110 66 VWC_11 100
21Tl sec 111 67VWC 12 100
22 000 68 VWC_13 100
23 000 69VWC_14 100
24 000 70VWC_15 100
25 000 71VWC_ 16 100
26 000 72 121
27 000 95 100
28 000 9%6TB_1 100
29 000 97TB. 2 100
30T39 sec 121 99 OS 100
31 110 -Program Security-
32 110 0000
33 110 0000
34 110 0000
35 110 -Mode 4-
36 110 -Final Storage Area 2-
37 110 0
38 110 -CR10X ID-
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0
-CR10X Power Up-
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