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SITE INSTALLATION AND INITIAL DATA COLLECTION
ARIZONA SECTION 040114

'INTRODUCTION

This report describes the equipment installation activities and initial data collection for test
section 040114 near Kingman, Arizona. The equipment installation activities were carried out
on August 16, 1995 and initial data was collected on August 17, 1995.

Section Location

Section 040114 is a Specific Pavement Studies (SPS) section selected for SMP. This section is
located on the outside lane of northbound U.S. Route 93, a multi-lane highway facility in the
State of Arizona. The closest city to the section is Kingman, Arizona. The beginning of the
section is at milepost 50.3, 24 miles north of the City of Kingman. This section is also a SPS-
1, "Strategic Study of Structural Factors for Flexible Pavements" section, 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 178mm of asphalt concrete (AC) with 305mm aggregate base
(AB) over silty clayey sand with gravel subgrade. The test section has a 3.70m travel lane

with a 3.40m wide asphalt shoulder. Additional details are summarized in table 1.

Table 1. Details of section 040114 in Arizona.

Functional Classification of Roadway United States Highway, Rural Principal Arterial
Number of Lanes/Direction Two
Pavement Type Asphalt Concrete
Estimated Annual ESAL Applications on Test Lane 208.5 KESALs
Climatic Classification : Dry, No-Freeze, SMP Cell #13

Pre-installation FWD testing was carried out on the test section on February 17, 1995. FWD
data was analyzed using the FWDCheck program. The results are presented in figures A2
through AS in appendix A. The material properties of individual pavement layers are
presented in table 2. Figures A6 and A7 in appendix A 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 Silty Clayey Sand
w/Gravel
Thickness (mm) 178* 305% N/A
Proctor Dry Density (kg/m’) - ---- 1800%**
Proctor Moisture Content (%) — - 6**
Field Measured Density - - 2173@3.8 % MC***
Laboratory Maximum Dry Density e 2269@5 %MC 2125@9.8%MC
(kg/m’)
Liquid Limit an 21 24
Plastic Limit - NP 17
Plastic Index - NP 7
Percent Passing #200 ---- 12.2% 18.3%
* Layer thickness from construction records
*x Proctor dry density and moisture content as on the day of instrument installation

KKK

MC Moisture Content
AC Asphalt Concrete
AB Aggregate Base
NP Non Plastic

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

15 No. of Days Below 0° C 42
254mm No. of Wet Days : 42
86 No. of Freeze/Thaw Cycles : 50

Installation of instrumentation was carried out on August 16, 1995 and initial data collection
was performed on August 17, 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:

Haiping Zhou NCE Mark A. Potter
William Nichols NCE Michael E. Esposito
Philip Friedman NCE J. Potter

J.J. Lieu ADOT A. Mannarel

Roger Drilling crew R. Gross

NCE
NCE
Traffic control
Traffic control
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 completed all
the SMP equipment installation. The site was inspected by Douglas Frith and Mark Potter on
February 17, 1995.

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 data logger. The rain gauge and the air temperature probe were mounted on a S1mm
diameter steel pole near the equipment cabinet. The resistivity probe for frost depth was not
installed as the section was in the "No Freeze" region.

Table 3. Equipment installed.

Equipment Quantity Serial No.

Instrument Hole

MRC Thermistor Probe 1 04B#2

TDR Sensors 10 04B01 - 04B10

Equipment Cabinet

Campbeli Scientific CR10 Data Logger 1 16582

Battery Pack 1 None

Weather Station

TE 525 Tipping Bucket Rain Gauge 1 12098
Air Temperature Probe 1 None
Radiation Shield 1 None
Observation Well/Bench Mark 1 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 data logger 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 50 minutes and 88
tips to drain 473ml of water. The two screws at the bottom of the rain gauge were adjusted by
two turns (each turn causes a 2-3% increase in tips), this resulted in increased number of tips
to 100+3. This is within the limits recommended. The air temperature probe and the
thermistor probe were checked for proper functioning 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 data logger and battery unit was also checked. They 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 B1 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.

Instrument Installation

Analysis of pre-installation FWD data indicated a uniform section. There were no exceptional
conditions that warranted any change in the selection of end to be instrumented, therefore, the
leave end of the section was instrumented. The equipment installation followed the schedule
given below.

0715 : Depart from Kingman.

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.

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.



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 0.022
5 0.093
6 0.169
7 0.246
8 0.322
9 0.476
10 0.625
2 Unit installed in base & subgrade
11 0.780
12 0.932
13 1.085
14 1.236
15 1.390
16 1.540
17 1.695
18 1.843




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 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+ 16) from the section beginning, in a 0.30m diameter hole
bored using a 252mm diameter flight auger. The pavement temperature sensors (thermistors,
unit #1) were installed in the AC layer as per ETPP guidelines. TDR moisture probes and
subsurface temperature sensors (thermistors, unit #2) were installed in the base course and
subgrade layers. The instrumentation hole was 2.07m deep. Figure C1 in appendix C
presents the site layout and site 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 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 9.00m
away to the right of lane edge on almost level ground. Extension cables were used in all the
sensors placed in the pavement. The installed depths of the TDR sensors are presented in table
5.

Moisture samples were collected at each TDR probe location. A representative Proctor sample
was taken at a depth of 1.07m from pavement surface. TDR traces obtained during
installation were later used to determine in-situ 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 Guidelines, April 1994.



Table 5. Installed depths of TDR sensors.

TDR Sensor No. Depth from Pavement Surface (m) Layer
04B01 0.202 Base
04B02 0.355
04B03 £ 0.508
04B04 0.660
04B05 0.811 Subgrade
04B06 0.968
04B07 1.116
04B08 1.250
04B09 1.510
04B10 1.920

A comparison of moisture contents determined from TDR traces obtained during installation
with field measured moisture contents are presented in table 6.

Table 6. Measured moisture contents during installation.

Moisture Content (% by wt)
Sensor No. Sensor Depth (m) Layer Field Measured' | TDR Installation’
04B01 0.202 Base 5.4 6.0
04B02 0.355 5.4 6.0
04B03 0.508 6.0 5.6
04B04 0.660 6.6 4.5
04B05 0.811 6.0 3.7
04B06 0.968 Subgrade 3.1 3.7
04B07 1.116 2.7 2.9
04B08 1.250 2.6 4.5
04B09 1.510 1.9 3.7
04B10 1.920 3.8 3.0

'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 instaliation. From
the individual trace, apparent length was determined and used in the moisture determination
equations given in FHWA LTPP SMP Guidelines, April 1994.




It can be seen from the data in table 6, field measured moisture contents were generally close
to the moisture contents determined from the TDR traces obtained during installation. Some
difference in moisture contents at some sensor depths can be attributed to the field conditions
and limitations of the moisture determination method used.

Thermistor unit #2 was installed in the unbound base and subgrade layers as per the SMP
instrument installation guidelines. Table 7 presents the installed locations of thermistor sensors
with reference to the pavement surface.

Table 7. Installed locations of MRC thermistor sensors.

Unit No. | Channel No. Depth from Pavement Surface (m) Remarks
1 0.012
: 2 0.080 AC
3 0.149
4 0.225
5 0.317 Base
6 0.394
7 0.469
8 0.545
’ 9 0.698 Subgrade
10 0.849
11 1.002
12 1.184
13 1.307
14 1.461
15 1.612
16 1.763
17 1.916
18 2.066

A 152mm diameter flight auger was used to bore the observation piezometer/benchmark at the
edge of the pavement shoulder at a distance of 121.95m (section station 4+00), and 4.9m to
the right of the 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 data logger located



in the equipment cabinet. The data logger 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
equipment was functioning properly. The repair patch of the instrument hole performed quite
well throughout the monitoring period.

INITIAL DATA COLLECTION

The second day (August 17, 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 data logger, and TDR data collection
using the mobile data acquisition system. Air temperature, rainfall, pavement and subsurface
temperature data monitored and stored by the onsite data logger were examined. The
equipment and data logger were functioning correctly. The battery voltage was checked and
found acceptable.

TDR data was collected using the mobile data acquisition system. The mobile system contains
a CR10 data logger, a battery pack, two multiplexers, and a resistance multiplexer circuit
board. Figures D1 through D10 in appendix D show the TDR waveform traces obtained with
the mobile data acquisition system. TDR traces obtained by the mobile data aquisition system
indicated some malfunctioning of the contact points. This explains flat traces recorded for
some of the TDR sensors. This was noted for closer examination. Every single point of
contact in the wiring was checked and the mobile box was thoroughly inspected. TDR trace
data collected at the site during subsequent visits confirmed that the TDR sensors were
functioning properly.

Post-installation FWD testing of the section could not be carried out because of a mechanical
breakdown of the FWD van. Due to the tight installation schedule and the numerous agencies
which would be affected, FWD testing was skipped for this timeframe. 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.



SUMMARY

This report describes the SMP equipment installation activities on section 040114 located in
the State of Arizona. The section is located on the northbound outside lane of U.S. Route 93
near the City of Kingman. The beginning of the section is at milepost 50.3, 24 miles north of
the City of Kingman. This is a SPS-1 section in the "Dry, No Freeze" climatic zone in SMP
cell #13.

The site was inspected on February 21, 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 16 and 17, 1995, respectively, in accordance with the LTPP SMP
guidelines. One exception was that the post installation FWD testing was not performed due
to a mechanical breakdown of the FWD van. Equipment to measure and record the following
data was installed at the site:

Ambient temperature and daily rainfall

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

Ground water measurements

A resistivity probe was not installed at this site. 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 9.0m to the right of the lane edge on almost level ground. Post-
installation checks indicated proper functioning of all installed equipment. TDR traces
recorded by the mobile data aquisition system during initial data collection indicated loose
contact within the box. This resulted in some blank and flat traces. TDR trace data
collecteted at the site during subsequent visits confirmed that the TDR sensors were
functioning properly. A breakdown of the FWD van and a tight installation schedule
prevented post-installation FWD testing of the section.

10



APPENDIX A

Test Section Background Information



Appendix A includes the following supporting information.

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

Site location map.

Corrected normalized deflection profile from FWDCheck.
Elastic modulus of subgrade from FWDCheck.
Composite modulus at station 5+00 from FWDCheck.
Equivalent structural number from FWDCheck.

Sampling log of section during construction.

Boring log of instrument hole.
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Figure A2. Corrected normalized deflection profile from FWDCheck.
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Subgrade Elastic Modulus for Section: G40114D
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Figure A3. Elastic modulus of subgrade from FWDCheck.
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Equivalent Structural Number for Section: 848114
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Figure A5. Equivalent structural number from FWDCheck.
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Figure A6. Sampling log of section during construction.
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3.0

Boring Log of SMP Instrumentation Hole

tart Time NA# End Time NA

Prepared By Harwe Zuov Employed By NCE

Figure A7. Boring log of instrument hole.
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Revised December 1, 1992

STATE ASSIGNED ID __

SHEET 1
DISTRESS SURVEY : STATE CODE S <
LTPP PROGRAM SHRP SECTION Ip 9/ /7 &
DISTRESS SURVEY FOR PAVEMENTS WITH ASPHALT CONCRETE SURFACES
DATE OF DISTRESS SURVEY (MONTH/DAY/YEAR) o /1 25 s
SURVEYORS: /% & — - PHOTOS, VIDEO, OR BOTH WITH SURVEY (P, V, B) __
PAVEMENT SURFACE TEMP - BEFORE ___ _2 ;L'£:°C; AFTER _ _3 ELf§:°C
SEVERITY. LEVEL
DISTRESS TYPE LOW MODERATE HIGH
CRACKING
1. FATIGUE CRACKING .
(Square Meters) - _ .0 S —— .0
2. BLOCK CRACKING
(Square Meters) —_—— -0 —_—— —_——_C
3. EDGE CRACKING (Meters) - .5 —_——_e __ _ _.0
4. LONGITUDINAL CRACKING (Meters)
4a. Wheel Path — e e O —_— -0 — -0
Length Sealed (Meters) — -0 —_— . R
4b. Non-Wheel Path ——— 0 ——— D —_—— 0
Length Sealed (Meters) — . —— 2 —_——. 0
5. REFLECTION CRACKING AT JOINTS 5
Number of Transverse Cracks — 2 __ f -9
Transverse Cracking (Meters) — ___3 —— 8 —_— 0
Length Sealed (Meters) —— __.C —_— .0 —_ .0
Longitudinal Cracking (Meters) __ __ _.9° —_——— e O —_— . O
Length Sealed (Meters) Y —_— .2
6. TRANSVERSE CRACKING
Number of Cracks — o —_—— —_ 0
Length (Meters) —— O _——_ e ______. 0
Length Sealed (Meters) —— .9 — - -
™
PATCHING AND POTHOLES 2 S
7. PATCH/PATCH DEI-E&TEORATI%N\'\"&
_(Number) ‘:\\ [ _— 0 —_ 0
(Square Meters) A} Ks P /) — —_—
P
8. Potholes ‘aﬂ, /
(Number) ’ Ag — — 2 _— —_— 2L
(Square Meters) > _.0 — e e O Y



Revised May 29, 1992

STATE ASSIGNED ID

SHEET 2 T
DISTRESS SURVEY STATE CODE o %
LTPP PROGRAM . SHRP SECTION ID oL/l 7
DATE OF DIS‘I'RESS SURVEY (MONTH/DAY/YEAR) © $/ / Y/ / &
SURVEYORS: & _, _ __ __
DISTRESS SURVEY FOR PAVEMENTS WITH ASPHALT CONCRETE SURFACES
CONTINUED
SEVERITY LEVEL
DISTRESS TYPE ) LOW MODERATE HICH

SURFACE DEFORMATION

9. RUTTING - REFER TO SHEET 3 FOR,SPS-3 OR Form TRNPROFL from Dipstick Manual

10. SHOVING
(Number)

—_——0
(Square Meters) —_———n
SURFACE DEFECTS
11. BLEEDING
(Sguare Meters) — e 0 —_——_— .. __.Z
12, POLISHED AGGREGATE
(Square Heters) _—— -2
13, RAVELING AND WEATHERING
(Square Meters) —_—— —_——_—— .o
MISCELLANEOUS DISTRESSES
14.  LANE-TO-SHOULDER DROPOFF - REFER TO SHEET 3 _ ., =~ I3
— J Y e
15. WATER BLEEDING AND PUMPING = o 102
(Nuzmber) JAN B8 T o
Length of Affected Pavement
(Meters) - ﬂ/ —_——
l',i

16, OTHER (Describe)

A-9



APPENDIX B

Installed Instrument Information



Appendix B includes the following supporting information.

Figure BI.  TDR trace obtained during calibration for sensor 04B01.
Figure B2. TDR trace obtained during calibration for sensor 04B02.
Figure B3.  TDR trace obtained during calibration for sensor 04B03.
Figure B4.  TDR trace obtained during calibration for sensor 04B04.
Figure B5.  TDR trace obtained during calibration for sensor 04B05.
Figure B6. TDR trace obtained during calibration for sensor 04B06.
Figure B7.  TDR trace obtained during calibration for sensor 04B07.
Figure B8.  TDR trace obtained during calibration for sensor 04B08.
Figure B9. TDR trace obtained during calibration for sensor 04B09.
Figure B10. TDR trace obtained during calibration for sensor 04B010.



Cursor suivevsenes 16,260 m
Distance /Div.ii.a .25 m/div
Vertical Scale.... 74.8 mp/div
VP eienenccnnena 0.93

Moizse Filter..... « 1 avs
Power.iveiieeaas a

Cursor coveeenees 16,270 m
Distance /Div.icees .25 m/div
Vertical Scale.. .. 177 we/div
VP aeereiononeess .93

Moize Filter...... 1 avs
POWer..ceiisanes 3C

Cursor eiveeseaes 16,270 n
Cistance/Div.eceas .25 m/div
Vertical Scale.... 177 me/div
¥P tetesenaennase 0.99

Moise Filter...... 1 avs
POWRr cverraneass AC

Tektbrenix 15028 TOR
Date _Lr___—"‘z,‘ =55
Cable Q=801 =~
Motes T A wia=r(

17.2°C

lnput Tracs
Stored Trace cvee oo
Difference Trace ..o

Date . &6~2]) -

Cable 2]

Hotes Sira ~~terd a4

Stur+ TN
([ B

Input Trace

Storad Trace e

Differznce Trace ..omee.

Tekbronix 1_50284TDR

Tektronix 15023 TOR
Date _2-21-45%

Cable _T_L_;D 450
flotes _Im A

Input Trace
Storad Trace oo
Difference Trace ...

Figure B1. TDR trace obtained during calibration for sensor 04B01.



CUFSOP wieraseees 16,330 m
Distanc2/Divaee.e. .25 m/div
Vartical Scale.... 177 mp/div

Moise Filter...... 1 avs
POWEr cecrevcsves IC

CUrsor sivveneess 16,260 m
Distance /Divese.. 23 m/div
Vertical Scale.... 74.3 mo/div
YP eerescncennees 0.93

toice Filter...... 1 avs
Power .cceieaseaas ac

CurSOr civeveneee 16.320 m
Distance /Div..... .25 m/div
Vertical Scale.... 177 mp/div
VP eriensscenenss 0.99

Moise Filter..... . 1 avs
POWer caseesanees 3C

Tekbronix 15028 TOR
Date _ o215 =45
Cable Qi B 2.
tlotes Lo Aie

lnput Trace
Storad Trace e
Difference Trace

Tektronix 15028 TOR

Date La=70 =35

Cable _O<F\5 0%

Motes Ln tates
V2.7 %%

Irput Trace
Stored Trace ceiccmee
Difference Trace

Tektronix 15028 TOR__
Date _L=71-65
Cable 2 F1 207

LeenoF.
Hates S tr-eted oo

STarT

Input Trace
Storad Trace e
Difference Trace ...

Figure B2. TDR trace obtained during calibration for sensor 04B02.



CUrsor coveeceesas 16.260 m
Distance/Div...c.. .25 m/div
Vertical Scale.... 177 me/div
VP teeensansneass 0,99

Moise Filter...... 1 avs
POWer ceesaacanes aC

CUrsor voeeeeeees 16,280 m
Distance/Div..... .25 m/div
Yertical Scale.... 74.8 me/div
VP ceeeinnsnaneas 0.93

Moise Filter...... 1 avs
Power.eeaas. aees AC

Cursor coeeveeae. 16.360 m
Distance/Div..... .25 m/div
Vertical Scale.... 177 me/div
VP teervenencnane Q.99

Moize Filter...... 1 avs
POWRr e iessscaasa AT

Telktranix 15028 TOR
Oate Lo 71 =53

Catle _re-is O3

tiotes Lo A0

lnput Trace
Stored Trace .
Differance Trace mwun.

Taktronix 15028 TOR

Date fz=%1. 45

Cable i3

Hotss 1o srnter
18.2. ¢

Input Trace
Stored Trace ool
Difference Trace ...

Teltronix 15028 TOR

-, o, 2
Date _==21 - C 3

Input Trace
Stored Trace
Difference Trace e

Figure B3. TDR trace obtained during calibration for sensor 04B03.



CUr30F seeeeacaes 16370 m
Distance/Div..... .25 m/div
Vertical Scale.... 177 mp/div
YP cevranenncaans 0.99

Notse Filter...... 1 avs
POWer cessesesees AT

CUPSOr seeeevaees 16,260 m
Distance/Divesasa +25 m/div
Vertical Scale.... 74.8 me/div
VP eeeeocssaneans .93

Moise Filter...... 1 avs

POWer ceeeinaaras AC

CUPSOr aeeceeeass 16.370 m
Distance /Divieese. .25 m/div
Yertical Scale.... 177 mp/div
¥P tneecanaasases 0.93

Moice Filter...... 1 avs

-1 Difference Trace

Tekbronix 15028 TOR
Date fo=21 -4
Cable 22t B3 <)
Motes 'a_gbivc

Input Trace
Stored Trace ...
Ditference Trace .._......_

Tektronix 15028 TOR.

Date _ﬁ_‘:_’_'__-L

Cable R 2¥W2<

Motss _M_L
V4, L "e

Input Trace
Stored Trace co—ee—..
Difference Trac? so— .

T-?.kl’romx 15028 TOR

Date L= t= i

Cable _Qr.-___h___') oY ST S

totes N naq-'* e o
<A ard-

Input Trace
Stored Trace ...

Figure B4. TDR trace obtained during calibration for sensor 04B04.
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Cursor veceeevees 16.310 m
Distance/Div..... .25 m/div
Vertical Scale.... 177 me/div
VP vevessonnceess 0.99

Moise Filter.see.. 1 avs
POWer.secscaceeee AC

Cursor weceeceaes 16.280 m
Distance/Div..... .25 m/div
Vertical Scale.... 74.3 mp/div
VP carecvcccssess 0.93

Moige Filter...... 1 avs

PO Rr seeeasnaane 3T

CUPSOr wessncenee 16.310m
Distance/Div eesae <25 mfdiv
Yertical Scale.... 177 me/div

VP iveans vesaess 0.99
Moice Filter...eo. 1 avs
POWRr ceeceencers 3C

Tektronix 15028 TOR

Date _ Lz l-caiS
Cable et ¥ &
Plotes VoY AZe

Input Trace
Storad Trac2 eom
Difference Trace ...

Tekbronix 15028 TOR
Date 7 { _G s}
Cavle _Z- 1505
Hotes _1n wont e
V1,2~

Input Trace
Storad Trace cceceeeean
Differance Trace ...

Tektroaix 15028 TOR
Date _ =2 [ =C"
Cable <L 1SN 5

Y T
Hotes,_Sh am bevl 2

So o

Input Trace
Stored Trace o
Differenc? Trace .cueee-

Figure B5. TDR trace obtained during calibration for sensor 04B05.



Cursor ciaceecess 16.330 m
Distance/Div..... 25 m/div
Yertical Scale.... 177 mp/div
YP cececssnascess 8.99

Noice Filter.eieees 1 avs
POWer.ciesescans &8

CuUrsSor siveeceees 16.270 m
Distance/Divaeia.s <25 m/idiv
Yertical Scale.... 74.8 mo/div
¥P teeencceanesss 0.93

Moice Filter...... 1 avs
POWer ciuraosanss 3C

CUrsor vivesseses 16.330 m
Distance/Div..... .25 m/div
Yertical Scale.... 177 mo/div
¥P tesevesceasees 8,99

Moise Filter...... 1 avs
POWRr cviareneass AC

Tekbronix 15028 TOR

Input Trace
Stored Trace _.
Differenc? Trace® ...—

Tektronix 15028 TOR.

Date £=21 45

Cable Q4130 Cr

MHotes _Jows 4% o0
13.72 2.

Input Trace
Storad Trace e
Difference Trace _........

—t

oR
Date /2= 2! s
Cable {3
Motes Ste ==

- n
CF T

Tekbronix 15022

PRI N

Input Trace
Stored Trace ae .
Difference Trace ..

Figure B6. TDR trace obtained during calibration for sensor 04B06.



Cursor vuiviesaess 16.500 m
Distance/Div..ie.. .25 m/div
Vertical Scale.... 177 mo/div
YP eeeentrnrene.s 0.93

Moise Filter...... 1 avs

L P

Cursor evceeveae. 16,4350 m.
Distance /Div..... .25 m/div
Vertical Scale.... 74.8 me/div
A s XX 1-1

MNoise Filter...... 1 avs
Power.iiiieeenee. ac

T CHPSOP viieiene.. 16,500 m
Distance/Div..... .25 m/div
Vertical Scale.... 177 mo/div
¥P eeiiiinnennae. 0.93

Moize Filter...... 1 avs
POWer ceervinaes. 2C

Tekbronix 15028 TOR __
Date _Ja =7 [ —Cr3

Cable _p sl W0 2

Motes 1= Al

lnput Traee
Stored Trace (o
Difference Trace

Tektronix 15028 TOR
Date =2/ ~G7F
Cable DK/
Notes __vt e~
1¥.2.2

Input Trace
Stor2d Trace ee .
Difference Traze

Tekbronix 15028 TOR _
Date O =2 l—cry
Cable 9% N0

Input Trace
Storad Trace
Difference Trace ...

Figure B7. TDR trace obtained during calibration for sensor 04B07.



Cursor viveeieese 16,330 m
Cistance /Div...es .25 m/div
Vertical Scale.... 177 mo/div
¥P eeeeanscennnns Q.59

Moise Filter...... 1 avs
POWer.eeeneeeass 3C

Tektronix, 15028 TDR
Date _ L2/ G
Cable L1 =1L
Motes _ Zie A2.

Input Trace
Stored Trace o __
Difference Trace ...

CUrsor cuoeveenees 16,260 m
bistance /Div..... .25 m/div
Vertical Scale.... 74.3 me/div
VP eieveeeianeasa 0.93

MNoise Filter...... 1 avs
POWeEr ieeiranansn aC

Tektronix 15028 TDR

Oate L2 0-5¢"

Cable _E=8ow

Motes to st Tee
)%

N.L o

Input Trace
Stored Trace oo
Difference Trace . ____.

CuUrsor wovvieena. 16.320 m
Distance /Divii... .25 m/div
Vertical Scale.... 177 me/div
YP eriieieinnees 8,99

Noize Filter...... 1 avs
Power.ieieiaaaa. &

Tekbronix 15028 TDR

Date _..T(:) —L/-$5

Cable O 5L UY

Motes Shartced o9
ST

Input Trace
Storad Trace e
Difference Trace ..

Figure B8. TDR trace obtained during calibration for sensor 04B08.
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CUrsor siveeaeaas
Distince /Div.....
Vertical Scale....
YP eiiccencans ves
MNoise Filter......
POWer ciiiiennnan

Cursor vovevecnn.
Distance /Div.....
Yertical Scale....
¥P cerevenncnnans
Moise Filter......
Pover.iceceaea.

CUrsor viveceenn.
Distance /Div.....
Vertical Scale....
YP teiseininenann
Moise Filter......
Power....ceeeas.

16.270 m
.25 m/div
177 me/div

0.99

1 avs

ac

16.270 m
.25 m/div
74.3 ma/div
0.99
1 avs

ac

16.270 m
.25 m/div
177 mo/div

0.93

1 avs

ac

Tekbronix 15028 TOR
Date _(r=2i-97

Cable 23109
Motss dm Khie

lrput Trace
Storzd Trace

Differance Trace

Taktronix 15023 TDR
Data _ {72! -%e)
Cable 21320
Notss 120 lLsoi=re
4.7~

Input Trace
tored Trace oo .
Gifrzrence Trace

Tekbronix 15028 TOR —

Date _ =7 I~ G5

Cable N-11509

tiotes Sty o ot -t
[ .

lnput Trace
Storad Trace L. _
Differsnce Trace ...

Figure B9. TDR trace obtained during calibration for sensor 04B09.
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CUrsar ceieenacs. 16,600 1
Distance /Divesies .25 msdiv
Vertical Scale.... 177 mo/div
YP erereienceeaed 0.98

Moise Filtar...... 1 avs

Cursor eeveiaess. 16,600 m
Cistance/Div..... .25 m/div
Vartical Scale.... 74.8 m»/div
| £ « .- -

Moise Filter...... 1 avs
Power.isicenaaes ac

Cursor ...cccu... 16.600 m
Distance Diva.... .25 m/div
Vertical Scale.... 177 me/div
WP tieeiiiiieee.. 0.99

Moise Filter...... 1 avs
Power..coinune.. ac

Tektronix 15028 TDR
Oate L& -2 1-4

Cible %13
Motes' n Air

Input Trace
Stored Trace __ .
Difference Trace —.___

Tektronix 15028 TOR
Date _e=71-C5"
Cable Octidlo

Motes In swatpr
13.7. 27,

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

Tektronix 15028 TOR
Date _G =21~

Cable .gi%_
Motes Shemded

$tap =

lnput Trace .
Stored Trace e
Difference Trace ___.__

Figure B10. TDR trace obtained during calibration for sensor 04B010.
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APPENDIX C

Installation Information



Appendix C has the following supporting information.

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

Figure C5.
Figure C6.
Figure C7.
Figure C8.

Table C1.

Instrumentation location within the section.

TDR traces measured during installation for sensors 04A01 thru 04A05.
TDR traces measured during installation for sensors 04A06 thru 04A010.
Measured field moisture contents and TDR moisture contents during
installation.

Instrumentation installation in progress.

Weather station and instrument cabinet.

Instrumentation hole after repair.

Observation well/piezometer.

Measured field moisture contents during installation.
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Cur: ..., 12,250 m
Cis Maeee  #29 midiv
Ve 2alece.. 133 mesdir
YP oereeans veseees .93

Maisa Filter.... 1 avs
Sower.e... Lo bat

Curs- e 8.260m

Dist: ../Div..... .25 m/div
Yertical Scale.... 133 mo/div
VP edieerenneaa. . 0.93

Noise Filter...... 1 avs
Power........... bat

Cursor veveviee.. 13.260 n
Distancs /Div..... .25 m/div

Yertical Scale.... 133 me/div:

| PR o JX-1-)
Moise Filter...... 1 avg
Power...i.vue... bat

Cursor coveiec... 18.260 m
Distance Div..... .25 m/div
Vertical Scale.... 133 mo/div
YP eeieetennnee.. 0,99

Noise Filter...... 1 avs
Power........... bat

Cursor vivieie... 18.260 m
Distance/Div..... .25 m/div
Vertical Scale.... 133 mo/div
| R -1

Noise Filter...... 1 av3
Power........... bat

Tektroaix | SO28.TOR

Date A /24758
Cable L4 4n/
fotes

Input Trace
Storad Trace oo een
Difference Trace ...

TePtmmx 150"8 TOR
Date _ N /9 ¢

Cable £& 62
Motes

Input Trace _____
Stored Trace .._______
Difference Trace ____ .

Tektronix_ 15028 TOR
Date P/ //*)

Cable .4 ¥ 20+
Motes

Input Trace
Stored Trace oo .

Difference Trace ..._._._.

Tekh'onixﬂ S028 TOR
Date __A7/14/AC

Cable LY fgy
Flotes

Input Trace
Storad Trace
Difference Trace _.._.__.

Tekbronix 15028 TOR

Date _Z/¢/S
Cable 2% 538
Hotes

Input Trace
Stored Trace

Difference Trase —.____

Figure C2. TDR traces measured during installation for sensors 04A01 thru 04A05.
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Curzor vveeieenes 12.270 m
Qistanca/Dive.... 25 mldiv
Vertical Scale.... 11S mp/div
¥P ceienescennees 0.93

Moise Filter.seea. 1 avs
Power..c.sasaua. bat

Cursor eeveeveees 18.530 m
Distance/Div.vees .25 m/div
Yartical Scale.... 141 mp/div
¥P cvennessenesas 0.99

Moise Filter...... 1 avs

Cursor cvveveeees 18,413 m
Distance /Divas... .25 m/div
Vertical Scale.... 133 mo/div
| L « -1

Moise Filter...... 1 avs
POWar.iivaneasas bat

Cursor vevvuinea. 18,263 m
Distance/Div..... .25 m/div
Yertical Scale.... 133 mo/div
WP eiiiiiiiie.. 0.99

Moige Filter...... 1 avs
Power..iveeea... bat

Curssr cvvieeen.. 18.230 m
Distance/Div..... .29 m/div
Yertical Scale.... 172 mo/div
YP eceenrnancness 0.99

Noise Filter...... 1 avs
Power ¢ueuuianae. bat
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Tektmmx 14028 TDR
Date £h4/

Cable 2 ¢ XY
MHotes

Input Trace

Difference Trace

Tektronix_ 1 /.,ozs DR
Date !
Cadle ZH R0

Motes

Input Trace
Stored Traes .
Difference Trace ...

Tektronix 15028 TDR
Date ? 18 /54

Cable _£¥A857
Motes

Input Trace
Stored Trace ...
Diffarence Trace ... _.

Tekbronix )5023 TOR
Date
Cable 4308

flotes

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

Tekh'omx 15 8TOR
Date 227277 fld
Cable ..r_m__

Motes

lnput Trace
Stored Trace . _
Difference Trace

Figure C3. TDR traces measured during installation for sensors 04A06 thru 04A010.
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Figure C5. Instrument installation in progress.

Figure C6. Weather station and instrument cabinet.
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Figure C7. Instrument hole after repair.

Figure C8. Observation well/piezometer.
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Table C1. Measured field moisture contents during installaton.

LTPP Seasonal Monitoring Study
Field Measured Moisture Contents

*State Code [04]
*Test Section Number [0114]

Personnel : Phil Friedman

Date : 8/15/95

Start Time : N/A

Finish Time : N/A

Surface Type Asphalt Concrete

Weather Conditions : Clear, Sunny

Unusual Conditions None

TDR Sensor Number Field Measured Moisture Content %

10 5.4
9 5.4
8 6.0
7 6.6
6 6.0
5 3.1
4 2.7
3 2.6
2 1.9
1 3.8
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~ APPENDIX D

 Initial /Data Collect’iqn



Appendix D includes the following support information.

Figure D1.
Figure D2.
Figure D3.
Figure D4.
Figure DS.
Figure D6.
Figure D7.
Figure D8.
Figure D9.
Figure D10.
Figure D11.

Table D1.
Table D2.

TDR trace recorded by the mobile system during initial data collection, sensor
04A01. v

TDR trace recorded by the mobile system during initial data collection, sensor
04A02.

TDR trace recorded by the mobile system during initial data collection, sensor
04A03.

TDR trace recorded by the mobile system during initial data collection, sensor
04A04.

TDR trace recorded by the mobile system during initial data collection, sensor
04A05.

TDR trace recorded by the mobile system during initial data collection, sensor
04A06.

TDR trace recorded by the mobile system during initial data collection, sensor
04A07. -

TDR trace recorded by the mobile system during initial data collection, sensor
04A08.

TDR trace recorded by the mobile system during initial data collection, sensor
04A09. ‘

TDR trace recorded by the mobile system during initial data collection, sensor
04A010.

Hourly average air and top 5 sensor temperature recorded during initial data
collection.

Onsite raw data collected by the datalogger.

Pavement elevations at the time of installation.



TDR HEASUREHENTS : : : : : :
A : : TDR Data Set 1 : Sensor Number: 1
File: B4SB3STP .HOB : : : : : :
Date:  Aug 17, 1895
Total 1 set(s) data :
B.8n 8.5n." 1.9n 1.5n 2.8n 2.5t

Figure D1. TDR trace recorded by the mobile system during initial data collection,

sensor 04A01.
TDR HEASUREMENIS : : : : : :
TDR Data Set 1 : Sensor HNumber: 2

File: B4SBASTP .MOB |/t b S
Date: Aug 17, 1895 : : : : : : : : :
'Iine Of Dag: 9:39 .......... . .......... .......... . .......... .......... . .......... .......... . .......... ,. ..........
Dist -+ Curs (n): 18.6 : : : : : : : : :
Bist btn HuFn (m):.81  |.......... foeereenns e Froeeeeto forrenenees Broreneeees e T S PRI
Gain: 168 s s ; : : P s z
Offset: 51261 SROPRO SR AP CATUUU I e s Ldee FSOE ..
Sanple No: 1 : : : E : : : : :

A e T T T T T T T T e Ty ]
A (n) = 8.93 | i ibE o, e, 300 DU SRS AU
B (n) = 1.83  [reeeeieeeeedeeed g E ;
Trace Length (n)=8.98 : : : : :
Diele. Const.= 28-6 .......... ; .......... . .......... : ..................... : .....................................................
Volunetr HC (x)= 34.6 : : H : :

.......... Teaorerraasiiocrcoanecioassoastonsdocensasncefararcansodionctoracarothoccacclonersccsadencrianans

A : B
Total 1 set(s) data .
8.8n 8.5n 1.8n 1.5n 2.8n 2.5¢

Figure D2. TDR trace recorded by the mobile system during initial data collection,
sensor 04A02.

D-1



TDR HEASUREMENTS

File: B4SBSSTP .HOB

Date: Aug 17, 19395
Tine of Day: 9:39
Dist -+ Curs (n): 18.6
Dist btn WvFn (mn):.B81
Bain: 168
Offset: 51261

Sanple Ho: 1

B.52

A (n) =
= 1.38

B (m)
Irace Length (n)=8.78
Diele. Const.= 15.8
Uslunetr MC (%)= 27.6

Total 1 set(s) data

TDR Data Set 1

éensof Nunbér: 3.

...................................................

...............................

...............................

.......................................................

...............................

........................

....................

....................

................................

....................

....................

...................

Figure D3. TDR trace recorded by the mobile system during initial data collection,
sensor 04A03.

TDR HEASUREMENTS

File: 84SBS5TP .HOB

Date:
Tine of Day:
Dist » Curs (n):
Dist btn HvFn (n):
Gain:
Offset:
Sanple Ho:

Aug 17, 19385
9:40
18.6
.81
168
51261

1

8.74
Z2.86

A (m)
B (mn)
Trace Length (n)=1.32
Diele. Const.= 43.1
Uolunetr HC (x)= 52.8

Total 1 set(s) data

TDR Data Set 1

........................................................

e S R R IR ERE T R F 2

........................................................

R S T X

Sensor Nunher 4

..................

Figure D4. TDR trace recorded by the mobile system during initial data collection,
sensor 04A04.
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TDR HEASUREMENIS

File:  B4SBISTP.HOB
Date:  Aug 17, 1995
Tine of Day: 9:48

Dist »+ Curs (n): 18.6
Dist btn HvFn (n):.01

Gain: 68
Offset: 533648
Sanple No: 1
A (n) = 8.99
B (n) = 1.88
Irace Length (n)=8.81
Diele. Const.= e.a

Uolumetr MC (x)= 8.8

Total 1 set(s) data

TDR Data Set 1

Sensor Nunber 5.

Figure D5. TDR trace recorded by the mobile system during initial data collection,

IDR HEASUREHENTIS

File: 84SBSSTP .HOB
Date: Aug 17, 19395
Tine of Day: 9:41

Dist -+ Curs (m): 18.6
Dist btn HuFn (m):.81

Gain: 66
Offset: 53338
Sanple No: 1
A (n) = 8.93
B (n) = 1.88
Trace Length (n)=8.81
Diele. Const.= .8

Uolunetr MC (x)= 8.0

Total 1 set(s) data

sensor 04A05.

TDR Data Set 1

Sensor Nunber 8

Figure D6. TDR trace recorded by the mobile system during initial data collection,

sensor 04A06.
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TDR MEASUREMENTS
File:  B4SBISTP.HOB

Date: Aug 17, 1935
Tine of Day: 9:41

Dist + Curs (m): 18.6
Dist btn HuFn (n):.01

Gain: 66
Offset: 53313
Sanple No: 1
A (n) = 8.52
B (n) = 1.88
Trace Length (n)=8.48
Diele. Const.= 5.7

Uolunetr MC (%)= 9.6

Total 1 set(s) data

TDR Data Set 1

Sensor Nunber ?

Figure D7. TDR trace recorded by the mobile system during initial data collection,

TDR HEASUREMENTS

File: 84SBI5TP .HOB
Date: Aug 17, 1995
Tine of Day: 9:42

Dist #+» Curs (n): 19.4
Dist btn HVFn (m):.81

Gain: 63
Offset: 53267
Sanple HNo:

A (n) = 8.99
B (m) = 1.88
Irace Length (n)=8.81
Diele. Const.= 8.8

Uolunetr MC (x3)= 8.8

Total 1 set(s) data

sensor 04A071.

TDR Data Set 1

éensof Nunhér: B.

1.5n 2.8n 2.5n

Figure D8. TDR trace recorded by the mobile system during initial data collection,

sensor 04A08.
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TDR HEASUREHENTIS
File: 84SBS5TP .HOB

Date: Aug 17, 18395
Tine of Day: 9:43
Dist »+ Curs (n): 19.4
Dist btn HvFn (n):.81

Gain: 63
Offset: 523973
Sanple No: 1
A (n) = 8.99
B (n) = 1.88

Irace Length (n)=8.81
Diele. Const.= 8.8
Uolunetr MC ()= 8.8

Total 1 set(s) data

TDR Data Sat 1

N R T B L L L LR R R TP PR PP RS PR P

..........................................................................................................

éensof Hunbér: 9.

8.8n B8.5n 1.8nm

Figure D9. TDR trace recorded by the mobile system during initial data collection,

IDR HEASUREMENTS

File: B4SBS5TP .HOB

Date: Aug 17, 1985
Tine of Day: 9:43
Dist -+ Curs (n): 19.4
Dist bitn HvFn (n):.01

Gain: 1668
Offset: 51259
Sanple No: 1
A (n) = 8.65
B (m) = 2.86

Irace Length (n)=1.41
Diele. Const.= 49.1
Uolunetr MC (x)= 56.4

Total 1 set(s) data

sensor 04A09.
.......... T.lzl.%._lzata Stl Sensor Numher 18
a : : ‘B

Figure D10. TDR trace recorded by the mobile system during initial data collection,

sensor 04A010.
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Table D2. Pavement elevations at the time of installation.

Station* Offsets in m. Comments
PE! OWP? ML® | IWP* ILE?
3+00 2.60 2.56 2.50 2.45 2.38
3+25 3.21 3.19 3.10 3.02 2.96
3+50 3.87 3.86 3.76 3.68 3.61
3+75 4.54 4.52 4.44 437 4.31
4+00 521 5.18 5.14 5.06 5.00 Observation
Well/Piezometer
4+25 5.87 5.84 5.78 5.73 5.65 top assumed as
4+50 6.57 6.52 6.47 6.41 6.33 1.0 meter
4+75 7.24 7.21 718 | 7.08 7.02
5+00 7.92 7.89 7.82 7.76 7.68
5+08 8.19
5+15 8.36 8.30
5422 8.51

*. Customary units.
1. Pavement Edge

2. Outer Wheel Path
3. Middle of Lane
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4. Inner Wheel Path
5. Inner Left Edge






