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Post-Diagnostic Report
Seasonal Monitoring Program (SMP)
Connecticut Test Section 091803

1.0 Introc}uction )

The SMP test section 091803 is a GPS-1 experiment, located on northbound

RT 117, approximately 1.5 kilometers north of the Center Groton town limits and
5 kilometers north of the Groton city limits as shown in Figure 1. This road is in a
rural residential area and consists of one 3.7 m wide lane in each direction with a

0.9 m wide paved outside shoulder.

G-

Figure 1: Site Location Map
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The installation of instrumentation on seasonal site 091803 near Groton,
Connecticut was performed on August 19, 1993. Details regarding the installation
are provided in the FHW A-LTPP report “LTPP Seasonal Monitoring Program —
Site Installation and Initial Data Collection, Section 091803, Groton, Connecticut
Report No. FHWA-TS-95-09-01, September 1995”°. Seasonal Monitoring data
was collected at this location from October 15, 1993 to June 22, 1995, and from
October 8, 1996 to October 16, 1997 at which time SMP activities were
suspended. For this LTPP experiment, instrumentation was installed at the north
end of the GPS-1 section. The 61 meters between station 3+00 and 5+00 were
used to monitor the pavement structural response (Falling Weight Deflectometer),
pavement movement (longitudinal/transverse profiles and elevation) and
deterioration (longitudinal profiles and distress mapping). Figure A-1, Appendix
A provides a visual overview of the sampling and testing location.

The overlay of the LTPP site 091803 on RT 117 near Groton, CT provided the
opportunity to do an “out of study” evaluation on the SMP instrumentation
originally installed in October 1993. The post diagnostics at this site also included
the materials characterization that was incomplete, due to auger refusal during the
initial drilling and sampling in 1989. Additionally, core samples were taken for
thickness determination at FWD test points near the instrumentation hole and
crack propagation points in the area between station 5+00 and 5+50.

This report provides an update to the information previously provided in FHWA-
LTPP report “Supplemental Data Collection, Prior to Rehabilitation, Section
091803, Groton, Connecticut, Report number FHW A-TS-00-09-01, December
20007. This report incorporates updates to the tables and additional information
on materials and performance indicators as requested by Cheryl Richter, FHWA-
LTPP technical coordinator. The report briefly outlines the observations from the
instrumentation data collection, condition assessment of the instrumentation,
material removal and sampling at the instrumentation hole and pavement
performance indicators.
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2.0 Preparation and Planning

2.1 Site Investigation

Cheryl Richter (FHWA) and Anne-Marie McDonnell (CT DOT) initiated a post-
diagnostic review of LTPP SMP site 091803. The NARO provided the
coordination and field activity preparations. LTPP’s Technical Service Support
Contractor representatives Gary Elkins and Gonzalo Rada provided instructions
for the post diagnostics in a memo: “Supplemental Data Collection — Connecticut
Test Section 091803 dated April 13, 2000. A copy of the memorandum is
provided in Attachment A. Follow-up instructions and arrangements with CT
DOT were conducted over the next few weeks with sectional pre-construction
FWD and MDS scheduled for May 2 and instrument checks and diagnostics
scheduled for May 3. The longitudinal profiles were completed in June 2000. The
testing went as planned with the exception of the coring of the surface material at
the instrumentation area which was delayed until May 4.

2.2 Site Investigation Group

The post diagnostic review of the site conditions and seasonal instrumentation
status was a cooperative effort between Connecticut Department of
Transportation Office of Research and Materials, Federal Highway
Administration (FHWA) - Long Term Pavement Performance (LTPP) Division,
Law/PCS (AKA Mactec) - LTPP’s Technical Services Support Contractor
(TSSC), and Stantec Consulting - LTPP’s North Atlantic Regional Office
(NARO). The personnel shown in Table 1 participated at the site excavation and
materials, instrumentation observation and removal:
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Table 1: Site Investigation Group

Name Agency Task/Job Title
Anne-Marie McDonnell CT DOT/ Research LTPP Coordinator
John C. Hayman CTDOT/E.G.P. Crew Leader
Jim Mackie CTDOT/E.G.P. Traffic / Maintenance
David Semmelrock CTDOT/E.G.P. Traffic / Maintenance
Roy Duff CTDOT/E.G.P. Traffic / Maintenance
Kevin Jones CT DOT Backhoe
Charles Purdell CT DOT / Test Boring Drilling / Sampling
E. Thomas Budney CTDOT/ Test Boring Drilling / Sampling
Fred Nashold CTDOT/D2 Lab Nuclear Density
Mark Tice CTDOT/D2 Lab Material Samples
Brandt Henderson Stantec / NARO Field Operations Manager
Jim Vogt Stantec / NARO LTPP Data Collection
Bentley Harris Stantec / NARO LTPP Data Collection

2.3 Site Assessment and Work Plan

This LTPP GPS-1 site had incomplete materials data as a result of auger refusal
during the initial drilling and sampling on July 18, 1989. The pending overlay of
this GPS-1 section provided an opportunity to open a test pit to obtain the material
and laboratory results missing from the initial sampling, and evaluate the current
status of the environmental instrumentation installed on August 18, 1993.
Additional core samples were also suggested in the Workplan to examine the
details surrounding the cause and mechanisms of distress and measure the
variation of thickness of the bound surface layer. A limited study to examine
cores at the location of cracking at Falling Weight Deflectometer (FWD) test
locations was done outside of the test section at the instrumentation area. As this
section was to remain in the LTPP program as a GPS-6 experiment core sampling
within the section limits was not practical.
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3.0 Material Sampling and Observation

3.1 Material Sampling at Test Pit Location

The asphalt surface was removed from the area where the environmental
instrumentation was installed at Station 5+20. A portable hand held pavement saw
was used to cut an area from the edge of the paved shoulder to 0.5 meters on the
other side of the existing instrument hole, to the depth of the granular base
(0.189m). The pavement slab was then lifted with the backhoe bucket; broken into
moveable pieces and removed from the instrument hole location and trench as
shown in Figure A-2, Appendix A.

A test pit was then excavated to provide access to determine material type and
depth, perform nuclear gauge tests, remove material samples for moisture and
laboratory tests, and examine the sensors previously installed at the test area for
condition and interface with the surrounding soil. A backhoe was used to remove
the soil in layers of approximately 0.3 meters to a depth of 1.5 meters, adjacent to
the location of the installed instrumentation. Many larger boulders were
encountered in the removal of the subbase material, requiring patience and care in
operation on the part of the backhoe operator. Figure A-3, Appendix A provides a
photo of the large rocks removed during the excavation. A pick, shovel and scoop
were used at the nuclear gauge test and sensor locations to level and remove
material. The use of the backhoe made it easy to examine the various material
layers, sample the soils and remove the environmental sensors.

To gain access to the materials and sensors below 1.5 meters a portable drill rig
with a 225 mm flite auger was used to remove material to a depth of slightly more
than 2 meters. The auger operation was slightly hampered by water infiltration
from a ground stream that seemed to flow at the interface between the subbase
and subgrade layers. Additionally, there was a large rock (sandstone) at the
bottom of the subbase that was augered through at the time of installation. Figure
A-4, Appendix A provides a photo of the drilling operation.
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3.2 Nuclear Moisture/Density Test Results

Immediately after the removal of the surface layer, a nuclear gauge backscatter
density and moisture sample were taken above the instrument hole at 0.191
meters below the surface (adjacent to TDR probe 1). Subsequent to this test,
150 mm direct transmission nuclear gauge samples were taken at:

e 0.191 m below surface adjacent to TDR probe 1
e 0.559 m below surface between TDR probe 2 and 3
e 0.775 m below surface adjacent to TDR probe 4
e 1.070 m below surface adjacent to TDR probe 6

Table 2 provides the results from the nuclear gage tests taken at the instrument
hole test pit. The results indicate the density/moisture relationship as being quite
variable. The high variability is due to many cobbles and boulders, particularly
within the subbase layer. Figure A-5, Appendix A is a photo of the operator
performing the backscatter nuclear density test on the base material. Figure A-6,
Appendix A is a photo showing how the depth measurements were determined for
the moisture/density sampling
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Table 2: Nuclear Moisture/Density Results Taken at Instrument Hole Test Pit

6” Direct Transmission
Layer Type Depth | Probe# | Nuclear Density % Dry Density Remarks
(kg/m’) | (pef) | Water | (kg/m’) | (pcf)
2029.5 126.7 7.49 1888.1 117.9
1 2018.3 126.0 7.30 1881.0 117.4
Base 0.191 1978.3 123.5 7.68 1837.2 114.7 Back Scatter data
2026.3 126.5 7.36 1887.4 117.8
Average | 2013.5 | 125.7 7.46 1873.7 117.0
20552 | 1283 9.11 1883.6 | 1176
1 2186.5 136.5 7 2043.5 127.6 Top of base, above
Base 0.191 2335.5 145.8 6.47 2193.6 136.9 probe 1, rough
2228.2 | 139.1 6.96 2083.2 130 surface
Average | 2201 137.4 7.39 2049.5 127.9
1891.8 118.1 12.35 1683.8 105.1 Top of subbase
3 1891.8 | 118.1 | 13.17 | 1671.6 | 104.4 betwe‘;nprobe”’ﬁ
Subbase 0.559 2180.1 136.1 10.02 1981.5 123.7 tests are taken in ’
2104.8 131.4 10.36 1907.2 119.1 trench
Average | 2000.7 | 124.9 11.48 1794.7 112.0
2042.4 127.5 9.17 1870.8 116.8
4 2053.6 128.2 8.72 1888.9 117.9
Subbase 0.775 2045.6 127.7 9.47 1868.6 116.7 Between probe 4 & 5
2055.2 128.3 9.37 1879.1 117.3
Average | 2048.8 | 127.9 9.18 1876.5 117.1
18918 | 118.1 9.53 1727.2 | 107.8
6 1909 .4 119.2 9.38 1745.7 109.0
Subbase 1.070 1983.1 123.8 7.49 1844.9 115.2 | Between probe 6 & 7
1979.9 123.6 7.70 18383 114.8
Average | 1941.4 121.2 8.53 1788.8 111.7
Note: Depths are measured from Pavement Surface (Meters)

All tests are based on one-minute counts
Backscatter — Nuclear gage plate 25Smm above soil

Direct Transmission — Nuclear gage on soil and probe set to 1 50mm

Nuclear Gage — Boart Long Year MC3-Porta-Gage, SN M36120203517



]
]

POST DIAGNOSTIC REPORT

Long-Term Pavement Performance
LTPP NORTHERN REGIONS
150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805
Tel: (71 6) 632-0804 - Fax: (71 6) 632-4808 - www.STANTEC.com/ltpp

3.3 Proctor Test Results

Table 3 provides the results of the one point Proctor done on May 5, 2000 from
the bagged samples sent to the Connecticut DOT laboratory. A slight delay in
processing of the samples may have allowed for some moisture loss in the
samples, as the moisture determined from the proctor samples was lower than that
obtained from the nuclear gage tests, jar samples and TDR results. In this regard
the ‘insitu value’ for the materials could have been slightly different than that
reported here, but due to the high variability of the soil (numerous cobbles along
with many layer changes) it would be difficult to pinpoint the cause for any
differences as recorded.

Table 3: Results of the One Point Proctor

Lab Dry Density Lab Moisture
Probe # Depth (b/f) /) %)
1 0.330 139.1 2229 5.8
2 0.437 140.7 2255 5.4
3 0.584 135.0 2163 7.83
4 0.737 NA NA NA
5 0.889 135.2 2166 6.0
6 1.041 136.8 2192 6.9
7 1.194 NA NA NA
8 1.346 130.5 2091 10.3
9 1.656 NA NA NA
10 1.961 NA NA NA
Note: Depths are measured from Pavement Surface (meters)

Tested on May 5, 2000 at Nuclear Gage Test Locations
No Proctor Test at Probe 4&7
No Proctor Test at Probe 9&10, to wet to conduct test

3.4 Gravimetric Moisture Sample Results

An extensive number of moisture samples were taken during the excavation of the
test pit. Samples were put in jars and zip lock bags for transfer to the Connecticut
DOT laboratory. The majority of the samples were taken from the TDR probe
location by scooping a sample either above or below the TDR probe onto a metal
plate as shown in Figure A-7, Appendix A. Some of the samples were labeled and
transferred with the proctor materials while other samples were jarred and
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transferred to the Materials and Research laboratory. Table 4 provides the results
of the moisture samples taken mainly at the TDR probe locations. These results
are variable for possibly two reasons: 1) the larger stones were not selectively

removed from the sample and 2) the soil was not of uniform distribution as

extracted from the test pit location. Although the results are variable there is some

consistency in that the sampled moistures throughout the layers are grouped as

either moderately or very wet.

Table 4: Moisture Samples Taken at TDR Probe Locations (Lab set 1) and Instrument

Hole Test Pit (Lab set 2)

Moisture Content (%)
Probe # Depth feres At TDR e At Instrument Hole
(Labset 1) (Lab set 2)
Top 7.26
! 0.330 Bottom 7.54 & 8.06
Top 124 Top 7.19 & 6.35
2 el Bottom 15.2 Bottom 7.67
Top 10.87 & 11.0
= ) X0 Bottom 14.96
Top 6.7 Top 13.35
4 0.737 Bottom 11.9 Bottom 13.04 & 11.0
Top 9.66
5 0.889 10.4 Bottom 9.60
Top 8.2 Top 8.62
. [0t Bottom 9.3 Bottom 8.88
Top 10.1
7 1.194 Bottom 96 10.57 & 8.36
Top 12.4
8 1.346 Bottom 136 11.66 & 12.98
9 1.656 20.2 22.02
10 1.961 Top 19.2 & 13.4 13.09

Note: Depths are measured from Pavement Surface (meters)
Lab set ] tested on May 9, 2000
Lab set 2 tested on May 5, 2000, with:

not labeled top or bottom 8.64%

2 samples labeled 1067m are 7.98% and 6.54%

2 samples not labeled top or bottom

e Probe5

e Probe 6

e Probe 7&8
e Probe 9&10

| sample only
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3.5 Material Laboratory Test Results

The material samples were forwarded to LTPP laboratory contractor
(Braun/Intertec) for testing and analysis. Aside from supplementing the initial

sampling results (that were incomplete due to auger refusal), these results will be
useful in the evaluation of the TDR moisture sensors.

Table 5 summarizes the material properties for the five distinct pavement layers
identified from the excavation and drilling done at the test pit located at station
5420 as part of the post diagnostics conducted on May 3, 2000. Attachment B
provides the list of material tests to be completed and a copy of the Laboratory

reports produced by Braun/Intertec.

Table 5: Material Properties

Description Surface Base Subbase Subgrade 1 | Subgrade 2
Uncrushed |Gravel Sand /w|Silty Sand /w| Silty Sand /w
. Dense Graded
Material (Code) HMAC (01) Gravel (304) | Cobbles (303) | Gravel (145) | Gravel (145)
BG-55 BG-02 BS-02 BS-01
Thickness (mm) 189 299 1056 264 192
Lab Max Dry Density (kg/m’) 2259 2259 1778
Lab Opt Moisture Content (%) 6 5 16
Specific Gravity 2.8 2.78 2.74 2.73
Bulk Specific Gravity 2.444
Max Specific Gravity 2.539
Liquid Limit 0 0 0 24
Plastic Limit 0 0 0 20
Plasticity Index NP NP NP 4
% Passing#200 (washing) 4.2 8.4 44.7 56.1
Avg. Resilient Modulus (MPa) 53.5
Avg. of Std. Deviation 0.09

Resilient Modulus

Note: The average of Resilient Modulus and the standard deviation are calculated based on 15 sequences applying the
Pressurerange of 13.8 — 41.4 kPa and the Nominal Maximum Axial Stress range of 13.3 — 68.8 kPa.

10
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3.6 Core Sample Results

To examine the surface thickness at the FWD test locations and along cracks that
had formed in the pavement surface layer, nine 4-inch cores were extracted near
the test pit location at the 5S+00 end of the GPS section. No samples were possible
atthe FWD test locations within the section as this site was to remain in the LTPP
program as a GPS-6. Figure 2 provides a diagram outlining the location for the 4-
inch cores. Cores 25, 26 and 27 were placed at the FWD test spots located at the
instrumentation area. Cores 28-30 were placed prior to the instrument hole in the
outer wheel path in an area exhibiting fatigue cracking with cores 31-33 placed
along a transverse crack that was 2.1 meters north of the instrument hole. Table 6
provides a summary of the core thickness and condition. Figure B-1 through B-
10, Appendix B provides photos of the coring operation and the nine cores
extracted. The fatigue cracking in the wheel path initiated in the surface and
extended to a depth of 12-50mm. The transverse cracks initiated in the surface
and extended to a maximum depth of 152mm. The exception was core 33 which
separated at the crack location. The core width ranged from 2-12mm with the
larger gap at the surface. Spalling was evident on the transverse cracks. The core
thickness on average was some 10mm less than that recorded for the test pit
(189mm).

11
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Figure 2: Diagram of Core Sample Locations
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Table 6: Results of Core Examination

Date 4-May-00 Material Code 700
Core Size (inch) 4 Material Description AC
Core Hole No. 25 26 27 28 29 30 31 32 33
Location (m) 156.6 158.1 159.6 1549 | 1554 | 155.8 160.9 160.9 160.9
Location . Taken between 152.4m
Déstription Taken from FWD Location & 158.5m Taken @ 160.9m
Offset(m) from, | - 79 1.90 079 | 079 | 0.79 | 079 | 1.8 1.89 219
Pavement Edge
Average
Thickness (mm) 184 178 178 178 178 191 178 171 165
= La)"er' Binder Binder Binder
.2 | Description
= ?
E Tlg;‘;‘)ess 102 102 102
<
=
" La)./ o Surface Surface Surface
3 Description
= :
= | Thickness 7176 76 76
(mm)

13
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Table 6: Results of Core Examination Cont...

Core

General ! ) 3 o
Hole DEG e Tme Cracking/Spalling Information Additional Notes
No.
Start of
25 fatigue Cracking 26mm down one side of core
cracking
26
Fatigued
27 FWD Sealed cracks - depth of 47mm & 24mm
location
28 Fatigue Cracks measured as deep as 12mm
region -
29 cracking Cracks measured as deep as SOmm
starting at
30 L Cracks measured as deep as 44mm
102mm & 152mm Cracks 3-4mm Crack not quite
31 crack depth on wide on surface through cores
Transverse side of core entire depth
crack Crack Crack width . .
. S Partially . Corein
32 | propagating originating 8-13mm at top, spalled Material various pieces
through at surface 2-3mm at bottom p beginning to p
entire core separate along Core in various
33 Transverse crack spalls off side of core failure plane pieces, Broken

along failure plane

14
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4.0 SMP Data Collection and Instrumentation Removal

4.1 Final SMP Data Collection

Prior to beginning excavation of the materials at the instrumentation hole location
the following SMP instrumentation measurements were performed:

1. Automated TDR - Three sets of Mobile automated TDR measurements
initiated at 8:54 am, 9:47 am and 10:03 am. Figure A-8, Appendix A provides
a photo of the operators collecting the final set of automated TDR data. All
ten TDR sensors were working and provided a good trace. An intermittent
trace on the Number 2 TDR sensor was considered a Mobile multiplexer
problem and had nothing to do with the cable itself. There appears to be
moisture in the connector at the Printed Circuit Board (PCB) mating the cable
to the probe for sensors four and eight, but this has little or no affect on the
probe output. The first set of TDR traces had the cables improperly connected
for multiplexer 1; the probe locations were readjusted to display the probes in

! the correct order. Appendix C, Figures C-1 through C-3 provide the TDR

- traces for the three TDR data sets initiated at 8:50, 9:47 and 10:03. Table 7

provides the volumetric moisture content determined from the 3 TDR data

sets.

Table 7: Volumetric Moisture Content for the 3 Automated TDR Data Sets

TDR Sert s Automated Volumetric Moisture Content - May 3, 2000
Sensor |Depth (mm)|  get Time Set 2 Time | Set3 | Time Average Star}dgrd
Deviation
! 1 0.330 19.1 8:54 19.1 9:47 18.5 10:03 18.9 0.3
2 0437 21.5 8:53 20.3 9:48 20.3 10:04 20.7 0.7
3 0.584 30 8:53 30.6 9:48 30.6 10:04 30.4 0.3
4 0.737 21.5 8:52 22.1 9:49 22.1 10:05 219 0.3
5 0.889 13.6 8:51 12.5 9:50 17.2 10:06 14.4 2.5
6 1.041 20.3 8:51 19.7 9:50 19.7 10:06 19.9 0.3
7 1.194 20.3 8:50 20.9 9:51 20.3 10:07 20.5 0.3
8 1.346 28.2 8:54 28.2 9:51 27.6 10:07 28.0 0.3
9 1.656 47.2 8:55 46.8 9:52 47.6 10:08 47.2 0.4
! 10 1.961 25.8 8:55 27.0 9:52 25.8 10:08 26.2 0.7

15
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2. Manual TDR - Two sets of Manual TDR traces were collected by connecting

the TDR probe cables directly to the Tektronix cable tester. The traces were
printed to provide a permanent record. The second set of Manual TDR
measurements were taken just prior to removing the TDR probes from the test
pit, to provide moisture values to compare with the soil moisture samples
taken from around the TDR probes. The results of the interpretation of these
traces are provided in Table 8. A partial set of TDR traces was taken during
the removal of the TDR sensors; the results have not been provided with this
report. The manual TDR traces and trace interpretation are provided in
Figures C-4 through C-7, Appendix C. There appears to be a slight time
discrepancy between that of the automated data logger and the manual TDR
taken with the Tektronix cable tester. In reviewing this we have decided that
the manual trace times recorded were off by 10 minutes. The time provided in
the interpretation summary has been adjusted as presented in Figures C-5 and
C-7, Appendix C.

Table 8: Volumetric Moisture Content for the 2 Manual TDR Data Sets

Manual Volumetric Moisture Content
TDR Sensor
May 3, 2000

Sensor |Depth (mm) - "
Set 1 Time Set 2 Time
1 0.330 232 935 23.2 1028
2 0.437 28.9 936 N/A 1100
3 0.584 32.0 937 32.5 1101
4 0.737 25.9 937 25.9 1102
5 0.889 23.2 938 25.9 1103
6 1.041 23.2 939 23.2 1104
7 1.194 25.9 939 24.0 1105
8 1.346 349 939 31.0 1106
9 1.656 48.4 940 48.4 1107
10 1.961 27.7 940 27.7 1108
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3. Automated Resistivity - Mobile automated Resistivity measurements were
taken in conjunction with TDR data collection at 8:46 am, 9:39 am (extra),
9:43 am and 9:59 am. The resulting traces and resistance values along
with a 100k-resistor reference value are provided in Figures C-8.1 through
C-8.4, Appendix C. What appeared as reasonable and very repeatable
results were collected from all contact points; based on soil condition and
water table depths. Due to the time of year and soil condition these results
will have no relevance to frost/thaw conditions at the site, but provide a
benchmark for determining when frost and/or thaw has occurred.

4. Manual Resistance/Resistivity - A set of Manual contact resistance
measurements were taken at 9:25 am and a set of Four-Point resistivity
measurements at 9:35 am. The measurements and results are provided in
Figures C-9.1 and C-9.2, Appendix C for the contact resistance and C-10.1
and C-10.2, Appendix C for the Four-point resisitivity. The resulting
traces are similar to those of the automated measurements. As previously
mentioned these results provide a benchmark for when frost and/or thaw
occurs. These results can also provide insight to change in moisture
content of the soil over time.

S. Piezometer Benchmark/Water Table - The piezometer located at station
4+00 was in excellent condition as is evident from the photo in Figure A-
9, Appendix A. The piezometer pipe was stable and had minimal
infiltration of fines that would have affected the water depth readings. The
depth measured from top of pipe to bottom was 3.064 meters with the two
sets of reading taken at 07:20 am and 17:30 pm providing a depth to water
of 1.25 meters from the top of the pipe. The water depth from the top of
instrument hole is 2.1175 meters. It should be noted that there was a water
stream identified in the test pit between the subbase and subgrade layer at
1.55 meters or approximately 0.5 meters above water table level.
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6. Instrument Hole Distress - Access for the instrument hole at 091803 was
through a square block cut from the ACC surface. Over time cracks had
formed at the end of the saw cuts and the slab and trench had settled as is
shown in Figure 3. The cracks at the instrument hole area were well sealed
(see Figure A-1, Appendix A) which would indicate that the conditions
surrounding the block would have had little if any effect on the
instrumentation.

ONAL MONITORING PROGRAM
A SHEET SMP—MT (Page’)
URVEY OF INSTRUMEN

TYPICAL BITE
SIONING & MARKING
WMD—LANE

M
£
LOW SEVERITY <l
TRANSVERSE \ LOW SEVERITY 2
CRACK \ [RANSVERSE 3
Ll :
; \4”‘ ACK t
§ 5!’ §J
’ |
N S S
MCDERATE FATIGLE | °* | MODERATE FATIGUE
XK X IO OX X
Al _j(‘z L,,l A A A
\54 \\4,. INSTRUMENTAT.ON AREA
! &2

. LOW SEVERITY LONGTUDINAL CRACX

“ECGE 0F ROAD PANT STRIPE

S~OULDER

MEASUREMENT DEV:CE :  CEORCIA FAULTMITER

| o SETTLEMINT, e
LOCATION —
LCCATION 1 | LOCATICN 2 [ LGCATION 3 |LOCATION 4

INSTRUMEMTAT:ON SITE 091883

3.0C< /iHOLE -5.8 —48 P T4 0.2
TRENCH -71 -4.7 ION/A N/ CONNECTICUT
T oewess
o N _05/21 FIGURE A-3 Disiress Survey of nstrumentation Arec

Figure 3: Distress Survey of Instrumentation area.

18



POST DIAGNOSTIC REPORT

Long-Term Pavement Performance
'~ LTPP NORTHERN REGIONS -
150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805

Tel: (716) 632-0804 - Fax: (716) 632-4808 - www.STANTEC.com/ltpp

7. Temperature - The MRC thermistor probe was connected to the CR10
datalogger and the measurements were monitored for approximately one
hour. Seventeen of the eighteen MRC thermistor sensors were operational
and provided reliable results. The number one MRC thermistor was
inoperative, which is typical as this sensor is closest to the surface, and is
the least protected from the environmental and traffic impact. The
temperatures from the final month (in year 2000) as provided by the MRC
thermistor probe are provided in Figure 4.

24
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g 28 ——MRC#7
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Figure 4: Temperature Profile from the MRC Thermistor Probe
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4.2 Sensor Removal and Examination

The TDR sensors were removed one at a time from the top downward as the test
pit was excavated and drilling progressed to the bottom of the instrumentation test
hole. Measurements were taken from the top of the pavement surface to the top of
each sensor (TDR sensor, MR C thermistor probe and ABF resistivity probe). The
soil profile did not show any difference between the soil layers or material
characteristics at the instrument hole area and the surrounding test pit area. This is
rather surprising when you take into consideration the wet weather conditions and
installation problems during removal and placement of soil and instrumentation at
the installation. Figure 5 provides the profile of the pavement structure and the
probe depths from the pavement surface at station 5+20. Table 9 provides the
installed location depths for the MRC thermistor sensors, ABF resistivity
electrodes (partial) and TDR sensors as measured at the time of the removal. The
condition of the sensors and the interface with the surrounding soil is as follows:

e The ten 3-prong 203mm TDR probes, manufactured to FHWA/LTPP
specification by FHWA-Turner Fairbanks Laboratory, were in very good
condition, but due to the coarse nature of the base/subbase material and the
depth and wet conditions of the subgrade, the instrumentation was almost
impossible to remove intact. There was no visible corrosion, loose or weak
connections observed for any of the connections. Figure A-10, Appendix A
provides a photo of a TDR probe damaged during removal from the soil.

o The ABF resistivity probe was removed intact from the instrument hole. The
probe was at a depth of 0.220 meters from the pavement surface. The probe
electrodes (copper rings) were in good condition with some minor corrosion
developing on the rings and cable solder joints.

e The MRC thermistor probe was damaged in the early stages of removal when
the backhoe operator tipped the bucket back to remove a large rock as shown
in Figure A-11, Appendix A. The height of the probe, as measured from the
pavement surface, was 0.215 meters. The probe was firmly matted to the
surrounding soil.

20



POST DIAGNOSTIC REPORT

Long-Term Pavement Performance

' LTPP NORTHERN REGIONS

150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805
Tel: (716) 632-0804 - Fax: (716) 632-4808 - www.STANTEC.com/ltpp

Denth TDR TDR
Pavement Layer p Depth Depth Comments
(imm) *
(mm) (mm)
Average Block Depth
Asphalt 189 mm
189
Assumed Thermistor
335 330 Probe Depth 214 mm
Medium Brown Gravel 330 Measured 215mm
437 (437)
488
Assumed Resistivity
589 (584) Probe Depth 214
Measured 220mm
TDR 4i 742 (737)
Grayish Dark Brown 894 (889)
Silty Gravel with Sand
(Numerous m 1046 (1041)
Cobbles/Boulder)
1199 | (1194)
DR 8 1351 (1346)
1544
Black Loam with TDR 9 1656 (1656)
Traces of Gravel
1808
Light Brown Silt and
Sand (Yellowish)
2000 TDR 10 1961 (1961)

*( ) measured at time of excavatien and removal from soil
Figure S: Profile of Pavement Structure and Probe Depths From Surface, Station 5+20
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Table 9: Installed Location of MRC Thermistor Sensors, Resistivity Probe Electrodes and

TDR Sensors
Layer MRC Thermistors Resistivity Probe Electrodes TDR Sensors Remarks
Channel # | Depth Electrode # Depth Sensor # Depth
Surface 1 0.025 Installed inthe AC
2 0.095 layer
3 0.164
Base 4 0.240 1 0.250 Installed below the
5 0.317 3 0.350 09A01 0.330 | AC layer into the
6 0.393 4 0.400 09A02 0.437 | subgrade
Subbase 7 0.469 6 0.500 Installed below the
8 0.545 7 0.550 09A03 0.584 | AC layer into the
9 0.698 10 0.700 09A04 0.737 | subgrade
10 0.850 13 0.850 09A05 0.889
11 1.002 17 1.050 09A06 1.041
12 1.155 20 1.200 09A07 1.194
13 1.307 23 1.350 09A08 1.346
Subgrade 14 1.460 26 1.500 Installed below the
15 1.612 29 1.650 09A09 1.656 | AC layer into the
16 1.764 32 1.800 09A10 1.961 | subgrade
17 1.917 35 1.950
18 2.069 36 2.000

Note: Depths are measured from Pavement Surface (m)

5.0 Comparison of Methods for Determining Soil Moisture Content

The moisture values determined through TDR measurements for the LTPP
program, have been done by sampling the TDR probes using a ‘manual method’
to obtain printed trace profiles or in an ‘automated mode’ using multiplexers to
sample and store the data in a CR10 datalogger. Since the interpretation method
between the two procedures differs, a comparison of the moisture determined by
each method, on data collected at the same time, was done as part of the
supplemental data collection.

Table 10 provides the volumetric moisture content for both the manual and
automated TDR traces collected on May 3, 2000, using LTPP procedures. The
results provide the variation in moisture for both material type and location. In
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general the manual trace interpretation provides slightly higher moisture values
than the automated TDR traces. A slight difference between the data sets, as
collected at different times, was also observed. This could be the result of a slight
change in the TDR waveforms due to the soil being disturbed from the removal of
the surface material, changes due to evaporation or the electronic/mechanical
efficiency of the Tektronix cable tester. The difference, as a percentage, is
provided for data set 2 of both the manual and automated TDR traces in Table 11.
These results would indicate that the TDR method for determining moisture
content of soil is every bit as reliable as that of the Nuclear or Dry Weight
method. The difference between the automated and manual method is more likely
due to interpretation than the actual TDR traces as the both sets of traces are
produced from 256 data points captured by the Tektronix cable tester.

g Table 12 provides a comparison of the TDR gravimetric moisture content
determined by converting the volumetric data to % weight using the material
density values from the Proctor test results. Table 13 provides a comparison

g between gravimetric moisture as determined by manual TDR method, The
Nuclear method and the moisture from the various material samples that were
dried and weighed at the Connecticut DOT laboratories. The soil samples taken at

g the TDR locations provided a large variation in moisture content. The amount of
variability of the sampled material makes it difficult to do a direct comparison
between the two methods of determining moisture content. What is evident is the

3 moisture values show a similar change for all 3 methods for the various soils
sampled at different depths. Due to the wide variability in soil composition and
the number of cobbles and big rocks encountered, the results are probably quite

3 reasonable depending on the location of sample. The results indicate all 3
methods are valid for determining if the soil is moist or wet. The results do not

g provide the type of information to accurately interpret if the TDR method is
providing reasonable gravimetric moisture, in particular, when compared with the
laboratory dry weight method.
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Table 10: Volumetric Moisture Content for the TDR Data sets

TDR Manual (%ovol) Automated (%vol)

Sensor | get | Time Set 2 Time Set 1 Time Set 2 Time Set3 | Time
1 232 935 232 1028 19.1 8:54 19.1 9:47 18.5 10:03
2 28.9 936 N/A 1100 21.5 8:53 20.3 9:48 20.3 10:04
3 32.0 937 32.5 1101 30 8:53 30.6 9:48 30.6 10:04
4 25.9 937 259 1102 215 8:52 22.1 9:49 22.1 10:05
5 232 938 25.9 1103 13.6 8:51 12.5 9:50 17.2 10:06
6 23.2 939 232 1104 20.3 8:51 19.7 9:50 19.7 | 10:06
7 25.9 939 24.0 1105 20.3 8:50 20.9 9:51 20.3 10:07
8 34.9 939 31.0 1106 28.2 8:54 28.2 9:51 27.6 10:07
9 48.4 940 48.4 1107 472 8:55 46.8 9:52 47.6 10:08
10 27.7 940 27.7 1108 25.8 8:55 27.0 9:52 25.8 10:08

Table 11: Comparison of Manual and Automated TDR Volumetric Moisture Content

Date: 03/May/2000
Probe Velocity .99
Probe length .203m

Start time: 0935hrs | Start time: 0947hrs Differentials
Pavertos La)./er. Probe | Depth below Manual TDR Automated TDR  {Dielectric| Moisture
ME Description No. |surface (mm)Diclectric Dielectric Constant
(%/vol) (%/vol) 3 (%diff)
Constant Constant (%diff)
| Medium brown | 1 330 12.3 23.2 9.8 19.1 20 18
. ”gr/z,ayel 2 437 15.8 28.9 10.8 20.3 32 30
3 584 17.9 32.0 17.0 30.6 5 4
Grayish 4 737 13.9 25.9 11.8 22.1 15 15
Sub-base brown si!ty 5 889 - 12.3 23.2 9.2 12.5 25 46
' gravel with 6 1041 12.3 23.2 10.4 19.7 15 15
Large rock 7 1194 13.9 25.9 10.8 20.9 22 19
8 1346 20.1 349 15.0 28.2 25 19
Black loam 9 1656 35.6 48.4 34.4 46.8 3 3
Light brown 10 1961 17.1 27.7 13.9 27.0 19 3
loam
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Table 12: Gravimetric Moisture Content for the Manual & Automated TDR Data sets

Manual (%/wt) Automated (%o/wt) Moisture
TDR Sensor A : Differential
Set 1 Time Set 2 Time (%diff)
1 10.4 935 8.6 947 17
2 12.8 936 9.0 948 30
3 14.8 937 14.1 948 5
4 12.0 937 10.2 949 15
5 10.7 938 5.8 950 46
6 10.6 939 9.0 950 15
7 11.8 939 9.5 951 19
8 16.7 939 13.5 951 19
9 28.9 940 27.9 952 3
10 16.5 940 16.1 952 2

Table 13: Comparison of Manual TDR and Gravimetric Moisture Content at time of TDR
Removal of Soil

Date: 03/May/2000 Laboratory Procior Dry Weight TDR Method |Nuclear Density Results
Time: 1038 hrs Results Method
Depth D TDR Moisture | Probe moisture sample
fas ; Layer Probe | below Ty gensity Probe moisture content (%o/wt)
yer typ Description | No. |surface 3 2 sample (%/wt) :
(tfim) (Ib/ft) |(kg/cm™)| (Yo/wt) (%/vol) | (%/wt) | Min-Max | Average
 [Medium brown| 1 330 | 139.1 | 2229 5.8 7.54-8.06 23.2 104 | 6.47-9.11 7.39
gravel 2 437 140.7 | 2255 5.4 6.35-7.67 28.9 12.8 1002-13.171  11.48
3 584 135.0 | 2163 7.8 10.87-14.96 32.0 14.8
Grayish 4 737 135.0 | 2163 N/A 11.0-13.04 25.9 12.0 872-9.47 918
brown silty 5 889 135.2 | 2166 6.0 8.64-9.66 23.2 10.7 ' ' '
Sub-base :
gravel with 6 | 1041 | 136.8 | 2192 | 6.9 6.45-8.88 | 232 | 106 | 5 0063 | gs3
Large rock 7 1194 | 136.8 | 2192 | N/A | 8.36-10.57 | 259 | 11.8 T ]
8 1346 | 130.5 | 2091 10.3 11.66-12.98 | 34.9 16.7 N/A N/A
Black loam 9 1656 | 110.0 | 1675 N/A 22.02 48.4 28.9 N/A N/A
Light brown 10 1961 | 110.0 | 1675 N/A 13.09 27.7 16.5 N/A N/A
i T L A loam
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6.0 Collection and Reporting on Monitoring Data

As part of the pre rehabilitation testing at this LTPP GPS-1 site, Falling Weight
Deflectometer (FWD), Manual Distress Survey (MDS), Transverse &
Longitudinal Profiles and Elevation data were collected. In addition to the
closeout testing, two sets of FWD data were collected on the seasonal monitoring
portion of the section. This data has been added to the LTPP Information
Management System (IMS) database. The pavement performance monitoring
data has been analyzed, with the exception of the FWD seasonal monitoring data,
and historical trends are reported as part of this document. Post construction
material sampling and MDS was completed on this section in early July 2000,
with FWD and profile data collected in the fall of 2000. This site has remained in
the LTPP program as a GPS-6s. The following provides the results of the analysis
and reports on the trends in the data from the initial data collected as part of the
LTPP program to the last set of data collected as part of the post-diagnostic study.

6.1 Deflection Data Analysis Results

The average normalized temperature corrected deflections for the 40 KN
equivalent loading for all the stations were plotted with time. In addition, the
results for station 3+00 (91m) have been plotted to show the dispersion
represented by an individual test location. The surface deflection trends, as
reported from the sensor located under the load plate, are provided for all stations
and station 3+00 in Figures 6 and 7 respectively. Similarly, the results
representing the subgrade deflection trends, as reported from the sensor located
1.524 meters from the load plate, are provided for all stations and station 3+00 in
Figures 8 and 9 respectively. The results, as presented in the Figure 6 through
Figure 9, show an increase in deflection indicating the pavement is losing strength
as time progresses. The results would indicate that the rate of increase in subgrade
deflection is more than rate of increase in surface deflection.
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Figure 6: Historical Surface Deflection Trend — All Stations
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Figure 7: Historical Surface Deflection Trend — Station 3+00
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Figure 9: Historical Subgrade Deflection Trend — Station 3+00
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Backcalculation was used to analyze the FWD data and provide the moduli values for the overall
pavement structure, the ACC surface layer and the subgrade for all stations and station 3+00
(91m) as reported in Figures 10 through Figure 15. An examination of the results from the
overall structure would indicate that there has been some change with time but this change is
more evident when examining the details from the surface and subgrade plots. These plots
indicate that the pavement structures strength has decreased with time and the rate of decrease in
subgrade strength is more than rate of decrease in surface strength. It should be noted that an
emergency water service was placed parallel to the northbound lane on November 29, 1994.
Blasting was conducted off the shoulder adjacent to the test section to complete this installation.
Subsequent to this installation there was some ‘arc’ shaped cracks identified within the test
section limits. It is possible the installation of this pipeline may have had an effect on the
pavement performance.

Feb-88  dan80 Dec-91  Now$3  OCHI5  Sep-97  Aug-99  Ju-01
- Date |

Figure 10: Historical Trend of Overall Pavement Moduli — All Stations
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Figure 11: Historical Trend of Overall Pavement Moduli — Station 3+00
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Figure 12: Historical Trend of Surface Moduli — All Stations
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Figure 13: Historical Trend of Surface Moduli — Station 3+00
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Figure 14: Historical Trend of Subgrade Resilient Moduli — All Stations
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! Figure 15: Historical Trend of Subgrade Resilient Moduli — Station 3+00

6.2 MDS Data Analysis Results

The results of the MDS surveys are provided in Figures 16, 17 and 18 for the
three distress types evident on the pavement surface of GPS site 091803. The
results of the photo interpretations are provided for 1989 through 1992 and the
Manual Distress survey results are provided for the remainder of the surveys up to
May 2, 2000. Low temperature (transverse cracking) was evident from the initial
surveys with longitudinal and fatigue cracking appearing in the 1992 survey and
becoming more predominate as time progressed. The majority of the longitudinal
and transverse cracks were sealed at the time of the last survey on May 2, 2000.
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Figure 16: Historical Trend of Longitudinal Cracking
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Figure 17: Historical Trend of Transverse Cracking (Low Temperature Cracks)
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Figure 18: Historical Trend of Fatigue Cracking

6.3 Longitudinal Profile Data Analysis Results

Historical IRI data shows that the pavement roughness remained fairly constant
with a slight increase in roughness with IRI’s ranging from 1.5 to 1.7 m/km until
the time of the rehabilitation in June 2000, at which time the IRI dropped in the
range of 1.1 m/km as shown in Figure 19.
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Figure 19. Historical IRI Trend

6.4 Transverse Profile Data Analysis Results

The historical trends in rut depth from the Dipstick® transverse profiles are
provided for station 0+00 (Om), 2+50 (75.2m) and 5+00 (152.4m) and the
sectional average in Figures 20, 21, 22 and 23 respectively. These results indicate
a slight progression in rut depth over time with the right rut in most cases being
slightly deeper than the left. Differences are also evident when comparing rut
depth on a station-by-station basis. These differences could be the result of the
distortion that was evident through the length of the section. The average rut
depth for the survey on May 2, 2000 was 6mm in the right wheelpath and 4mm in
the left wheelpath, which is only slightly more than the results as recorded from
the 1994 survey.
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Figure 20. Rut Depths for Station 0+00 (0m)
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Figure 21. Rut Depths for Station 2+50 (76.2m)
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Figure 22. Rut Depths for Station 5+00 (152.4m)

il e Bl
t E es——————————— D
s I P
¢ @50 o —
o
! 4.0 .
e
s 3.0 -
4
1 8 20 —
. g 1.0
S — _ : ‘ ;
Jan-93 Jun-84 Oct-95 Mar-97 Jul-98 Dec-99 Apr-01
Date '
e RutDepth - Left = Rut Depth - Right
' ——Linear (Rut Depth - Left) .- Linear (Rut Depth - Right);

Figure 23. Average Rut Depths for LTPP Section 091803
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6.5 Elevation Data Analysis Results

A Five-Point set of levels, as per SMP guidelines, were taken at the FWD test
locations to provide any elevation changes that may have occurred over time on
the test section. The data for the May 2, 2000 elevation survey are provided in
Figure C-11, Appendix C. Figures 24 and 25 provide the results of the elevation
surveys conducted over time for Stations 3+00 (91.4m) at the start of the SMP test
location and 5+19 (158.2m) at the instrumentation area. In comparing the results
with previous surveys there is a fair amount of scatter in the data but no particular
trend, indicating little or no change has taken place over time.

0.61
0.60
0.59
0.58
0.57

0.56
0.55 * hd * ¢

Elevation (m) @ Station 3+00

0.54 1
WEI‘93 Nov-83 Auggd Apf95 [chS Aug -96 Apr 97  Jan-98

Date

OPE ;OWP o ML o IWP leE

Figure 24: Hlstorlcal Trends in Elevation Changes — Statlon 3+00 (91.4m)
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Figure 25: Historical Trends in Elevation Changes — Station 5+19 (158.2m)
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7.0 Summary Discussion

E 1. Supplemental data collection was conducted at the CT SMP site in 2000,
some 7 years after original instrumentation installation. This supplemental
data was collected prior to the planned rehabilitation in the area of this LTPP
SMP site location.

2. Generally, all seasonal/environmental instrumentation was in very good
condition and was still in working order at the time of the supplemental data
collection, with the exception of the number 1 MRC thermistor sensor near
the surface of the ACC, which had failed.

3. Materials data not collected during original LTPP GPS drilling and sampling
in 1989 was collected at the time of the supplemental data collection. The
results from the testing and analysis of the materials data have been added to

e e e e e e R e e e e e e
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the IMS database. This provides a significant improvement in the data
available for this section.

Additional valuable data and information is available for the analysis of
seasonal variation of pavement performance from the seasonal, FWD and
elevation data that was collected.

Data and information is also available for examination and evaluation of
equipment and instrumentation performance, in particular to evaluate the
determination of moisture values from TDR sensors. It should be noted that
due to the high variability in the various material layers there were some fairly
large differences in the moisture values depending on the location of sample
and the amount of rock and stone present.

Cores taken at cracks to aid in identifying distress mechanism and cores to
examine surface thickness variation at FWD test locations were taken outside
of the 0-500 foot (152.4m) section limits. This information provided insight
on the progression of the cracks within the ACC layer. An analysis on the
variation in backcalculation results based on thickness variability was not
conducted as part of this report. The FWD data and core thickness information
is available for future analysis.

The monitoring data was used to show the trends in the performance
indicators for this section from the time of the original surveys in 1989 up to
and including the post-diagnostic survey in May 2000. The FWD results
indicate that the structure became weaker over time. The structural weakness
was exhibited by increases in roughness, distress and rutting over the length of
the section. It should be noted that some of the pavement failure could be
attributed to an emergency water service that was installed on November 29,
1994. The pipeline was place of the edge of the northbound lane shoulder.
Blasting required during the placement of the pipeline appears to have caused
arc or crescent shaped cracks within the section limits. The mill and overlay
performed at this site corrected the surface deficiencies but probably would
not provide a long-term improvement in the structural capacity, as
strengthening improvements could be warranted in the supporting layers.
Future monitoring of this section will provide insight into the effectiveness of
the rehabilitation strategy.
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Figure A-2. Pavement slab removal
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Figure A-4. Drilling operation
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Figure A-6. Measuring density/moisture sample location
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Figure A-8. Final automated data collection
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Figure A-10. Damaged TDR probe during excavation
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Figure A-11. MCR thermistor probe damaged during rock removal
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Figure B-3. Core #26

Figure B-4. Core #27
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' Figure B-5. Core #28

£

Figure B-6. Core #29
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Figure B-7. Core #30
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Figure B-9. Core #32

Figure B-10. Core #33
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8.8 8.5 1.0 1.5 2.8 2.5
Ctr+Pgll/Ctr+PgD=Prior/NMaxt Set: F5=Res Data: F2=PrnScn: F8-A,F3=B

TDR AEASURENENTS

ile Name: B9SAGBAE.NHOB

8:53
a1
66

Paint=
Znd Inflec. Point=
. Length, m =
I iesletr. Const.=
lumetr MC, » =

A ; B

Total 3 set(s)

8.8 8.5 1.8 1.5 2.8
Esc=Menu: T §; Ctr+Pgl/Ctr+PgD=Prior Next Set: FS=Ras Data: F2=PrnScn:. F8=A,F9-=PB

l Figure C-1.2. Automated TDR Trace — Set 1, Probe #2
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: 8:53
ist btun WuFm, m: 6.01

nd Inflec. Point=

ppar. Length,
isletr. Const.
olunetr MC, #

Total 3 set(s)

8.8 8.5 1.8 1.5
=Menu: t . Ctr+Pgl/Ctr+PgD=Prior/Mext Set. FS-Reas Data: F2=PrnScn: FB=A

1st Inf lec. Point=
nd Inflec. Point=
Appar. Length, m =
Dieletr. Const.
olumetr MC, «

A ? - B

Total 3 set(s) data

8.8 8.5 1.8 1.5
Esc=flenu: t {. Ctr+Pgll/Ctr+PgD=Prior/Mext Sst. FS=Res Data: F2=PrnScn:

Figure C-1.4. Automated TDR Trace — Set 1, Probe #4
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nd Inflec. Point=
ppar. Length,
ieletr. Const.
o lumatr MC, ~

'Total 3 set(s)

8.8 8.5 1.8 1.5 2.8 2.5
=Menu: t 4. Ctr+Pgl/Ctr+PgD=Prior/Mext Set. F5-Res Data: F2=PrnScn:. F8=A,F3-B

! Figure C-1.5. Automated TDR Trace — Set 1, Probe #5

TDR MEASUREMENTS

ile Name: BISAGBAE .HOB

g ITime of Day: 8:51
ist btun WuFm, m: 8.01

ist Inflec. Point=
nd Inflec. Point=

1
76
.41
.65

4
?

. Const.=
Yolumetr MC, »« =

8.8 8.5 1.8 1.5 2.0 2.5

! Total 3 set(s) data
‘ Esc=Menu: T i Ctr+Pgli/Ctr+PgD=Prior/Next Set: FS5=Res Data: F2=PrnScn. FB8=A,F3-B

Figure C-1.6. Automated TDR Trace — Set 1, Probe #6

|
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ist Inflec. Point= 8.77
nd Inflec. Point= 1.44
ppar. Length, m = 0.67
ieletr. Const.= 11.1

lumetr MC, »x = 28.9

Total 3 set(s) data

8.8 8.5 1.8 1.5 2.8 2.5
; Ctr+Pgl/Ctr+PgD=Prior/Mext Set: FS5=Res Data: F2=PrnScn: F8=A,F9=B

Figure C-1.7. Automated TDR Trace — Set 1, Probe #7

TDR RAEASUREMENTS

ile Name: BISABBAE .HOB

: 8.01
9
54146
1

ist Inflec. Point= 0.79
nd Inflec. Point= 1.58

. m=0.79
. 5 15.4
28.2

data

o

8. 5 1. 8 1.5 2. 8 2.5
3 Ctr'PgU/CtrOPgD:Prlor/Next Set: FS=Res Data:. F2=PrnScn: F8-A,F3=B

Figure C-1.8. Automated TDR Trace — Set 1, Probe #8
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olumetr MC, %

Total 3 set(s) data

8.8 a.5 1.8 1.5 2.8 2.5
; Ctr+Pgll/Ctr+PgD=Prior/Next Set: FS5-Res Data: F2=PrnScn: F8=A,F9=B

2 May 3, 2988
Time of Day: 8:55
Dist btun UuFm, m: 6.61

54876

. Const.
plumetr NC, %

Total 3 set(s) data

8.8 8. 5 1. 8 1.5 2.8 2.5
EscHemu:. T L. Ctr*PgU/CtrOPgDﬂ'rlor/cht Set: FS=Res Data:; F2=PrnScn: F8=A,F9=B

Figure C-1.10. Automated TDR Trace — Set 1, Probe #10

C-6



Long- Term Pavement Performance

LTPP NORTHERN REGIONS
150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805

Tel: (716) 632-0804 - Fax: (716) 632-4808 - www.STANTEC.com/lpp

TDR MEASUREMENTS

0 lunetr nC, '.

Total 3 set(s)

1st Inflec. Point= 8.85
nd Inflec. Point= 1.51
iAppar. Length, = 0.66

18.8
Vo lumetr NC, = 28.3

Total 3 set(s) data

8.8 8.5 1.8 1.5 2.8 2.5
Esc=Menu: t i:. Ctr+Pgl/Ctr+PgD=Prior/Mext Set.: FS=Res Data: F2=PrnScn: F8=A,F3=B

Figure C-2.2. Automated TDR Trace — Set 2, Probe #2
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ist Inflec. Point= 0.06
nd Inflec. Point= 1.69
iAippar. Length, = = 0.83
i . Const.= 17.8
38.6

A ' © B

Total 3 set(s) data

0.8 8.5 1.8 1.5 2.8 2.5
sc=Menu: t {; Ctr+Pgl/Ctr+PgD=Prior/Mext Set. FS=Res Data:. F2=PrnScn. FB8=A,F9-B

Figure C-2.3. Automated TDR Trace — Set 2, Probe #3

TDR HEASMRERENTS
ile Name: BISAGGAE.MOB

(g
54808
1

ist Inflec. Point= 6.91
Znd Inflec. Point= 1.68

) . = 0.69
l i c 1.8
b 22.1

Total 3 set(s) data

8.8 8.5 1.8 1.5 2.8 2.5
Escflenu: t {; Ctr+Pgl/Ctr+PgD=Prior/Mext Set. FS=Res Data:. F2=PrnScn: F8=A,F3-B

Figure C-2.4. Automated TDR Trace — Set 2, Probe #4
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9:58
st btun WuFm, m: 60.01

8.8 8.5 1.8 1.5 2.8
Ctr+Pgll/Ctr+PgD=Prior/Next Set. FS=Res Data. F2=PrnScn:

ist Inflec. Point= 8.76
nd Inflec. Point= 1.41
a = 0.65

18.4
19.7

Total 3 set(s) data

8.8 8.5 1.8 1.5 2.8 2.5
Esc=Menu: T 1. Ctr+Pgl/Ctr+*PgD=Prior/Mext Set.: Fo=Res Data: F2=PrnScn: F8=A,F9=B

Figure C-2.6. Automated TDR Trace — Set 2, Probe #6
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(File Name: B3SABBAE .MOB

ist Inflec. Point= 8.77
nd Inflec. Point= 1.43
m = 8.66

8= 16.8

28.3

data

8.5

1.8

1.5

2.8

2.5

: Ctr+Pgl/Ctr+PgD=Prior/Next Set: FS5=Res Data: F2=PrnScn: raza.rsén

ist Inflec. Point=
2nd Inflec. Point=
Appar. Length, m =
Dieletr. Const.
olumetr MC, Z

Total 3 set(s) data

o

8.5

1.8

1.5

2.8

2.5

Esc=Mernu; t i. Ctr+Pgl/Ctr+PgD=Prior/Mext Set: F5=Res Data: F2=PrnScn: F8=A,F9=B

Figure C-2.8. Automated TDR Trace — Set 2, Probe #8
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1st Inflec. Point= 6.
nd Inf lec. Point
par. Length,
ieletr. Const.
lumetr MC, #

data

8.8 8.5 1.8 1.5
; Ctr+Pgl/Ctr+PgD=Prior/Next Set. FS=Res Data. F2=PrnScn:

Time of Day: 9:52
ist btun UvFa, m: 6.61
: 708

1st Inflec. Point= 0.76
Z2nd Inflec. Point= 1.51
ppar. Length, =08.75
ieletr. Const. 13.9
Jumatr MC, =~ 2.8

A B

Total 3 set(s) data

8.8 8.5 1.8 1.5 2.8 2.5
sc=Menu: t 3: Ctr+Pgtl/Ctr+Pgh=Prior/Next Set: FS5=Res Data; F2=PrnScn: F8=A,F9=B

Figure C-2.10. Automated TDR Trace — Set 2, Probe #10
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8.8 8.5 1.8 1.5 2.8 2.5
Ctr+Pgl/Ctr+PgD=Prior/Mext Set: FS5-Res Data; F2=PrnScn: F8=A,F3=B

Figure C-3.1. Automated TDR Trace — Set 3, Probe #1

TDR MEASURERENTS

1le Mame: BI9SABBAE .MOB

Time of Day: 16:684
ist btun WuFm, m: 8.01

Appar. Length. m =

Vo lumetr MNC,

; I B :
Total 3 set(s) data : : : =

8.8 8.5 1.8 1.5 2. B 2.5
Esc=Menu: T §. Ctr+Pgl/Ctr+PgD=Prior/Mext Set:; FS=Res Data:. F2=PrnScn: F8=A,F9=B
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ist Inflec. Point= @.

nd Inflec. Point

Appar. Length, »
ieletr. Const.
lumetr MC, «

gRo~
anBER o

e i i ;B

data

8.8 8.5 1.8 1.5 2.9 2.5
: Ctr+Pgl/Ctr+PgD=Prior Mext Set. F5=Res Data: F2=PrnScn: F8=A,F3-B

Time of Day: 18:685
ist btun WuFm, m: 0.01
in: (g4
S4889

1

]

ist Inflec. Point= 8.92
nd inf lec. Point= 1.68
ppar. Length, = 0.68
ieletr. Const. 11.4

21.5

Total 3 set(s) data

8.8 8.5 1.8 1.5 2.8 2.5
Esc=HMHenu: t |. Ctr+Pgl/Ctr+PgD=PriorNext Set. F5=Res Data:. F2=PrnScn: F8=A,F9=B

Figure C-3.4. Automated TDR Trace — Set 3, Probe #4
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data

8.8 8.5 1.8 1.5 2.9 2.5
: Ctr+Pgl/Ctr+PgD=Prior/Next Set. F5=Res Data. F2=PrnScn; F8=A,F9=B

1st Inflec. Point= 0.76
nd Inf lec. Point— 1.42
ppar. Length, m s

ieletr. Const.

Total 3 set(s)

8.0 8.5 1.8 1.5 2.8 2.5
Esc=Menu: t 1. Ctr+Pgl/Ctr+PgD=Prior/Mext Set; FS=Res Data: F2=PrnScn: F8=A,F9=B|

Figure C-3.6. Automated TDR Trace — Set 3, Probe #6
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1e1etr Const.=
plumetr MC, © =

i Total 3 set(s) data
Esc=Penu: T i Ctr'PglVCtr*PgD:Prlor/Naxt Set: F'S-Rca Data. FZ-PrnScn. F8=A, P9=B

Figure C-3.7. Automated TDR Trace — Set 3, Probe #7

TDR MEASUREMENTS
ile Name: BISABAAE.MOB

1st Inflec. Point=
2nd Inflec. Pnint-

Total 3 set(s) data

8.8 8.5 1.0 1. 5 2. 8 2.5
Esc=Memnu: t §: Ctr+Pgll/Ctr+PgD=Prior/Next Set.: FS=Res Data:. F2=PrnScn. F8=A,F9=B
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ist Inflec. Point=
nd Inflec. Point=
par. Length,
ieletr. Const.
olumetr MC, =

Total 3 set(s)

8.8 8.5 1.8 1.5 2.8 2.5
=Henu; t 1; Ctr+Pgl/Ctr*PgD=Prior/MNext Set. FS=Res Data:. F2=PruScn. F8=A,F9=B

Figure C-3.9. Automated TDR Trace — Set 3, Probe #9

TDR MEASUREMENTS
ile NRame: BISABBAE .MOB

1st Inf lec. Point=
nd Inflec. Point=
=
ieletr. Const.
olumetr MC, »

Total 3 set(s) data

8.8 8.5 1.8 1.5 2.8 2.5
Esc=Menu: t {. Ctr+Pgll/Ctr+PgD=Prior/Mext Set: FS=Res Data: FZ=PrnScn: F8=-A,F9=B

Figure C-3.10. Automated TDR Trace — Set 3, Probe #10
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Figure C-4.1. Manual TDR Trace — Set 1, Probe #1
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Figure C-4.6. Manual TDR Trace — Set 1, Probe #6
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Figure C-4.7. Manual TDR Trace — Set 1, Probe #7
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Figure C-4.8. Manual TDR Trace — Set 1, Probe #8
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Figure C-4.10. Manual TDR Trace — Set 1, Probe #10
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May 3, 2088
[TH 8:46

Applied Volt, mVU: 1754
[Resistance U, aV! 884
IRR Valua, k@: 181.689

(Nominally 1680 k@)

IRR = Intermnal
Reference
Resistor

Total 4 set(s) data 35 i ' : : : : : i
-168 Voltage (millivolts) 1688
T | = Prior/Next Data Set; FS=TDR Data: F2=Print Screen

Applied Uolt, mV: 1725

esistance U, nV!: 869
IRR Valus, kf: 181.519
| (Momsinally 188 kQ)

IRR = Internal
Reference
Resistor

Total 4 sat(s) data k=~ H : - : : : :
~108 Voitage (millivolts) 1560
t 4 = Prior/Next Data Set: FS=TDR Data.: FZ2=Print Screen

Figure C-8.2. Second set of mobile voltage measurements
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Yotal 4 set(s) data 35 : : : : : 5 : i ,
-308 Uoltage (millivolts) 1588
t ¢ = Prior/Mext Data Set.: FS<IDR Data.: FZ=Print Screen

Applisd Volt, mV: 1721
Resistance U, mV: 868
IRR Valuo, @: 191.758

(Moeinally 1080 kR)

'IRR = Internel
Reference
Reaistor

Hay 3, 2908

Time of Day: 9:59

fpplied Volt, wW: 1713
Resistance V, sV: 864
IRR Value, kR: 181.767

(Mosinaily 108 k@)

IRR = Internal
Ref sarence
Resistor

Tota!l 4 soti(s) data as : i ;
-188 Voltage (millivolts) 1588

BEsc=Menu: T I = Prior/Next Data Set. FS=TDR Data: F2Z2=Print Screen

Figure C-8.4. Fourth set of mobile voltage measurements
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HL.TPP Seasonal Monitoring Program State Code {Gﬁ?
Data Sheet R2 |
Cortact Resistance Measurements Test Section Number i1 393’,2}
1. Date (Month- Day- Year {95432-56%;
2. Time Measuremenis Began (Military} [0828]
3. Comments [CT Forensic Study]
Tast Voltage (ACY) Current {ACA) Ohms
Position | Setting | Reading | Sefting | Heading
1 51 338 1Y 135 25111
2 117 337.2 UA 144 23417
3 my 33583 UA i5 22393
4 v 22813 L 148 24723
5 v 3301 4 133 24820
8 T 271 A 611 4435
7 v 3325 UA 215 15183
3 mv 3358 A 165 22328
4 243 3291 A 19.4 16984
14 my 2689 1A 62.3 4318
11 my 298 4 UA 38.9 7871
12 Y 2855 A 415 7120
13 M 2338 YA g1 2568
14 oy 2499 A 774 3241
15 v 284 1A G4 4128
18 v 276 8 YA 24 7 5087
17 my 272.8 A 571 4778
18 v 2559 LA 387 7453
19 Y 317.8 r 232 13598
20 v 3143 uA 257 12238
21 11 2782 A 541 5142
22 my 212.7 LA 1083 1546
§ 23 mv 1168 LA 188.1 a21
24 My 184 5 IS 147 7 1114
5 Ty 181 A 133 1380
8 Ty 206 3 1A 1126 1832
27 rry 157 9 AL 1E7 1867
28 iy 147 5 uh o 1814 14
23 My 1588 R 181 8 1051
i "y 178 A 137 8 1277
31 g 1595 i 114 8 1728
32 Ty 2125 = TO8 B 1990
13 THy 2108 U 7 1971
34 vy 2003 ik 1158 1T
i 35 Ty 1829 LA 1292 418

Prepared By : BRH/BH

Emplayer: Stantec

Figure C-9.1 Manual contact resistance measurement
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Figure C-9.2 Manual contact resistance results
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[LTPP Seasonal Monitoring Program State Code é 109]
Data Sheet R2 ‘

Four-Point Resistivity Measrements Test Section Number { [18063)

1. Date (Month- Day- Year {08-02-001

2. Time Is&aszxrgmms Hegan (Miditary} {0935]

3. Commants [CT Forensic Study]
Tust Yoltags (ACV) Current (ACA) Ohms
Position | Setting Reading | Setting | Reading
7 v 2.7 A 1.4 802
2 i 24,1 17 11.8 1283
3 1y 32.5 uA 17.3 1180
4 mv 252 iy 7.1 1073
5 my 3.8 1A 14 171
8 my 32.8 LA 168 1227
7 mny i85 LA 887 1689
8 v 281 A 13 8 338
3 TR 5.4 GA 158 215
9 my 124 LA 85.7 13
11 v 1532 1A 72.1 133
12 my 57 LA 381 117
13 v 2.5 [I7:Y £5 2 120
14 my H [FTY 548 118
15 Y 1438 A 833 108
18 Y 8.1 UA 368 108
17 roy 23 57 248 212
18 iy 18 1A 48.7 150
13 Y 12 A 391 183
: 20 Ty 73 Lih 321 148
h 21 my 7.2 14 &54.2 T
22 g G (57 295 53
za Y 128 1A 155 55
24 TR 111 ik 118 58
25 Ty 10.3 LA 136 4 47
Y 71 LA 139.8 50
271 my a Ty 098 46
28 1y 10 Y 1382 48
29 My 102 uA LR 24
g 12 14 =Y 1173 51
31 v 108 LA 110 62
iz 5 12 14 078 73
33 v 0.1 7Y 1127 56

i Prepared 8y : BRH/EH

Empioyer: Stantec

Figure C-10.1 Manual four point resistance measurement
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Figure C-10.2 Manual four point resistivity results
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LTPP Seasonal Moniforing Program Agency Code {09
Data Shest SMP-DOS
Elevation Measuremenis - AC LTPP Section D {1803
Type of Instrument Laser Level
Start Time (Military) 0835
84 Station 88 Hi IF3 FS8 Elevation| Close
Plegz, 3498 1.0000 1.5000
PE owp AL wp iLE
Station 30m 4.91m 1.83m T3m 3.35m Comments

3+00 0.5528 0.5800 0.5850 0.5975 06100
3+25 0.7025 07100 0.7300 0.7475 0.7650
3+50 08875 08825 0.8975 1.8675 4,8050
3+75 1.0225 1.0250 1.0350 103328 1.0475

4400 1.1675 1.1725 1.1850 1.1975 1.2050
4+25 1.2328 13350 1.3500 13575 1,3850
4+50 1 4875 1.4900 15025 1.5150 15225

4+75 168175 1 6224 1 8400 1.8500 16550
5400 1.7875 17800 1.7925 1.7900 1.7825 imove 3 due 1o nall
5414 1.8575 1.8575 1.8650 1.8850 1.8650
S419 1.8728 18875 1.8925 1.8300 1.8500
5424 1.8000 1.9025 1.8128 1.9180 181758

Prepared by: SV Employer: Stantec

Figure C-11. Surface elevation measurement
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MEMORANDUM
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|
1

TO: Cheryl Richter
FROM: Gary E. Elkins and Gonzalo Radag‘?"“z‘-
DATE: April 13, 2000
SUBJECT: Supplemental Dara Cotlection - Connecticut Test Section 091803
FHWA Contract No. BTFH61-97-C-00002
LAW PCS Preject No. 10900-7-0714-02-102
PAPER FILE: Pavement Instrumentation/Seasonal Monitoring/SMP IMS Issues
CcC A. Lepez, L. Rodriguez. M. Symons, H. Zhou, B. Henderson, F. Meyer
Introductien

LTPP GPS-1 test section 991803, located in Groton Cenecticut, 18 scheduled for rehabilitation.
This test section was included in the Seasonal Monitoring Program (SMP) Phase I study. Prior
to rehabifitation of the test section, Connecticut DOT has offered to perform additional
sampling and testing at the site 0 supplement the previously collected information. An
averview of supplemental data collection needs and tield procedures are presented in this
nemorandwn. This data cellection activity is in addition to the standard LTPP pavement
performance measurements te be performed prior to the rehabilitation construction event.

Bata Needs

Reviewed by GRR

Specific gravity measurements are nesded on the unbound granular materials
surrounding the Time Domain Reflectometry (TDR) prebes. This information is useful
for estimation «f moisture contents from the TDR maasurements.

a-sitd dry density of material adjacent to the TDR probes. Although difficult w
measure, this value i used to cenvert volumerric moisture contents esumated from the
TDR measurements t# gravimetric contens that can be compared tw laboratery
determined values.

"Ground truth” moisture contents at TDR probe locations coupled with TDR
measuremenis. A matched set of TDR measurements and gravimetric moistuge contenis
from the material surrounding the TDR probes will pecmit evaluation of the accuracy of
the estimated moisture contents from the TDR measurements. Also during installation,
a complete set of matching TOR and gravimerric moisture content measurements was
not obtained.

hppsscintrumatsmpimsisuppleme, wod
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Cheryl Richiter

. Materials characterization of the subgrade layer(s). During the standard GPS materials
sampling and testing performed under SHRP, because of the prasence of rocks and
cobbies in the subbase material, material samples of the subgrade layer(s) were not
owained. The only information available on these layers is the visual classification

performed during site veritication and instrumentation placement. (Note: there appears
o be two distinct layers of material beneath the subbase in which TDR probes are
iocated.)

- Distress mechanism investigation. As a test section goes out #f service, in some
instances, it is useful to perform different types of measurzments to investigate the
distress formation mechanism. For example, if a test section has rutting, then a
ransverse trench could be used to identify the layers contributing to the permanent
deformation.

. Within section layer thiclnesses. One unknown for GPS test sections is the variation in
layer thicknesses along the test section. This informnation can be used to refine FWD
backcalculation and as a measure of construction variability.

Pavement Structure

The pavement layer structure and location of the TDR probes are shewn in Figure 1, which
was obtained from the SMP Instrumentation Installation Report prepared for this site.

g Pavement Layer Bepth TDR Depth
m
Asphalit 129 Average Block
7 Depth 189 mn
i Assumed Thermistor Probe
Medium Brown Depth 214 nun
Gravel Assumed Resistivity Probe
488 Depth 214 mm
Gray Dark
Brown Silt

and Gravei

with Quartz
Rock

Black Loam

1803

Light Brown
Silt (Yellowish)

2000

section %1803,

% Figure 1. Profile of pavernent structurs and SMP probe depths for test
g Attachment A-3
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Page 3

SMP Instrumentation Measurements

Uniike many of the other supplemental data cellection to be performed during this exercise, the
data coilected from these measurements can and sheuid be entered into the IMS. Just prior to
beginning excavation of the materials at the instrumentatien hole lscation, we recommend that
the following SMP instrumentation measurements he performed:

1, Three sets of automated TDR measurements using the L.TPP mobile data acquisition
unit. These measurements can be performed in sequential order at the start of the work
day.

2.

As part of the standard LTPP mobile data acquisition, automated resistivity
measurements should also be obtained. Although it is not anticipated that the site will
contain frost lenses when this work is performed, the purpose of these measursments
are to provide comparative data to the first set of measurements in order to evaluate the
pecformance of the resistivity prebe. Manual electrical resistivity measurements are aot
proposed.

[¥3]

One set of manual TDR measurzments. Since the interpretaticn methods between
auromated and manual TDR measurements differ, the interpretation of the manually
cellected will provide a good indicator of change and comparison of the difference
between the two methods.

4. Water table depth measurement.

These measurements should be possible since, except for the water table depth, they are all
performed using the mobile data acquisition unit. Since this SMP site was previously
deactivated, issues concerning air, rainfall and pavement gradient temperature measurements
measured by the instrumentation previously installed on-site are not considered an issue.

Materials Sampling at SMP Instrumentation

In order to obtain the material samples and perform material tests w provide supplemenzal data
for the TDR measurements, an excavation will be required next to the instrumentation location
iocated at station 5421, There are two approaches to this excavation. The first approach would
be to use a backhoe to excavate a small test pit adjacent to the instrumenration hole large
encugh for a person o stand in order to obtain material samples from around the TDR probes
and perform measurements. The second approach utilizes an auger boring adiacent 1o the
istrumentation.

During the excavation and sampling process, efforts should be made 10 remove some of thy
TDR and other SMP probes 10 examine them, note their general condition and take picrures.
The intert of this procedure is to provide indications of the likely longevity of these tvpes of
probes and the likely corrosion mechanisms that affect their performance. Partivular attention
should be given o sensors which have falled in order 1o discover why they failed,
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D
Page 4

Test Pit

Constructing a small test pit directly adjacent to the insrrumentation hole, following the general
LTPP procedures, is the preferred option. Carefully constructing a hole larger enough for a
person to stand in is the only way to attempt a measurement of the in-situ density and moisture
content using a nuclear gauge at the approximate TDR depths as the hole is deepened. By
performing in-situ density measurements with a nuclear gauge, material samples from the base
and subbase layer for laboratory moisture content-density relations tests would not be needed.
It also permits acquisition of a larger volume of material from the subgrade layers which
inciude the relatively thin black loam fayer in which TDR 9 is located and the {ight brown silt
fayer in which TDR 10 is positioned. It will also improve the ability to extract material
samples from around the TR probes for moisture content tests.

Some concerns over using a test pit excavation include increased pavement repair size, irench
safety regulations, and equipment availability as compared (o the augur boring option.
However, due te the presence of rocks and cobbles in the subbase, the test pit option may
require less time since the back hoe can remove the larger size material and afford easier
access for hand removal of problem "large” rocks.

The field work associated with the test pit option would include the following general steps:

1. Remove AC material above instrumentation hole and in test pit. [t is desired that the
removal of the AC layer be performed without the use of a water cooled saw cut,
Depending on equipment availability and site conditions, a backhoe mayhe able to
remove the AC material in the vicinity of the instrumentation hole. If a water cooled
saw is used, then consideration should be given to curting a larger hole than necessary
to reduce the impact of the cooling water on the moistiire content of the base layer.

P

Perform nuciear gauge measurements on the base marterial. Since LTPP standard

practice is to use the extension rod for these tests, one density test should be performed
on the base layer.

(3]

Hand excavate material from around the TDR probes and obtain samples for laboratory
meisture and specific gravity tests.

4. In the test pit, carefully remove base material to the surface of the subbase.

in

Perform nuclear gauge density measurements on the surface of the subbase,

6. Hand excavate the material from the adiacent instrumentation hole down (o TDR 3.
Capture moisture and specific gravity samples.

Within the subbase layer, excavate the hole in 1 foot increments. For each excavation
increment, perform a nuclear density measurement on the bottom of the pit and hand
excavate and capture material samples from around the TDR probes. (Although some of
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Supplemental Data Collection - Connecticut west Section 091503
Page 3

the probes in this portion of the hole are spaced at 6" intervals, the 1’ interval is
suggested to increase speed of the excavatien. The deasity profile is aiso not expected
to change dramatically .,

8. Once the black loam layer is reached, perform nuclear gauge measuremers on its
surface.
9. Obtain a bulk sample of material from the black loam layer. Approximately 200 Ibs is

required for all standard LTPP subgrade material tests.

10.  Hand excavate material in the instrumentation hele and obtain moisture and specific
gravity samples from around TDR 9.

11, When the light brown silt layer is reached, repeat steps 3-10,
12, After completion of sampling and testing, fiil test pit in lifts and compact.

Since this test section 1s scheduled for overlay, the destructive nature of some of these
procedures are not judged to be as critical as if the test section had to be put back into service
with a surface patch for a long period of time.

Augur Boring

The augur option is less intrusive since a smaller volume of material is removed and thus
requires less pavement repair material. However, it does not afford the ability to attempt in-
situ density measurements, makes large rock and cobble removal more difficult, limits the
amount of materiai that can be obtained from the subgrade, and increases the difficulty in
obtaining "good" samples of materials from around the TBR probes. In spite of these
difficulties, this method is considered viable.

For the augur option, the fargest size augur available is desired. A 1#" diameter, hollow stem
auger was used to excavate the instrumentatien hole. Of primary concern is the amount of
material that can be obtained from the black loam subgrade layer. Obviously, the smaller the
augur, the less material. For LTPP standard testing, three augur borings were used to obtain
adequate amounts of materials; however, in the general sitation, the base layered tended to
be the conroiling factor in the need for three borings.

The fieid work associated with the augur option includes the following general steps:

o

Remove AC material above instrumentation hole and in test pit. It is desired that the
removal of the AC layer be performed without the use of a water cooled saw cut.
Depending on equipment availability and site conditions, a backhoe maybe able 10
remove the AC material in the vicinity of the instrumentation hole. If a water cooled
saw is used, then consideration should be given 1o cutting a larger hole than necessary
o reduce the impact of the cooling water on the moisture content of the base layer,
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-y
-

Obtain an uncontaminated sampie of the base material from the augur hele for the
moisture- density relation test.

3. Augur into the subbase layer. Obtain one sample trom the rop of the layer and one near
the bottom of the layer for moisture-density relation test.

4. Augur into the black loam layer, and if possible, capture 200 Ibs of material for the
standard battery of LTPP subgrade tests.

5. Augur into the light brown silt layer, and if possible, capture 200 Ibs of material for the
standard battery of LTPP subgrade tests.

6. Using a fabricated side hole material sampling device, starting with TDR 10 and
progressing upward to TDR 7, obtain samples of material from the instrumentation hole
in the general location of each TDR probe,

~4

Starting from the surface of the base layer, hand excavate material from the
instrumentation hele and obtain material samples for moisture content and specific
gravity at each TDR location. Excess material from the instrumentation hole can be
deposited into the augur hole.

8. Once the maximum practical extent of hand excavaticn is reached, use the side-hole
material sampling device to obtain moisture and specific gravity sampies from the
remaining TDR probe locations.

9. After completion of sampling and testing, fill the augur hole lifts and compact.
Subgrade Material Characterization

It is proposed that the material characterization of the subgrade layers be perfermed on samples
obtained only at the SMP instrumentatiea location. The standard L. TPP practice is to obtain
samples from each end of the test section. The concern over not sampling the section approach
is the amount of time required 1o complete the excavation at the SMP instrumentation hole, and
the difficulty imposed by the presence of rocks and cobbles in the subbase layer. If ali of the
field material sampling operations were (o be performed within a single day, an additienal deoil
rig might be required.

1f the augur option is selected for the excavation at the instrumentation hole, then samgple size
is a concern for the black leam layer., One way to reduce the needed size of this sample is to
omit the resilient modulus test. {We are not sure if Connecticut DOT has the necessary
zquipment o perform the LTPP P-46 test.) From the perspective of what is needed for SMP
instrumenzation interpretations, although preferred, the resilient modulus test of this relatively
thin subsurface layer could be omitted.

{0
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Chery! Richier

April 14, 2000

Suppiementat Data Ceilection ~ Connecticut st Section 091303
Page 7

Thae following are the standard batery of material characterization tests on GPS sunegrade
materials:

[
é Material Type, SHRP Test Designation, and Test Method | SHRP Protocol
Properties
SSO1. Sieve Analysis AASHTO T27-881 P-51
$S02. Hydrometer to .001mm AASHTO T88-86 P42
SS03. Aterberg Limits AASHTO T89-871 P43
T90-871
SS04. Classification/Type of Subgrade Soils AASHTO M145-82 p-52
ASTM D2488-84
$8035. Moisture-Density Relations AASHTO T99-86 TP
T180-36
S507. Resitient Modulus AASHTO 274-82 P46
$509. Natural Moisrure Content | AASHTO T265-86 P49

Distress Mechanism Investigation

One of the ideas that has been discussed within the LTPP program for many vears is the
investigation of distress mechanisms. The concept is that after a test section has gone cut of
service, or is scheduled of rehabilitation, a "forensic” type of investigation should be
performed to examine the detalls surrounding the causes and mechanisms of distress. Due to
funding constrainis, LTPP has not developed a formal program for these rype of investigations.

To perform this rype of investigation, we recommend that as a first step a site inspection be
performed by LTPP and highway agency representatives. The purpese of this inspection is ©
nete site specific distresses and lkely causative factors. The result of ihis activity is an
investigation pian. Some of the types of investigations and field tests that have been suggested
for this type of work include:

. Crack cores. By coring through a crack it may be possible 1o determine the location of
the crack starting point and if it extends completely through the bound surfece la ayer.
. Rut rrenches. If rutting s the major distress, transverse trenches at selected loca

can be used te determine which layer in the pavement structure contributed o the
rutting mechanism.

. Dirainage evaluation. Depending on the specific fearures of the site, drainage evaluation
cap provide very valuable supplemental information on likely disiress mechanisms. On
sites with In-pavement drainage features, it could also lead (o the need for further
furctional drainage evaluation tests, such as video inspection of sdge drains.
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- loint seal evaluation. If a PCC pavement has exhibited suspected moisture relaed
distresses at the joints, such as pumping, depending on nature of the pavement

siructare, use of the fowa PCC joint vacuum device might be indicated ¢ evaluate
condinon of the seals.

‘While this approach is based on "what failed”, equally important and more difficult o
addressed s the investigation of "what worked” and why. Similar to diagnosing problems with
a car from a manufacturers viewpoint, knowing what worked, requires understanding of what
did not work. Hence, in the case of superior performing pavements, it may be deemed prudent
o conduct addition exploratory tests to discover an unknown factor.

Thickness Variation

If a test section is scheduled to go out of service, that s, no longer be monitored as part of the
LTPP program, then measurements of the variaticn i the thickness of the bound surface layers
is important. The concept is 10 obtain cores at the FWD test points within the test section. This
reduces coring costs and provides significant information that can be used to improve the
results from the backcaleulation of FWD Wasin tests (i.e. non load traaster. corner, and edge
rests on rigid pavements) and to quantify construction varwability. First prierity is to obtain
thicknesses in the wheel path locations. Second priority is at the middle lane, basin test,
locations.

It is our present understanding that this siie is proposed for monitoring continuation after
habilitation. If the site is accepied for monitoring continuation, then this type of destructive
samnpling within the test section shouid net be performed. An co-site inspection maybe useful
in evaluating the impact of the pipeline buried, in circa 1997, along the edge of the shoulder on
the performance of this section. It is also noted that the agency has collected significant WIM
ratfic data on this site and has committed w reinstall the WIM scale after rehabilltation.

ic
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'LTPP NORTHERN REGIONS
150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805

Tel: (716) 632-0804 - Fax: (716) 632-4808 - www.STANTEC.com/ltpp

September 22, 2000

Project BADX-00-1264

Dr. William Phang -
FHWA-LTPP North Atlantic RCOC
ITX Stanley Limited

415 Lawrence Bell Drive, Suite 3
Amberst, NY 14221

Dear Dr. Phang:

Re:  Laboratory Test Assignments, LTPP Laboratory Testing, Connecticut Site 091803

The attached sheet lists the tests requested by the Connecticut Department of Transportation for
the site listed below. This testing was performed under a separate contract with the Connecticut

Department of Transportasion. Test results are being submitted in the same envlope as this
letter and L04 sheet.

Enclosed 104 Sheet

State " Site Identification Field Set Sheets

Connecticut GPS 091803 3 1

If you have questions regarding the assignments, please call me at (320) 253-9940 or Dave
Clauson at (952) 942-4836.

Sincerely,

Sy =

Bruce M. Thorson, PE
Project Manager

Attachments:
L04 Sheet (See Table)

c Dave Clauson (letter only)
Braun Intertec Corporation

bt jAtwalL0dltr al$

Attachment B-2



Long-Term Pavement Perﬁ:»rmance
LTPP NORTHERN REGIONS
150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805

Tel: (716) 632-0804 - Fax: (716) 632-4808 - www.STANTEC.com/ltpp

GPS LABORATORY TESTING DATA SHEET

NOTES: COLUMN 1. Layér number 1 is the subgrade soil, the lastiayer is the existing pavement surface layer.

BRAUN INTERTEC

AFFILIATION

gg{:igﬁlé cews\a 'ﬁ%g)‘: “-q Per‘;ewﬂk “-..Ae\r @uﬁ}!\g} W/Q:T det
SuU Y, DATE CHECKED AND ROVED, DATE

8/18/00 AN :
DAVID CLAUSON FHWA-LTPP REP&FSENW:@“CE BELL DRIVE

SHRPLTPPLABORATORY MATERIALHANDLING AND TESTING sheet _\ of _\
LABORATORY TEST ASSIGNMENTS
LAB DATA SHEET LO4
LABORATORY PERFORMING TEST:_BRAUN INTERTEC
l LABORATORY IDENTIFICATION CODE: 2711
LTPP REGION : NA STATEABR: CT STATE CODE : 09
GPS EXPERIMENT NUMBER : SHRP SECTIONID: 091803 FIELD SET NUMBER : 3
SAMPLED BY : cTDOoT DATE SAMPLED : 5/3/00
LAYER JLAYER|AYER SAMPLE LTPP TEST |LAB| LAB | LTPPTEST | LTPP | TEST
FINUMBEH DESC |TYPE| LOCATION | SAMPLE  |SECTION| TEST|CONTROL|DESIGNATIONPROTOCO| DATE
5 CODE NO. NO. No. | No.| No. SCHED|
1 7 | ss CTY) BSO1 3 2 | 12260 | v sso P51 | Sieee
1 7 Ss BA4 BS01 3 2 12260 | ~ SS02 P42 | nyl-
1 7 | ss BA4 BS01 3 2 | 12260 | 7 SS03 P43 /| ftterbery
q 1 7 | ss BA4 BS0Y 3 2 | 12280 | - sS04 p52 | Clews
: 1 7 | ss BA4 BSO1 3 2 | 12280 | 71100 ( évec o=~
™ 7 | ss BAS BS02 3 2 | 12261 | » sso1 P51 | siee
j 1 7 SS BAS BS02 3 2 12261 | v Ss02 P42 o | #ylro
1 7 | ss BAS 8502 3 2 | 12261 | vsso3 P43 v | athbary
1 7 | ss BAS BS02 3 2 | 12261 | < sso4 P52 v | cluss
I 1 7 | ss BAS BSO2 3 2 | 12261 | “ sso0s P55 et
1 7 | ss BAS BS02 3 2 | 12281 8¢ AasS07 pas 7 |Restig
1 7 | ss BAS BS02 3 2 | 12261 | 7 1100 (Fpec. >~V IV
l 2 e |Gs| Bem BG02 3 2 | 12262 | ~ss02 Paz /|Myice
2 8 | es| e BG02 3 2 | 12262 | v 1100 (pec. 3D
2 e | cs BA4 BG02 3 2 | 12262 | ~uGo1 P41 v &m &
| 2 6 | Gs BA4 BGO2 3 2 | 12282 | ~uco2 P41 /|
2 6 | cs BA4 8G02 3 2 | 12262 | ~ucos pas /| reashve
2 e | es BA4 BGO2 3 2 | 12262 | ~ucGos P47 ] Cists
' 3 s | e TP* BGSS 3 2 | 12263 | v sso2 pa2 v| tyde
3 s | c8 i BG5S 3 2 | 12283 | / T100 {ojpec. 27 Y
l 3 5 GB TP BGSS 3 2 12263 | v UGO1 P41/ E;;Q =
3 s | cB TP BGSS 3 2 | 1283 | “Yuco2 par 7|}
3 5 GB TP* BG5S 3 2 12263 v UG0S Pag o |Hetee
I 3 5 | G ™ BGSS 3 2 | 12263 | vucos paz /| cless
| |

FHWA-LTPP Materials Testing Contractor Form LO4, March 1994
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LTPP NORTHERN REGIONS

150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805
Tel: (716) 632-0804 - Fax: (716) 632-4808 - www STANTEC.com/ltpp

September 22, 2000

Dr. William Phang

ITX Stanley Limited

Ambherst, NY 14221

Dear Dr. Phang:

FHWA-LTPP North Atlantic RCOC

415 Lawrence Bell Drive, Suite 3

Noumodulus Tests on Samples From Site/Project 0918

, o Srechogy S =
LTPPTmngConm PO de39108 hﬁnneqnhs,lvﬁnmou 5543M108 Tel952 941 -5600 - Fax 952-941-4151

Project BADX-00-1264

Re:  Nonmodulus Tes% Completed on LTPP Samples from Site/Project 0918 in Connecticut

The following table lisss nonmodulus tests completed on samples from Site/Project 0918 in
Connecticut. The data sheets are enclosed. Copies of the test results are also being sent to the
Connecticut DOT. Copies of the list are being sent to the FHWA Contracting Officer’s

Technical Representative (COTR) and the FHWA Technical Assistance Contractor (TAC).

State/Province
. . el t
GPS/SPS Abbrey.| Code Project| Sectiou(s) | Field Se Data Sheets
GPS/SPS| CT 09 18 3 3 T4l( D, }‘42(2@ ,T43(1),
T43(1),T44(1+2),T477

T51,T32,Ts5(141)
extra bicty on BoL L RGy

Sincerely,

Bruce M. Thorson, PE
Project Manager

"

Enclosures:
(See Table)

bmebmifhwaldaa{000.n2

L Mg
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LTPP NORTHERN REGIONS

150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805
Tel: (716) 632-0804 - Fax: (716) 632-4808 - www.STANTEC com/ltpp

SPS LABORATORY TESTING DATA SHEET

SHRP-LTPP LABORATORY MATERIALHANDLING AND TESTING

LABORATORY MATERIAL TEST DATA
GRADATION
LAB DATA SHEET T41

UNBOUND GRANULAR BASE / SUBBASE LAYERS
SHRP TEST DESIGNATION UG01,UG02 / SHRP PROTOCOL P41

LABORATORY PERFORMING TEST: BRAUN INTERTEC

LABORATORY IDENTIFICATION CODE: 2711

LTPP REGION : NA STATE ABR cT
SPS EXPERIMENT NUMBER : 1
SAMPLEDBY : cTDOT
DATE SAMPLED : 5/3/00
1. LAYER NUMBER (FROM LAB SHEET LO4) 2
2. TEST SECTION NO. 3
3. SAMPLING AREA NO.
4. SHRP LABORATORY TEST NUMBER 2
5. LOCATION NUMBER BA4
{Enter an asterisk as the third digit)
6. SHRP SAMPLE NUMBER(Enter an BG02
asterisk as the third and fousth digit)
7.% PASSING #200 SIEVE BY WASHING 8.4
(Section 9.3.1 of Protocol P41)
8. GRADATION (Section 9.3.2 of Protacol P41)
% PASSING SIEVE SIZE
STANDARD {mm)
3in. {75.0) 91
2in. (50.0) 89
112in.  (37.5) 83
1in. (25.0) 75
3/4in. (19.0) 69
12in. (12.5) 62
a/in. (9.5) 57
#4 (4.75) 49
#10 (2.00) 43
#40 (0.425) 28
#80 (0.180) 18
#200 (0.075) 10.6
9. COMMENTS (Section 9.4 of Protocol P41) 64
(a) CODE
(b)NOTE
(c) WEIGHT OF TEST SAMPLE Jbs 56
MOISTURE CONTENT, %
10. TESTDATE 8/14/00

SAMPLE IDENTIFICATION

12262

STATE CODE :
SPS PROJECT CODE:
FIELD SETNUMBER :

TP*
BG55
42

95
90

78
73
65
59
49
40
24
13
6.5

55

8/14/00
12263

sHEeT No Y oF ]

09
18
3

NOTE: 1. RESULTS OF TESTSHEETS T41 AND T43 ARE USED FOR CLASSIFICATION AND DESCRIPTION

ONTEST SHEET T47.

2. ATTACH A CUMULATIVE PARTICLE SIZE GRADATION CURVE WITH FORM T41 (SECTION 9.3.3 OF

PROTOCOL P41

GENERAL REMARKS:

gPec“"x:'\“Q 5ﬁ¢:4~7; BGez o 2‘73) R o= 23

SWD BY, DATE
8/18/00

DAVID CLAUSON
BRAUN INTERTEC

CHECKED AND APPROVED, DATE

SENIFA
AFFILIATION:__SUI‘E3

Form T41, February 1991

Attachment B-5

STANTECCONSULTING




LTPP NORTHERN REGIONS
150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805

Tel: (716) 632-0804 - Fax: (716) 632-4808 - www.STANTEC.com/ltpp

. LABORATORY PERFORMING TEST:
LABORATORY IDENTIFICATION CODE: 2711

SPS LABORATORY TESTING DATA SHEET

SHRP-LTPPLABORATORY MATERIALHANDLING AND TESTING
LABORATORY MATERIAL TEST DATA

SUBGRADE LAYER

HYDROMETER ANALYSIS
LAB DATA SHEET T42

SHRP TEST DESIGNATION SS02 / SHRP PROTOCOL P42

BRAUN INTERTEC

SHEET NO )} OF 2

STATEABR: CT

LTPP REGION : NA
SPS EXPERIMENT NUMBER : 1
SAMPLEDBY : CTDOT
DATE SAMPLED: 5/3/00

1. LAYER NUMBER (FROM LAB SHEET LO4)
2. TEST SECTION NO.

3. SAMPLING AREA NO.

4. SHRP LABORATORY TEST NUMBER
5. LOCATION NUMBER{Enter an asterisk as the third digit)
6. SHRP SAMPLE NUMBER({Enter an

asterisk as the third and fourth d;?rt
7. PARTICLE SIZE DISTRIBUTIO|

(a) LARGER THAN 2 mm, %
(b) COARSE SAND, 2 TO 0.42 mm, %
(c) FINE SAND, 0.42 TO 0.074 mm, %
(d) SILT, 0.074 TO 0.002 mm, %

(e) CLAY, SMALLER THAN 0.002 mm, %
(f) COLLOIDS, SMALLER THAN 0.001 mm. %
8.GRADATION (Section 9.3.2 (a) of Protocol P42, Test Sheet T51; see note 1)

% PASSING SIEVE SIZE
STANDARD ((;nn"a)))
3in. 5.
2in. (50.0)
11/2in.  (37.5)
1in. (25.0)
3/4in. (19.0)
12in. (12.5)
3/8in. (9.5)
#4 (4.75)
#10 (2.00)
#40 (0.425)
#80 (0.180)
#200

9. HYDROM!
% SMALL
0.02 mm
0.002 mm
0.001 mm
10. COMMENTS (Section 9.4 of Protocol P42)
(a) CODE
(b) NOTE

(c) HYGROSCOPIC MOISTURE CONTENT

11. TEST DATE

it)
{ Section 9.3.1 of Protocol P42 )

0.075
E’E%R MYS!S (Section 9.3.2 of (b) of Profocol P42; see note 2)

SAMPLE IDENTIFICATION

48

STATE CODE: 09
SPS PROJECTCODE: 18
FIELD SET NUMBER: 3
1 1
3 3
2 2
BA4 BAS
BSO1 BS02
10 19
12 12
19 19
51.0 ‘ 433
7.7 6.6
100 100
100 100
100 100
100 95
99 94
97 90
96 88
93 84
90 81
78 69
€8 60
58.7 499
297 237
7.7 6.6
48
8/18/00 8/18/00
12260 12261

NOTE: 1. RESULTS OF TEST SHEET T51 ARE ALSO REPORTED OF TEST SHEET T42
2. ATTACH A CUMULATIVE PARTICLE SIZE GRADATION CURVE OF COMBINE!

ANALYSIS ( SECTION 9.3.3 OF PROTQCOL P42).

GENERAL REMARKS:

ITEM NO. 6 OF FORM T42 ).
SIEVE AND HYDROMETE

SUB D,BY, DATE
. 8/21/00

DAVID CLAUSON

BRAUN INTERTEC

Form T42, February 1991
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LTPP NORTHERN REGIONS
150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805

Tel: (716) 632-0804 - Fax: (716) 632-4808 - www. STANTEC.com/ltpp

SPS LABORATORY TESTING DATA SHEET

' SHRP-LTPP LABORATORY MATERIALHANDLING AND TESTING
LABORATORY MATERIAL TEST DATA SHEET NO 20F 2
HYDROMETER ANALYSIS -
' LAB DATA SHEET T42

SUBGRADE LAYER
SHRP TEST DESIGNATION SS02/ SHRP PROTOCOL P42
LABORATORY PERFORMING TEST: BRAUN INTERTEC
LABORATORY IDENTIFICATION CODE: 2711

LTPP REGION : NA STATE ABR : CT STATE CODE : 09
. SPS EXPERIMENT NUMBER : 1 SPS PROJECTCODE: 18
SAMPLED BY : CTDOT FIELD SET NUMBER : 3
. DATE SAMPLED : 5/3/00
1. LAYER NUMBER (FROM LAB SHEET LO4) 2 3
2. TEST SECTION NO. 3 3
3. SAMPLING AREA NO.
4. SHRP LABORATORY TESTNUMBER 2 2
5. LOCATION NUMBER{Enter an asterisk as the third digit) BA4 TP*
6. SHRP SAMPLE NUMBER(Enteran BG02 BG55
asterisk as the third and fourth d;?
7. PARTICLE SIZE DISTRIBUTION ( Section 9.3.1 of Protocol P42 )
(a) LARGER THAN 2 mm, % 57 60
(b) COARSE SAND, 2 TO0.42 mm, % 15 16
(c) FINE SAND, 0.42 TO 0.074 mm, % 17 18
(d) SILT, 0.074 TO 0.002 mm, % 9.1 49
(e) CLAY, SMALLER THAN 0.002 mm, % 1.5 16

(f) COLLOIDS, SMALLER THAN 0.001 mm. %
8. GRADATION (Section 9.3.2 (a) of Protocol P42, TestSheet T51; see note 1)

% pASSIN(I;D ?_IE\SE SIZE
TANDARD (mm
% in. {75.0) g; gg
2in. (50.0) 83 28
11/2in. (37.5) 75 7
1in, (25.0) 8
3din.  (19.0) 69 3
1/2in. (12.5) 62 65
3/8in. (9.5) 57 59
#4 (4.75) 49 49
#10 (2.00) 43 40
#40 (0.425) 28 24
#80 (O 180) 18 13
#200 AI‘IA 10.6 6.5
9. HYDROMET R LYSIS (Section 9.3.2 of (b) of Protocol P42; see note 2)
0 02 mm 5.2 47
0.002 mm ’ 1.5 16
0.001mm
10. COMMENTS (Section 9.4 of Protocol P42) 48 48
(a) CODE
(b) NOTE
(c) HYGROSCOPIC MOISTURE CONTENT
11. TESTDATE 8/18/00 8/18/00
SAMPLE IDENTIFICATION 12262 12263

NOTE: 1. RESULTS OF TEST SHEET T51 ARE ALSO REPORTED OF TEST SHEET T42 ( ITEM NO.6 OF FORM T42 ).
2. ATTACH A CUMULATIVE PARTICLE SIZE GRADATION CURVE OF COMBINED SIEVE AND HYDROMETE
ANALYSIS ( SECTION 9.3.3 OF PROTOCOL P42).

GENERAL REMARKS:

sus D BY, DATE CHECKED,AND APPROVED, DATE
8/21/00 A.

DAVID CLAUSON SHRP REMES% %s{uﬂtgﬁcm“

BRAUN INTERTEC Form T42, February 1991 AFFILIATION:

AMHERST, Ky 14221
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HYDROMETER A

GRAIN SIZE - NALYSIS CURVE
| GRAVEL 1 SAND | FINES 1
{ | CcOARSE___ ] FINE i SILT [ cLav]
n <
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[ .E] BIEVE sfies
T
o} -~
g
g
n
80}
AN
70} \‘\
60}
. N
2 ]
[22]
g 50} \
- K
% 40} \II
3ef \
20 \\
- g
10 =
T
° T . 7 o601
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- PROJECT NO: BADX-94~9@0 % <.02mm 29.7% GRAVEL 10.0%
BRAUN PROJECT NAME:  FHUA Lab Testing SAND 31.3%
COARSE SANO % SILT 51.0%
DOTERTE A~ SITE ID: BSOL . CLAY 7.7%
INTE RTEC SAMPLE ID: 12260 FINE SAND % Cos
COLLOIDS % Cu=
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GRAIN SIZE - HYDROMETER ANALYSIS CURVE
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GRAIN SIZE - HYDROMETER HNF\LYSIS CURVE
[ GRAVEL SAND FINES |
| I COARSE | FINE 1 SILT [ cLay |
n NN
o2 S 1e o = e 4 1 20 40 80 200
1o U E] Bicle st¥es
N
96 \\
80}
I\
70 N
ool
2 se ' ¥
o
- RN
& aof
i
a.
2
38
AN
20} m \
, 1%
10} bl
* -9
o | e
10 g. 2. @.001
PARTICLE DIAMETER, mm
- PROJECT NO: BADX-94-9 % <.B2um 4.7 GRAVEL 55.0%
BR A““ PROJECT NAME: FHUA Lab Testing COARSE SAND % ggf? 3395—'
Ty ey SITE ID: BG5S ) CLAY 1.6%
lNTERTEC SAMPLE ID: 12263 FINE SAND * Cc=

COLLOIDS % Cu=

T[0T JTINVIS AR - 8084-7€9 (91L) :Xed - $080-2€9 (91L) :IPL

SO8L - 1TTY1 SHOA MAN 1sIoyuly - 80| d4NS DAL [[9g dOU3IMET] OS]

SNOIDHTY NYJHLION dd L'}




LTPP NORTHERN REGIONS
150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805

Tel: (716) 632-0804 - Fax: (716) 632-4808 - www.STANTEC comvltpp

SPS LABORATORY TESTING DATA SHEET

l SHRP-LTPPLABORATORY MATERIALHANDLING AND TESTING |
LABORATORY MATERIAL TEST DATA SHEET NO l OF!_
. ATTERBERG LIMITS
LAB DATA SHEET T43
UNBOUND GRANULAR BASE/SUBBASE LAYERS AND SUBGRADE SOILS
. SHRP TEST DESIGNATION UG04, SSO3 / SHRP PROTOCOL P43
LABORATORY PERFORMING TEST,___BRAUN INTERTEC
LABORATORY IDENTIFICATION CODE: 2711
LTPP REGION : NA STATE ABR : cT STATE CODE : 09
. SPS EXPERIMENT NUMBER : 1 SPS PROJECT CODE : 18
SAMPLED BY : CTDOT FIELD SET NUMBER: 3
. DATE SAMPLED : 5/3/00
LAYER MATERIAL: Ss Ss
. 1. LAYER NUMBER (FROM LAB SHEET LO4) 1 1
2. TEST SECTION NO. 3 3
l 3. SAMPLING AREA NO.
4. SHRP LABORATORY TEST NUMBER 2 2
l 5. LOCATION NUMBER BA4 BAS
(Enter an asterisk as the third digit)
6. SHRP SAMPLE NUMBER(Enter an BSO01 BS02
asterisk as the third and fourth digit)
7. TEST RESULTS ( Section 5.3 of protocol P43 )
SHRP TEST DESIGNATION: $S03 $s03
l (a) LIQUID LIMIT (LL), % 24
(b) PLASTIC LIMIT (PL), % 20
(c) PLASTICITY INDEX (Pl) 4 NP
8. COMMENTS (Section 5.3 of Protocol P43) 67 69
(a) CODE
l (b) NOTE
9. TEST DATE 8/18/00 8/18/00
' LAB CONTROL NUMBER 12260 12261
I NOTE. 1. RESULTS OF TEST SHEETS T41 AND 143 ARE USED FOR CLA CATION AND DESCRIPTION
ON TEST SHEET T47.
' GENERAL REMARKS:
SUBMITTED BY CHECKED AND APPROVED, DATE
l K 8/21/00 A. ,4
DAVID CLAUSON SHRP REFRESENTATIVE
l BRAUN INTERTEC AFFILIATION: g
415 LAWRENCE BELL DRIVE
Form T43, February 1991 SUITE 3

Attachment B-12
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LTPP NORTHERN REGIONS
150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805

Tel: (716) 632-0804 - Fax: (716) 632-4808 - www.STANTEC.convlipp

SHRP-LTPP LABORATORY MATERIALHANDLING AND TESTING
LABORATORY MATERIAL TEST DATA

SPS LABORATORY TESTING DATA SHEET

ATTERBERG LIMITS
LAB DATA SHEET T43

UNBOUND GRANULAR BASE/SUBBASE LAYERS AND SUBGRADE SOILS

SHRP TEST DESIGNATION UG04, SSO3 / SHRP PROTOCOL P43

LABORATORY PERFORMING TEST:____ BRAUN INTERTEC

sheeTno _VoF |V

LABORATORY IDENTIFICATION CODE: 2711

LTPP REGION : NA

SPS EXPERIMENT NUMBER : 1

SAMPLEDBY . CTDOT

DATE SAMPLED : §/3/00
LAYER MATERIAL:

1. LAYER NUMBER (FROM LAB SHEET LO4)
2. TEST SECTION NO.

3. SAMPLING AREA NO.

4. SHRP LABORATORY TEST NUMBER

5. LOCATION NUMBER
(Enter an asterisk as the third digit)

6. SHRP SAMPLE NUMBER(Enter an
astefisk as the third and fourth digit)

7. TEST RESULTS ( Section 5.3 of protocol P43 )
SHRP TEST DESIGNATION:
(a) LIQUID LIMIT (LL), %
(b) PLASTIC LIMIT (PL), %
{c) PLASTICITY INDEX (PI)
8. COMMENTS (Section 5.3 of Protocol P43)
(a) CODE

(b) NOTE

9. TEST DATE
LAB CONTROL NUMBER

STATE ABR: CT

GS

BA4

BGO02

uGo4

NP
67

8/18/00
12262

67

STATECODE :
SPS PROJECT CODE :
FIELD SET NUMBER :

GB

BGSS

UGo4

NP

8/18/00
12263

09

18

NOTE: 1. RESULTS OF TEST SHEETS T41 AND T43 ARE USED FOR CLASSIFICATION AND DESCRIPTION

ONTEST SHEET T47.

GENERAL REMARKS: EXTRA TesTs

SUBMITTED BY CHECKED AND APPROVED, DATE
8/21/00

DAVID CLAUSON SHRP REPRESENTATIVE

BRAUN INTERTEC AFFILIATION:

Form T43, February 1991

Attachment B-13




LTPP NORTHERN REGIONS

150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805
Tel: (716) 632-0804 - Fax: (716) 632-4808 - www.STANTEC.convltpp

SPS LABORATORY TESTING DATA SHEET

SHRP-LTPP LABORATORY MATERIALHANDLING AND TESTING

LABORATORY MATERIAL TEST DATA
MOISTURE-DENSITY RELATIONS

LAB DATA SHEET T44

UNBOUND GRANULAR BASE/SUBBASE LAYERS

SHRP TEST DESIGNATION UG0S/ SHRP PROTOCOL P44

LABORATORY PERFORMING TEST:_BRAUN INTERTEC

sHeeTno Y or )

LABORATORY IDENTIFICATION CODE: 2711

LTPP REGION : NA STATE ABR:
SPS EXPERIMENT NUMBER : 1
SAM'PLED BY: CTDOT
DATE SAMPLED : 5/3/00

1. LAYER NUMBER (FROM LAB SHEET LO4)

LAYER MATERIAL:

2. TEST SECTION NO.
3. SAMPLING AREA NO.
4. SHRP LABORATORY TEST NUMBER

5. LOCATION NUMBER
(Enter an asterisk as the third digit)

6. SHRP SAMPLE NUMBER(Enter an
asterisk as the third and fourth digit)

7. TEST RESULTS ( Section 10.3 of Protocol P44)

(a) METHOD USED (B OR D)
(b) OPTIMUM MOISTURE CONTENT(OMC),%
(c) MAXIMUM DENSITY (MD), PCF

8. COMMENTS (Section 10.4 of Protocol P44)

(a) CODE 64

(b) NOTE

9. TYPE OF RAMMER FACE (If other than that
described in section 10.5 of Protocol P44)

10. TEST DATE

SAMPLE IDENTIFICATION

CT

GS

BA4

BG02

141

75

SECTOR

8/21/00

12262

STATE CODE :
SPS PROJECT CODE :
FIELD SET NUMBER:

GB

141

78 64 75 78

SECTOR

8/22/00

12263

09
18

PROTOCOL P44).

GENERAL REMARKS:

NOTE: 1. INCLUDE THE OPTIMUM MOISTURE CONTENT CURVE WITH TEST SHEET T44 (SECTION 10.3.6 OF

Su BY
9/5/00

DAVID CLAUSON
BRAUN INTERTEC

Form T44, February 1991

Attachment B-14

CHECKED AND APPROVED, DATE

221

AFFILIATION:

SHRP REPRESENTAFR(Zonsurine
... AL3 LAWRENCE BEL

SUITE3

AMHERST, NY 14221
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LTPP NORTHERN REGIONS

150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805
Tel: (716) 632-0804 - Fax: (716) 632-4808 - www STANTEC.com/ltpp

MOISTURE-DENSITY RELATIONSHIP TEST

146
\
144 ‘
\
A
A \
g
& 142
A
3 \
n
c
]
U 140 “
> \
) N \
I 1 )
138 \
\ ZAV for
‘ Sp.G.=
\ 2.78
136 h
-2 0.5 3 5.5 8 10.5 13
Water content, 7%
Test specification: SHRP P44 Method D. Modified
Elev/ Date Date Somp | ed As ReceivedjPreparation Rommer
Depth Tested Samp | ed By Moisture Method Type
8/15/00 moist qutomat ic
Size of Percent Percent Percent Percent Natural Specific
Oversize Oversize on 3/4 3/4 to 3/8| 3/8 to #4 Moisture Gravity
3/4 in 100 o o] 2.78

TEST RESULTS

MATERIAL DESCRIPTION

Maximum dry density = 141.0 pcf

Optimum moisture = 5.0 %X

Aggregate Subbase

Project No.:

Test No.:

BATX-00-1264
Project: 091803
Location: 8G02

12262

Dote: 8/21/2000

MOISTURE-DENSITY RELATIONSHIP TEST

BRAUN

INTERTEC

Remarks:
Specific gravity was
determined

Fig. No. 394

Attachment B-15
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LTPP NORTHERN REGIONS

150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805
Tel: (716) 632-0804 - Fax: (716) 632-4808 - www.STANTEC.convltpp

MOISTURE-DENSITY RELATIONSHIP TEST

TEST RESULTS

MATER{AL DESCRIPTION

Opt imum ma

Maximum dry density = 141.0 pcf

isture = 6.0 %

Aggregate Base

Project: 091803
Location: BG5S
Test No.: 12283
Date: 8/22/00

Project No.: BATX-00-12864

MO I STURE~DE|

BRAUN INTERTEC

NSITY RELATIONSHIP TEST

Remarks:
Specific gravity was
determined

' 144 \
y
. 142 \
1| \
Q
. & 140 / \
z i \
‘a
1| ¢ 1
© 138
> A
| 5 ] [\
1 . 3
ZAV for
Sp.G,=
[l\ 2.80
' 134 A
-1 1.5 4 8.5 9 1.5 14
l Water content, 7%
Test specification: SHRP P44 Method D, Modified
Elev/ Date Daote Samp | ed As Received] Preparation Rammer
l Depth Tested Sampted By Moisture Method Type
8/22/00 moist automatic
I Size of Percent Percent " Percent Percent Natural Specific
Oversize Oversize on 3/4 3/4 to 3/8| 3/8 to #4 Moisture Gravity
I 3/4 in 100 o] ] 2.80

Fig. No. 419

[T
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LTPP NORTHERN REGIONS

150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805
Tel: (71 6) 632-0804 - Fax: (71 6) 632-4808 - www STANTEC comvltpp
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SHRP-LTPPLABORATORY MATERIALHANDLING AND TESTING

SPS LABORATORY TESTING DATA SHEET

LABORATORY MATERIAL TEST DATA
CLASSIFICATION AND DESCRIPTION
LAB DATA SHEET T47

UNBOUND GRANULAR BASE/SUBBASE LAYERS
SHRP TEST DESIGNATION UG08/ SHRP PROTOCOL P47

LABORATORY PERFORMING TEST: BRAUN INTERTEC
LABORATORY IDENTIFICATION CODE: 2711

SHEETNO ) OF )_

LTPP REGION : NA STATE ABR : CT STATE CODE : 09
SPS EXPERIMENT NUMBER : 1 SPS PROJECT CODE: 18
SAMPLED BY : CT DOT FIELD SET NUMBER : 3
DATE SAMPLED : 5/3/00
LAYER TYPE : GS

1. LAYER NUMBER (FROM LAB SHEET LO4) 2 3
2. TEST SECTION NO. 3 3
3. SAMPLING AREA NO. (SA-)
4. SHRP LABORATORY TEST NUMBER 2 2
5. LOCATION NUMBER BA4 TP*

(Enter an asterisk as the third digit)
6. SHRP SAMPLE NUMBER (Enter an BG02 BG5S

asterisk as the third and fourth digit)
7. VISUAL-MANUAL DESCRIPTION (Section 11.3.1

of Protocol P47)

(a) RANGE OF PARTICLE SI2€ 48%GVL-32%SND 55%GVL-34%SND
(b) MAXIMUM PARTICLE SIZE COBBLES COBBLES
(c) COLOR DESCRIPTION GRAY BROWN
(d) CODES-OTHER PROPERTIES 1201 2101 1201 2102
(Table D.2 of Appendix D, LTPP Lab Guide) 1302 2301 1302 2301
1501 1501
1701 1701
1803 1803
8. VISUAL-MANUAL CLASSIFICATION 303 304
(Section 11.3.2 of Protocol P47)
9. Mr MATERIAL TYPE 1 1
(Section 11.3.3 of Protocol P47)
10. COMMENTS (Section 11.4 of Protocol P47)
(a) CODE
(b) NOTE
11. TEST DATE 8/18/00 8/18/00
' SAMPLE IDENTIFICATION 12262 12263
GENERAL REMARKS:
SURMITTED BY, DATE CHECKED AND APPROVED, DATE

DAVID CLAUSON
BRAUN INTERTEC

Y/

SH

RP REPRESENTATIVE, 1 1ing
4151 AWRENCE BELL DRIVE

AFFILIATION;

Form T47, February 1991

Attachment B-17
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LTPP NORTHERN REGIONS
150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805

Tel: (716) 632-0804 - Fax: (716) 632-4808 - www.STANTEC.com/ltpp

SPS LABORATORY TESTING DATA SHEET

SHRP-LTPPLABORATORY MATERIALHANDLING AND TESTING
LABORATORY MATERIAL TEST DATA SHEET NO l OF l
SIEVE ANALYSIS OF SUBGRADE SOILS
LABDATASHEET T51
SUBGRADE SOILS

SHRP TEST DESIGNATION SS01/ SHRP PROTOCOL P51

LABORATORY PERFORMING TEST:
LABORATORY IDENTIFICATION CODE: 2711

LTPP REGION : NA STATE ABR: cT STATE CODE : 09
SPS EXPERIMENT NUMBER : 1 SPS PROJECTCODE: 18
SAMPLED BY : CTDOT FIELD SET NUMBER: 3
DATE SAMPLED : 5/3/00
1. LAYER NUMBER (FROM LAB SHEET LO4) 1 1
2. TEST SECTION NO. 3 3
3. SAMPLING AREA NO.
4. SHRP LABORATORY TEST NUMBER 2 2
5. LOCATION NUMBER BA4 BAS
(Enter an asterisk as the third digit)
6. SHRP SAMPLE NUMBER(Enter an BSO1 BS02
asterisk as the third and fourth digit)
7.% PASSING #200 SIEVE BY WASHING 56.1 447

(Section 9.3.1 of Protocol P51)
8. GRADATION (Section 9.3.2 of Protocol P51)

% PASSING SIEVE SIZE
STANDARD (mm)
3in. (75.0) 100 100
2in. (50.0) :gg }gg
11/2in.  (37.5)
1in. (25.0) 100 95
3/4in. (19.0) 98 84
12in. (12.5) 97 90
3/8in. (9.5) 96 88
#4 (4.75) 93 84
#10 (2.00) 90 81
#40 (0.425) 78 69
#80 (0.180) 68 60
#200 (0.075) 58.7 499
9. COMMENTS (Section 9.4 of Protocal P51)
(a) CODE
(b)NOTE
(c) WEIGHT OF TEST SAMPLE, Ibs 12 "
MOISTURE CONTENT, %
10. TEST DATE 8/14/00 8/14/00
_ SAMPLE IDENTIFICATION 12260 12261
NOTE. 1. RESULTS OF TESTSHEETS 151 AND T43 ARE USED FOR CLASSIFICATION AND DESCRIPTION ™
ON TEST SHEET T52.
2. ATTACH A CUMULATIVE PARTICLE SIZE GRADATION CURVE WITH FORM T51 (SECTION 9.3.3 OF
PROTOCOL PSLS .
GENERAL REMARKS: Pecifie asxavidr: PsSo) =272 R sSez2=2>4
SUBMITTEQLBY, DAT%ne/oo CHECKED.AND APPROVED, DATE
NS ) )
DAVID CLAUSON SHRP REPRESSEMIIVENSULTING
BRAUN INTERTEC AFFILIATION: 415 LAWRENCE BELL DRIVE

Form T61, February 1991 SUIE 3
AMHERST, NY 14221

Attachment B-18
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150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805
Tel: (716) 632-0804 - Fax: (716) 632-4808 - www.STANTEC.com/ltpp

SPS LABORATORY TESTING DATA SHEET

SHRP-LTPP LABORATORY MATERIALHANDLING AND TESTING ‘
LABORATORY MATERIAL TEST DATA SHEET NO _\OF L
CLASSIFICATION AND DESCRIPTION

LAB DATA SHEET T52

SUBGRADE SOILS
SHRP TEST DESIGNATION SS04 / SHRP PROTOCOL P52

LABORATORY PERFORMING TEST. BRAUN INTERTEC
LABORATORY IDENTIFICATION CODE: 2711

LTPP REGION : NA STATE ABR : CT STATECODE : 09
SPS EXPERIMENT NUMBER : 1 SPS PROJECTCODE: 18
SAMPLED BY : CTDOT FIELD SET NUMBER : 3
DATE SAMPLED : 5/3/00

1. LAYER NUMBER (FROM LAB SHEET LO4) 1 1

2. TESTSECTION NO. 3 3

3. SAMPLING AREANO. (SA-)

4. SHRP LABORATORY TEST NUMBER 2 2
5. LOCATION NUMBER BA4 BAS
(Enter an asterisk as the third digit)
6. SHRP SAMPLE NUMBER (Enter an 8S01 BS02
asterisk as the third and fourth digit)
7. VISUAL-MANUAL DESCRIPTION (Section 11.3.1
?J,”.;‘;{&%.'E"éé’p,\m,cm SIZE 10%GVL-31%SND 19%GVL-31%SND
(b) MAXIMUM PARTICLE SIZE 1" 112"
(c) COLOR DESCRIPTION BROWN BROWN
(d) CODES-OTHER PROPERTIES 1101 1901 1101 2102
(Table D.2 of Appendix D, LTPP Lab Guide) 1202 2103 1202 2301
1302 2301 1302
1704 1704
1802 1802
8. VISUAL-MANUAL CLASSIFICATION
(Section 11.3.2 of Protocol P52) 145 145
9. AASHTO CLASSIFICATION goos 510 510
Section 11.3.3 of Protocol P52) -
10. Mr MATERIAL TYPE 2 2
(Section 11.3.3 of Protocol P52
11. COMMENTS (Section 11.4 of Protocol P52)
(a) CODE
(b)NOTE
12. TESTDATE 8/18/00 8/18/00
SAMPLE IDENTIFICATION 12260 12261
NOTE: 1. RESULTS OF TEST SHEET T51 AND T43 ARE USED FOR CLASSIFICATION AND DESCRIPTION
ON TEST SHEET T52.
GENERAL REMARKS:
SUSMITTED BY, DATE CHECKED AND APPROVED, DATE
8/21/00 .20
DAVID CLAUSON SHRP REPRESENTATMEsuL NG
BRAUN INTERTEC Form T52, February 1991 AFFILIATION:_ 415 | AWRENCE BELL DRIVE

SUIE3
SMUERST WY 1497
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LTPP NORTHERN REGIONS
150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805

Tel: (716) 632-0804 - Fax: (716) 632-4808 - www.STANTEC.convltpp

SPS LABORATORY TESTING DATA SHEET

SHRP-LTPPLABORATORY MATERIALHANDLING AND TESTING

LABORATORY MATERIAL TEST DATA \
MOISTURE-DENSITY RELATIONS SHEETNO ' OF ]

LAB DATA SHEET T55
SUBGRADE SOILS
SHRP TEST DESIGNATION SS05/ SHRP PROTOCOL P55

LABORATORY PERFORMING TEST:__BRAUN INTERTEC
LABORATORY IDENTIFICATION CODE: 2711

LTPP REGION: NA STATEABR: cT STATE CODE : 09
SPS EXPERIMENT NUMBER : 1 SPS PROJECTCODE: 18
SAMPLED BY : CTDOT FIELD SET NUMBER: 3
] DATE SAMPLED : 5/3/00
: 1. LAYER NUMBER (FROM LAB SHEET LO4) 1
2. TEST SECTION NO. 3

3. SAMPLING AREA NO.

4. SHRP LABORATORY TEST NUMBER 2

5. LOCATION NUMBER BAS
(Enteran asterisk as the third digit)

6. SHRP SAMPLE NUMBER(Enter an BS02

asterisk as the third and fourth digit)
7. TEST RESULTS ( Section 10.3 of Protocol PS5)

(a) METHOD USED (B OR D) D

(b) OPTIMUM MOISTURE CONTENT(OMC),% 16

(c) MAXIMUM DENSITY (MD), PCF m
8. COMMENTS (Section 10.4 of Protocol P55)

(a) CODE 75 78

(b) NOTE

9. TYPE OF RAMMER FACE (If other than that
described in section 10.5 of Protocol P55)

10. TEST DATE 9/6/00

SAMPLE IDENTIFICATION 1 61

NOTE: 1. INCLUDE THE OPTIMUM MOISTURE CONTENT CURVE WITH TEST SHEET T55 (SECTION 10.3.6 OF

PROTOCOL P55).

GENERAL REMARKS:

SUBMITTED BY CHECKED AND APPROVED, DATE
s/eioo 040

DAVID CLAUSON SHRP RERRESENTATIVE <1\ e

BRAUN INTERTEC AFFILIATION: DRIVE

SUITE3
Form TS5, February 1991 AMHERST, NY 14221
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LTPP NORTHERN REGIONS

150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805
Tel: (71 6) 632-0804 - Fax: (71 6) 632-4808 - www.STANTEC.com/ltpp

MOISTURE-DENSITY RELATIONSHIP TEST

114 \
A
\
\
112
\
\
- X
9
S 110 \
: INERE| \
g | \
L
° \
- 108
N
a
\
106 A\
\_{7AV for
\b Sp.G.=
2.74
104
8 10.5 13 15.5 18 20.5 23

Water content, 2%

Test specification: SHRP P55 Method D, Standard

Eiev/ Date Date Samp | ed As Received|Preparation Rammer
Depth Tested Sampled By Moisture Method Type
9/06/00 moist manual
Size of Percent Percent "Percent Percent Natural Specific
Oversize Oversize on 3/4 3/4 to 3/8| 3/8 to #4 Moisture Gravity
3/4 in 100 0 0 2.74
TEST RESULTS MATERIAL DESCRIPTION
Maximum dry density = 111.0 pcf Subgrade
Optimum moisture = 16.0 X
Project No.: BADX-00-1264 Remarks:

Project: 091803
Location: 8S02
Test No.: 12261
Date: 9/06/00

MOISTURE-DENSITY RELATIONSHIP TEST

BRAUN INTERTEC

Specific gravity was
determined

Fig. No. 458
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LTPP NORTHERN REGIONS
150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805

Tel: (716) 632-0804 - Fax: (716) 632-4808 - www.STANTEC.com/ltpp

BRAUN'
INTERTEC

Fax Transmittal

v AR Al Lp
Fax Number: (’7/4) 6722 — 5‘80 8

From: /4 #
Phone Number: (75 2) 9%) -/78/

Date:
W / '7/' 2000

Number of Pages: 9

The information contained in this /ucsinﬁle message may be privileged and con fidential. It is intended
only for the use of the individual or entity 10 whom it (s sent. Jf the recipient of this transmittal is not the
intended recipient cr an employee or agent responsible to defiver it to the intended recipient, any
dissentination, distribution or copying of thiy communication is strictly prohibited. [f you have received
this communication in error. please immediately norify us by telephone and return the original message
to us at the address listed below viu the United States Postal Service.

Braun [ntertec Corporation
6801 Washington Avenue South
Minneapolis, MN 55439-0108

e ——
Attachment B-22



LTPP NORTHERN REGIONS

150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805
Tel: (716) 632-0804 - Fax: (716) 632-4808 - www.STANTEC com/ltpn

g SPS LABORATORY TESTING DATA SHEET -

LABORATORY MATERJALH.aNDLING AND TESTING
LARORATORY MATERIAL TRETDATA
RESWCENT MODULUS OF UNBOL NO GRANULAR BASESUBRAST
MATERIALS AND SUBGRADE 30N5
LABORATORY DATA SIGRET T46A - RECOMPACTED SAMPLES

UNBOUND GRANULAR QASESUBBASE LAVERS AND SUBGRADE SOLS
SHRP TEST DESIGNATION UGQY. SSOVSHRP PROTOCOL Pe

CLABORATORY FERFORMING TEST: R lntertec tae.
LABORATORY MENTIFICATION COOd:

SHEETNO. 1 OF 3

BRAUN SAMPLE | FLLE ID: NAIRSI /M 1041
k218

SAMPALS FROW: SHRP REGION NA . STATR cT STATE CODE: ]
LITP EXPY. NG t SHRP SECTIONTD.: 31807
SAMILED BY: GG FIELD SET NO. ]
AN EAMFL TAGENG
SAMPLING DATE: Mo
I. LAYER NUMBER (FROM LAD SHEZT LO4) [
1 LAYRRTYPS (1= adgraie 2-bhow'nbyads) '
1. SANFULING ARPA NO. (BA%)
3 SHRP LABURATORY TEST NUMBER 3
5. LOCATION NUMBER BAS
6 SHRF SAMPLE NUMBENX 2502
7. MATERIAL TYPE (Type ! o Tyoe 1) 2
€ TRST INFORMATION .
FRLCONUITINGYG - GREATER TRAN 3% PERIL. STRANI(Y = YES O N ~NO) N
TESTING . GREATER THAN $% FERM, STRADNY (Y ~ YES OR N = NO) N
TESTRNG - NUNBER OF LOAD SEQUENCES COMPLETED(0 - 15) ]
9. SPECOEN OB
SPEC. DIAM . onm
TOP e
MIOOLR Tos
BOTTON ne
AVERAGE T4
MEMBRANE THICKNESS (13, own \37
MEMBRANE TMCINESS (2} am 0.00
NET DAM, me ni
HEIGHT OF SPRCMEN, CAF ANO 3ASZmm 003
HIDCHT OF CAP AND BASE. mun a3
ONTTUAL LENGTHL . mm (DX
GEITUAL AREA, A, mar*2 »n
MTTIAL VOLUME AL, mer™) s
19, SORISFECUAEN WRIGHT.
OATIAL WEIGHT OF CONTANER AND WET SOIL. yams 1.8 )
FINAL WEGHT OF CONTAIVER AND WET SOILS. wmm 0.00 .
WEGHT OF WET SOIL USED, grams HE- %
il. SOTLPROFERTES:
¥ STTU MOISTURE CONTENT (NUCLEAR), %,
ON SITU WET DENSITY (NUCLEAR}, ky/ar™3
-
GETIMUM MOISTURE CONTTNT. ™ ]
MAX. ORY DENSTY. 4y/m") 11180
7% MAX. DRY DENSITY, kgim? 0891
11 SPECEEN PROPERTIES:
OOMPACTION MOTSTURZE CONTENT, % 158
MOLSTURE CONTENT AFTER RESILITNT MOOULUS TESTING, % I
COMPACTION DAY DENSITY. agim™) 16109
13, QUICK SHEAR TBET
STRESS-STRADNN PLOT ATTACHED ( ¥ = YES OR NAND) Y
TRIAXIAL SHEAR MAXIMUL™M STRENGTH (MAX. LDADAX-SECTION AREAL XPA 147
SPECIMEN PAIL DURING TRIAXIAL SWEAR? (Y » YES, N =NO; N
14 COMMENTS (Sarsan 10,40 Prorocel Fea)
(sCone R
(8) NOTT ———
1. TEST OATR IR0
TENERAL REMARKS. P
8Y.
A Y

Affilisuon  Bran intertos L

AmideST NY 14221

\
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10 0010000000000 eeeIrItereereriireiiivtcccirrrrtetttecccciesee SPS  ARORATORY TESTING DATA SHEET oqvucyqooo‘unnucnqccuo‘ugn‘ucu.ucuunouncnuuu

SIEETNO.2 OF 8

JORATORY IDENTICATION CODE ri %
1€ Cove [ ]
tP SECHON 11y 091803
LD ST NG 3
YER NUMBER i
VER TVPL ( | = subgrade, 2 = buscfsubbase) t
JAPLING AREA NO. (SA-) [ :
W LABORATORY TEST NUMBER 1
JATION NUMULR 8.As
RP SAMPLE NUMBER By
\TERIAL YYPE 2 i
STDATE N 0911972004 ;
SILIEN TAMODULUS TESTING . .
NSAMPLE/ FILEID NAL226Y
e —
LOMN Y [ 2 3 4 E] § ? [] £ 10 it 12 13 14
Chambes Nosiine! Cycle Actudl Actust Actual Aceual Actual Actust Retov Def. | Recov Def. Avsiage Resilicat | Resilient
Cuntining | Maximum to. Appticd Applicd Applied | Applicd | Applicd | Applicd LVDbr LvoT Racov Def. Swin Modufus
(AMETER Preisuee Axial Max. Axiat | Cyclic t.oad | Coanct Max. Cydlic Contact | #1 Reading | #2 Reading LVOT |
Suess Laad toad Axiat Swess Stress ad2
Stress
IGNATION 83 Scyclic cl Pmax Poycli Peomtact | Smax | Scyclic { Scoatact 1] 2 Havg M¢
UNIT kPa kPa - N N N kPa kPs kPa ™R ™R @m an/mm Mpz
ECISION N I - e |- .- [ RO,
{ 53.2 49.5 17 13.4 12.3 09 0.02352 0.02271 0.02314 00006 ”
2 53.6 499 32 13.5 12.6 6.9 0.02364 0.02271 0.023{0 0.00016 i3
JUENCE t a4 (AR} 3 525 483 3.2 13.2 123 e9 0.0233) 0.02248 0.02279 000016 n .
4 53.0 492 38 13.3 124 1.0 0.02333 0.0222¢ 0.02298 006016 n
] 332 49.6 3.1 134 12.5 0.9 0.02349 0.02248 0.02294 0.00016 1L
COLUMN AVERAGE 34 49.4 37 13.4 124 0.9 0.02347 0.02262 0.02299 0.000i6 731 ,
STANDARD DEV. 04 04 @1 0.1 0.1 0.0 0.00014 0.00013 000014 0.00000 04
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S7-g wuswyoeny

TEP WD -mh -an - .G G G G G D B B B B o B e -
.
0L 0044000 0100000000000000400009000000100000r00000400000vev0se GG |A“0“A[‘(“(YTEST(NGDATA s"EET‘O.‘n.'l.IOOOQCOOUQQOOOQOOQVO‘O!‘cho.‘ocao"o'l‘to'ov‘l!0000'0
SHEEYNO 3OF 8
: ~
- o
N SAMPLE /FILE 1D, NA12261 3 =
LN 1 2 3 4 5 6 U ] 9 10 1" 12 1 14 xS
' 109.9 996 103 IR 25.4 24 0.05178 0.05124 005139 | 000036 10 ~ 5
2 109.6 99.3 103 n6 25.0 26 005201 005108 005147 | 048836 7 8 5
DENCE 2 ad 16 3 1100 99.2 103 1.1 25.1 26 0.05209 0.05124 005i51 | 0.0803 70 . »a
4 1699 9.5 103 1.6 250 2.6 005201 005116 oostst | 000036 0 ‘ ooo 8;,
$ 169.7 99.4 103 16 5.0 26 0.03193 005108 005147 | 100036 10 ' E & 5 :
COLUMN AVERAGE 1998 99.5 103 216 250 26 0.03196 008116 005147 | 000036 | 699 ¢ 9 g
STANDARD DEV. 02 0.2 0.0 0.0 0.0 00 0.00012 0.06008 8.00003 0.00000 LX) . ;)11 ﬁ 2
MLUMN ¥ ' I 4 5 6 1 [ 9 10 1 1} 13 14 ! ” o)
i 1644 ° 149.0 151 4.3 313 s 0.03806 0.08612 0.08709 0.00061 62 — ;-"_;, z
2 1640 uss isd 413 ns 3 0.08806 0.08612 002705 | 0.00061 62 - = E
MENCE 3 414 4.3 k) 1638 148.7 15.1 41.2 374 38 008790 0.08604 008697 0.00060 62 e °|° =
4 1643 1492 [EN] 43 318 s 008506 008612 008709 | 000061 62 o > §
5 1640 1489 15.4 413 373 38 0.08798 0.08604 0.08701 | 0.00061 62 ‘,:‘j =R
COLUMN AVERAGE 164.0 1489 154 al 1.5 3s 0.08201 003509 008704 | 0.00061 69 A2 E
STANDARD DEV. 0.2 0.2 0.0 0.0 0.0 0.0 003007 0.00004 0.00045 0.00000 01 g ‘; O 3
JLUMN # 1 1 3 4 s ] ) s 9 1 1 [k] 13 u ?0 g 5
' 283 1975 207 549 497 52 0.12363 0.12061 02202 | aoooss 59 s <2
2 2187 1980 2048 550 498 52 0.12387 0.12069 0.12228 | 0.00085 59 i % w,
QUENCE 4 1.4 350 3 2186 1918 208 55.8 498 2] 0.02371 0.1246 0.12209 | c.o00ss 39 P
4 2184 197.7 208 350 9.1 5.2 0.2329 012077 012228 | 000083 38 - ;‘ 8
5 284 191.8 207 55.0 498 3.2 002319 0.12061 012220 | ooeoss 59 i N
COLUMN AVERAGE 2188 192.2 207 5350 498 52 012376 0.1206) 0.2219 | ovooss 58 T 2
STANDARD DEV. 02 02 00 0.0 00 00 0.00009 000011 000009 | 000000 o1 g >
5
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00T e T 0ee 00000000 ettat000artretrierentteiarterat setesiene SRS | ARQRATONY TESTING DATA SIIEGT 0900 000000000000000470000009000000¢00000000000000000000000rs0

SHEETNO 401 8

Y SAMPLE (FILE 10; NAI2261
_UMN ¥ 1 2 3 4 5 6 1 ] 9 10 i 12 13 14
0 2737 2484 5.3 689 625 6.4 015808 0.15495 0.15630 0.06109 57
2 m2 2482 25.0 658 625 6.1 0.45798 0.15503 0.45650 0.00109 57
UENCE $ 0.4 1%} 3 2137 2415 252 619 62.5 63 0.13791 0.15511 0.15654 0.00109 57
4 ma7 2483 254 689 6s 64 0.15790 0.5480 0.15435 0.00109 57
5 2735 2483 252 6t8 €. 63 0.15790 0.15503 0,15642 0.00109 51
COLUMN AVERAGE 273.6 2483 252 [y 62.5 63 0.15796 015498 0.15646 000109 514
STANDARD DEV. 01 04 0 0.0 0.0 0.0 0.00006 0.00012 0.00003 0.00000 00
LUBEN® 1 1 Ny s 4 s I 1 [ 9 10 1 12 13 14
1 s1s 49.7 18 135 12.5 1.0 0.02519 0.02414 0.02473 0.00017 3]
2 53. s 39 (.5 12.5 1.0 0.02543 0.02434 002418 000017 n
WENCE 6 276 138 3 516 96 4.0 1.5 1.5 1.0 0.02535 002434 002477 0.0007 23
4 s34 495 40 13.4 124 10 0.02543 0.02426 002477 0.00017 1
5 540 $0.1 39 13.6 126 1.4 0.02535 0.02442 0.02438 000047 7
COLUMN AVERAGE $3.7 491 39 11.4 2.5 1.0 0.02535 0.02434 0.02430 0.00017 725
STANDARD DEV. 0.2 02 0.1 0.1 0.l 0.0 0.00009 0.00005 0.00007 0.00004 02
MLUMN ¥ 1 2 3 4 5 6 7 ] 9 0 1t 1 13 14
[ 1026 1002 74 274 252 1.9 0.06077 0.05976 0.06023 0.00042 60
2 107.4 99.9 13 210 5.1 1.8 006020 0.05953 0.06011 000042 60
WENCE 7 176 7.0 3 107.5 100.2 74 274 25.2 1.9 0.06085 0.05976 0.06023 0.00042 60
4 107.4 100.2 73 21.0 252 18 0.06070 0.05961 0.06607 0.00042 60
[ 1074 999 X 21.0 25.0 1.9 0.06093 005976 00602 0.00042 60
COLUMN AVERAGE 107.4 100 1 13 2.0 282 K] 0.06079 0.05959 0.06018 0.00042 6012
STANDARD DEV. 02 0.2 0l 00 0.0 0.0 060010 0.00011 000008 000000 0.4
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eI I401 00t ItirrIes00iTrieetrieeescettecerinitesciinteieiesSpS (ABORATORY TESTING DATA SHEET o'.t-'vt'.tv‘ocnociooocl'c'.;cocr"oocoooccb-ot.nc-‘ctu'.‘u.t.

SHEETNO. SOF §

N SAMPLE / FILE 1D NAI2261
TUNN \ 2 3 4 s 6 7 s 9 10 T 2 3 \
\ 161.8 1490 12.8 407 315 32 0.10208 0.10085 010139 | 000071 53

2 1613 1488 129 0.6 374 12 0.10185 0.16077 010123 | ooneor 53

ALNCE & 278 407 3 1616 81 s 401 34 32 0.10193 0.10100 0.10139 | o.un0n 53
4 1619 1494 2.8 07 ns 32 010216 0.10085 0.10143 | ovesn 33

5 161.7 ure 1238 407 s 12 0.10209 0.10077 010039 | ooonn 53

COLUMN AVERAGE 161.7 489 12.8 407 3 12 0.10202 050085 010137 | 100071 3531
STANDARDDEV. 02 02 00 0.1 01 0.0 0.00013 0.00009 o.0m08 | 000000 X

WUMN # ) 2 N} o3 1 5 6 1 s 9 10 1 12 3 i
1 217.0 198.7 18.4 54.6 50.0 .6 0.142% 0.14162 0.44224 .| 000099 51

2 266 1984 s 543 99 .6 014278 0.14146 o442 | 0.0009 50

WENCE 9 176 54.6 3 68 198.4 184 546 99 16 9.14294 0.14162 o0.4228 | 0.00099 30
4 PTEX] 198.8 18.4 546 500 46 0.14294 0.14178 04432 | ooo0sd 51

s 2169 198.4 14 546 99 4 0.14286 0.14162 014224 | 000099 50

COLUMN AVERAGE 2169 1985 18.4 4.6 499 .6 0.14209 0.14162 0.422¢ | 000099 503

STANDARD DEV. 02 0.2 0.0 0.1 0.1 0.0 0.00007 0.0001 4 000007 | 0.00000 00

SLUMN ¥ 1 2 3 4 5 6 7 [ 9 10 T 12 13 1
i m3 2416 2 681 623 60 0.13565 0.48231 018398 | 000128 4

2 2110 413 2.8 612 622 6.0 01ss12 0.18239 0.18406 | 0.00428 1

JUENCE 10 214 683 3 214 1.2 3.2 683 63 60 0.18580 0.18247 0.18414 | 0.00128 49
4 4 M2 17 613 613 6.0 0.18588 0.16231 0.3410 | 000128 49

s 2911 2414 217 6.2 623 6.0 0.48580 0.18239 03410 | ocoizs 49

COLUMN AVERAGE 2713 2423 237 68.3 623 6.0 0.18577 0.13238 0.8407 1 ogaizs | 4se

STANDARD DEV. 0.2 02 0.0 00 01 0.0 0.00009 0.00006 000006 | 000000 0a
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SUEET NO.60OF 8

N SAMPLE / FILE 1D NA12261 _
LUNMN # ¥ 2 1 4 5 6 7 [] 9 10 i 12 13 4 !
\ $3.4 492 39 13.4 124 io 001969 0.03798 0.03876 000027 46
2 528 489 39 13 12.3 10 003953 003790 003864 0.0092? 46
UENCE 1t 138 133 3 528 11 4.0 133 123 10 0.03961 003798 0.03876 0.00027 46
4 531 49.1 4.0 134 124 1.0 0.03964 003798 2.03876 0.00027 46
s 52.7 48 3.9 3.3 123 10 0.03953 0.03790 003868 000027 46
COLUMN AVERAGE 519 494 38 133 123 1o 0.03960 6.03795 0.03472 ©.00027 45.7
STANDARD DEV. 0.2 0.2 0.0 0.0 0.0 0.0 0.00006 0.00004 0.00005 0.00080 0.1
ILUMN § 1 2 A 3 4 s 6 7 3 9 10 n 12 [} 14
' | 1040 981 H 26.2 247 LS 0.09627 0.0934 0.09476 - | 0.00066 37
2 048 98.7 58 263 248 135 0.09620 0.09348 0.09476 0.00066 38
UENCE 12 13.8 263 3 104.2 98.9 58 26.4 249 1.5 0.09620 0.09341 009480 0.00866 8
4 104.2 98.4 59 262 4.7 1.5 0.09635 0.09340 0.09480 0.00046 3
s 104.8 9.0 5.8 264 249 1.5 0.09627 0.09348 0.09488 0.00066 38
COLUMN AVERAGE 104.4 9.6 58 263 248 K} 009626 0.09344 0.09488 0.00068 376
STANDARD DEV. 03 03 0.0 0.4 0.4 0.0 0.00006 8.60004 0.000S 0.00000 01
UMN K 1 2 3 4 ] 6 7 8 9 10 1 12 13 4
i 159.6 148.1 3%} 402 313 29 0.14984¢ 0.14782 0.14883 0.0010¢ 6
2 139.7 148.2 1.5 40.2 313 29 0.14931 0.14782 0.14883 0.00104 36
WENCE 13 138 40.2 3 159.7 1482 1.5 402 37) 29 0.14976 0.14782 0.14879 0.00103 36
[ 139.4 142.9 1.5 40.1 372 29 0.14983 0.14782 014879 0.00103 36 3
s 159.7 148.2 1.5 402 373 29 0.14999 0.14759 0.14879 0.80103 36
COLUMN AVERAGE 152.6 1481 1.5 40.2 3712 2.9 0.14987 0.14777 0.1488¢ 0.00i84 360
STANDARD DEV, 0.1 [} 0.0 0.0 0.0 0.0 6.00009 0.000(0 0.00002 0.00000 06

)
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ANt 004 ea I e 00 eI r0 et 0t TIrterreeterseretareetere $PS ( ABORATOIY TESTING DATA SITEET ©0¢00r00000000060060000000000v6000000660000900000000080s8000000

SUEETNO.T0F 8

TSAMPLE/ FHLE D NAI12261
AMN A t 2 3 4 $ 6 ki [ ] 9 10 i1 12 (k) 14
\ 2163 199.4 16.8 s4.4 $0.2 42 019743 0.19563 0.19623 0.00136 37
2 2168 2000 168 $4.5 503 [¥] 0.1973s 0.19503 0.19619 000136 n
IENCE 14 e 548 3 6.3 199.5 168 54.4 50.2 42 0.19243 0.19503 0.19615 0.00436 b))
4 2069 200.0 168 546 $03 4.2 019258 0.19510 0.19634 000137 37
H 216.4 199.4 169 544 502 43 0.19738 0.19503 0.19615 0.00136 31
COLUNN AVERAGE 216.5 199.1 168 56.3 502 42 0.19743 0.19504 0.19621 000136 68
STANDARD DEV. 03 0.3 0.0 [ X} [ X} 0.0 0.00009 0.00003 Q.00008 0.00000 (1]
LUMN # | T N 3 4 5 3 7 ] 9 10 1] 2 13 4
1 2697 24718 712 619 623 $6é 0.25022 6.24549 0.24781 0.00172 36
2 1704 2429 222 68.0 62.4 sé 025037 0.24541 024789 0.00172 36
JENCE 15 138 68.0 3 2704 2419 212 680 62.4 56 6:25029 0.24588 0.24805 0.00173 36
4 2104 2419 223 680 624 16 0.25053 0.24580 0.24816 0.00173 36
5 2702 2481 222 X 624 5.6 0.25048 024580 024812 000173 3%
COLUMN AVERAGE 1700 247.8 22.2 68.0 62.4 5.6 $.25037 0.24567 024801 0.00173 362
STANDARD DEV. 0.2 02 00 0.1 (] 0.0 0.00012 0.00024 000015 0.06000 00
HTTED OV, DATE CHECKED AND APPROVED, DAIE
WRATORY CHIEF
won Braun intcrtec Carporatiun Afilistion
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**5PS LABORATORY TESTING DATA SHEET ***

ssees
i

SHEETNO. $OF §

{. LABORATORY IDENTIWFICATION CODE 271
2. STATECODE 09
3. SHRP SECTION D 091803
4. FIELDSET NO 3
5. LAYER NUMBER 1
& LAYER TYPE( | ~ sudgrade. I = base/subdase) 1
1. SAMPLING AREA NO. (SA-) 15
. SHRP LABORATORY TEST NUMBER 2
9. LOCATION NUMBER BAS
10. SHRP SAMPLE NUMBER 8502
11, MATERIAL TY?E 2
12. TESTODATE 09/1942000
13. BRAUN SAMPLE/ FLE D NA12261
Quick Shear
160
[ ] : ] ;
H H JA—
140 - — e ‘ ‘
g T | !
120 , + .
— - 1 : i
=100 . ! ; ’
-y : : ]
EA % .‘/ i T I
i a T ! T
i ‘% 60 \ [ I, ! . | q !
| y . . i i J
: L e ! | 1 i ]
g 0 - IR I
> T
; ' ] | : 1 : | ; ]
| T S O ‘ T
. f i ) i i ; | ] : i
; o L. .. - .
! [ 1 2 3 4 5 8
} % Skain
! Lo ’
| i - NA12261
! - ;
[}
14, TRIAXIAL SHEAR MAXDMLM STRENGTH (MAX. LOAD/X-SECTION AREA). <PA 47
19, SPECOMEN FAIL DURING TRIAXIAL SHEAR? (Y = YES, N - NO) N
Ve
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