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Post-Diagnostic Report 
Seasonal Monitoring Program (SMP) 

Connecticut Test Section 091803 

1 .0 Introduction 

The SMP test section 09 1 803 is a GPS-1  experiment, located on northbound 
RT 1 1 7, 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. 
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Figure 1 :  Site Location Map 
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The installation of instrumentation on seasonal site 091 803 near Groton, 
Connecticut was performed on August 1 9, 1 993.  Details regarding the installation 
are provided in the FHW A-L TPP report "L TPP Seasonal Monitoring Program -
Site Installation and Initial Data Collection, Section 091 803 , Groton, Connecticut 
Report No. FHWA-TS-95-09-01 ,  September 1 995". Seasonal Monitoring data 
was collected at this location from October 1 5, 1 993 to June 22, 1 995, and from 
October 8,  1 996 to October 1 6, 1 997 at which time SMP activities were 
suspended. For this LTPP experiment, instrumentation was installed at the north 
end of the GPS- 1 section. The 6 1  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 09 1 803 on RT 1 1 7 near Groton, CT provided the 
opportunity to do an "out of study" evaluation on the SMP instrumentation 
originally installed in October 1 993 . 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 1 989. 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 FHW A­
L TPP report "Supplemental Data Collection, Prior to Rehabilitation, Section 
091 803, Groton, Connecticut, Report number FHWA-TS-00-09-01 ,  December 
2000". 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 (FHW A) and Anne-Marie McDonnell (CT DOT) initiated a post­
diagnostic review of LTPP SMP site 091 803 . 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 09 1 803" dated April 1 3 ,  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 (FHW A) - 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 : 

3 
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a e . Ite nvestigatwn roup . T bl 1 s· I G 
Name Agency Task/Job Title 

Anne-Marie McDonnell CT DOT I Research L TPP Coordinator 
John C. Hayman CT DOT I E.G.P. Crew Leader 

Jim Mackie CT DOT I E.G.P. Traffic I Maintenance 
David Sernrnelrock CT DOT I E.G.P. Traffic I Maintenance 

Roy Duff CT DOT I E.G.P. Traffic I Maintenance 
Kevin Jones CT DOT Backhoe 

Charles Purdell CT DOT I Test Boring Drilling I Sampling 
E. Thomas Budney CT DOT I Test Boring Drilling I Sampling 

Fred Nashold CT DOT I D2 Lab Nuclear Density 
Mark Tice CT DOT I D2 Lab Material Samples 

Brandt Henderson Stantec I NARO Field Operations Manager 
Jim Vogt Stantec I NARO LTPP Data Collection 

Bentley Harris Stantec I 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 1 8, 1 989. 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 1 8, 1 993. 
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. 

4 
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3.0 Material 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. 1 89m). 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. 

5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

POST DIAGNOSTIC REPORT 

Long--Term Pavement Performance 
LTPP NORTHERN REGIONS 

150 Lawrence Bell Drive, Suite 108- Amherst, New York 14221 - 7805 
Tel : (7 1 6) 632-0804 - Fax: (7 1 6) 632-4808 - www.STANTEC.com/ltpp 

3.2 Nuclear Moisturemensity 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. 1 91 
meters below the surface (adjacent to TDR probe 1 ). Subsequent to this test, 
1 50 mm direct transmission nuclear gauge samples were taken at: 

• 0. 1 9 1  m below surface adjacent to TDR probe 1 

• 0.559 m below surface between TDR probe 2 and 3 

• 0.775 m below surface adjacent to TDR probe 4 

• 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 

6 
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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 
(kg/m3) (pet) 
2029.5 126.7 

1 
2018.3 126.0 

Base 0.191 1978.3 123.5 
2026.3 126.5 

Average 2013.5 125.7 
2055.2 128.3 

1 2186.5 136.5 
Base 0.191 2335.5 145.8 

2228.2 139.1 
Average 2201 137.4 

1891.8 118.1 
1891.8 118.1 

Subbase 0.559 
3 

2180.1 136. 1  
2104.8 131.4 

Average 2000.7 124.9 
2042. 4 127.5 

4 
2053.6 128.2 

Subbase 0.775 2045.6 127.7 
2055.2 128.3 

Average 2048.8 127.9 
1891.8 118.1 

6 
1909.4 119.2 

Subbase 1.070 1983.1 123.8 
1979.9 123.6 

Average 1941.4 121.2 
N ote: Depths are measured from Pavement Surface (Meters) 

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

Water (kg/m3) 

7.49 1888.1 
7. 30 1881.0 
7.68 1837.2 
7.36 1887.4 
7.46 1873.7 

9.11 1883.6 
7 2043.5 

6.47 2193.6 
6.96 2083.2 
7.39 2049.5 

12.35 1683.8 
13.17 1671.6 
10.02 1981.5 
10.36 1907.2 
11.48 1794.7 

9.17 1870.8 
8.72 1888.9 
9.47 1868.6 
9.37 1879.1 
9.18 1876.5 

9.53 1727.2 

9.38 1745.7 
7.49 1844.9 
7.70 1838.3 
8.53 1788.8 

Direct Transmission -Nuclear gage on soil and probe set to 1 50mm 
Nuclear Gage- Boart Long Year MC3- Porta-Gage, SN M361 202035 1 7  

7 

(pet) 
117.9 
117.4 
114.7 
117.8 
117.0 

117.6 
127.6 
136.9 
130 

127.9 

105.1 
104.4 
123.7 
119.1 
112.0 

116.8 
117.9  
116.7 
117.3 
117.1 

107.8 
109.0 
115.2 
114.8 
111.7 

Remarks 

Back Scatter data 

Top of base, above 
probe 1, rough 

surface 

Top of subbase, 
between probe 2 & 3, 

tests are taken in 
trench 

Between probe 4 & 5 

Between probe 6 & 7 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

POST DIAGNOSTIC REPORT 

__ Long-Term Pave111ent Performance 
LTPP NORTHERN REGIONS 

150 Lawrence Bell Drive, Suite 108 - Amherst, New York 14221 - 7805 
Tel: (7 1 6) 632-0804 - Fax: (7 1 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 

Probe# Depth Lab Dry Density 
(lb/ft') (kg/m") 

1 0.330 139.1 2229 
2 0.437 140.7 2255 
3 0.584 135. 0 2163 
4 0.737 NA NA 
5 0.889 135.2 2166 
6 1.041 136.8 2192 
7 1.194 NA NA 
8 1.346 130.5 2091 
9 1.656 NA NA 

10 1.961 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&1 0, to wet to conduct test 

3.4 Gravimetric Moisture Sample Results 

Lab Moisture 
(%) 

5.8 
5.4 

7.83 
NA 
6.0 
6.9 
NA 
10. 3 
NA 
NA 

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 

8 
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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 

Location 
At TDR 

(Lab set 1) 

I 0.330 

2 0.437 
Top 12.4 

Bottom 15.2 

3 0.584 6.7 

4 0.737 
Top 6.7 

Bottom 11.9 

5 0.889 10.4 

6 1.041 
Top 8.2 

Bottom 9.3 

7 1.194 
Top 10.1 

Bottom 9.6 

8 1.346 
Top 12.4 

Bottom 13.6 
9 1.656 20.2 

10 1.961 Top 19.2 & 13.4 
Note: Depths are measured from Pavement Surface (meters) 

Lab set I tested on May 9, 2000 
Lab set 2 tested on May 5, 2000, with: 

• Probe 5 not labeled top or bottom 8.64% 
• Probe 6 2 samples labeled I 067m are 7.98% and 6 .54% 
• Probe 7 &8 2 samples not labeled top or bottom 
• Probe 9& I 0 I sample only 

9 

Location 

Top 
Bottom 

Top 
Bottom 

Top 
Bottom 

Top 
Bottom 

Top 
Bottom 

Top 
Bottom 

At Instrument Hole 
(Lab set 2) 

7.26 
7.54 & 8.06 
7.19 & 6.35 

7.67 
10.87 & 11.0 

14.96 
13.35 

13.04 & 11.0 
9.66 
9.60 
8.62 
8.88 

10.57 & 8.36 

11.66 & 12.98 

22.02 
13.09 
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3.5 Material Laboratory Test Results 

The material samples were forwarded to L TPP laboratory contractor 
(Braun/lntertec) 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 
5+20 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. 

a e . a ena roper Ies . T bl 5 M t 
. 

I P f 
Description Surface Base Subbase Subgrade 1 Subgrade 2 

Dense Graded 
Uncrushed Gravel Sand /w Silty Sand /w Silty Sand /w 

Material (Code) 
HMAC (0 1 )  

Gravel (304) Cobbles (303) Gravel ( 1 45) Gravel ( 1 45) 
BG-55 BG-02 BS-02 BS-01 

Thickness (rnm) 1 8 9  299 1 056 264 192 

Lab Max Dry Density (kg/m3) 2259 2259 1 778 
Lab Opt Moisture Content (%) 6 5 1 6  

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 
P lastic 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 ofRes1hent Modulus and the standard dev1atwn are calculated based on 15 sequences applymg the 
Pressure range of 13.8-41.4 k Pa and the Nominal Maximum Axial Stress range of 13.3- 68.8 k Pa. 

1 0  
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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 5+00 end of the GPS section. No samples were possible 
at the 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 3 1 -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-
1 0, 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 1 2-50mm. The transverse cracks initiated in the surface 
and extended to a maximum depth of 1 52mm. The exception was core 33 which 
separated at the crack location. The core width ranged from 2-1 2mm with the 
larger gap at the surface. Spalling was evident on the transverse cracks. The core 
thickness on average was some 1 Omm less than that recorded for the test pit 
( 1 89mm). 

1 1  
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Figure 2 :  Diagram of Core Sample Locations 
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Table 6:  Results of Core Examination 
F=----------------=======, 

Date 4-May-00 Material Code 700 
Core Size (inch) 4 Material Description AC 

b-==--�==�==----------� 

Core Hole No. 25 £-7 28 29 30 3 1  

Location (m) 1 56 .6  1 58 . 1 1 59.6 1 54.9 1 55.4 1 55 . 8  1 60.9 

32 

1 60.9 

Location 
Taken from FWD Location 

Taken between 1 52 .4m 
Taken @ 1 60 .9m 

Description & 1 58.5m 

Offset (m) from 
0 .79 1 .90 0.79 0.79 0 .79 0.79 1 .58 1 .89 Pavement Edge 

Average 
1 84 1 78 178  1 78 1 78 1 9 1  178  1 7 1  

Thickness (mm) 

= 
Layer 

Binder Binder Binder 
0 Description :;::: 
� Thickness 8 1 02 1 02 102 ;... (mm) .s 
= Layer ..... Surface Surface Surface ;.. Description <1.1 
� 
� Thickness ...J 7 1 -76 76 76 

(mm) 

1 3  

33 

1 60.9 

2 . 1 9  

1 65 
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25 

26  

27 

28 

29 

30 

3 1  

32 
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Table 6:  Results of Core Examination Cont . . .  

General 
Distress Type 

Cracking/Spalling Information Additional Notes 

Start of 
fatigue Cracking 26mm down one side of core 

cracking 

Fatigued 
FWD Sealed cracks - depth of 47mm & 24mm 

location 

Fatigue Cracks measured as deep as 1 2mm 

region -
cracking Cracks measured as deep as 50mm 

starting at 
surface 

Cracks measured as deep as 44mm 

I 02mm & 1 52mm 
Cracks 3 -4mm 

Crack not quite 
crack depth on 

wide on surface 
through cores 

Transverse side of core entire depth 
crack Crack Crack width 

Partially Core in 
propagating originating 8- 13 mm at top, Material 

through at surface 2-3mm at bottom 
spalled 

beginning to 
various pieces 

entire core separate along Core in various 
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 .  A utomated TDR - Three sets ofMobile automated TDR measurements 
initiated at 8:54 am, 9:47 am and 1 0:03 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 ofTDR 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 TOR 
traces for the three TDR data sets initiated at 8 :50, 9 :47 and 1 0:03 . 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 

Sensor Automated Volumetric Moisture Content - May 3, 2000 

Depth (mm) Set 1 Time Set 2 Time Set 3 Time Average 
Standard 

Deviation 

0.330 19 . 1 8 :54 19 . 1 9:47 1 8 .5 1 0:03 1 8.9 0.3 
0 .437 2 1 .5 8 :53  20.3 9:48 20.3 10 :04 20.7 0.7 
0.584 30 8 :53 30.6 9 :48  30.6 1 0 :04 30.4 0.3 
0.737 2 1 .5 8 :52 22. 1 9 :49 22. 1  1 0 :05 2 1 .9 0.3 
0.889 13 . 6  8 : 5 1  1 2.5 9:50 1 7.2 1 0 :06 14.4 2 .5 
1 .04 1 20.3 8 :5 1 1 9.7 9:50 19 .7  1 0 :06 19.9 0.3 
1 . 1 94 20.3 8 :50  20.9 9 :5 1 20.3 1 0:07 20.5 0.3 
1 .346 28.2 8 :54 28.2 9 : 5 1  27.6 1 0:07 28.0 0.3 
1 .656 47.2 8 :55  46.8 9:52 47.6 1 0 :08  47.2 0.4 
1 .9 6 1  25.8 8 :5 5  27.0 9:52 25 .8  10 :08 26.2 0.7 

1 5  
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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 ofTDR 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 1 0  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 

TDR Sensor 
Manual Volumetric Moisture Content 

Sensor Depth (mm) 
May 3, 2000 

Set 1 Time Set 2 Time 

1 0.330 23.2 935 23.2 1 02 8  
2 0.437 28.9 936 N/A 1 1 00 
3 0.584 32.0 937 32.5 1 1 0 1  
4 0.737 25.9 937 25.9 1 1 02 
5 0 .889 23.2 938 25.9 1 1 03 
6 1 . 04 1  23.2 939 23.2 1 1 04 
7 1 . 194 25.9 939 24.0 1 1 05 
8 1 .346 34.9 939 3 1 .0 1 1 06 
9 1 .656 48.4 940 48.4 1 1 07 
10 1 .96 1 27.7 940 27.7 1 108  

1 6  
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3. A utomated 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 1 OOk-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. Man ual 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- 1 0. 1 
and C- 1 0.2, 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. 

5 .  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 1 7:30 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 . 1 1 75 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 091 803 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. 
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Figure 3 :  Distress Survey of Instrumentation area. 
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7. Temperature - The MRC thermistor probe was connected to the CR1 0 
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. 

r=-k" · MRC #2 
. I -x MRC #3 ! 

i . i -liE- MRC #4 j - MRC #5 
i -t- MRC #6 i 
! - MRC #7 
i -- MRC #S 
I , MRC #9 I i 
1 * MRC #1 0 I  
i i 1 ---- MRC #1 1 i I MRC #1 2 1  
i MRC # 1 3 1 
I MRC # 1 4 1 
j MRC #15 � 
1 - MRC # 1 6 ! 
! i 

- MRC # 1 7 i 

1 4 +-------�--------,------,------�------�------� 
I i l --+- MRC #1 8 f  

1 5-Sep 20-Sep 25-Sep 30-Sep 
Date 

5-0ct 1 0-0ct 1 5-0ct 

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, MRC 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: 

• The ten 3-prong 203mm TDR probes, manufactured to FHW A/LTPP 
specification by FHWA-Tumer 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 sub grade, 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- 1 0, Appendix A 
provides a photo of a TDR probe damaged during removal from the soil. 

• 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. 

• 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-1 1 , Appendix A. The height of the probe, as measured from the 
pavement surface, was 0.2 1 5  meters. The probe was firmly matted to the 
surrounding soil. 
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Pavement Layer 
Depth 
(mm) 

TDR TOR 
Depth Depth Comments 
(mm) (mm)* 

Average Block Depth 
Asphalt 1 89 mm 

1 89 
Assumed Thermistor 

Medium Brown Gravel 
335 (330) Probe Depth 2 1 4  mm 

Measured 2 1 5mm 
437 (437) 

488 
Assumed Resistivity 

589 (584) Probe Depth 2 1 4  
Measured 220mm 

742 (737) 

Grayish Dark Brown 894 (889) 
Silty Gravel with Sand 

(Numerous 1046 ( I  04 1 )  
Cobbles/Boulder) 

1 199 ( 1 194) 

1 3 5 1  ( 1 346) 

1544 

Black Loam with 
Traces of Gravel 

1 808 

TDR 9 1 656 ( 1 656) 

Light Brown Silt and 
Sand (Yellowish) 

2000 
TDR 1 0  1961  ( 1 96 1 )  

*( ) measured at time of excavatiOn and removal from soil 
Figure 5 :  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 in the AC 
2 0.095 layer 
3 0 . 1 64 

Base 4 0.240 1 0 .250 Installed below the 
5 0.3 1 7  3 0 .350 09A0 1 0 .330 AC layer into the 
6 0.393 4 0.400 09A02 0 .437 sub grade 

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 1 0  0.700 09A04 0.737 sub grade 
1 0  0.850 1 3  0.850 09A05 0.889 
1 1  1 .002 1 7  1 .050 09A06 1 .04 1 
12  1 . 1 55 20 1 .200 09A07 1 . 194 
1 3  1 .307 23 1 .350 09A08 1 .346 

Sub grade 14  1 .460 26 1 .500 Installed below the 
1 5  1 .6 1 2  29 1 .650 09A09 1 .656 AC layer into the 
1 6  1 .764 32 1 .800 09Al 0  1 .96 1 subgrade 
1 7  1 .9 1 7  35 1 .950 
1 8  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 L TPP 
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 CR1 0 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 1 0  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 ofboth the manual and automated TDR traces in Table 1 1 . 
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. 

Table 1 2  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 1 3  provides a comparison 
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 
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 
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 
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 
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 1 0 :  Volumetric Moisture Content for the TDR Data sets 

TDR Manual (%vol) Automated (%vol) 
Sensor Set 1 Time Set 2 Time Set 1 Time Set 2 Tin>P � 

1 23.2 935 23.2 1 028 1 9 . 1  8 :54 19 . 1 9 :47 1 8 .5 1 0:03 

2 28.9 936 N/A 1 1 00 2 1 .5 8 :53 20.3 9:48 20.3 1 0:04 

3 32.0 937 32.5 1 10 1  30 8 :53 30.6 9:48 30.6 1 0:04 

4 25.9 937 25.9 1 1 02 2 1 .5 8 :52 22. 1 9:49 22. 1 1 0:05 

5 23.2 938 25.9 1 1 03 13 .6  8 : 5 1  1 2.5 9:50 1 7.2 1 0:06 

6 23.2 939 23.2 1 104 20.3 8 :5 1  1 9.7 9 :50 1 9.7 1 0:06 

7 25.9 939 24.0 1 1 05 20.3 8 : 50 20.9 9:5 1 20.3 1 0:07 

8 34.9 939 3 1 .0 1 106 28.2 8 :54 28.2 9:51 27.6 1 0:07 

9 48.4 940 48.4 1 107 47.2 8 :55 46.8 9:52 47.6 1 0:08 

10 27.7 940 27.7 1 108 25.8 8 :55 27.0 9 :52 25.8 1 0 :08  

Table 1 1 :  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 

Layer type 
Layer Probe Depth below Manual TDR Automated TDR Dielectric Moisture 

Description No. surface (mm) Dielectric Dielectric Constant 
Constant 

(%/vol) 
Constant 

(%/vol) 
(%diff) 

(%diff) 

·� Medium brown 1 330 1 2.3 23.2 9.8 1 9 . 1  2 0  1 8  1.:: Base l�'i j :, j__ . ·. ·- gravel 2 437 15 . 8  28.9 1 0. 8  20.3 32 30 
3 584 1 7.9 32.0 1 7.0 30.6 5 4 

Grayish 4 737 1 3.9 25.9 1 1 .8  22. 1 1 5  1 5  

Sub-J:>ase brown silry 5 889 12.3 23.2 9.2 1 2.5 25 46 
gra:vel w:ith 6 1 04 1  12 .3 23.2 1 0.4 1 9.7 1 5  1 5  
tiarge rock � 7 1 1 94 1 3 .9 25.9 10 .8  20.9 22 1 9  

8 1346 20. 1 34.9 1 5.0 28.2 25 1 9  
B lack loam 9 1 656 35.6 48.4 34.4 46.8 3 3 

�b-grade Lig!lt brown 1 0  196 1  17 . 1 27.7 13 .9  27.0 1 9  3 
loam 
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Table 1 2 :  Gravimetric Moisture Content for the Manual & Automated TDR Data sets 

Manual (%/wt) Automated (%/wt) Moisture 
TDR Sensor Differential 

Set I Time Set 2 Time (%diff) 

I 1 0.4 935 8 .6  947 I 7  

2 1 2.8 936 9.0 948 30 

3 I4 .8  937 1 4 . I  948 5 

4 12 .0 937 1 0.2 949 15  

5 1 0.7 938 5 .8  950 46 

6 10 .6  939 9 .0  950 15  

7 I 1 .8 939 9.5 95 1  19 

8 1 6.7  939 1 3 . 5  95 1 19  

9 28.9 940 27.9 952 3 

1 0  1 6.5 940 1 6 . 1  952 2 

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

Date: 03/May/2000 Laborqfory Proctor Dry Weight I TDR Method INt�clear Density Resulrs 
Time: 1 038 hrs Results Metliod 

Depth 
Dry density 

TDR Moisture Probe moisture sample 
Layer Probe below Probe moisture content (%/wt) Layer type 

Description No. surface sample (%/wt) 

(mm) (lb/ft3) (kg/cm3) (%/wt) (%/vol) (%/wt) Min-Max Average 

Base Medium brown 1 330 1 39. 1 2229 5 . 8  7 .54-8.06 23.2 1 0.4 6.47-9. 1 1  7 .39 
gravel 2 437 140.7 2255 5.4 6 .35-7 .67 28 .9 1 2. 8  

10.02- 1 3. 1 7  1 1 .4 8  
3 584 1 35 .0 2 1 63 7 .8  10 .87- 14.96 32.0 14 .8  

Grayish 4 737 1 35.0 2 1 63 N/A 1 L0- 13 .04 25.9 1 2.0 
8 .72-9.47 9 . 1 8  

Sub-base 
brown silty 5 889 1 35.2 2 1 66 6 .0 8 .64-9.66 23.2 1 0.7 
gravel with 6 1 041  136 .8  2 1 92 6.9 6 .45-8.88 23.2 1 0.6  

7 .49-9 .53 8 .53 Large Jock 7 1 1 94 136 .8  2 1 92 N/A 8 .36-1 0.57 25.9 1 1 .8 
I 8 1 346 1 30.5 209 1 1 0.3 1 1 . 66- 12.98 34.9 1 6.7  NIA N/A 

Black loam 9 1 656 1 10 .0 1 675 NIA 22.02 48.4 28.9 NIA N/A 

Sub-grade Ligh brown 1 0  1 96 1  1 I O.O 1 675 NIA 1 3 .09 27.7 1 6.5 NIA N/A 
loam 

Note: Laboratory proctor results from May 5, 2000. Lower moisture value may be due to mmsture evaporatwn from sample. 
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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 (9 1 m) 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 sub grade 
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 

28 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

POST DIAGNOSTIC REPORT 

Long-Term Pavement Performance 
LTPP NORTHERN REGIONS 

150 Lawrence Bell Drive, Suite 108- Amherst, New York 14221 - 7805 
Tel: (7 1 6) 632-0804 - Fax :  (7 1 6) 632-4808 - www.STANTEC.com/ltpp 

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 
(9 1m) as reported in Figures 1 0  through Figure 1 5 . 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, 1 994. 
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. 

r - -·--· ···---····-.,...-· 

1 800000 .,---··-·· �·'""'""''"""·'-"""'"'" "'-'" ____ __ ,, __ ... _ ........ 

'f 1000000 t----�-·1------�H 
� 
1ft 800000 ��-�-����--··� ... __. .. , 

0�--------�------------�----�--� 
Feb-88 Jan-90 l:'li!c-91 l'klv-93 Oc1--95 Sep-97 Aug-99 Ju�01 

Date 

Figure 1 0 :  Historical Trend of Overall Pavement Moduli - All Stations 
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Figure 1 2 :  Historical Trend of Surface Moduli - All Stations 

30 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

POST DIAGNOSTIC REPORT 

Long-Term PavemeJ1t Performance 
LTPP NORTHERN REGIONS 

1 50 Lawrence Bell Drive, Suite 1 08 - Amherst, New York 14221 - 7805 
Tel: (7 1 6) 632-0804 - Fax: (7 1 6) 632-4808 - www.ST ANTEC.com/ltpp 

f----- ----·�--------�� 
: 12000000.0 1 ··· ·---- - - - - -· · - - · - - · - · ............. ································ - -- - -- -- --- ----·�1 i 

----.-. � -�·� 
.. 
11. 

. � f () �-

i 

10000000.0 t--
1 

1000000.0 +--- ---- ---·-� 
' I I 
I j 

1000000.0 
: i .  
: • ! ·. 

4000000.0 �--!-- ---------�.__. ·- --------
1 

... . 

-·· t- ._:_·----------------·---·-----1 
0.0 +-------,-�-�--�--.......,--------i ' 

Filb-88 Jan-90 Dec-91 Jl«lv-93 Oct-95 Sep-97 A ug-99 I 
Pate I 

Figure 1 3 :  Historical Trend of Surface Moduli - Station 3+00 
- --- - - ·--· - ·· -.--. ' 

! 

l 0 ·1--�-----------------! 
Feb-88 Jan-90 Dec-91 il«lv-93. Oct-95 Sep-97 Aug-99 Ju�01 

L _ _  

Date 

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 1 6, 1 7 and 1 8  for the 
three distress types evident on the pavement surface of GPS site 09 1 803 .  The 
results of the photo interpretations are provided for 1 989 through 1 992 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 1 992 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 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 mlkm until 
the time of the rehabilitation in June 2000, at which time the IRI dropped in the 
range of 1 . 1  mlkm as shown in Figure 1 9 .  
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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 ( 1 52.4m) and the 
sectional average in Figures 20, 2 1 ,  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 1 994 survey. 
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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- 1 1 ,  Appendix C. Figures 24 and 25 provide the results ofthe elevation 
surveys conducted over time for Stations 3+00 (9 1 .4m) at the start of the SMP test 
location and 5+ 1 9  ( 1 58.2m) 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. 

Figure 24 : Historical Trends in Elevation Changes - Station 3+00 (91 .4m) 
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Figure 25:  Historical Trends in Elevation Changes - Station 5+19 (158.2m) 

7.0 Summary Discussion 

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 1 989 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 
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the IMS database. This provides a significant improvement in the data 
available for this section. 

4. 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. 

5 .  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. 

6. 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 ( 1 52.4m) 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. 

7. The monitoring data was used to show the trends in the performance 
indicators for this section from the time of the original surveys in 1 989 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, 
1 994. 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-t. Site overview 

Figure A-2. Pavement slab removal 
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Figure A-3. Excavation of rock material 

Figure A-4. Drilling operation 
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Figure A"S. Nuclear density test of base materials 

Figure A"6. Measuring density/moisture sample location 
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Figure A-7. Moisture sampling at probe location 

Figure A-8. Final automated data collection 
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Figure A-9. Location of piezometer 

Figure A-10. Damaged TDR probe during excavation 
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Figure A-1 1 .  MCR thermistor probe damaged during rock removal 
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Figure B-1. Coring operation 
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Figure B-2. Core #25 
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Figure B-3. Core #26 
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Figure B-4. Core #27 
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Figure 8-5. Core #28 

Figure 8-6. Core #29 
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Figure B-7. Core #30 

Figure B-8. Core #31 

B-5 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Long-Term P� Perforrrumce 

LTPP NORTHERN REGIONS 
1 50 Lawrence Bell Drive, Suite I 08 - Amherst, New York 1422 1 - 7805 

Tel: (7 1 6) 632-0804 - Fax: (7 1 6) 632-4808 - www.STANTEC.com!ltpp 

Figure B-9. Core #32 
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Figure B-10. Core #33 
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Figure C-1.2. Automated TDR Trace - Set 1, Probe #2 
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Figure C-1.4. Automated TDR Trace - Set 1 ,  Probe #4 
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Figure C-1 .5. Automated TDR Trace - Set 1, Probe #5 

TDR ftF.ASI.JJIDIDtTS 

l!t9SABBAE . ftOB 

ftay 
T i- of Day : 

ist bt.wn UuF• • 
in : 

rrset : 
p ie No :  

1 of 3 
6 

3 ,  2888 
8 :51 

· =  8 . 81 
73 

53858 
1 

Po int= 8 . 76 
ncl I nt lec .  Po i nt= 1 . 41 

Appar . Le�h .  • = 8 . 65 
D ie letr . Conat . =  18 . 4  
� lu.e-tr ttc ,  X = 19 .7 

Tota l 3 set ( s )  data 

18 ;8 . 
. . . . . . . . .  "!: · . . . . .  . . �-. . . . . . . . .  .. . .. . . . -:.. . . . . .  : . . . . . . . .. . : .. . . . . . . .  --�-..  .. . . .. (• ... . . . . . f • • • • •• ' • •  . . . : : : . . - . 1 • • • . . . . 
.. · · · · · · · · 1· .. - · · · · · · 1· - · · - - · · · · : - - - - - - -- -r- - - - · - - - --r - · · · - - · · .:. - - · - - - -- --�- ·-- - · - . . :. - · · · · · · �- · · ·· · - -

. . - . . • • • 0 0 • 0 0 • • - 0 • • • • 0 • • .. . ... . . . . �- . . . . . . . !' . .  . .  . • .• . . . . . . .  -� . . . . . .. . . ·:- . . . . . . . · ·!- . • •• 0 • •  · -·� · 0 . . . . .. ..... . . . . . . . 0 • •• • • • • • • •  . . . . . . . . . . . . . - . . . . . 
� - � - � - - - - - : - - - - · - - - - -f - - - - - r - -

. . . 

. . . 
o o o o O  I • •  ' i' "  '" ' " �- j , , ,  o o • • l  o f "  " ' ·;• • • • • • • • • •: • • • • "  • •  t""  ' ' " " '� " '  ' '  o o o o  :• " • • • • •  o o i • • • • •  •••• 

. . . . . . . . ' . . . . . . . . . . 
· · · · · - · · . ...... . .. . . . . . . . . o • • •  

. . t:�����-� . . � - .. · · · · · . . . . . . .  · · · ·�· - · · · · · · · ·:i, .. o . . .  · · ·r· · · · · · · · · ·�- � - · ·· · · · · - �· - · · · · · · · ·; · · · · · · · · · · 

. . . . . 
: A � 8 , ; : 

8 . 8 8 . 5  1 . 8  1 .5 2 . 8  2 . 5 
Esc=ftenu. ; t .1 ;  Ctr+PgiYCtr+PgD=Pr i or/Mex't Set ; F5=Rea Data ; FZ==PrnScn : FB=A , FCJ=B 

Figure C-1.6. Automated TDR Trace - Set 1, Probe #6 
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Figure C-1.7. Automated TDR Trace - Set 1 ,  Probe #7 
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Figure C-1.8. Automated TDR Trace - Set 1, Probe #8 
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Figure C-1.10. Automated TDR Trace - Set 1, Probe #10  
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Figure C-2.3. Automated TDR Trace - Set 2, Probe #3 
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Figure C-2.4. Automated TDR Trace - Set 2, Probe #4 
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Figure C-2.5. Automated TDR Trace - Set 2, Probe #5 
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Figure C-2.8. Automated TDR Trace - Set 2, Probe #8 
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Figure C-2.10. Automated TDR Trace - Set 2, Probe #10 
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Figure C-3.6. Automated TDR Trace - Set 3, Probe #6 

C- 14 



I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Long-Term Pavement PerformtliiCe 

LTPP NORTHERN REGIONS 
1 50 Lawrence Bell Drive, Suite I 08 - Amherst, New York 1 422 1 - 7805 

Tel: (7 1 6) 632-0804 - Fax: (7 1 6) 632-4808 - www.ST ANTEC.com/ltpp 

!DR ttEASU�TS 

89SA8BAE . l'tOB 

3 of 3 
7 

3 ,  2888 
18 : 87 

. :  8 .81 
74 

53864 
1 

Po int= 8 . n  
ncl l nf  lee . Po int= 1 .43 

�par • Length, • = 8 .  66 
ie letr . Canst . =  18 .8 

lu.etr Pte ,  "' = 28 .3 

data 

. . . 
.. • • • • • • • • ·-'!: ... •• • • • • • • •  �- • • • • • •  � - . i . . . . . . . . ·i . . . . . . . . - ·!- • •  - - . . . • -:- . . . . ... 0 •  -:· . . .... . . .. - • ..: • • • • •  - - - - · 1 · - . - . .  - . .  . 

� � � ; :  � .  � :  
. . . . . . � . . I ' • • • o • o 

0 0 ° o 0 ••" 0 0 (o 0 "  0 0 0 0 0 0 0 �- 0 •• 0 0 0 ' 0 • l o '  0 o 0 0 0 ' • >  o o 0 o 0 0 0 0 ,.,; 0 ° 0-" 0 ,:, " " '"  00 0 0 "  0 ,:,. 0 0 0 0 ° 0 0 0 0 .. :, 0 o o o o "i I 0 ° 0 ° 0 0 0 0 0 

. . .. . . . . . . . . . . . . . . . . . . . . . . 
. . . . . . • . . . . .. !' .. . . .. . . . . ·-;· . . . . . • • • . : . .. . . . . .  --� .. . . .. .. . . . ·: . . . . .  . 
.. 0 • 0 • 
. . . . . 
. . . . . . . . 
. . 

- - - - - - - - - - · - - - - - - - - - - - - - - - - - -. . . 
. . . 

. . � - .  � - . - . . . . . . . . . .. .  . . . . . . . .. . . . . . . . . . . . .. . . . . 0 . .. ..... . ' . .... . 

. . . . .. . . . . , . . . . . . . . . . .. . . . . . . 

• • 0 • • 
. · · · · � · · � · .. · · · · · · · · · - � · - · · · · · · · · · . . . . . . . . . , . . . . . .  - - · ·· · · · · � 

. . . . . . . . . . . . . . . 
• � A . . B 

- ... - - - - - - - ... -- - - - -. . . . . . 
. . . 

. . . . . 
"'- - · · · · ·  . . ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • j • • . . .. . 

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

. . :. . . . . ... . .  :,. . . . . . . . . . ... . . . . . . . . .  : . . . . . . . . . .  
. . . . 
. . . . . . 

8 . 8 8 . 5  1 . 8  1 . 5 2 . 8 2 .5 
�nu. ; t � ;  Ctr+PglVCtr+PgD=Pr iorl'ttltxt Set :  FS=Rea Data ; FZ=PrnScn : F8=A , F9=B 

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

TDR ftEASURBttDtTS 

t 1 e rta.e : 89SA8BAE . l'tOB 

ftay 
T l_, of Day : 

i st htwn WuF-. , 
i n :  
fset : 
•p i e  No :  

3 of  3 
8 

3 ,  2888 
18 :87 

· =  8 . 81 
78 

54147 
1 

Point= 8 . 79  
2nd lnf lec .  Point= 1 . 58 

par . Lengt.h , • ;;:; 8 .  79 
Die let.r . Canst .= 15 . 4  

lu•etr Pte ,  x = 28 . 2 

Tota I 3 set Cs ) data 

. . 

19 i9 • 
. . . . . . . .  · · {· ·  • • • • o o o o o:• o o o  . .  · · · ! · 

. . 
. . . .. . '

? 
. . . . . .. . . . -� . . . . .. . . . .  ·:- . .  . . . • . .  -�· • • . • . . . . ' 1' . . . . .  . .. � . . . . . . . .  . 

. . . . . . . . 
. . . . • • • 0 • • • • • 4 • 0 • 

· · · - - · �  -1o · · · · · · · o ·

;
· · · · · · · o · · � - · · o · · · · ·; · · · · · · · · · -

�
· - · · · · · · · ·r· ·  · · · · · · ·r · · · - - ·  .. · 1 · · · · ·  . .  , ,

�
- - - - · · · · · ·  

. . ' . . . 
. . . . . . . 

· · · · · · · · · ·1· · · · · · - · o ·

�
· · · · · - - · - -

�
- · · o · · · ·

r
· · · · · · · · · ·: · · · · · · · · · -:-- · · ·· · o · ·:· · · · · · · · o  · · · · · · · · · ·

�
· · · · · · · · · · 

. . 

- - - - � - - - - - - - - - - "'"  . . . - - - -- - - - - - · - - - - - -. . . . . . 

. . . .. . . . . .  0 �· · · · ·  · - - · :· .. o • • · · ·  : · . . . .. . . . ; . . . . . . . ... �· - · • • o • • · t · ·  . .  - - -�-- · · · - - · � · . .  · · - ·  -�· · · · " · · · ·  

• • • 0 • I I o o 0 
. . . 
. . . . o o o I 

· ·  · · · · · · · 1· · · · · · · · · ·r · · · · · · · · · � · · · · · · · · -� - - · · - · · ·r · · · · · · · · ·r · · · · - - - - � - · · · · · · · - �· - - · · · o · · - � - - - - · - · · · · 

. . . . . . . . . . . 
• ... • • * • • • •  .; • •  " . .  • • : • .. . . . . .  - · . : • • • • • • • •  : 0 • • • 0 • •  �-� 0 • 0 0 . ... . .... . 0 • 0 ' • . . . . . . . . . 

� A : ; B 

. . . . -:. . · · · · • • o .  �- - ·  . . . . . . .  ; . . . . . . . . . . 

8 .8 8 .5 1 .8 1 .5 2 . 8  2 . 5 
Esc=ttenu : t � ;  Ct

_
.r+PglVCtr+PgD=Pr ior/Hext Sat ; FS=� Data : F2=PrnScn : F8=A , F9=8 

Figure C-3.8. Automated TDR Trace - Set 3, Probe #8 

C-1 5  



I 
I 

I 

I 

I 

Long-Term Pavement Perj'omtalfCe 

LTPP NORTHERN REGIONS 
1 50 Lawrence Bell Drive, Suite 1 08 - Amherst, New York 1 4221  - 7805 

Tel: (7 1 6) 632-0804 - Fax: (7 1 6) 632-4808 - www.STANTEC.cnm/ltrp 

TDR �TS 

898A88AE . l'tOB 

3 of  3 9 
3 ,  2888 

18 : 88  
.. : 8 . 81 

10 55393 
1 

ls1: J nf lec .  'Po int.=- 8 . 66 
ncl Inf lee . Po int= 1 . 93 

par . Length , 11 = 1 . 17 
ie letr . Cons1: . =  33 .8 
o luaetr � .  � = 47 . 2  

3 set ( s )  data 

19 ; 9  II 
. . . ' . . . ' . . . ' 

. . . . . . . . .  �4 · · · · · · · ·  .. � · · · · · ·  · · · � · · · · · · · · · ·: · · · · · · · · · ·� · · · · · · · ·  -:· · · · · · · · · · -�· . . . . .  · · · : · · ·  . . . . . �- · · · · · · ·  . .  

. . . . . . . . 

. . . . • • • 0 . . . . . 
· · · · · · w · · · �· · · · · · · · · · i· · · · · ·  .. : . . . . . . . . . . � · - · · · · · · · ·[· · · · · · · - - ·�· - · · · . , · · · -�- - .. · · - · · ·i· · · · · · · · · · ! · . . . .  · · -

. . . . . 
. . 

• • • • • • • • • •  �-. 0 • • • • • • • �- • • • • •  

. . - ' 

. . . . . . 
·· · · · · · ·: · · · · · · · · · ·: · · · · · · · · ·: · · · · · · · · · : · ·  · · · · · · ;· · · · · · · · · · : · · · · · · · · · ·  

• 0 • • • . . . . . . . . . . . . . 

- - -· - - - - - · - - - - � - - - - - -. . . ' 
o o 0 I . . ' 

. . . . 

· · · · · - - - � -�- - - - · · · · · · �· '"' · ·· ·  · · · = · · · · · · · · ·  · .. · · · · · · ·; · · · · · · · · ·T· · · · · · · · · ·� · - · · · · · · ;· · · · · · · · ·  ; · · · � · - · · · �  

I o o o o . . . . . . . . . . . . . . . . . . . . . . 
. • • .  . • .  . • .  �- · ·  . . • . . • .  �· . . • • • • . .  :· . ... . . . . . ·? . . . • . . • • .

.

. • . . • . .  · · -� - . . . . . • •  · --� . • • • . . • .  �- • . . • . . • .  · : · . • . . • . . • .  

. . . . . . . . 
. . 

. . . 
. . .  . . . . _ . .  r . . . . . . . . .  � ... . . . . . . � . . . . . . . . . . :. . . . . . . . . .  I . . . . . . . 7 . . .. . . . . . -r--

: � A : B 
. . . . 

8 . 8 8 . 5 1 . 8 1 . 5 Z . 8  
nu :  t " ;  Ctr+PglYCtr+PgD=Pr i or.lltext Set ;_FS=Re. Data ; F2=PrnScn ; 

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

TDR rtEASURDIEttTS 

i le rta.t :  89SABBAE .noB 

ata Set : 
nsor ttuaber : 

3 of  3 
18 

3 ,  2888 
18 : 88  

.. : 8 . 81 
79 54872 

1 

1s-t lnf lee . Point= 8 .  76 
nd lnf lec . Po i nt= 1 . 5 1  

Appar . Lcmgt.lt , • = 8 .  7S 
ie letr . Canst . =  13 . 9  
o lu.etr l'tC ,  :.: ::: 25 . 8 

. . . . .  · · · · \· • · · · · · · · · 'li:• l • • • ·· · " 

. . . .  · · · · · ·�- - - . . . . . .  ·:· . . . .. .. . 

� .. . . . . . . . .  �- . . . . ... . . :-� 

...  . . . . ..  � . . . . .. . . . :- . . . . . . . .. 

19 j9 . 
. . . . . 

. . .. . . . . ,) . . . . . . . . . . , . . . . . .. . ..  , . .. . . . . ... , .. . . . . ... + .. . . .. . ... . . . .. .. . 

. . 

. ' . 
o o ' . , .  '' ,;, o 0 ''I o o  I�' I '" O o  O O o  o o o  o o o  • • •  ,:,, o oo O o o  o ,.(, ,  

. . . . . ' ' . 

. . . . . . 
· · · · · · · · ·:· · ·  . . . .  , · ·:· · · · · · · . . . . . . . . .  · · · ·: · · · · '  · - - �· - - · - · · - · · : · · · · · ·  . . .  . 

. . 

- - - - _,_ - .. - - . - - - - -

l : 
. . . . . . 

. .. . ..... . ...:. .. . . . . . . . . :. . . . . . . . . .  : . . . . . . . . .  - . . . .. . . . .  _;,_, , ,  . . . . .  : . . . . . . . . . . . . . . . . . 
. . 

. . . . 
. ... . . . .  , . . . . . . . . . . . . . . . . . . ... . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . .  . 

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

o o o o o o o •� o o o o o I 0 0 -� 00 o o 0 O · oo  o 0 • o o o o oo o ·� o •• • • • • • • �- • •  o o o o o • · :  • • •• o oo o o I 
o ' I 0 : . : : A : B : ; 

Tota l 3 set ( s )  data : : 
1 - 8 . 8 8 . 5 1 . 8 1 . 5 2 . 8  2 . 5 
Esc=l1enu ; t '- ;  Ctr+PglVCtr+P,D=Pr lor/Hext Set :  FS=Re. Data ; F2=Pr�!'_; F8:::11 , F9=B 

Figure C-3.10. Automated TDR Trace - Set 3, Probe #10 
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Figure C-4.4. Manual TDR Trace - Set 1, Probe #4 
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Figure C-4.5. Manual TDR Trace - Set 1, Probe #5 

Figure C-4.6. Manual TDR Trace - Set 1, Probe #6 

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 

Figure C-4.9. Manual TDR Trace - Set 1 ,  Probe #9 

Figure C-4.10. Manual TDR Trace - Set 1 ,  Probe #10 

C- 1 9  



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

LTPP NORTHERN REGIONS 
1 50 Lawrence Bell Drive, Suite 1 08 - Amherst, New York 1 4221  - 7805 

Tel: (7 1 6) 632-0804 - Fax: (7 1 6) 632-4808 - www.STANTEC.com;ltpp 

Data ! !  

Figure C-5. Manual TDR Trace Interpretation - Set 1 
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Figure C-6.1 .  Manual TDR Trace - Set 2, Probe # 1  

Figure C-6.2. Manual TDR Trace - Set 2 ,  Probe #2 

Figure C-6.3. Manual TDR Trace - Set 2, Probe #3 

Figure C-6.4. Manual TDR Trace - Set 2, Probe #4 

C-2 1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

,� : / ,: �T•�J��!�We��it�·•· " 
LTPP NORTHERN REGIONS 

1 50 Lawrence Bell Drive, Suite I 08 - Amherst, New York 1 422 1 - 7805 
Tel: (7 1 6) 632-0804 - Fax: (7 1 6) 632-4808 - www.STANTEC.com/ltpp 

Figure C-6.5. Manual TDR Trace - Set 2, Probe #5 

Figure C-6.6. Manual TDR Trace - Set 2, Probe #6 

Figure C-6. 7. Manual TDR Trace - Set 2, Probe #7 
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Figure C-6.8. Manual TDR Trace - Set 2, Probe #8 

Figure C-6.9. Manual TDR Trace - Set 2, Probe #9 

input Trac<J> ---····-·-··­

Stor "d T r "''" 
Dlff!l'n;nce Tr.;,c� 

Figure C-6.10. Manual TDR Trace - Set 2, Probe #10 
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Figure C-7. Manual TDR Trace Interpretation - Set 2 
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Figure C-8.1 .  First set of mobile voltage measurements 
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Figure C-8.2. Second set of mobile voltage measurements 
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Figure C-8.4. Fourth set of mobile voltage measurements 
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Figure C-9.1 Manual contact resistance measurement 
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Figure C-9.2 Manual contact resistance results 
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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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Data Shmlt SMP-008 
Elev�ttion 

Prepared by: Employer: 

Figure C-11. Surface elevation measurement 
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1\-IEMORA.i'lDUl\ti 
TO: Cheryl Richter 

FROM: Gary E.  Elkins and Gonzalo Rada 0\-li'L 
April 13 ,  2000 DATE: 

SUBJECT: Supplemental Data Collection - Connecticut Test Section 09 1 803 
FHWA Contract No. DTFH6 l -97-C-00002 
LAW PCS Project No. 10900-7-07 14-02- 1 02 

PAPER FILE: Pavement Instrumentation/Seasonal Monitoring/SMP IMS Issues 

CC: A. Lopez. L. Rodriguez. M. Symons, H.  Zhou, B.  Henderson, F. Meyer 

Introduction 

LTPP GPS-1 test secrion 091803, located in Grmon Conecticm, is scheduled for rehabilitation. 
This test section was included in the Seasonal Monitoring Program (SMP) Phase I study. Prior 
to rehabilitation of the rest section, Connecticut DOT has offered ro perform additional 
sampling and resting at the site to supplement the previously col lected i.nformation. An 
overview of supplemental data collection needs and tield procedures are presented in this 
memorandum. This data collection activity is in addition to the standard LTPP pavement 
performance measurements to be performed prior to the rehabilitation construction <!vent. 

Data �eeds 
Specific gravity mea�'Urements are needed on the unbound granular materials 
surrounding the Time Domain Ret1ectometry (fDR) probes. This informmion is useful 
for esLimation uf moisture contenl> from the TDR measurements. 
In-siru dry density of material adjacent to the TDR probes. Although difficult to 
measure, this value is used to convert volumetric moisture contents estimated from the 
TDR measurements to gravimetric contents that can be compared to laboratory 
determined values. 
''Ground truth" moisture contents at TDR probe locations coupled with TDR 
measurements . A matched set of TDR measurements and gravimetric moisture contents 
from the material surrounding the TDR probes will permit evaluation of the accuracy of 
the estimated moisture contents from the TDR measurements. Also during installation, 
a complete set of matching TDR and gravimetric moist'Jre content measurements was 
not obtained. 

\ !tpp(SSC � imrumm\smp\ims\suprleme. wpd 
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Ch<ry! R 1•.:!ncr 
Aprtl i·l . 200() 
Supp!t::mema.! Data Cotie.:�ion - Conne::ri�ul test Secti<,m 09l803 
P:lge 2 

Materials characterization of the subgrade layer(s) .  During the standard GPS materials 
sampling and testing performed under SHRP, because of the presence of rocks and 
cobbles in the subbase material , material samples of the subgrade !ayer(s) were not 
obmined. The only information available on these layers is the visual classification 
performed during site verit1cation and ir..suumentation placement. (Note: there appears 
tO be two distinct layers of material beneath the subbase in which TOR probes are 
located.) 
Distress mechanism investigation. As a test section goes out of service, in some 
instances. it is useful to perform different types of measurements to investigate the 
distress formation mechanism. For example, if a test section has rutting , tb.en a 
transverse trench could be used to identify the layers contributing to the permanent 
deformation. 
Within section layer thicknesses. One unknown for GPS test sections is the variation in 
layer thick..'1esses along the test section . Tilis infonnation can be used to retine FWD 
backcalcutation and as a measure of construction variability. 

Pavement Structure 
The pavement layer suucrure and location of the TDR probes are shown in Figure 1 ,  which 
was obtained from me SMP Instrumentation Installation Report prepared for this site. 

P ave;nent Layer Depth TDR Depth 
mm mm 

Asphalt t89 Average Block 
Depth l 89 mm 

335 Assumed Thermistor Probe 
Mediu;n Brown Depth 214 nun 

Gravel 43i Assumed Resistivity Probe 
488 Depth 214  mm 

589 
742 

Gray Dark 894 
Bcown Silt 1046 
.1nd Gravel 1 199 
with Quartz !351  

Rock 
1 544 

Black Loam !656 

1808 
Light Bmwn 1961 

Silt (Yellowish) 
2000 

Figure 1 ,  Pro tile of pavement structure and SMP probe depths fvr test 
section 09 1 803. 
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Sl'vlP Instrumentation Measurements 

Unlike many of the other data collection to be this excn::ise. the 
data collected from these measurements can and s hould be entered into the !MS . Just to 
u;;:.:;muu!"\ excavation of the materials at the instrUmentation hole location, we recommend that 

1 .  

2 

3 .  

4 .  

SMP instrUmentation measurements he ,.,.,.yn,"Tn••rl 

Three sets of automated TDR measurements 
unit. These measurements can he performed in ""''''""'""'�' order at the start the worlc 
day 

As part of the standard L TPP mobile data automated 
measurements should also he obtained. it is not anticipated that the site will 
contain frost lenses when this work is the purpose of these measurements 
are to data to the first set of measurements in order to evaluate the 
performance of the resistivity prohe. Manual e lectrical measurements are not 
proposed. 

One set of manual TDR measurements. Since the interpremtwn methods between 
autonrated and manual TDR measurements differ,  the of the ." .......... 0 
collected will a good indicator of change and comparison of the difference 
between the two methods. 

Water table measurement. 

These measurements should be since. except for the water table all 
,.,,.,-f,"·m••ri using the mobile data unit. Since this SMP site was 
deactivated, issues air. rainfall and pavemem temperature measurements 
measured by the instrumentation previously installed on-site are not considered an issue. 

Materials Sampling at S.:VIP Instrumentation 

In order to obtain rhe material and to 
the TDR measurements, an excavation will be r.ext to the instrumentanon location 

at station 5 + 2 1 .  'll1ere are approaches to this excavation. The first ap:prc;ach 
excavate a small test to the instrumentation 

for person m stand order to obtain material from around d>.e TDR 
measurements. The second utilizes an auger che 

instrumentation. 
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Supplement:ll Data Collection - Connecticut rest Sec!H)fl 
u 

Test Pit 

a small test pit 
L TPP procedures, is the preferred 
person to stand in is the only way to attempt a measurement of the in-situ and moisture 
content a nuclear gauge at the TDR as the hole is deepened. By 
performing in-siru density measurements with a nuclear gauge, material samples from the base 
and subbase for moisture relations tests would not be needed . 
It also of a volume of material from the sub grade which 
include the thin black loam in which TDR 9 is located and the brown silt 
layer in which TDR 10 is It will also the ability to extract material 

from around the TDR for moisture content tests. 

a test pit excavation include increl.Sed pavement repair size, trench 
eqtuvJmelllL availability as to the augur option. 

However, due to the presence of rocks and cobbles in the subbase, the test pit option may 
less time since the back hoe can remove the size material and afford easier 

access for hand removal of problem rocks. 

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

3 .  

4 .  

5 .  

7 

Remove AC material above instrumenration hole and in test pit. It is desired that the 
removal of the AC layer be pertormed without the use of a water cooled saw cut. 

on and site conditions, a backhoe able to 
remove the AC material in the of the instrumentation hole. If a warer cooled 
saw is used, then consideration should be to a 
to reduce the impact of the water on the moisture content 

hole than necessary 
the base 

Perform nuclear gauge measurements on the base mare rial. Since L TPP standard 
is to use the extension rod for these tests , one test should be """r"""'.,.,.., 

on the base 

Hand excavate material from around the TDR and obtain 
moisture and 

In the test 

Perform nuclear gauge 

tesrs. 

remove base material to the surface the subbase. 

measuremenrs the surface of the 

instrumemation hole 
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10.  

1 1 .  

1 2 .  
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Tel: 1 632-0804 - Fax: (7 1 6) 632-4808 - ��='--'-=="""" 

the probes in this at 6 "  interval s .  the 1 '  interval is 

to change dramatically . 
of the excavation. The profile is also not 

Once the black loam 
surface. 

is reached, nuclear gauge measurements on its 

Obtain a bulk of material from the black loam layer. 
""''"m'"'" for all standard LTPP material tests . 

Hand excavate material in the instrumentation hole and obtain moisture and 
gravity from around TOR 9.  

When the lig.ht brown silt is reached, repeat steps 8- 10. 

A fter completion of sampling and testing , fill test pit in l ifts and compact. 

200 lbs is 

Since this test section is scheduled for the destructive rutture of some of these 
pr(Jceaures are not 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. 

Boring 

The augur is less intrusive smce a smaller volume of material is removed and thus 
less pavement material . However, ir does not afford the ab ility to attempt in-

situ measurements, makes rock and cobble removal more difficult, iimit'> the 
amount of material that can be obtained from t.1e and increases the in 

of materials from around t.1e TDR In of these 
difficultie s ,  this method is considered viable. 

For the augur option, the size augur available is desired . A 10" diameter, hollow stem 
auger was used to excavate the instrumentation hole" Of concern is the amount of 
material that can be obtained from the black loam the smaller the 
augur, the less material .  For L TPP standard used obtain 
"'"''luau;; amounts of materials; in the tended to 

factor in the need for three borings_ 

The field work associated with the augur includes 

Remove AC material above instrumemation hole and in test 
of rhe AC be without the 
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Sqpph:mentai Data Collection - Connecticut 
l'oge 6 

3 

4 .  

5 .  

� 
I .  

8 .  

9 .  

Obtain a n  uncontaminated the base material from the augur hole for the 

moisture- relation test. 

Augur into the subbase layer. Obtain one from the cop of the layer and one near 
the bottom of the layer for msture�a:en;mv relation test. 

Augur into the black loam layer, and if 
standard battery of L TPP tests. 

Augur into rhe brown silt 
srandard battery of LTPP subgrade tesrs . 

capture 200 lbs of marerial for the 

fabricated side hole material i:ldta;nm.: device, with TDR 10 and 
prc)gr<essmg upward to TDR 7. obtain of material from rhe instrumentation hole 

l ocation of each TDR probe. 

from rhe surface of the base layer, hand excavate materia! from the 
instrumentation hole and obtain matenal samples for moisture content and specific 

at each TDR location. Excess material from the inst..'llmentation hole can be 
""'""'''•�·rl into the augur hole. 

Once the maximum practical extent of hand excavation is reached, use the side�hole 
w.aterial sampling device to obtain moisture and gravity samples from Ll)e 
rer:nainir.tg TDR locations 

After till the augur hole lifts and compact. 

Subgrade .Material Characterization 
It is proposed that the material characterization of the layers be performed on samples 
obtained only at the SMP instrumentation location. The standard LTPP is to obtain 

from each end of the test section. The concern over not sarnplmg 
the amount of time tO the excavauon at the SMP instrumentatmn hole, and 

the difficulty by the presence of rocks and cobbles in the subbase layer. lf of the 
r1eld material ''""P'm5 ""'""'"v'·" were to be within a an additional 

be 

the augur is selected for the excavation at the instmmenration hole, then 
for tile black loam One way to reduce the needed size this 

the resi lient modulus test. (We are not sure Connecticut DOT has the necessary 
the LTPP P-46 test.) From the of what is needed for SMP 

the this 
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Connecticut rest Sec:ion 

Tne 
materials: 

are the standard of material characterizat:or. rests on GPS 

j Material Type, SHR.P Test Designation, and 
1 Properties 

Test �Mhod I S HR.P Protocol 

I 
I SSOl . Sieve Analysis 

SS02. to . OO l m1n  

SS03 . 

SS04. Soils 

Relations 

SS07. Resilient M.odulus 

Distress Mechanism Investigation 

AASHTO T88-86 P-42 

AASHTO T89-87I 
T90-87I 

AASHTO M l 45-82 I 
ASTM D2488-84 I 

i 
AASHTO T99-86 i 

Tl S0-86 I 
AASHTO 274-82 I 

P-52 

P-46 

One of the ideas r..':lat has been discussed within the L TPP progrum for many years is 
mv·,.,t·"""'"'n of distress mechanisms. The concept is trult after a test section has gone 
service, or is scheduled of rehabi!itadon, a "forensic" type of should be 

to examine the details the causes and mechanisms of distress. Due to 
constraints , LTPP has not a formal program for 

nv<osrl.ga'llOJa. we recorrmend that as a first step sire 1nspe,:ncm 
agency The purpose of thts 

and causative factors . The result of this 
Some of the types of and field tests that 

• If trans verse trenches at 
can be used to determine which layer in the pavement structure contributed 
rutnng mechanism. 

evaluation. 
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mt 5eal evahntion. If .1 PCC 
Jisw:sscs at the such 

use of the Iowa PCC 
c,)ndmon of the seals. 

\Vhile this 

addressed 
from a manufacturers what worked . 

be ir:dlcated :o C'-/aluate 

not work. Henc<:: , in the case of sup<::rior pavements, it may be C.eemed prndem 
addition tests to discover an unknown factOr. 

Thickness Variation 
scheduled to go our of service, that rs , no part the 

LTPP program, rhen measurements of the variation rhe thickness ::he bound surface 

is The concept is to obtain cores the FWD test This 
;-educes cormg costs and information that can be used to th.e 
results from the backcalculation of FWD basin tests (Le. �Qad transfer. comer, and 

and w construction vanability. Ftrst prionty to obtain 

in the whee! path locations. Second is at the middle lane. basin test, 

is our present uu·�"'�"'il"u'J< 
rehabil itation. lf t.'le sire is ""''"'''"'" 

04.\Ufhlll5 Within the test section should not be nwchrTY">Prl 

of the 
tt'lis section. It is noted thar the agency has '"'v""'-'"''" 

data on this site and has committed to 
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September 22, 2000 

Dr. William Phang 
FHWA-L TPP North Atlantic RCOC 
ITX Stanley Limited 
4 1 5  Lawrence Bell Drive, Suite 3 
Amherst, NY 14221 

Dear Dr. Phang: 

Project BADX-00-1 264 

Re: Laboratory Test Assignments, LTPP L�boratory Testing, Connecticut Site 091 803 

The attached sheet lists tbe tests requested by tbe Connecticut Department of Tl'llllSpOrtation for 
tbe site listed below. This testing was perfonned under a separate contract witb tbe Connecticut 
Department of Transportation. Test results are being submitted in the same envlope as this 
letter and L04 sheet. 

Enclosed L04 Sheet 

State Site Identification Field Set Sheets 

Connecticut GPS 091803 3 I 

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

Sincerely, � �Ytt. . 
Bruce M. Thorson, PE 
Project Manager 

Attachments: 
L04 Sheet (See Table) 

c: Dave Clauson (letter only) 
Braun Intertec Corporation 

bmtbjl\lhwa\1..0411r.aiS 
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LABORATORY TEST ASSIGNMENTS 

I LAB DATA SHEET L04 
LABORATORY PERFORMING TEST:...;B::.:RA..::..:.:U:.:.N:..;I:..:N.:..TE::R.:..TE:..=..:C:..._ ________________ _ 

I LABORATORY IDENTIFICATION CODE: 271 1 

L TPP REGION : NA STATEABR : CT STATE CODE : 

I GPS EXPERIMENT NUMBER : SHRP SECTION ID : 091803 FIELD SET NUMBER : 

SAMPLED BY : CT DOT DATE SAMPLED : 

I 
LAYER LAYER LAYEF SAMPLE LTPP TEST LAB LA8 LTPP TEST LTPP � NUMBEE DESC TYPE LOCATION SAMPLE SECTION TE.ST CONTROL DESIGNATIO� I"ROTOCO 

CODE NO. NO. NO. NO. NO. 

� 1 7 ss ElM 8S01 3 2 12260 v SS01 P51 ./ 
1 7 ss BM 8S01 3 2 12260 ..1 SS02 P42 ./ 

Q 1 7 ss BM 8501 3 2 12260 .I SS03 P43 ./ 
, 7 ss BM 8501 3 2 12260 ..1 SS04 P52 ./ 
1 7 ss BM 8501 3 2 1 2260 / T100 ( r:-r �c .  -' 

� 1 7 ss BAS BS02 3 2 12261 "' 5501 P51 J 
1 7 ss BA5 8502 3 2 12261 v SS02 P42 ../ 
1 7 ss BAS 8502 3 2 12261 ,/ SS03 P43 ./ 

I 1 7 ss BAS 8502 3 2 12261 ..t SS04 P52 ./ 
1 7 ss BAS 8502 3 2 12261 ./ ssos P55 ./ 
1 7 ss BAS 8S02 3 2 12261 tl ;....f... SS07 

( 
P48 / 

I 1 7 ss BAS BS02 3 2 1 2261 ./ T100 r..c. !!:>" 

2 8 GS BM BG02 3 2 1 2262 ./ SS02 P42 ./ 
2 8 GS BM BG02 3 2 12262 ..; noo c� � · � "  

I 2 8 GS BM BG02 3 2 1 2262 ./ UG01 P41 ./ 
2 6 GS BM 8G02 3 2 1 2262 '-' UG02 P41 ..1 
2 6 GS BM BG02 3 2 1 2262 ./ UG05 P44 J 

I 2 8 GS BM BG02 3 2 12262 .I UG08 P47 ../ 
3 5 GB TP" BGS5 3 2 12263 o/ SS02 P42 ./ 
3 5 GB TP" BG55 3 2 12263 J T100 (.'!-rec'· �or I 3 5 G8 TP" BG55 3 2 12263 v UG01 P41 ./ 
3 5 GB TP" BG55 3 2 12263 ./uG02 P41 / 
3 5 GB TP" BG55 3 2 1 2263 v' UG05 P44 ..1 

I 3 5 GB TP" BG55 3 2 12263 V UGQB P47 / 

I . . NOTES: COLUMN 1 .  Layer number 1 1s the subgrade soil, the last layer IS the eXJsting pavement surface layer. 

09 

3 

5/3100 

TEST 
DATE 
SCHEO 

s;'"....._ 
�jl,., 
��ti-..L••c: 
Cl..�t 

r-- ·) 
, ....... 
llJ�.o 

.o!l •• � 
C(L�� 
p�,;.t_..� ��c.;r)t 

-� . 1./ 
tryoln� 
..... )../ i , ; ..... 

p�.;,f • .( 
d,.H 
"1. ' ' 

�"� "" 
! s:� ..... 
pi,;, I .. ..._ 
el"\ 

/ 

I �����: &,�..,_:s'\c ��:,.._, f><c-£#.-._-\ c..�......l..c:-r � .... -f-�cf "'"'/c.l �d"i:: 

I SU
�

Y, DATE 
� 8/18/00 

DAVID CLAUSON I BRAUN INTERTEC 
FHWA-L TPP Materials Testing Contractor Form L04, March 1994 
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LTPP NORTHERN REGIONS 
1 50 Lawrence Bell Drive, Suite 1 08 - Amherst, New York 1 422 1 - 7805 

Tel: (7 1 6) 632-0804 - Fax: (7 1 6) 632-4808 - www.STANTEC.comi!tpp 

September 22, 2000 

Dr. William Phang 
FHWA-LTPP North Atlantic RCOC 
ITX Stanley Limited 
4 1 5  Lawrence Bell Drive, Suite 3 
Amherst, NY 14221 

Dear Dr. Phang: 

Project BADX-00.. 1 264 

Re: Nonmodulus Tests Completed on L!PP Samples from Site/Project 091 8  in Connecticut 

The following table lists nonmodulus tests completed on samples from Site/Project 091 8  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 FHW A Contracting Officer's 
Technical Representative (COTR) and the FHWA Technical Assistance Contractor (TAC). 

Noumodulus Tests on Samples From Site/Project 0918 

State/Province 
GPS/SPS Abbrev. Code 

Project Sectiou(s) Field Set Data Sheets 

GPS/SPS CT 09 1 8  3 3 T4lcl),{42(2�,T43(I), 1T43(1 ·ml +2).J47(' 
Ts l ,T 2,T55(l + l )  

&•t·� t..f� • .., ac, . l. l aCtxt 

If you have questions, please call me at (320) 253-9940 or Dave Clauson at ( 6 1 2) 942-4836. 

Sincerely, 

� !Jt�� 
Bruce M. Thorson, PE 
Project Manager 

Enclosures: 
(See Table) 

bmcbnulfhwaldau!OOO.na 
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······
-··••••••••••••••······-······

-··•• SPS LABORATORY TESTING DATA SHEET*-**--·-······
-·•••••••••••-•••••••••• I 

I 
SHRP·LTPP LABORATORY MATERIALHANDLING AND TESTING 

LABORATORY MATERIAL TEST DATA SHEET NO j OF j 
GRADATION 

LAB DATA SHEET T41 
UNBOUND GRANULAR BASE I SUBBASE LAYERS I SHRP TEST DESIGNATION UG01,UG02 / SHRP PROTOCOL P41 

LABORATORY PERFORMING TEST:::':B:-'RA'::'U::-:N:-:-"-IN.;.,;TE..::.;..;R:..;..TE::.C::._ _______________ _ 

LABORATORY IDENTIFICATION CODE: 271 1 I L TPP REGION : NA 

SPS EXPERIMENT NUMBER : I SAMPLED BY : CT DOT 

DATE SAMPLED : 513100 1 1 . LAYER NUMBER (FROM LAB SHEET L04) 
2. TEST SECTION NO. 
3. SAMPLING AREA NO. I 4. SHRP LABORATORY TEST NUMBER 
5. LOCATION NUMBER 
{Enter an asterisk as the third digit) I 6. SHRP SAMPLE NUMBER(Enter an 
asterisk as the third and fourth digit) 

7.% PASSING #200 SIEVE BY WASHING 
(Section 9.3.1 of Protocol P41) I 8 . GRADATION (Section 9.3.2 of Protocol P41) 

I 
I 

% PASSING SIEVE SIZE 
STANDARD {mm) 
3 in. (75.0) 
2 in. (50.0) 
1 112 in. (37.5) 
1 in. (25.0) 
3/4 in. (19.0) 
112 in. (12.5) 
3/8 in. (9.5) 

I #4 
(4.75) 

#10 (2.00) 
#40 (0.425) 

I #80 (0.180) 
#200 (0.075) 

9. COMMENTS (Section 9.4 of Protocol P41) 
(a) CODE 

I (b) NOTE 
(c) WEIGHT OF TEST SAMPLE,Ibs 

I MOISTURE CONTENT, % 
10. TEST DATE 

SAMPLE IDENTIFICATION 

STATE ABR : 

64 

2 
3 

2 
BA4 
BG02 

8.4 

91 
89 
83 
75 
69 
62 
57 
49 
43 
28 
18 
10.6 

56 

CT 

8/14/00 
12262 

STATE CODE : 09 

SPS PROJECT CODE : 18 

FIELD SET NUMBER : 

64 

3 
3 

2 
TP* 

BG55 

4.2 

95 
90 
86 
78 
73 
65 
59 
49 
40 
24 
1 3  
6.5 

55 

8/14/00 
12263 

3 

I NOTE: 1. RESULTS OF TEST SHEETS T41 AND T43 ARE USED FOR CLASSIFICATION AND DESCRIPTION 
ON TEST SHEETT47. 

I 2. ATIACH A CUMULATIVE PARTICLE SIZE GRADATION CURVE WITH FORM T41 (SECTION 9.3.3 OF 
PROTOCOL P41 o _ 

GENERAL REMARKS: Spe- c..� f:"-;-<::. !::. ........... -:k : c c;.....::. z - 2 , 7 8  l B 6-:ss- :2,3C!J 
S�D BY. DATE I � �� ru��� 
DAVID CLAUSON SHRP REP SE CE BELL DRIVE 
BRAUN INTERTEC AFFILIATION: SUHE 3 

I Fonn T41 ,  February 1991 -an•"'Htt£R""sr-onr..,Ir.r42""21 
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····-·······•••••••••••••••••••••··-···- SPS LABORATORY TESTING DATA SHEET·-·-···---···--·--··-·······•·•• 

I SHRP-l TPPLABORATORY MATERIALHANDLING AND TESTING 
LABORATORY MATERIAL TEST DATA SHEET NO 1 OF '2. 

I HYDROMETER ANALYSIS 
LAB DATA SHEET T42 

SUBGRADE LAYER 

I SHRP TEST DESIGNATION SS02 / SHRP PROTOCOL P42 
LABORATORY PERFORMING TEST: _ __::B::.;RA=U.:.:N..::IN:.:.;T�E::.;R:..:.TE::C�--------------­
LABORATORY IDENTIFICATION CODE: 271 1 
L TPP REGION : I SPS EXPERIMENT NUMBER : 

NA 

SAMPLED BY : CT DOT 

I DATE SAMPLED : 513/00 
1 .  LAYER NUMBER (FROM LAB SHEET L04) 
2. TEST SECTION NO. 

1 3. SAMPLING AREA NO. 
4. SHRP LABORATORY TEST NUMBER 

STATEABR : 

5. LOCATION NUMBE�Enter an asterisk as the third digit) 
1 6. SHRP SAMPLE NUMBE�Enter an 

7. ������ ��Z�
i
������'-WJ��

)
Section 9.3.1 of Protocol P42 ) 

I 
{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, % 

CT 

I {f ) COLLOIDS, SMALLER THAN 0.001 mm. % 
8. GRADATION (Section 9.3.2 (a) of Protocol P42, Test SheetT51; see note 1 )  

I 
I 

% PASSING SIEVE SIZE 
STANDARD (rn!l1} 3 in. (75.0) 
2 in. (50.0) 
1 112 in. (37.5) 
1 ln. (25.0) 
314 in. (19.0) 
112 in. (12.5) 
318 in. (9.5) 

I #4 
(4.75) 

#10 (2.00) 
#4

0 (0.425) 
#80 (0.1 80) I #200 (0.075) 

9. HYDROMETER ANALYSIS (Section 9.3.2 of (b) of Protocol P42; see note 2) 
% SMALLER THAN 

I 
I 

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 

1
1 1 . TEST DATE 

SAMPLE IDENTIFICATION 

48 

STATE CODE : 
SPS PROJECT CODE : 
FIELD SET NUMBER : 

1 
3 

2 
BA4 
8501 

10 
12 
19 

51 .0 
7.7 

100 
100 
100 
100 
99 
97 
96 
93 
90 
78 
68 
58.7 

29.7 
7.7 

8/18/00 
12260 

48 

1 
3 

2 
BA5 
BS02 

19 
12 
19 
43.3 
6.6 

100 
100 
100 
95 
94 
90 
88 
84 
81 
69 
60 
49.9 

23.7 
6.6 

8/18/00 
12261 

09 
18 
3 

I NOTE: 1. RESULTS OF TEST SHEETT51 AREALSO REPORTED OFTEST SHEETT42 ( ITEM NO. 6 OF FORM T42 ). 
2. ATTACH A CUMULATIVE PARTICLE SIZE GRADATION CURVE OF COMBINED SIEVE AND HYDROMETER 

ANALYSIS ( SECTION 9.3.3 OF PROTOCOL P42 ). 
GENERAL REMARKS: _________________________________ ���----------�� I SUB�Y. DATE �- 8121/00 

I DAVID CLAUSON 
BRAUN INTERTEC Form T42, February 1 991 

Attachment B-6 
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LDng-Te�Pirvemem Perf� , 
LTPP NORTHERN REGIONS 

1 50 Lawrence Bell Drive, Suite 1 08 - Amherst, New York 1 422 1 - 7805 

Tel: (7 1 6) 632-0804 - Fax: (7 1 6) 632-4808 - wwwSfANTEC.cnm/lt:pp 

••• _ ....................................... SPS LABORATORY TESTING DATA SHEer····-·······-··-·•-•••••••• ............. . 

I 
I 

SHRP-L TPP LABORATORY MATERIALHANDLING AND TESTING 
LABORATORY MATERIAL TEST DATA 

HYDROMETER ANALYSIS 
SHEET NO Z.0F '2.-

SUBGRADE LAYER 
LAB DATA SHEET T42 

SHRP TEST DESIGNATION SS02 I SHRP PROTOCOL P42 

I LABORATORY PERFORMING TEST:
::=-:::B:::-RA::..:.::::U:..:N..::.IN.:.;T:..::E:.:.;R:,:.T:::;EC:::.._ ______________ _ 

LABORATORY IDENTIFICATION CODE: 271 1  
LTPP REGION : NA STATE ABR : CT I SPS EXPERIMENT NUMBER : 
SAMPLED BY : CT DOT 

I DATE SAMPLED : 513100 
1 .  LAYER NUMBER (FROM LAB SHEET L04) 
2. TEST SECTION NO. 

I 3. SAMPLING AREA NO. 
4. SHRP LABORATORY TEST NUMBER 
5. LOCATION NUMBE�Enter an asterisk as the third digit) 

I 6. SHRP SAMPLE NUMBE�Enter an 

7. W���� �Tz�
i���t�'WJ�1)Section 9.3.1 of Protocol P42 ) 

(a) LARGER THAN 2 mm, % 

I (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, % I (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 

I STANDARD {mm) 
3 in. (75.0) 
2 in. (50.0) 
1 112 in. (37.5) 

I 1 in. (25.0) 
314 in. (19.0) 
112 in. (12.5) 
318 in. (9.5) 

I #4 (4.75) 
#10 (2.00) 
#40 (0.425) 
#80 (0.180) I #200 (0.075) 

9. HYDROMETER ANALYSIS (Section 9.3.2 of (b) of Protocol P42; see note 2) 
% SMALLER THAN 
0.02 mm 

I 0.002 mm 
0.001 mm 

10. COMMENTS (Section 9.4 of Protocol P42) 
(a) CODE I (b) NOTE 
(c) HYGROSCOPIC MOISTURE CONTENT 

I 1 1 .  TEST DATE 

SAMPLE IDENTIFICATION 

48 

STATE CODE : 

SPS PROJECT CODE : 

FIELD SET NUMBER : 

2 
3 

2 
BA4 

BG02 

57 
15  
17  
9.1 
1 .5 

91 
89 
83 
75 
69 
62 
57 
49 
43 
28 
1 8  

10.6 

5.2 
1 .5 

8/18100 

12262 

48 

3 
3 

2 
TP" 

BG55 

60 
16 
18  
4.9 
1.6 

95 
90 
86 
78 
73 
65 
59 
49 
40 
24 
13  
6.5 

4.7 
1 .6 

8/18/00 

12263 

09 

1 8  

3 

I 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 HYDROMETER 

ANALYSIS ( SECTION 9.3.3 OF PROTOCOL P42 ). 
GENERAL REMARKS:

:::-
-----------------=:-==::::=--:-------:--:-::­

SUB��Y. DATE � 8121/00 

DAVID CLAUSON 
BRAUN INTERTEC Form T42, February 1991 

Attachment B-7 

SHRP RE ESeU!f}M�SULTIIIG 
AFFILIATION: 415 lAWREIICE 8ftl DRIVE 

Sill:£ 3 
AMHERSl lfY 14221 
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GRAIN SIZE - HYDROMETER ANALYSIS CURVE 

I GRAVEL I SAND I FINES l • • • • COARSE I FINE SILT I CLAY 
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PR01ECT NO: BADX-94-900 r. < . 02mm 
PR01ECT NAME: FHWA Lab Tes t i ng 

COARSE SANO 
SITE ID: BS01 

FINE SAND 
SAMPLE m: 12260 

COLLOIDS 

0. 

29.7Y. 

X 
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GRAIN SIZE - HYDROMETER ANALYSIS CURVE 

I GRAVEL I SAND I FINES I : • • COARSE I FINE SILT I CLAY 
II) '<t N (I) . ' ' ' 

10�" 2" :::' 1" M ,.. M 4 10 20 40 80 200 

["' IE E S  ES 

9 

8 

71 

6 

� (I) 
� 5 
Q. 

ffi ffi 4 

Q. 

3 

2 

1 
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a 

a 

� 

a 

a 

� 

a 

a 

a 

a 

B RAUN. 
I NTERTEC 

� 
I' 

�--t---. 

i •  

1 

PROJECT NO: I PROJECT NAME: 
SITE IO: 
SAMPLE IO: 

'-.... 
" 

" � 
� 

!\ 

.[\ 
\ 

" "--. : r... [-11 ...._ ---. 
0. 0, 0 . 0  0 1  

PARTICLE DIAMETER, mm 

BADX-94-900 :.: ( . 02mm 23. 7:< 

I 
GRAVEL 19. 0:< 

FHWA Lab Test l ns SAND 31. 1:< 
COARSE SAND Y. SILT 43. 3Y. 

BS02 CLAY 6.6Y. 
FINE SAND Y. Cc• 12261 

Cu• COLLOIDS Y. 

......j � 

i " [ 
�. I '::::J - I 

- VI !'tli � ;:  ' 
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GRAIN SIZE - HYDROMETER ANALYSIS CURVE 

I GRAVEL I SAND I FINES I • • • • COARSE I FINE SILT I CLAY 
II) .. (lj Q) . " ' ' 

10�• 2" ..., 1" M ... M 4 10 20 40 80 200 r. }3. IE' VE S ES 
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0 l 1 0. 0. 0. 001 
PARTICLE DIAMETER, 111111 

PROJECT NO: BADX-94-900 r. < . 02111111 5 . 2r. 

I 
GRAVEL 48. 0X B RAU N. I PROJECT NAI'IE: FHWA Lab Test i ng SAND 32.4% 

COARSE SAND X SILT 9. 1X 

I NTERTEC SITE ID: BG02 CLAY 1 .5X 
FINE SAND X Cc• SAMPLE ID: 12262 

Cu• COLLOIDS X 
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GRAIN SIZE - HYDROMETER ANALYSIS CURVE 
GRAVEL 

4 
� �  -t M 

I SAND T COARSE I FINE 

10 20 40 90 

�-- ·�·I MIE�E sftES 

1 FINES 
SILT 

200 

I I CLAY I 
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B RAUN. 
I NTERTEC 

PROJECT NO: 
PROJ'ECT NAME: 
SITE ID: 
SAMPLE ID: 

PARTICLE DIAMETER, mm 

BAOX-94-900 
FHWA Lab Test i ng 

BG55 
12263 

� <.02ma 4 . 7:.: 
COARSE SAND Y. 
FINE SAND � 

COLLOIDS � 

GRAVEL 
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CLAY 
Cc• 
Cu• 
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Lo��g�fTerm PmremtmiPerf� 
LTPP NORTHERN REGIONS 

1 50 Lawrence Bell Drive, Suite 1 08 - Amherst, New York 1 422 1  - 7805 
Tel: (7 1 6) 632-0804 - Fax: (7 1 6) 632-4808 - www. STANTEC.cnm!ltpp 

••••••··········-····••••••••••••••••••••• SPS LABORATORY TESTING DATA SHEET*•••··-·-·······-·-.. ··•••••·-.. ·····-1 
SHRP-L TPP LABORATORY MA TERIALHANDLING AND TESTING I LABORATORY MATERIAL TEST DATA SHEET NO l OF_ 

A TIERBERG LIMITS 
LAB DATA SHEET T43 I 

I UNBOUND GRANULAR BASE/SUBBASE LAYERS AND SUBGRADE SOILS 
SHRP TEST DESIGNATION UG04, SS03 / SHRP PROTOCOL P43 

LABORATORY PERFORMING TEST:_..;;;B.;_RA;..;.;;..UN;.;...;.;.IN"-'TE..;;;;;..;R.;_TE::.C:;._ ______________ _ 

I LABORATORY IDENTIFICATION CODE: 271 1 
L TPP REGION : NA 

I SPS EXPERIMENT NUMBER : 
SAMPLED BY : CT DOT 

I DATE SAMPLED : 513100 

LAYER MATERIAL: 1 1. LAYER NUMBER (FROM LAB SHEET L04) 
2. TEST SECTION NO. 

I 3. SAMPLING AREA NO. 
4. SHRP LABORATORY TEST NUMBER I 5. LOCATION NUMBER 

(Enter an asterisk as the third digit) 

I 6. SHRP SAMPLE NUMBER(Enter an 
asterisk 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), % I 
(c) PLASTICITY INDEX (PI) I 8. COMMENTS (Section 5.3 of Protocol P43) 
(a) CODE 

I (b) NOTE 

I 9. TEST DATE 
LAB CONTROL NUMBER 

STATEABR : 

ss 

3 

2 
BA4 

BS01 

SS03 
24 
20 
4 

8/18/00 
12260 

CT STATE CODE : 

SPS PROJECT CODE : 

FIELD SET NUMBER : 

67 

ss 

3 

2 
BAS 

BS02 

SS03 

NP 
69 

8/18100 
12261 

09 

18 

3 

I NOTE: 1. RESULTS OF TEST SHEETS T41 AND T43 ARE USED FOR CLASSIFICATION AND DESCRIPTION 
ON TEST SHEET T47. 

GENERAL REMARKS:
----------------------------

1 SUBMITTED BY 

I � 8121/00 
DAVID CLAUSON 

I BRAUN INTERTEC 

I 
Form T43, February 1991 

Attachment B- 1 2  

SHRP RERESENTATIVE 
AFFILIATION: STIIYEC COIS"LIIIG 

415 LAWREIICE B£ll DRIVE 
SUI:£ 3 
AMHERSt IIY 14221 
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Lm"·TermP€Wemem Pelfo� 
LTPP NORTHERN REGIONS 

1 50 Lawrence Bell Drive, Suite 1 08 - Amherst, New York 1422 1 - 7805 
Tel : (7 1 6) 632-0804 - Fax: (7 1 6) 632-4808 - www. STANTEC.com! ltpp 

·•·•••••••••····-··············-···•··•·••• SPS LABORATORY TESTING DATA SHEET·····-···-·••••••••••••-••••••••······-·· 

I 
I 

SHRP-L TPP LABORATORY MATERIALHANDLING AND TESTING 
LABORATORY MATERIAL TEST DATA SHEET NO __! OF j_ 

ATIERBERG LIMITS 
LAB DATA SHEET T43 

I UNBOUND GRANULAR BASE/SUBBASE LAYERS AND SUBGRADE SOILS 
SHRP TEST DESIGNATION UG04, SS03 / SHRP PROTOCOL P43 

LABORATORY PERFORMING TEST: BRAUN INTERTEC 

I LABORATORY IDENTIFICATION CODE: 271 1  

L TPP REGION : NA STATE ABR : CT STATE CODE : 

I SPS EXPERIMENT NUMBER : SPS PROJECT CODE : 

SAMPLED BY : CT DOT FIELD SET NUMBER : 

I DATE SAMPLED : 513100 

LAYER MATERIAL: GS GB 

I 1. LAYER NUMBER (FROM LAB SHEET L04) 2 3 

2. TEST SECTION NO. 3 3 

I 3. SAMPLING AREA NO. 

4. SHRP LABORATORY TEST NUMBER 2 2 

I 5. LOCATION NUMBER BA4 TP* 
(Enter an asterisk as the third digit) 

6. SHRP SAMPLE NUMBER(Enter an BG02 BG55 I asterisk as the third and fourth digit) 
7. TEST RESULTS ( Section 5.3 of protocol P43 ) 

SHRP TEST DESIGNATION: UG04 UG04 I (a) LIQUID LIMIT (LL), % 
(b) PLASTIC LIMIT (PL), % 
(c) PLASTICITY INDEX (PI) NP NP I 8. COMMENTS (Section 5.3 of Protocol P43) 

67 67 (a) CODE 

I (b) NOTE 

9. TEST DATE 8118100 8118100 

I LAB CONTROL NUMBER 12262 12263 

I NOTE: 1. RESULTS OF TEST SHEETS T41 AND T43 ARE USED FOR CLASSIFICATION AND DESCRIPTION 
ON TEST SHEET T47. 

GENERAL REMARKS: e)('1fA US H 

09 

1 8  

3 

I SUBMITIEO BY 

I � 8121 /00 

CHECKED AND APPROVED, DATE 

DAVID CLAUSON 

I BRAUN INTERTEC 

I 
Form T43, February 1991 

Attachment B-13 

SHRP REPRESENTATIVE 

AFFILIATION:. _____ _ 
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Lon�T�P4V��Pelf?:tf11411Ct�:> 
LTPP NORTHERN REGIONS 

1 50 Lawrence Bell Drive, Suite I 08 - Amherst, New York 1422 1 - 7805 
Tel: (7 1 6) 632-0804 - Fax: (7 1 6) 632-4808 - ��--'-'-'--'-'=�""-" 

�·····-•••••••••••••••••••••••••••••-•••••• SPS LABORATORY TESTING DATA SHEET••••••••••••••••••••••••••••·---·-·•••••• 

SHRP-L TPP LABORATORY MATERIALHANDLING AND TESTING 

I LABORATORY MATERIAL TEST DATA SHEET NO _\ OF _} MOISTURE-DENSITY RELATIONS 
LAB DATA SHEET T44 

I UNBOUND GRANULAR BASE/SUBBASE LAYERS 
SHRP TEST DESIGNATION UG05 / SHRP PROTOCOL P44 

I LABORATORY PERFORMING TEST:_:::;B,_,RA:.:.U:::N"'-"-IN:.:.T.:E:..:;RT.:..:E::.:C::.._ ________________ _ 

LABORATORY IDENTIFICATION CODE: 271 1  

L TPP REGION : NA STATE ABR : 

I SPS EXPERIMENT NUMBER : 

SAMPLED BY : I DATE SAMPLED : 

CT DOT 

513/00 1 1 .  LAYER NUMBER (FROM LAB SHEET L04) 
LAYER MATERIAL: 

2. TEST SECTION NO. 

I 3. SAMPLING AREA NO. 

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

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

7. TEST RESULTS ( Section  10.3 of Protocol P44) 

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

I 8. COMMENTS (Section 10.4 of Protocol P44) 

(a) CODE 

I 
I 
I 

(b) NOTE 

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

10. TEST DATE 

SAMPLE IDENTIFICATION 

64 

CT STATE CODE : 09 

SPS PROJECT CODE : 1 8  

FIELD SET NUMBER : 3 

2 3 
GS GB 
3 3 

2 2 

BA4 TP* 

BG02 BG55 

D D 
5 6 

141 141 

75 78 64 75 78 

SECTOR SECTOR 

8121/00 8122/00 

12262 12263 

I NOTE: 1. INCLUDE THE OPTIMUM MOISTURE CONTENT CURVE WITH TEST SHEET T44 (SECTION 10.3.6 OF 
PROTOCOL P44). 

GENERAL REMARKS:---------------------------

I SU� BY 

I \::f2._ 9/5/00 

DAVID CLAUSON 
BRAUN INTERTEC 

I Form T44, February 1991 

Attachment B-14  

CHECKED AND APPROVED, DATE 

SHRP R RESEtif6WC�OIISULTIHG 
AFFILIATION: 415 LJWREMCE BE! L DRIVE 

SUfi'£ 3 
AMH£RSt IIY 14221 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

Lon ... T�rm PtwementPeiformtmce:\. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

LTPP NORTHERN REGIONS 
1 50 Lawrence Bell Drive, Suite I 08 - Amherst, New York 1 422 1 - 7805 

Tel: (7 1 6) 632-0804 - Fax: (7 1 6) 632-4808 - www.SfANTEC.com/ltpp 

MO I STU RE-DENS I TY RELAT I ONSH I P  TEST 
1 46 \ 

\ 
1 44 ' 

1\ tti .... \ 
0 a. 1 42 

- \ >. - . � i"'\ \ ·-.. � c ., I u 1) 
>. 1 40 , ' .... 

0 ' 
I 

II • 

1 36 1 \  ' ZAV for '  

Sp . G . =  1\ 2 . 76 [± 1 \  
1 36 ' 

-2 0 .5 3 5 . 5 8 1 0 . 5  1 3  

Wa t e r  con t en t , % 

Test spec i f i ca t i on :  SHRP P44 Met hod D .  Mod i f i ed 

E l evj Dote Dote Samp l ed As Rece i ved P re p a ra t i on Ramme r 

Dep t h  Tested Samp l ed By Mo i s t u re Method Type 

8/1 5/00 mo i st au tomat i c  

S i ze o f  Percent Pe rcen t Percent Pe rcent N a tu ra l Spec i f i c  

Ove r s i z e  Overs i ze on 3/4 3/4 t o  3/8 3/8 t o  /14 Mo i st u r e  Grav i ty 

3/4 i n  1 00 0 0 2 . 76 
TEST RESULTS MATER I AL DESCR I PT I ON 

Max i mum d ry dens i t y = 1 41 . 0  p e t  A<;jg rega te Subba se 

Opt i mum mo i st u re = 5 . 0  ,. 

P ro j ec t  No . :  BATX-00-1 264 Rema r ks :  

Proj ec t :  09 1 803 Spec i f i c g rav i ty was 

Loca t i on :  8G02 de t e r m i ned 

Test No . : 1 2262 
Do t e : 8/2 1 /2000 

MO I STURE-DENS I TY RELAT I ONSH I P  TEST 

BRAUN I NTERTEC F i g .  No . 394 

Attachment B- 1 5  
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L TPP NORTHERN REGIONS 
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MO I STURE-DENS I TY RELAT I ONSH I P  TEST 
1 44- ,\ \ 

1 42 1\ 
\ 

t+ � � ... J " 1\ 
0 

• 
\ a. 1 40 rm >. I--±t - i\ ·- I--(II \ c <II , 

>. 1 36 \ '-
0 \ \ 

' \ 
r. 

1 35 \ ZAV for  

Sp . G . •  

\ 2 . 80 

1 34 \ 
- 1  1 . 5  4 6 . 5  9 1 1  . 5  1 4-

Wa t e r  con ten t , :!; 

Tes t spec i f i ca t i on :  SHRP P44 Method D .  Mod i f i ed 

E l ev/ Dot e  Do t e  Samp l ed As Rece i ved P repa rat i on Rammer 

Dep t h  Tes t ed Samp l ed By M o i s t u re Me t hod Type 

6/22/00 mo i st automa t i c  

S i ze o f  Percent P e rcen t Percent Percent Natura l Spec i f i c  

Ove r s i ze Ove rs i ze on 3/4 3/4 t o  3/8 3/8 t o  /14 Mo i s t u r e  Grov i t y  

3/4 i n  1 00 0 0 2 . 60 
TEST RESULTS MATER I AL DESCR I PT I ON 

Max i mum d ry dens i t y = 1 4 1 . 0  pcf Agg rega te Bose 

Opt i mum mo i st u re - 6 . 0  lt 

P ro j ec t  No . :  BATX-00- 1 254 Rema rks : 

P ro j ec t : 091 603 Spec i f i c  g rav i ty was 

Locot t on :  BG55 d e t e rm i ned 

Test No . :  1 2263 
Dot e :  8/22/00 

MO I STURE-DENS I TY  RELAT I ONSH I P  TEST 

BRAUN I NTERTEC F i g . No . 4 1 9  

Attachment B-16 
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Long-Temr Pavement Pelf� 
LTPP NORTHERN REGIONS 

1 50 Lawrence Bell Drive, Suite 1 08 - Amherst, New York 1422 1 - 7805 
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•••••••••••••••••••••••••••······-•••••••• SPS LABORATORY TESTING DATA SHEET··-·····-··-··-····••••••••••••••••••••• 

I SHRP-LTPPLABORATORY MATERIALHANDLING AND TESTING \ ) 
I 
I 

LABORATORY MATERIAL TEST DATA SHEET NO OF 
CLASSIFICATION AND DESCRIPTION 

- -

LAB DATA SHEET T47 

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

LABORATORY PERFORMING TEST:
:::=-=

B::-:RA=U!.!N.!!IN.!.!T:..:E:!.:Rc!;TE:::::C�---------------1 LABORATORY IDENTIFICATION CODE: 2711 
L TPP REGION : NA STATE ABR : CT 

I SPS EXPERIMENT NUMBER : 
SAMPLED BY : 

1 
CT DOT 

513100 DATE SAMPLED : 

I 1 1 .  LAYER NUMBER (FROM LAB SHEET L04) 

2. TEST SECTION NO. 

I 3. SAMPLING AREA NO. (SA- ) 

4. SHRP LABORATORY TEST NUMBER 

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

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

7. VISUAL-MANUAL DESCRIPTION (Section 1 1 .3.1 
of Protocol P47) 

I (a) RANGE OF PARTICLE SIZE 
(b) MAXIMUM PARTICLE SIZE 
(c) COLOR DESCRIPTION 
(d) CODES-OTHER PROPERTIES I (Table D.2 of Appendix D. L TPP Lab Guide) 

I 8. VISUAL-MANUAL CLASSIFICATION 
(Section 1 1.3.2 of Protocol P47) 

9. Mr MATERIAL TYPE I (Section 1 1 .3.3 of Protocol P47) 
10. COMMENTS (Section 1 1 .4 of Protocol P47) 

(a) CODE 

I (b) NOTE 
1 1 .  TEST DATE 

I SAMPLE IDENTIFICATION 

2 

3 

2 

BA4 

BG02 

48%GVL-32%SND 
COBBLES 

GRAY 
1201 2101 
1302 2301 
1501 
1701 
1803 

303 

8118/00 

12262 

STATE CODE : 

SPS PROJECT CODE : 

FIELD SET NUMBER : 

LAYER TYPE : GS 

3 

3 

2 

TP* 

BG55 

55%GVL-34%SND 
COBBLES 
BROWN 

1201 2102 
1 302 2301 
1 501 
1701 
1 803 

304 

8118100 

12263 

09 

1 8  

3 

GENERAL REMARKS:---------------------------1 su 

I 
BRAUN INTERTEC 

Form T47, February 1991 

Attachment B- 1 7  

CHE�:tJ;D APPROVED, DATE 

II . 
SHRP R RESlWlf!'iftVcbMSULTIIIG 
AFFILIATION: 4!5 ! lWR�'MCE BELL DRIVE 

SUHE 3 
AMHERSt IIY 14221 
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LTPP NORTHERN REGIONS 
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•••••••••••••••••••••••••••····-········-· SPS LABORATORY TESTING DATA SHEET* ........................................... . 

I SHRP-LTPPLABORATORY MATERIALHANDLING AND TESTING l ) LABORATORY MATERIAL TEST DATA SHEET NO OF 

I SIEVE ANALYSIS OF SUBGRADE SOILS 
-

LAB DATA SHEET T51 
SUBGRADE SOILS 

I SHRP TEST DESIGNATION SS01 / SHRP PROTOCOL P51 

LABORATORY PERFORMING TEST: 

LABORATORY IDENTIFICATION COD
.::-

E
=-

:
-:
2
=
7

-:-
1 1:---------------------

1 L TPP REGION : NA STATE ABR : 

SPS EXPERIMENT NUMBER : 

I SAMPLED BY : CT DOT 

DATE SAMPLED : 513/00 1 1 .  LAYER NUMBER (FROM LAB SHEET L04) 
2. TEST SECTION NO. 
3. SAMPLING AREA NO. I 4. SHRP LABORATORY TEST NUMBER 
5. LOCATION NUMBER 

(Enter an asterisk as the third digit) 

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

7.% PASSING #200 SIEVE BY WASHING 

I (Section 9.3.1 of Protocol P51) 
8, GRADATION (Section 9.3.2 of Protocol P51 )  

% PASSING SIEVE SIZE 

I STANDARD (mm) 
3 in. (75.0) 
2 in. (50.0) 
1 112 in. {37.5) 

I 1 in. (25.0) 
314 in. (19.0) 
112 in. (12.5) 
318 in. (9.5) 

I #4 
(4.75) 

#10 (2.00) 
#40 (0.425) 

#200 {0.075) I #80 (0.180) 

9. COMMENTS (Section 9.4 of Protocol P51) 

I (a) CODE 

(b) NOTE 

(c) WEIGHT OF TEST SAMPLE,Ibs 

I MOISTURE CONTENT, % 
10. TEST DATE 

SAMPLE IDENTIFICATIO N  

3 

2 
BA4 

BS01 

56.1 

1 00 
1 00 
100 
1 00 
99 
97 
96 
93 
90 
78 
68 

58.7 

CT 

12 

8/14/00 

1 2260 

STATE CODE : 

SPS PROJECT CODE : 

FIELD SET NUMBER : 

1 
3 

2 
BA5 

BS02 

44.7 

100 
100 
100 
95 
94 
90 
88 
84 
81 
69 
60 

49.9 

1 1  

8/14/00 

12261 

I NOTE: 1. RESULTS OF TEST SHEETS T51 AND T43 ARE USED FOR CLASSIFICATION AND DESCRIPTION 
ON TEST SHEET T52. 

09 

1 8  

3 

I 2. ATTACH A CUMULATIVE PARTICLE SIZE GRADATION CURVE WITH FORM T51 (SECTION 9.3.3 OF 
PROTOCOL P51 

GENERAL REMARKS: Spe c::.�-f""\' c::. '3�.,.�-tr� lSSo ) 
1 � S  .. � ::- 2',?-1-1 SUB�Y. DATE D APPROVED. DATE � 8/18/00 

DAVID CLAUSON ES�SULTIIIG 
BRAUN INTERTEC N: 415 UWREIIC£ BELL DRIVE 

Form T51, February 1991 

Attachment B-1 8  

surt£ 3 
AMHERSt; IIY 14221 
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LTPP NORTHERN REGIONS 

1 50 Lawrence Bell Drive, Suite I 08 - Amherst, New York 1 4221  - 7805 
Tel: (71 6) 632-0804 - Fax: (7 1 6) 632-4808 - ��-'-"--'-��� 

••••••••••••••••••••••••-•••••••••••••••••• SPS LABORATORY TESTING DATA SHEET••••••••••••• .. ••••• .. •••········-··--···• 

I SHRP-L TPP LABORATORY MATERIALHANDLING AND TESTING 
LABORATORY MATERIAL TEST DATA SHEET NO JoF J. 

I 
I 

CLASSIFICATION AND DESCRIPTION 
LAB DATA SHEET T52 

SUBGRADE SOILS 
SHRP TEST DESIGNATION SS04 I SHRP PROTOCOL P52 

LABORATORY PERFORMING TEST: 
_ 

_...::;B:.:..:RA=UN=IN.:..:TE.!::!.!R.!.:TE::C::.__ ______________ _ 

I LABORATORY IDENTIFICATION CODE
NA
: 2711 

L TPP REGION : STATE ABR : CT 

SPS EXPERIMENT NUMBER : I 
I 
I 

SAMPLED BY : CT DOT 
DATE SAMPLED : 513100 

1 .  LAYER NUMBER (FROM LAB SHEET L04) 

2. TEST SECTION NO. 

I 3. SAMPLING AREA NO. (SA· ) 

4. SHRP LABORATORY TEST NUMBER 

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

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

7. VISUAL-MANUAL DESCRIPTION (Section 1 1 .3. 1 
of Protocol P52) 

I (a) RANGE OF PARTICLE SIZE 
(b) MAXIMUM PARTICLE SIZE 
(c) COLOR DESCRIPTION 
(d) CODES-OTHER PROPERTIES I (Table D.2 of Appendix D, L TPP Lab Guide) 

I 8. VISUAL-MANUAL CLASSIFICATION 
(Section 1 1 .3.2 of Protocol P52) 

9. AASHTO CLASSIFICATION CODE 

I (Section 1 1 .3.3 of Protocol P52) 
10. Mr MATERIAL TYPE 

(Section 1 1 .3.3 of Protocol P52) 
1 1 .  COMMENTS (Section 1 1 .4 of Protocol P52) 

I (a) CODE 

(b) NOTE 

I 12. TEST DATE 
SAMPLE IDENTIFICATION 

3 

2 

BA4 

6501 

10%GVL-31 %SND 
1" 

BROWN 
1 101 1901 
1202 2103 
1 302 2301 
1704 
1 802 

145 

510 

2 

8118100 
12260 

STATE CODE : 

SPS PROJECT CODE : 

FIELD SET NUMBER : 

3 

2 

BAS 

6502 

19%GVL-31 %SND 
1 112" 

BROWN 
1101 2102 
1202 2301 
1302 
1704 
1802 

1 45 

510 

2 

8118100 
12261 

09 

1 8  

3 

NOTE: 1 .  RESULTS OF TEST SHEET T51 AND T 43 ARE USED FOR CLASSIFICATION AND DESCRIPTION I ON TEST SHEETT52. 

I 
I 

GENERAL REMARKS:---------------------------

SU�BY, DATE 

8121/00 

DAVID CLAUSON 
BRAUN INTERTEC Form T52, February 1991 

Attachment B- 1 9  

CHECKE�D APPROVED, DATE A.tC!� 
SHRP REP ESifllfficle@.s:JlTIHG 
AFFILIATION: 415 LAWRUCE BflL DRIVE 

SUIIE 3 
&UUI'II(T IV 117?1 
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�-·······-····-···········•····· .... ·-· SPS LABORATORY TESTING DATA SHEET••••··-----···-·······-··-·····-

1 
SHRP-LTPPLABORATORY MATERIALHANDLING AND TESTING 

I 
I 

LABORATORY MATERIAl TEST DATA 
MOISTURE-DENSITY RELATIONS 

LAB DATA SHEET T55 

SUBGRADE SOILS 
SHRP TEST DESIGNATION SS05 / SHRP PROTOCOL P55 

SHEET NO l OF L 

I LABORATORY PERFORMING TEST::-=B:..:RA�U::::.:N.::..::.;INT�ER:.:.T:..:E�C�----------------­
LABORATORY IDENTIFICATION CODE: 271 1  

L TPP REGION : NA STATE ABR : 

I SPS EXPERIMENT NUMBER : 

SAMPLED BY : I DATE SAMPLED : 

CT DOT 

5/3/00 1 1 .  LAYER NUMBER (FROM LAB SHEET L04) 

2. TEST SECTION NO. 

I 3. SAMPLING AREA NO. 

4. SHRP LABORATORY TEST NUMBER 

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

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

I 
7. TEST RESULTS ( Section 10.3 of Protocol P55) 

(a) METHOD USED (B OR D) 
(b) OPTIMUM MOISTURE CONTENT(OMC),% 
(c) MAXIMUM DENSITY (MD), PCF I 8. COMMENTS (Section 10.4 of Protocol P55) 

(a) CODE I 
(b) NOTE 

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

10. TEST DATE 

I SAMPLE IDENTIFICATION 

75 

CT 

3 

2 

BAS 

BS02 

D 
16 

1 1 1  

78 

9/6/00 

12261 

STATE CODE : 09 

SPS PROJECT CODE : 1 8  

FIELD SET NUMBER : 3 

I NOTE: 1. INCLUDE THE OPTIMUM MOISTURE CONTENT CURVE WITH TEST SHEET T55 (SECTION 10.3.6 OF 
PROTOCOL P55). 

GENERAL REMARKS: __________________________________________ __ 

I SUBMITTED BY � 9/6100 I DAV�ON 
BRAUN INTERTEC 

Form T55. February 1991 

Attachment B-20 

CH�D APPROVED, DATE 

SHRP RE ES'1fiit£l¥&ucsutnHG 
AFFILIATION: 415 UWRFIICE BEll DRIVE 

sur:E 3 
AMHERST. NY 14221 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Long..Ttm#JP�Perfo*"e; 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

LTPP NORTHERN REGIONS 
1 50 Lawrence Bell Drive, Suite I 08 - Amherst, New York 1 4221  - 7805 

Tel: (7 1 6) 632-0804 - Fax: (7 1 6) 632-4808 - www.STANTEC.comi!tpp 

MO I STUR E-DENS I TY RELAT I ONSH I P  TEST 
1 1 4-

1 1 2 

r+++ t±±t 
'+-() a. 1 1 0 

-
>. .. 
.. 
c 01 

" 
>. 1 08 
,._ 

0 

1 06 

• 1 04 

a 1 0 . 5  1 .3 

� 
lli 

� i""' 
1\ II \ , 

I II " 
11  

. .. 

E' Q± I-r-
1 5 . 5  

Wa ter con t en t , � 

' 
1\ 

1\. 
\ 

1\ 

1 8  

• 1\ 
1\ 

' 
1\ 

' 
\ 

20 . 5  

t-
t-
r-
r-

L\ 

23 

ZAV f o r  

Sp . G . •  

2 . 7+ 

Test spec i f i ca t i on :  SHRP P55 Method D .  S tanda rd 

E l ev/ Dat e  Do t e  Samp l ed 

Dep t h  Test ed Samp l ed By 

9/06/00 

S i ze o f  Per cen t  Perce n t  · Percent 

Ove rs. i ze Overs i ze on 3/4 3/4 to 3/8 

3/4 i n  1 00 0 

TEST RESULTS 

Max i mum d ry dens i ty = 1 1 1 . 0 pcf 

0 t i mum mo i s t u re • 1 6 . 0 % 

P ro j ec t  No . :  BADX-00-1 264 

Proj ec t :  09 1 803 

Loca t i on :  8S02 

Test No . :  1 2261  

Da t e :  9/06/00 

M O I STURE-DENS I TY RELAT I ONSH I P  TEST 

BRAUN I NTERTEC 

As Rece i ved P repa ra t i on Ramme r 

Mo i s t u re Me t hod Type 

mo i st manua l 

Pe rcent Natura l Spec i f i c 

3/8 to #4 Mo i st u re Grov i ty 

0 2 . 74 

MATER I AL DESCR I PT I ON 

Subg rode 

Rema r ks :  

Spec i f i c g rav i ty was 

de t e rm i ned 

F i g . No . 458 

Attachment B-2 1 
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LTPP NORTHERN REGIONS 
1 50 Lawrence Bell Drive, Suite 1 08 - Amherst, New York 1 422 1 - 7805 

Tel: (7 1 6) 632-0804 - Fax: (7 1 6) 632-4808 - wwwSTAI'<TECcnmiltpp 

B R.AU N 
I NTERTEC 

To: If!£. !l/fr.J )Af 
Fax Number: ( 7/C,} b J 2. _ ;feo 8 
From: J1, �II- · 

Phone Number: (jt!i�) Cj'f,? - 178/ 
Date: A) 1 /7, 

(/e.T I ;?.t>t>O 
Number of Pages: 9 

Fax Transmittal 

r ·  
The information contained in this facsimile meuage may IJe prtvilege.d and confidential. It Lf imended 
only for the use of the individual or entity to whom it is Si!nt. If the recipient of this tranJmittal is nor the 
intended recipient cr an employee or agent respoMd)/e to deliver ii zo the intended recipienr. any 
dissemination, distribatton or copying of thiy communication i.r strictly prohibited. If you have received 
thts communication m error. please immediately notify liS by telephone and return the original message 
to us at the address IISied below viu the United Suzces Poscal Service. 

Ol·aun lntertec Corporation 
6SOl Washington Avenue South 
l>linne:lpolis, IVIN 55439-0 1 08 
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SAMPUS FaOlk SH'I.P it.EGION f'!IA . S'tA1"1 CT 

�=��·' .;�"1'-IJ(if""'" ______ _ 
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...... UI'G DA� -
I. 1.A VV. NUWIIU. tml"I.All SHI!trt.O<) 
l. I.AVV.'I"YK (!• ......... :--......... ) 
I. � AU-' 1<0.  <JA-l 
' SIIU LAIOIVJtii.Y TEST NUWIIU. 
� t.OCA T10II NIJ'M"IU 

1, YAl'UW. n?l (l'tpf t w l'JOil ll 
c. TUT JMfOJJtA.A."'''IM 

1�'0� GJl&,'\TO. mNt J�PUW. STI.AINT(Y • Y'ES OI. H -:ofOl 
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WllClHT or 11111'1' soa. USEP. ,.... 

II. SOtt.PKOPI!P.T!Uo 
"' mu  ofOISTUU c.,..,..,.. (NIJClZAA�" 
IN $1TU wrT ODI$1TY (I«JCIJ!AA;. ,,.,.., 

Qf'T1.MI..,. IoiOISI\IU CO�Tl!NT. ,, 
MM. OIV OINSITY. >oofm"l 

"" """· on OEN$1TY. ,,..,. .• , 
11 s•£Cllo!VI PK01'1!l1T!D. 

COMIAC110N MOI'STIJII.Il C()N'TI!loiT. Y. 
MOISTIJU CONTI!IIT ATTI!& RUtt.ll!NT MOCM.US 1"lro>:G. ,_ 
COMrACTION OAY �. •titll"'l 

ll. Q\IICX SIIIAA TEST 
mtzli:I·S'I'MIN!I1.0T ATTAClliD<. V • YU OR ,,.r'l¢) 
T"'UAXXAL SH£.41 MAXl'Mt,."M Sill&NOTH (MAX. WADI:'t·:J:tcTlOS AUAl. "'flo 
S� FAl'L OUJ.efOTJ\t,A.XL\L Sili.AA" (Y • 'f£$, N •'NO; 

1<1 COMMZlf'T'S {$«<iM 10.• «·r..- F't6) 
(o)CO<ll 
l�) r«)TT! 

d. TtST OATI 

Attachment B-23 

STATI:: COIIII< 
SHIU' st.CTIDN m., 

f1liU) SliT NO.: 

S-H!.!T !'10. I OJ l 

NAI:U61 /f\14/0"7 
2711 

.. 
... .., 

I 

DA> 
8!102 

" 
N 
" 

r:.• 
�· 
n• 
TU 
1.27 
.... 
7U 

207.) 
O.l 

,., .. 
,.,., 

S7H IS 

ltO!f.JO 
uo 

Jlot.JIO 

y 
,., 

" 



-

i r 
co 

I 
N 
""'" 

- - - - - - - - - - - - -

- - - - - - - - - - - - - - - - - -

-· • • 1 •  • • •  • • • • • • • • • • •  • • •  • • • • • • • •  .. •• .. • • • • • • • • • • • • • • • •  • • • • • • • • • •  SPS l.A80RA.TORY TESTING DATA SlfEET • • • • • • • • • • • • • •  • • • • • • • • • • • • • •• • • •• • - • • • • • • • •• • • • • • • • • • • • • • • • • 1 • 

•OR o\ 1 OR Y IOI:NTII-1CA TlON COO£ 

. l F.  COUtO 
tP SECIION 1U 
l .ll Sl, I NO 

<ER N\JMI\F.R 

I'E!Il T\"Pt: ( I = s-uh".tdc. 2 �a bas�/�ublt;bt� 
.IPI IN<..i AREA NO (SA-� 
ll' l AftORATOitV rt!ST NUMilliR 

:A I'ION NHMUI:R 

RP SAMPLE t<UMDI'R 

\T,RIAI. l'Y I'F. 

SHlAl c 

SILII.ON f MODULUS Tt::STING 
• • .... •••u • ·•� • • •�·•• ��• 

lUMN I I 2 

" 

l 

Chamba Notni.na1 Cytl� 

Cunt1nlu& Muimum No. 

:AMETiiR P'R:.i$l.IIC Axial 

S�u 

IGNATION Sl Sc.y .. 1i' cl 

liN IT kPa kPa -· 
!'CIS ION · · ·.- · · ·.· 
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)llliNCE 1 41 4 I H  l 

"' 
s 

COI.UMN AVI!RAGI! 

S r ANDAIW OEV. 
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Aflpli<d Applio.l Applied 

Cyc:li< IAad Coot&CI Ma><. 
l.oa4 Axial 

Stcu' 

'')'.:li< l'tolltKI S"'"" 
N N 1:1'1 

. .. .. .... - . ... � .. .  ,. 

49.S 3.7 IH 
499 l.l ll.S 

41 1  3 7  13.2 

49.1 3.8 13.3 

4!1.6 1.1 1 3.4 

.9.4 3.7 13.4 

0.4 0.1 01 
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a !J 10 I I  11 ll 1 4  
Aetvll A c ..... R«ov i>cr. llc<:o• Dcf. A\'CJIJC t\tailicat RG:t•licat 

Applied Applied LVIlT LVPT 1\ttOv Ocf. Slraln Mudulus 

Cydi< Coat&<! I I  Rcl4iu& 12 ll«cllll& LVDT I 

Strou SCn:ts on4 l 

S<.)'tli<> s-aa Ill Ill lin& Mt 
kPa kPa nl ... mm ...... mrn/mm Mpa 

. - ·.· · · ··· ··· · · · ·  .... .. .. . . .... .. . .. .  •.· · · · ·  - - -

12.1 0.9 0.41llS1 0.0227 1  0.412314 000016 17 

12.6 e.9 0 02164 0 02271 0.02310 0.(1(1016 71 

ll.l 8.9 0 0233) 0 02241 0.02179 0 (1(1016 71 

11.� 1.0 0.02333 0.02271 0.02298 0 (1(1016 71 

ll.S u 0.02!49 0.112241 O.CUl94 0 (1(1016 14 
12.4 u CUill47 O(ll24J 0-022!1'9 0 00016 11 7 

0.1 0.0 0.000 1 4  O.OOOIJ 000014 0.00000 0 4  
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SliEEl NO l Of I 

N S.�t.li'I.E I Fll.( 10 N.\llUil 
I liMN II I 1 ) 4 s 4 1 • ' Ul I I  1 1  1 3  1 4  

I 100.9 99 6  IO.l 21.1 2U l.\1 o.osna &.OSI24 O.OSU9 0 00014 70 

2 IO!l.6 99.1 10.)  11.0 lS.O H O.OSlGI O.OHOII O.OS141 O.OOIH6 10 
II JFNC!i l 4 H  27 " ) l lii.O 99.1 10.) 27.1 25.1 a 0 0Sl09 0 05124 O.OSUI 0.110016 10 

� 1(1!}9 99.S 10 J 21.6 lS.O 1.6 0.01201 O.OSI IO O OS U I  0.000)6 10 

s IU9.1 99.4 liD 11.6 1S.O 1.6 O.OSI9J O.OSIOII O.OSI41 0 00036 10 

COUJMN AVERAGE 11¥.1.1 99.5 10.3 lU lS.O l.6 O.OSI96 O.OS 1 16 O.OS I47 0 00016 69 9 
STANOAllO DilV. , 0.1 0 2  0.0 0.0 0.0 0.8 0.0001 2  0 000111 11.00001 0.000011 0 I 

IUJMN . I l . ) 4 s 6 7 a 9 10 I I 11  ll 1 4  
I IIIH U9.0 I U  41.J l1.S u 0.01106 0.01611 0.01109 0.00061 62 
1 164.0 141.& J S.I 4 1 .3 lB u 0.01106 0.01611 o.mos 0.0006 1  6 1  

)lffNCE l 4 1 .4 4L3 l 163.1 141.1 1 5 . 1  41.2 JH u 0.01190 41.01604 0 01691 0.00060 62 
• 164.) 14!1.1 11.1 4 1 .) l7.S 3.1 0 01106 0 .01411 o.ollO!l 0 00061 61 

s 16U 1419 IS.I 4 1 .l l1.S H 0.€11791 0.01604 0.01101 0.00061 6l 
COLUMN A VEI\AG£ 164.0 •••. 9 U.l 41.3 31.5 l il  0.01101 o.eUO!I 0.01104 0.0004 1  61.9 

STAiiOARD DEV. 0.1 0.2 0.0 0.0 0.0 0.0 0.00001 0.00004 0.0000:1 0.00000 0 I 
)LUMN I I 1 l • s ' 1 • 9 •• I I  1 1  l l  H 

I liU 19U 10.7 s-u 49.7 S.2 0.11141 8.12061 0.12212 0 00015 S9 

2 2 1 1.7 191.1) 211.1 ss.o 4U 5.l 8 12117 0.11009 0.12228 0.00015 S9 
QUI'NC£ 4 41.4 ss o 3 2 1 8 .6 191.1 101 ss.o 49.8 s.t 0.11311 0.12046 0.1120!1 o.oooas 59 

4 118 .4 191.1 20.1 ss 0 49.7 S.l 0.11119 0.12077 0.12228 O OOOIS 5I 
:1 1 114 1!17.8 20.7 SS.O 49.& u 0.12179 0.12041 0. 1n20 O.OOOIS S9 

COLUMN A VJ:MGE llU 191.1 20.7 SH\ 49.1 5.1 0 11376 0.11043 0.12119 OIJOilU Sl I 
STANDARD DEV. 0.2 0 1  0.0 O.G 0.0 0 0  O.OOOO!l 0.0001 1  0.00009 0.00000 0 1  -- � - ----
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SIIEET NO 4 01' I 

' · MI'I.E I fll£ 10 . . .. � NAI2l61 . .  ··---· 

. .  UMN • I l l .. s 6 1 • 9 10 I I ll ll 14 

I 111.7 141.4 lU 689 62.5 u O.UIOS o.u., B.I56JO 0.001(19 S7 
l l1l.l 24U 25.0 611 6l.S 6.1 O.U191 O.ISS03 O.U6SO 0.00109 S1  

IIHH'E l 4 1 .4 6U l 213.1 l41 S 15.1 ,..., 62.5 6.) 0-li'lill O.ISS I \  0.1 1654 0.00109 S1 
4 113 .7 141.3 25.4 IIU 61 .5 6.4 O.IS'IiiO o.uuo OJ i6lS 0.00109 S l  : 
s HJ.S 241.1 15.1 61.8 61-J u O.IS790 O.ISSOl 0.1 5642 G.OOI09 S7 

COIJJMN AV£1\AGE 173.6 141.1 Ul 6LI 6U 6.3 0.15796 o.U4!18 11. 1 5646 0 00109 514 

STAtiDARD OEV. ll.l 0.1 0.1 0.0 0.0 0.0 0.00006 0 00011 0.00001 0.00000 0 0 

l !li>IN I 1 l .... l 4 s 6 1 • 9 10 I I  il l l  14 

. , SlS 49.1 u u.s ll.S 1.0 O.Olil9 0 02414 1).02473 0 0001 7  7l 
2 )) . ) 49.1 ) 9  ll.S ll.S 1.0 o.auo OG2434 0.01411 0 000 1 1  72 

�Ut:NC:t: 6 ? 7 6  u.s ) 51 6 49 6 4.0 IJ.S 11.5 1 .0 IUlSlS 0.01414 0.01477 0.000) 1  Jj 
4 SH 49.5 4.0 1) 4 11.4 1 0  0.01541 0.01416 0.01417 0.00011 1l 

s 54.0 SO. I lSI 13.(> I U  Ul G.OlSJS 0.02�42 0.02411 0.00017 n 
COLUMN AVi'I\AGE su 49.1 1.9 IU lU 1.0 O.OlSJJ 0.0204 0.01410 0.00017 n.s 

STANDARD DEV. 0.1 Ill 0 .1 0.1 0.1 0.0 O.OOOOJ o.oooos 0.00001 0.001100 0 2 

li.IJMN I I 2 > 4 ' 6 7 I 9 111 I I  11 ll ·� 
I 101.6 IOU H 27.1 15.2 1.9 0.06071 0.05914 0.060U o.ooou 60 

2 167.1 99.!) u 27.0 1U 1 .1 0.06010 0.115911 0.06011  0.001141 60 

::)!fENCE 7 21.& 21.0 l 101.S IOO.J H 21.1 lS.l 1.9 0 06015 0.05976 0.06013 0.110041 60 

� 101.4 100.2 1.1 17.0 lU 1.8 o.o6070 0.05961 0.060117 11.00041 60 

s IOH 99.9 7,4 "21.0 lS.I 1.9 0.06091 0.05916 O.O�l 0.00041 60 
COlUMN AVERAGE 1 07.4 100.1 1.3 27.0 lU 1.1 0.11607il 0.05969 1.06011 0.00042 60 1  

STANDAIW OEV, 0.1 0.1 tU 0.0 0.0 0.0 0 00010 0.0001 1  0.00001 0.00000 0.1 
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Sll6f.T NO S Of S 

-· 

N SAMPLE I FILf. 10 NA11261 
I liMN I I 1 l 4 $ 6 1 • 9 10 I I ll I) 14 

l 16U 149 0 12.8 40.7 l1.S ).2 0.102119 O.IOOU 0. 101l9 0 0001 1  SJ 

l 1 4 1 1  141.S 11.9 40.6 J7.4 u 0.10115 0.10017 0.10111 0 000711 Sl 
't lloNCE 8 J H  40.) } 161.6 14U Ill 40.7 lM 3.1 0.10191 0.10100 0.101)9 O.Uft07l j )  

• 161 .9 149.1 12.1 40.1 l1.S l.l 0.](1216 0. 1001$ 0.1014) 0.0001 1  n 
s 161 . 7  IU.ll ll.l 40 7 l1 . .! 1.1 0.101119 0.10071 0.1(11)!1 0 001171 il 

COUIMN A VI!RA<Jli 161.1 141 9 11.8 40 7 37 .!  !.l 0.10101 O.IOOU 0.10137 !1 0007 1  .Sl l 

ST ANOAI\D Of.V. O.l 0.1 0.0 0.1 0 . 1  0.0 0 00013 0.00009 0.00001 0 00000 Q I 
ll.liMN I I l ' l 4 s 6 1 a !I 1 0  I I  1 1  l l  H 

I 2 1 7.0 191.7 18.4 S4.6 sao 4.6 0.142!14 (1.14"1 II.Hn4 0.001199 51 

2 litH• 191.1 U . S  s u  49.ll 4.6 0 14278 0.14146 0.14212 0.000!19 so 
)lii!Nt:f. Q 11 6 S4.6 ) 116& 191.4 IU H.6 49.!1 4.6 8.Ul!l4 0.14162 0.1021 0.001199 !0 

4 2 1 1 1  191.8 11.4 su so.o ·U 0.14294 O.HI11 0.142ll 0 00099 S l  
s W\.9 19C.4 11.4 S4.6 49.9 u 8.14214 0.14162 0.14224 0.001199 so 

COLUMN A vt:IIAQE 2169 19B 18.4 SH 49.9 4.6 0.14119 0.14162 o.1•n• 0.00099 so j 
STANO.-\IID DEV. 0.2 11.1 0.0 0.1 0.1 OJ) 0.00007 0.0001 1  8.00001 0.00000 0.0 

)I.IIMN I I 2 l 4 s 6 7 I 9 10 I I  11 ll 14 

I 271.l 147.6 21.7 68.3 61.3 6.8 O.IU45 0.11231 0.18]98 0.001 28 �9 
1 211.0 241J llJI 61.1 6l.l 6.0 o usn 0.11239 0.18406 0.0012S 49 

)UI!NCE 1 0  2 1 h 6& 1 ) 2 1 1 .4 141.1 21.7 6U 62.3 6.0 O.IUIO 011247 0.114H 11.00128 4? I 4 211.4 2H.l 23.7 6&.1 61.1 6.4 O IISII 0.18231 0.11410 00012& 49 

s 211.1 14U 11.7 61.1 6U '-0 II.I USO O.lll.lll 0.11410 000121 49 
COLUMN AVEilAGil 1111 Hl$ 23.7 68.1 62.J 6.0 O.IU1J O.lll!l 0.11407 000121 41 6 

slANOMtD oev. tl.1 0 2  0.0 0.0 0.1 6.0 0.00009 0.00006 0.00006 0.00000 0 0  _j 
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SIIEF.T NO 6 O f  I 

N HMI'LE I fti.E 10 NAil261 

I.UMN II I l l • 5 6 1 I 9 10 I I  ll ll 14 

I 51.1 49.1 u 1].4 IU u 0 01969 O.Cil791 0.03116 O.OCI017 46 

l Sl l 48 9 ].9 IU IU 1.0 O.OlllSl 001190 0.1Ut64 0.00027 46 

UENCE I I  IJ.8 ll.l l H. I 4U 4.0 13.:) 12.1 1 .0 41 03961 0.011!18 0.03176 OOOCI17 �6 
4 Sl.l 49.1 4.0 134 12.4 1 .0 O.Ol961 O OH91 ll.Oll16 0.00Cil7 46 
s U.1 41 1 l.ll ll.l Ill 1 0  O.OlSISl 0 0)190 0.!13161 O OOCI27 46 

COLUMN A VflllAGE S19 49.<) J.ll Ill llJ I 0 0.0)96(1 11.0)1!15 O.OJill 0.00Cil1 4S.7 

ST ANflAilO Oti\1. 0.1 0.1 0.0 CUI 0.0 ll.O O.OCIOB6 0.0(101)4 O.OCIOCIS O.OCIOCIO 0.1 

ll.ll�fN I I l ' 3 4 s 6 7 I ' 10 I I  i2 ll 14 

I 104.0 9&1 u 26.2 lU 1.5 G.096l7 0.09l41 0.09476 O OOCI66 37 

l IOU 91.1 S.l 16.1 lU l .S G.Oll620 0.09141 0.119416 0.00066 38 
Ul'NCE ll 11.8 16.3 l 100 91.9 H 16.4 24.9 1.5 0.09610 0.09141 0.119410 0.00066 lS 

• 104.1 !111.4 59 26.1 14.1 1 .5 0.096U 0.09140 UllUO O.lKl066 ll 
s 104.8 99.0 u 26.4 14.9 1.5 0.09611 0.09141 0 119418 O.OCI066 ll 

COI..UI\.IN A III!RAGE 104.4 98.6 u l6.l 24.1 I.S 0.09616 0.09144 0.119410 0.0(1066 11 6 

ST AH0Ailll DEV. O l  0.3 CI.O 0.1 ll.l 0.0 CI.OCI006 UOOCI4 O.OOOCIS 0.0(10(10 0 I 

)LtiMl-H l 1 l 4 s 6 1 8 9 10 I I  12 u H 
I uu 141.1 I l.i 411.1 )1.) u 0.14984 0.14711 0.1 4111 0.00104 16 

2 U9.7 148.1 I I .S 40.1 !1.] 2.!1 0.14991 6.14111 1).14111 0.00104 lo 

}lltNCE IJ I l l 41).2 ) ISU 141.1 I I .S 40.1 )7.) 2.9 0.14976 0.14711 0.14179 0.00101 •• 
4 U9.4 141.9 l l . S  40. 1 31.1 l.!l 0. 1491) 0.14712 O.UI7!1 0.00101 36 

5 H9.7 141.2 l l .S 40.1 37.3 1.!1 0.14999 0.141.S9 0.1 4819 O.IIOIQJ )6 

COI.IlMH A VEltAGil 1.19.� 141.1 1\ . .1 40.1 ]1.) 1.9 0.14917 0.14717 0.14111 I).OGI04 )6 0 

STANDARD DEll. 0.1 o.z OJ.I 0.0 0.0 0.0 O.OCI009 0.000!0 O.OCIOCil 0 0(10(10  o o  
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