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SITE INSTALLATION AND INITIAL DATA COLLECTION
ARIZONA SECTION 041024

INTRODUCTION

This report describes the equipment installation activities and initial data collection for test
section 041024 near Flagstaff, Arizona. The equipment installation activities were carried out
on August 21, 1995 and initial data was collected on August 22, 1995.

Section Location

Section 041024 is a General Pavement Studies (GPS) section selected for SMP. This section is
located on the outside lane of eastbound Interstate Route 40, a multi-lane highway facility in
the State of Arizona. The closest city to the section is Flagstaff, Arizona. The beginning of
the section is at milepost 106.95, 3.30 miles east of the Jolly Road structure and 0.7 miles
west of Markham wash. This section is a GPS-1, "General Study of Flexible Pavements on
Granular Bases," meeting the seasonal monitoring program core experimental design cell
number 13 requirements. Figure Al in appendix A contains a map showing the location of the
section.

Section Details

The pavement section consists of 292 mm of asphalt concrete (AC) with 165mm aggregate
base (AB) over medium sand subgrade. The test section has a 3.70m travel lane with a 3.60m
wide asphalt concrete shoulder. Additional details are summarized in table 1.

Table 1. Details of section 041024 in Arizona.

Functional Classification of Roadway Interstate Highway, Rural, Arterial
Number of Lanes/Direction Two
Pavement Type Asphalt Concrete

Estimated Annual ESAL Applications on the Test Lane | 936.7 KESALs

Climatic Classification Dry, no-Freeze, SMP Cell #13

Pre-installation FWD testing was carried out on the test section on July 17, 1995. FWD data
was analyzed using the FWDCheck program. The results are presented in figures A2 through
A6 in appendix A. The material properties of individual pavement layers are presented in
table 2. Figures A7 and A8 in the appendix present the construction sampling and boring log
of the instrumentation hole, respectively. Appendix A also contains the distress survey
summary of the section.



Table 2. Material properties.
Description Surface Layer Base Layer Subgrade

Material AC AB Medium Sand
Thickness (mm) 292%* 165* N/A
Proctor Dry Density (kg/m®) - - ok
Proctor Moisture Content (%) - - ok
Field Measured Density (kg/m®) ---- 2388@4.7%MC*** | 1957@11.8 BMC***
Laboratory Maximum Dry Density - 2317@6%MC 1910@12.0%MC
(kg/m*)
Liquid Limit ---- 28 NP
Plactic Limit -—-- 12 NP
Plastic Index — 16 NP
Percent Passing #200 ---- 10.8% 29.5%

MC  Moisture Content AB Aggregate Base

AC Asphalt Concrete NP Non-Plastic

* Layer thickness from construction records

ok Proctor density tests were not carried out on the day of instrument installation due to rain

Kok

Density in the field was measured using Nuclear gauge

According to LTPP weather database information, the following climatic conditions exist in

the region:

Freezing Index
Precipitation
No. of Days Above 32° C

116
355mm
36

No. of Days Below 0° C

No. of Wet Days

No. of Freeze/Thaw Cycles :

139
63
147

Installation of instrumentation was carried out on August 21, 1995 and initial data collection
was performed on August 22, 1995. Instrument installation was a cooperative effort between
Arizona Department of Transportation (ADOT) and Nichols Consulting Engineers (NCE)
LTPP Western Region Coordination Office staff. The following personnel participated in the

installation.
William Nichols NCE
Mark A. Potter NCE

Michael Judd
M. Mejia

Traffic Control
Drilling crew

Coby Rowe
Michael E. Esposito
Clyde Ulrich

NCE
NCE
Traffic control




INSTRUMENT INSTALLATION
Meeting With Highway Agency

A planning meeting between NCE and ADOT was held in Phoenix, Arizona on July 21, 1995
to discuss the SMP instrumentation, required equipment, the installation schedule, and
installation team responsibilities. ADOT agreed to provide traffic control, equipment, and
personnel to achieve instrument and piezometer hole auguring and also to carry out post
installation patching of the instrumentation hole and conduit trench. NCE staff carried out all
the SMP equipment installation. The site was inspected by Richard Smith on July 17, 1995.
Distress survey and FWD testing of the section was also carried out on this date.

SMP Equipment Installed

Type and quantity of instruments installed at the section are listed in table 3. These included
instrumentation to measure air and subsurface temperature, subsurface moisture content,
rainfall, ground water table depth, and an equipment cabinet to house the cable ends and the
CR10 datalogger. The rain gauge and the air temperature probe were mounted on a 51mm
diameter steel pole near the equipment cabinet. The resistivity probe for frost depth was
installed as the section was in the "Dry Freeze" region.

Table 3. Equipment installed.

Equipment Quantity Serial No.

Instrument Hole

MRC Thermistor Probe | 04C#2
TDR Sensors 10 04C01-04C10
Resistivity Probe ! 04#3R

Equipment Cabinet

Campbel! Scientitic CR10 Datalogger 1 16510

Battery Pack \ None

Weather Station

TE 525 Tipping Bucket Rain Gauge 1 12098
Air Temperature Probe 1 None
Radiation Shield 1 None
Observation Well/Bench Mark ] None




Pre-Installation Equipment Check and Calibration

Prior to installation, all equipment used in the installation were checked for functionality,
accuracy, and calibrated whenever necessary. The air temperature probe, thermistor probe,
and the rain gauge were connected to the CR10 datalogger to verify that they were functioning
properly. The rain gauge was calibrated by recording the number of tips to drain out 473ml of
water from the container in at least 45 minutes. For the first trial, it took 60 minutes and 91
tips to drain 473ml of water. The two screws at the bottom of the rain gauge were adjusted by
one and one half turn (each turn causes a 2-3% increase in tips). This resulted in increased
number of tips to 10043 which is within the recommended limits. The air temperature probe
and the thermistor probe were checked for proper function by placing them in an ice bath and
in direct sunlight and comparing the measured temperatures. The results indicated that both
were functioning properly. The spacing of thermistor sensors within the clear plastic tube
were measured and recorded. Descriptions of MRC thermistor probe and sensor spacing are
presented in table 4. The CR10 datalogger and battery unit were also checked. All
instruments were found to be in working order.. »

Calibration of TDR probes was completed by performing two measurements in air, one with
the prongs shorted at the beginning of the sensor and the other not shorted. An additional
measurement was made with the TDR sensor submerged in water. The TDR measured
dielectric constants were within the specified limits, and the sensors produced the expected
traces and were functioning properly. Individual TDR probe traces obtained during calibration
are presented in figures Bl through B10 in appendix B. Serial numbers of equipment to be
installed were noted with the exception of radiation shield and air temperature sensor. The
bench mark did not have a serial number and the battery pack serial number was not recorded
because the batteries get frequently changed.

The resistivity probe was checked for continuity and conductivity using a digital multimeter.
The probe was free of any problems. During the checkout procedure it was observed that the
pin numbers and the resistance band numbers were opposite to each other (i.e., pin #1
corresponded to resistivity band #36 and vice versa). The spacing between each electrode was
measured and recorded; these are given in table 5.

Instrument Installation

Analysis of pre-installation FWD data indicated uniformity of the section. The equipment
installation followed the schedule given below.

0730 : Depart from Flagstaff.

0800 : Arrive at site, start unpacking equipment in preparation for installation.

0815 : Traffic control in place, instrumentation hole and piezometer located and
marked, FWD testing of instrumentation hole.

0815-0845 Drill piezometer, saw cutting of thermistor unit 1 slot, conduit trench

and instrument hole.



Table 4. Description of MRC thermistor probe and sensor spacing.

Unit No. { Channel No. Distance from Top of Unit (m) Remarks

1 0.000

1 5 0.152 Unit installed in AC layer
3 0.305
4 0.016
5 0.094
6 0.174
7 0.243
8 0.319

2 4 0'?71 Unit installed in base &
10 0.624 subgrade
11 0.778
12 0.929
13 1.081
14 1.234
IS 1.386
16 1.540
17 1.691
18 1.841




Table 5. Sensor spacing in the resistivity probe.

Connector Electrode Distance from Top (m) Continuity Spacing (m)
Pin Number hetween
Number Line 1 Line 2 Average Electrodes
36 1 0.030 0.030 0.030 X 0.030
35 2 0.083 0.081 0.082 X 0.052
34 3 0.133 0.132 0.133 X 0.051
33 4 0.184 0.183 0.184 X 0.051
32 5 0.233 0.232 0.233 X 0.049
31 6 0.284 0.283 0.284 X 0.051
30 7 0.334 0.333 0.334 X 0.050
29 8 0.386 0.385 0.386 X 0.052
28 9 0.437 0.436 0.437 X 0.051
27 10 0.489 0.487 0.488 X 0.051
26 11 0.538 0.536 0.537 X 0.049
25 12 0.589 0.589 0.589 X 0.052
24 13 0.640 0.639 0.640 X 0.051
23 14 0.693 0.691 0692 X 0.052
22 15 0.741 0.741 0.741 X 0.049
21 16 0.792 0.791 0.791 X 0.050
20 17 0.842 0.842 0.842 X 0.051
19 18 0.893 0.893 0.893 X 0.051
18 19 0.944 0.941 0.943 X 0.050
17 20 0.996 0.994 0.945 X 0.052
16 21 1.046 1.045 1.046 X 0.051
15 22 1.097 1.095 1.096 X 0.050
14 23 1.146 1.145 1.146 X 0.050
13 24 1.198 1.197 1.198 X 0.052
12 25 1.249 1.248 1.249 X 0.051
11 26 1.300 1.298 1.299 X 0.050
10 27 1.351 £.350 1.351 X 0.052
9 28 1.400 1.399 1.400 X 0.051
8 29 1.451 1.450 1.451 X 0.051




Table 5. Sensor spacing in the resistivity probe (cont’d).

Connector Electrode Distance from Top (m) Continuity Spacing (m)
Pin Number hetween
Number Line 1 Line 2 Average Electrodes
7 30 1.500 1.500 1.500 X 0.049
6 31 1.552 1.550 1.551 X 0.051
5 32 1.603 1.601 1.602 X 0.051
4 33 1.653 1.652 1.653 X 0.051
3 34 1.705 .1.705 1.705 X 0.052
2 35 1.756 1.754 1.755 X 0.050
1 36 1.807 1.805 1.806 X 0.051

Bottom 1.828 1.829 1.829




0845- 0930 Installation of piezometer, drill weather station pole hole, place pole,
and concrete the base.

0930-1000 Install equipment cabinet.

1000-1030 Excavation of instrumentation cable trench.

1030-1200 Layout the cables, run the cables through the conduit, drill instrument
hole.

1200-1500 Installation of thermistor unit #2, TDR probes, collection of moisture
samples from each TDR location, proctor test, testing of each TDR
probe, etc.

1515-1545 X Installation of thermistor probe unit #1, into the groove previously cut in
the pavement, check all equipment for proper functioning.

1545-1630 Patch and repair instrumentation hole and conduit trench, seal all saw
cuts with silicone sealant.

1630-1730 Clean up site, pack all equipment, place instrument cabinet cover, and
lock.

1730-1745 Depart from site.

Pavement and subsurface instrumentation was installed at the leave end of the section at a
distance of 157.04m (station 5+15") from the section beginning, in a 0.30m diameter hole
bored using a 252mm diameter flight auger after sawing out a 0.5m square block from the
surface AC layer. The pavement temperature sensors (thermistors, unit #1) were installed in
the AC layer as per LTPP guidelines. TDR moisture probes and subsurface temperature
sensors (thermistors, unit #2) were installed in the base course and subgrade layers. The
instrumentation hole was 2.17m deep. Figure C! in appendix C presents the site layout and
instrument location. The TDR probes were placed in an offset fan pattern such that the lead
wires were on the side closest to the pavement edge. All the TDR probes were placed with an
"S" shaped stress relief loop in their cables. Each TDR probe was connected to the 1502B
cable tester while the soil around it was being compacted. Manual traces were generated to
ensure that none of the TDR sensors were damaged during backfilling and compaction of
instrumentation hole. TDR traces monitored during installation are presented in figures C2
and C3 in appendix C. TDR, resistivity, and thermistor probe lead wires were bundled and
pulled through a 51mm diameter flexible electrical conduit buried in a 76mm wide trench,
leading to the equipment cabinet. The equipment cabinet was located 9.30m away, to the right
of lane edge on almost level ground. Extension cables were used for all the sensors placed in
the pavement. The installed depths of the TDR sensors are presented in table 6. All
instruments at this site were installed in adherence with FHWA LTPP SMP Guidelines, April
1994.

Moisture samples were collected at each TDR probe location. A representative Proctor sample
was taken at a depth of 1.52m from pavement surface. The Proctor density test was not
performed because of rain. TDR traces obtained during installation were later used to
determine insitu moisture content at each TDR probe depth. From the individual trace,
apparent probe length was determined and used in the moisture determination equations
provided in the FHWA LTPP SMP Installation Guidelines, April 1994.



Table 6. Installed depths of TDR sensors.

TDR Sensor No. Depth from Pavement Surface (m) Layer
04C01 0.353 Base
04C02 0.505 -
04C03 0.655
04C04 0.804
04C05 0.960
04C06 1.113 Subgrade
04C07 1.265
04C08 1.410
04C09 1.721
04C10 2.025

A comparison of moisture contents determined from TDR traces obtained during installation
with field measured moisture contents are presented in table 7.

Table 7. Measured moisture contents during installation.

Moisture Content (% by wt)
Sensor No. Sensor Depth (m) Layer Field Measured' | TDR Installation’
04C01 0.353 Base 9.5 229
04C02 0.505 15.5 32.0
04C03 0.655 12.8 26.0
04C04 0.804 16.7 16.8
04C05 0.960 Subgrade 10.6 16.8
04C06 1.113 13.4 16.8
04C07 1.265 6.4 9.4
04C08 1.410 7.7 15.2
04C09 1.721 10.1 13.7
04C10 2.025 8.5 19.8

'Moisture contents determined in field from the material sampled at each TDR probe depth.

*The moisture contents were determined from TDR traces obtained during TDR probe installation. From
the individual trace, apparent length was determined and used in the moisture determination
equations given in FHWA LTPP SMP Guidelines, April 1994.




It is seen from the above data that, field measured moisture contents significantly varied from
the moisture contents determined from the TDR traces obtained during installation. Variability
observed in moisture contents at some sensor depths most likely was due to rainfall during
installation and to some extent the field conditions, soil type, and limitations of the moisture
determination method used. '

The resistivity probe was installed in the unbound base and subgrade layers along with the
thermistor unit #2 as per the SMP instrument installation guidelines. The resistivity probe
leads were checked for continuity after backfilling of the instrumentation hole. Tables 8 and
9, respectively, present the installed locations of thermistor sensors and the resistivity probe
with reference to the pavement surface.

A 152mm diameter flight auger was used to bore the observation piezometer/benchmark at the
edge of pavement shoulder at a distance of 121.95m (section station 4+00), and 5.1m to the
right of lane edge. Upon completion of instrumentation installation, all wiring connections to
the equipment cabinet were checked carefully for continuity and proper contacts. The
"ONSITE" computer program was downloaded to the CR10 datalogger located in the
equipment cabinet. The datalogger was left “ON" overnight to collect data so that the results
could be evaluated the next day.

Site Repair

The instrumentation hole and the conduit trench were patched by ADOT personnel with cold-
mix asphalt concrete, care was exercised to prevent damage to all of the equipment installed or
the wires leading to the equipment cabinet. Subsequent tests confirmed that all the installed
equipments were functioning properly. The repair patch placed on the instrument hole
performed well for most of the monitoring period. Some settlement of the patch was observed
in the last three data collection visits.

INITIAL DATA COLLECTION

The second day (August 21, 1995) was spent checking the functionality of installed equipment.
This included collection of initial data, elevation surveys of the section, examination of the
overnight data collected by the onsite datalogger, and TDR data collection using the mobile
data acquisition system. Air temperature, rainfall, pavement, and subsurface temperature data
monitored and stored by the onsite datalogger were examined. The equipment and datalogger
were functioning correctly. The battery voltage was checked and found acceptable.

TDR data was not collected using the mobile data acquisition system. The mobile data
acquisition box was damaged by rainwater during the seasonal instrumentation installation.
However, mobile data collected during the subsequent data collection visits clearly indicated
proper functioning of the TDR sensors.

10



Table 8. Installed locations of MRC thermistor sensors.

Unit No. Channel No. Depth from Pavement Surface (m) Remarks
1 0.013
1 2 0.125 ' AC
3 0.248
4 0.341
5 0.419 Base
6 0.499
7 0.568
8 0.644
2 9 0.796 Subgrade
10 0.949
11 1.103
12 1.254
13 1.406
14 1.559
15 1.711
16 1.865
17 2.016
18 2.166

1




Table 9. Installed locations of resistivity sensors.

Connector Pin Number

Electrode Number

Depth from Pavement Surface

36 ! 0.355
35 2 0.407
34 3 0.458
33 4 0.509
32 5 0.558
31 6 0.609
30 7 0.659
29 8 0.711
28 9 0.762
27 10 0.813
26 ¥ 0.862
25 12 0.914
2 13 0.965
23 14 1.017
2 15 1.067
21 16 1116
20 17 1,167
19 18 1218
18 19 1.268
17 20 1,320
16 21 1,371
15 2 1.421
14 23 1.471
13 2% 1.523
12 25 1.574
q 26 1.624
10 27 1.676
9 28 1.725




Table 9. Installed locations of resistivity sensors (cont’d).

Connector Pin Number

Electrode Number

Depth from Pavement Surface

8 29 L.776

30 1.825
6 31 1.876
5 32 1.927
4 33 1.978
3 34 2.030
2 35 2.080
1 36 2.130

Bottom 5

13




Post installation FWD testing of the section was carried as per the LTPP guidelines. One set of
elevation surveys were carried out following the LTPP guidelines. The elevation of the
observation well top was assumed as 1.0 meter. The elevation survey results are presented in
Table D2 in appendix D.

14



SUMMARY

This report describes the SMP equipment installation activities at Section 041024 located in the
State of Arizona. The section is located on the eastbound outside lane of Interstate Route 40
near the City of Flagstaff. The beginning of the section is at milepost 106.95, 3.30 miles east
of Jolly Road structure and 0.7 miles west of Markham Wash. This'is a GPS-1 section in the
"Dry, Freeze" climatic zone, meeting the requirements of SMP cell #13.

The site was inspected on July 17, 1995. A planning meeting with ADOT representatives was
held in Phoenix on July 21, 1995 to discuss SMP equipment installation and work
responsibilities. Successful installation of SMP equipment and initial data collection were
carried out on August 21 and 22, 1995, respectively, in accordance with the LTPP SMP
installation guidelines. Equipment to measure and record the following data was installed at
site:

. Ambient temperature and daily rainfall

. Pavement surface and subsurface depth-temperature profile
. Subsurface depth-moisture profile

J Ground water measurements

] Frost depth measurements

A resistivity probe was installed at this site as the site is in “Dry No-Freeze" zone. The
equipment installation hole is located at the leave end of the section at a distance of 157.04m
from the section beginning. The equipment cabinet is located 9.3m to the right of the lane
edge on almost level ground. Post installation checks indicated proper functioning of all
installed equipment. Post installation FWD testing was performed as per LTPP guidelines.

TDR data was not collected using the mobile data acquisition system. The mobile data
acquisition box was damaged by rainwater during the seasonal instrumentation installation.
The Proctor desity test was not performed beause of rain during the instrument installation.
The decision to continue with installation was made after carefully considering the additional
expense, inconvenience and scheduling problems for the various agency personnel involved in
the installation effort. However, mobile data collected during the subsequent data collection
visits clearly indicated proper functioning of the TDR sensors. Unfortunately, no pictures of
the installation were taken because of camera malfunction. These were the exceptions or
special conditions at this site. ’

15



APPENDIX A

Test Section Background Informaﬁbh '



Appendix A includes the following supporting information:

Figure Al.
Figure A2.
Figure A3.
Figure A4.
Figure AS.
Figure A6.
Figure A7.
Figure AS.

Site location map.

Normalized deflection profile from FWDCheck.
Corrected normalized deflection profile from FWDCheck.
Composite modulus of section from FWDCheck.

Elastic modulus of subgrade from FWDCheck.
Equivalent structural number from FWDCheck.

Profile of test section.

Boring log of instrument hole.
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Figure Al. Site location map.



Deflection Data for Section: B41824R

9.908E+882

©.8P8E+P0 : i
-ieo e 199 288

380 480 S08

Station (£ft)

Location 3 Drop Height 1

Sensors 1, 2, 3, 4, 5, 6, ?

Figure A2. Normalized deflection profile from FWDCheck.
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Corrected Deflection Data for Section! B41824A
2.188E+81

¢

) <ﬁ\\e/‘f\—‘e\‘\e~/’ ¢

2.820E+28 v
-108 a2 le8 289 388 - 409 5890 688
Station (£t)
Location 3 Drop Height 3 Sensors L, 7?7

Corrected normalized deflection profile from FWDCheck.



Composite Modulus vs Deflector for Section! 841824Aa

8.200E+06

Consosite
Modulus
Ec

Station 388

2 .002E+80
a.e 69.8

Radial Distance
Droy Height 1, 2, 3, 4

Figure A4. Composite modulus of section from FWDCheck.

A-4



Subkgrade Elastic Modulus for Section! 841824R

B0 .600E+8S
L ]
¢
Sub. d
EYagtxce ;
Modulus
9 .B028E+00
~-le8 e 1098 209 380 400 See 680

Station (£t)

Figure AS. Elastic modulus of subgrade from FWDCheck. |



Equivalent Structural Number for Section: B41024A

e = — = -

Struc;ural

—_ -

N

Numbher
(SN)

-] 189

2988 380

Station (£¢t)

409 See

Figure A6. Equivalent structural number from FWDCheck.
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Figure A7. Profile of test section.
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SHEET 1
DISTRESS SURVEY

LTPP PROGRAM

Revised December 1, 1992

STATE ASSIGNED ID

STATE CODE 0

¥y
rozd

SHRP SECTION ID

DISTRESS SURVEY FOR PAVEMENTS WITH ASPHALT CONCRETE SURFACES

DATE OF DISTRESS SURVEY (MONTH/DAY/YEAR)

SURVEYORS : %_ZCS_» —_——— —

PAVEMENT SURFACE TEMP -

BEFORE __ _  __

PHOTOS, VIDEO, OR BOTH WITH SURVEY (P, V, B)
__°G; AFTER

01,11 /,99

°C

SEVERITY LEVEL

DISTRESS TYPE LOW MODERATE HIGH
CRACKING
1. FATIGUE CRACKING .
(Square Meters) 6 QO —_— 0.2 ez
2. BLOCK CRACKING
(Square Meters) I 0 .0 — 2.2 _— ﬁf
3. EDGE CRACKING (Meters) oD e ___ 5.9
4. LONGITUDINAL CRACKING (Meters)
.
4a, Wheel Path - _~_9/_g o2 . Zg.c
Length Sealed (Meters) __ __=F.0 __uv.0 Lo
4b. Non-Wheel Path é’_l_b_ M) — _Li,l_ . —C
Length Sealed (Meters) ! 2.l . __ 0.5 2.5
5. REFLECTION CRACKING AT JOINTS
Number of Transverse Cracks __ #& — S =}
Transverse Cracking (Meters) __ s — =L — 2.2
Length Sealed (Meters) Y-~ - . x=.5 - .2
Longitudinal Cracking (Meters) __ __ .0 — 2.2 — .=
Length Sealed (Meters) __g.cQ .9 - _«.2
6. TRANSVERSE CRACKING
Number of Cracks e — 2 - _ ©
f
Length (Meters) e E_‘:’_ 2.0 —_re — g
Length Sealed (gt = 2o __pne _ _ D&
PATCHING AND POTHOLES oCt 3
.- 7. PATCH/PATCH DETERI%TW
(Number) - ____%, __ 2 _____£
(Square Meters) . & — 0.0 —_— e —
8. Potholes _
(Number) ____Q_ . ______é
(Square Meters) e —_—— _QQ .0



Revised December 1, 1992

STATE ASSIGNED ID

SHEET 2
DISTRESS SURVEY STATE GODE 0¥
LTPP PROGRAM SHRP SECTION 1D /0 2 i

DATE OF DISTRESS SURVEY (MONTH/DAY/YEAR) 0 F /1% /95
survEYORS: A £ S

Y o —

DISTRESS SURVEY FOR PAVEMENTS WITH ASPHALT CONCRETE SURFACES

CONTINUED
SEVERITY LEVEL
DISTRESS TYPE . LOW MODERATE HIGH

SURFACE DEFORMATION
9. RUTTING - REFER TO SHEET 3 FOR SPS-3 OR Form S1 from Dipstick Manual

10. SHOVING

(Number) _ 2z

(Square Meters) . z2
SURFACE DEFECTS
11. BLEEDING

(Square Meters) .0 9 __ 02
12. POLISHED AGGREGATE

(Square Meters) __ 900
13. RAVELING

(Square Meters) L _QQ_ —_— _Q_é_ _ %G00
MISCELLANEOUS DISTRESSES
14, LANE-TO-SHOULDER DROPOFF - REFER TO SHEET 3
15. WATER BLEEDING AND PUMPING

(Number) _

Length of Affected Pavement

(Meters) — éZ-éL

16. OTHER (Describe)

ENTERED
oCT 1271355
1a)

BY




APPENDIX B

Installed Instrument Information



Appendix B includes the following supporting information:

Figure Bl.  TDR traces obtained for sensor 04CO1 during calibration.
Figure B2.  TDR traces obtained for sensor 04C02 during calibration.
Figure B3.  TDR traces obtained for sensor 04C03 during calibration.
Figure B4.  TDR traces obtained for sensor 04C04 during calibration.
Figure B5.  TDR traces obtained for sensor 04C05 during calibration.
Figure B6.  TDR traces obtained for sensor 04C06 during calibration.
Figure B7.  TDR traces obtained for sensor 04C07 during calibration.
Figure B8.  TDR traces obtained for sensor 04C08 during calibration.
Figure B9.  TDR traces obtained for sensor 04C09 during calibration.
Figure B10. TDR traces obtained for sensor 04C010 during calibration.



CUrSOr sevesccces 15.950 m
Distance /Divec... .25 m/div
Vertical Scale.... 177 mp/div
YP eecnssancscess 0.99

Noise Filter...... 1 avs
POWer coascesanns AC

Cursor eccececees 15.910 m
Distance/Div..eee .23 m/div
Yertical Scale.... 74.8 mp/div
VP tieessencnanses 0.99

Noise Filter...... 1 avs
POWer eeceecneees AC

Cursor ceveeseess 15.990 m
Distance/DivYecaas +25 m/div
Yertical Scale.... 177 mo/div
¥P cevecensnevess 0.93

Noise Filter...... 1 avs
Power.cccceesese aC

Tektronix 15028 TDR.
Date (a=2 1G5
Cable DA Cof
Hotes Zlus flie

Input Trace
Stored Trace
Difference Trace

Tektronix 15028 TDR

Date 56=22-95
Cable 24 C
Notes{’:'_'l___‘*_f_ﬂ_
19.3%2

Input Trace
Stored Trace
Difference Trace

Tektronix 15028 TOR

Date _b-1” =9

Cable _23.C 01

Notps _Shorted oF
b1 fr-'l'

input Trace
Stored Trace
Difference Trace

Figure B1. TDR traces obtained for sensor 04C01 during calibration.
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CUrsSor eeceasenss 16,740 m
Distance /Di¥..eee 25 m/div
Yertical Scale.... 177 me/div
YP vensccnsssesecs 0,99

Noise Filter..cees 1 avs
Powercceeseeeaas €

CUrSOr seeeasecss 16.680 m
Distance /Div..ccee +25 m/div
Vertical Scale.... 74.8 mp/div
YP cevevcassscess 0.99

Noise Filter...... 1 avs
POwWer.aeeceesees AC

CUrsSor eveesseess 16.740 n
Distance/Div..cc. .25 m/div
Vertical Scale.... 177 mp/div
VP ceresecseaness 0.99

Noise Filter...... 1 avs
POWereceseeaneeee aC

Tektronix 15028 TOR
Date -22-95
Cable .O4Cn 2.
Notes TuAir

Input Trace
Stored Trace
Difference Trace

Tektronix 15028 TDR

Date £=2273%

Cable Ot C 22

Notes Fr l/ed v
10.%°C

Input Trace
Stored Trace
Difference Trace

Tektronix 15028 TDR
Date =2 -T5
Cable Q<tC U2

Notes Shor Trd et

ks .’u",‘

Input Trace
Stored Trace
Difference Trace

Figure B2. TDR traces obtained for sensor 04C02 during calibration.
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Cursor sevececsss 15.970 m
Distance/DivYeeees 25 m/div
Yertical Scale.... 177 mp/div
VP aesesssscscces 0.99

Notse Filter.cee.. 1 avs
Power.ccceceases aC

CUrsor coeeescese 15.900 m
Distance /DiY.c.e. 25 m/div
Yertical Scale.... 74.8 m#p/div
YP tavencacancess 0.99

Noise Filter.....s 1 avs
POwWer.seseceenes AC

CUrsor sesesecsss 15.970
Distance/DiYees.. 25 m/div
Vertical Scale.... 177 mp/div
YP erecscceancees 0.99

Noise Filter...... 1 avs
PowWer.ceessacees aC

Textronix 15028 TDR,
Date & ~2 2. - <y
Cable 2403 nc—"
Notes _{n Aic

Input Trace
Stored Trace
Difference Trace

Tektronix 15028 TOR
Date £-~272 -3
Cable _OICOS
Notes In_watee
19.2 *C

Input Trace
Stored Trace
Difference Trace

Tektronix 15028 TPR
Date _f{a=2 Z =</~
Cable .23 0%
Notes Shae
ST

Input Trace
Stored Trace
Difference Trace

Figure B3. TDR traces obtained for sensor 04C03 during calibration.



CUrSOr cseesencss 15.960 m
Distance/DiYeeees 23 m/div
Yertical Scale.... 177 me/div
VP cevsvnsscscsee 0.99

Noise Filter...... 1 avs
POWercesescsceee 3C

CUrSOr eevesaesse 15.9500 m
Distance /DiVeaess 25 m/div
Vertical Scale.... 74.8 mp/div
VP tvicensseceess 0.99

Noise Filter...... 1 avs

POWer cveesensses 3C

CUrSOP caecesaess 15.960 m
Distance /Div..... .23 m/div
Vertical Scale.... 177 mp/div
YP ciesnescencnns 0.99

Noise Filter...... 1 avs
POWer.ceeeeoeses 3C

Tektronix 15028 TDR
Date & -2~
Cable_0tCo4d
Notes _ T Af

Input Trace
Stored Trace
Difference Trace

Tektronix 15028 TDR
Date =22 -95
Cable _ 04 €0

Notes Lo wwostec
1& 3 Y

Input Trace
Stored Trace
Difference Trace ..

Tektronix 15028 TOR
Date 622~
Cable 24<°7
Motes Sherted a
$ tur

Input Trace
Stored Trace
Difference Trace ——.

Figure B4. TDR traces obtained for sensor 04C04 during calibration.



CUrsor ceeeeccsses 15.950
Distance /Divicea. .23 m/div
Yertical Scale.... 177 me/div
YP ceiearesesaces 0.99

Noise Filter...... 1 avs
POWer..accsences AC

Cursor cevesacess 15.920 m
Distance/Div.cces .25 m/div
Vertical Scale.... 74.8 me/div
VP ceveesnenscees 0.99

Noise Filter...... 1 avs
POWersesessssanss AC

Cursor seeeesecse 15.990 m
Distance/DiY.enee «25 m/div
Vertical Scale.... 177 mp/div
YP crecncocanenss 0.99

Noise Filter...... 1 avs
Power.eceececesee 3C

Tektronix 15028 TDR
Date -27 -445

Cable 034049
Notes Zn Alie

Input Trace
Stored Trace
Difference Trace

Tektronix 15028 TOR
Date . r=20-G5
Cable _0FC0OS

Notes In tvuter
19.3 °c,

Input Trace
Stored Trace
Difference Trace

Tekbronix 1502B TDF{
Date & =2.2 =45
Cable _ 0 (.05

Notes _sharm= ¢Ad o

(9'/\? '}

Input Trace
Stored Trace
Difference Trace ...

Figure B5. TDR traces obtained for sensor 04C05 during calibration.
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CUrsor seecesesss 15.850 o
Distance/Div.eeese 25 m/div
Yertical Scale.... 177 mP/div
YP coecssansvesss 8.99

Noise Filter...... 1 avs
Power.ciseceeass aC

Cursor ceceevsess 15.890 m
Distance /Di¥.eee. .25 m/divy
Yertical Scale.... 74.8 mp/div
YP teeercensesnss 0.99

Noise Filter...... 1 avs
POWerceceeeeesss AC

Cursor veceaeesss 15.890 m
Distance/Diveeea. .25 m/div
Yertical Scale.... 177 mp/div
YP eeeenceccncsss 0.99

Noise Filter...... 1 avs
POWer . eceeeesess 3C

Tektronix 15028 TDR
Date _&-22 4>
Cable L4 C U
Notes L Aie

Input Trace
Stored Trace
Difference Trace

Tektronix 15028 TDR
Date _{n- -9
Cable O&cof

Notes Tu wwater
19.3 =€

Input Trace
Stored Trace
Difference Trace

Tektronix 135028 TDR

Date  G=wr-d9

Cable _1_0 Ncoe

No{ls SHerlodd o
T2 .—1

Input Trace
Stored Trace
Difference Trace

Figure B6. TDR traces obtained for sensor 04C06 during calibration.
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CUrSOr eveeensees 15.970 m
Distance/DivYeeeee .25 m/div
VYertical Scale.... 177 me/div
VP ceresssecnanss 0.99

Noise Filter..ceee 1 avs
POWer.eecesecanne aC

CUrSOr seecececes 15.920 m
Distance/Div..cea .25 m/div
Yertical Scale.... 74.8 mp/div
YP coeecencececes 0.99

Noise Filter...... 1 avs
POWerseeeseaeees AC

Cursor cecececesse 15.970 m
Distance/Divesees 25 m/div
Vertical Scale.... 177 mp/div
VP cerecnacnranas 0.99

Noise Filter...... 1 avs
POWereeaescesase AC

Tektronix 15028 TDR
Date ~2Z-

Cable %"._L__
Notes o Alir |

Input Trace
Stored Trace
Difference Trace ...

Tektronix 15028 TDR

Date d

Cable 04C 07

Notes _In: Water
14.3°¢.

Input Trace
Stored Trace
Difference Trace

Tektrontx 15028 TDR
Date . 4=27--95
Cable 0407
Notes  Sherted e Fed ut

\Tar

input Trace
Stored Trace
Difference Trace ...

Figure B7. TDR traces obtained for sensor 04C07 during calibration.



SUrSOF sseeecsess 15.990 m
vistance/Di¥eseaa 23 m/div
vertical Scale.... 177 mp/div
WP cecarorasaceas 0.99

Notse Filter...... 1 avs
POWeEr ciessesnnes AC

CUrsor cusevescee 15,920 m
Distance /DiYeecae 25 m/div
Yertical Scale.... 74.8 m»p/div
WP cacecsncsscees 0.99

Noise Filter...... 1 avs
Power.caeesasess AC

CUrSOr cecesnsese 15.990 m
Distance/Divaeess 25 m/div
Vertical Scale.... 177 me/div
YP cessecncnseees 0.99

Noise Filter...... 1 avs
POWer.coseacacae AC

. 15.990 n

Tekbronix 1502B TDR

Date .&-22-9¢5
Cable . 04208
Notes 3~ Aic

Input Trace
Stored Trace
Difference Trace

Tektrontx 15028 TDR
Date & -22-95
Cable . 24C03

Notes Za watre
19.3°¢

Input Trace
Stored Trace
Difference Trace .

Tektronix 15028 TDR
Date 22-4

Cable 24cC0F

Not sbngrLI a7
.ﬁiasl-

Input Trace
Stored Trace
Difference Trace

Figure B8. TDR traces obtained for sensor 04C08 during calibration.



CUrSOr eecesacces 15.940 m
Distance /DiYece.. 25 m/div
Yertical Scale.... 177 mp/div
VP verrarsosasass 0.99

Noise Filterceceee 1 avs
POWercescsansess aC

CUrsor viececsess 15.900 m
Distance/Di¥.ces. 25 m/div
Vertical Scale.... 74.8 mp/div
VP ceressesassees 0.99

Notse Filter...... 1 avs
Powersaeeacacess AC

CUrsSOr evecassess 15.960 m
Distance/Div.ceee 25 m/div
Yertical Scale.... 177 me/div
YP erecnsenccnses 0.99

Noise Fiiter...... 1 avs
POWer.cssceeeees AC

Tektronix 15028 TDR
Date =2 2- 45
Cable 0 o9

Notes L~ Aie

Input Trace
Stored Trace
Difference Trace

Tektronix 15028 TDR
Date _&-27-45
Cable 24C.0

2
Notes 1n Watce
19.3°C

Input Trace
Stored Trace
Difference Trace

Tektronix 15028 TDR
Date (o= 27 =95

Cable . o4 C0d
Notes Sheered 1T

[ TN o

Input Trace
Stored Trace
Difference Trace

Figure B9. TDR traces obtained for sensor 04C09 during calibration.



CUrsor veeveeenes 15.960 m
Distance/Div..... .25 m/div
Vertical Scale.... 177 me/div
VP eeveenennasees 0.99

Noise Filter...... 1 avs
Powere.seiaesees aC

Tekbtronix 15028 TOR_
Date (-2 7 -4¢
Cable O ¢ lo
Notes tn Aie

Input Trace
H Stored Trace
cefedpeieeneiaentiaidieddaaiianlioinlil L Difference Trace ——

Cursor cevcceee.. 15.880 m
Distance /Div.c..e .25 m/divy
Vertical Scale.... 74.8 mo/div
YP evecenranneeas 0.99 -

Noise Filter...... 1 avs
Power..iecaveeee 3C

Tekbtronix 15028 TDR
Date L —7% -85
Cable O*C 70

Notes  Tn 1arerle -
19.3%¢

15880 m

Input Trace
Stored Trace
Difference Trace

Cursor ceveeeree. 15.960 m
Distance/Div..... .25 m/div
Yertical Scale.... 177 mp/div
YP eveensrannena. 80.99

Noise Filter...... 1 avs
Power.cciaeeesss aC

Tekbronix 15028 TOR.
Date_4£-2.2.-95

Cable 24 L /0
Not .‘.l\or'.(t aT
s'f:"f‘

Input Trace
Stored Trace
Difference Trace

Figure B10. TDR traces obtained for sensor 04C010 during calibration.
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APPENDIX C

Installation Information



Appendix C has the following supporting information:

Figure C1.
Figure C2.
Figure C3.
Figure C4.

Table C1.

Location of instrumentation within the section.

TDR traces measured during instrument installation.
TDR traces measured during instrumentation installation.
Measured moisture contents during installation.

Field measured moisture contents during installation.
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Cursor cevecseaes 17.950 m
Distance/Diva.... .25 m/div
Vertical Scale.... Q6.3 mo/div
VP ceeieesoranees O

Moize Fi
POWElr ceaneenaess Dat/Tow

1oz

i/ﬁé/Z/// i(

/! Yo~ LV3 p52708, B3

CUrsor ceveecenss 18.710 m
Distance /Div.ecs.. 25 m/div
Yertical Scale.... 96.9 mp/div
VP terecenssncnes 0.99

Noise Filter...... 1 avs
Power.ecceeoeaess bat/low

Cursor ceveceanes 17,960 m
Distance/Div..... .25 m/div
Vertical Scale.... 96.9 mo/div
VP citceieranaase 0.99

Noise Filter...... | avs
Power..cececas.. bat/low

CUrsor cueeeessss 17.970 m
Distance/Dive.... .25 m/div
Vertical Scale.... 96.9 mo/div
YP ceeearnncncess 0.99

Noise Filter...... 1 avs
Power.ccueeeaass bat/low

Cursor vevecceees 17.990 m
Distance/Div..... .25 m/div
Yertical Scale.... 96.9 mp/div
YP ecsescenacaenes 0.99

Noise Filter...... 1 avs
Powere.eeeunnaas bat/low

-

Hotes

Input Trace
Stored Trace o
Difference Trace _..__

Tektronbg 15028 TDR _
Date _2&_2_14@_
Cable C¥Cor .

Notes

Input Trace
Stored Trace
Difference Trace ...

Tektronix 15028 TDR

Date _,Az_y_.‘_ﬁii

Cable 0’__>
Notes

Input Trace
Stored Trace e
Difference Trace ...

Tekbronix 1502B TDR
Date 2/

Cable &

Notes

Input Trace
Stored Trace
Difference Trace ...

Tektronix 15028 TDR
Date

Cable co
Notes

Input Trace
Stored Trace
Difference Trace

Figure C2. TDR traces measured during instrument installation.
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Tektronix 15028 TDR _
Date N At
Cable @

*/



CUrSOr weeeveaess 17.940 @
Distance/Div....c. .23 m/div
VYertical Scale.... 96.9 me/div
YP eeraenasenseas 0.99

Notse Filter...... 1 avs
POWer.csssssssss bat/low

CUrsSor eeseseeses 17.960 m
Distance/Div..... .25 m/div
Yertical Scale.... 96.9 nme/div
YP eriesecccessses 0.99

Noise Filter...... 1 avs
Power..c.caees..s bat/low

Cursor ceeveennss 17.960 1
Distance /Divaeas. .25 m/div
Yertical Scale.... 96.9 m#/div
YP wereascasssass 0.99

Noise Filter...... 1 avs
Power.cccseenass bat/low

CUrSor evveecaess 17.920 m
Distance /Div.eseea 25 m/div
Yertical Scale.... 96.9 mo/div
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Figure C3. TDR traces measured during instrumentation installation.
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Table C1. Field measured moisture contents during installation.

LTPP Seasonal Monitoring Study * State Code [04]
Field Measured Moisture Contents * Test Section Number [1024]

Personnel : Coby Rowe

Date : 8/21/95

Start Time : NA

Finish Time : NA

Surface Type : Asphalt Concrete

Weather Conditions : Cloudy & Rainy

Unusual Conditions : None

TDR Sensor Number Field Measured Moisture Content %

10 9.5
9 15.5
8 12.8
7 16.7
6 10.6
5 13.4
4 6.4
3 7.7
2 10.1
1 8.5
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APPENDIX D

Initial Data Collection



Appendix D includes the following supporting information:

Figure D1.  Average hourly air and pavement temperature at top five sensors during initial
data collection.
Table D1.  Onsite data collected during initial data collection.
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