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EXECUTIVE SUMMARY 

A Material Transfer Device (MTD) showcase was conducted in EI Paso, Texas. The project 
was to build a Type A asphalt concrete base for a Continuously Reinforced Concrete 
Pavement on IH 1 O. The showcase was sponsored by the East El Paso Area Office, EI Paso 
District of the Texas Department of Transpo11ation in cooperation with Dan Williams 
Company and lobe Concrete Products Inc. The demonstration project was conducted for the 
duration of five (5) days in October 1999. 

Material Transfer Devices (MTD) or Material Transfer Vehicles (MTV) are gaining 
popularity as a means for reducing segregation. This is especially true in the case of 
reducing truck-end segregation. The showcase involved five different MTDs by five 
different manufacturers. 

The five MTDs, which participated in the showcase, are: 

1. Barber-Greene, Model BG-650 
2. Blaw-Knox, Model MC-330 
3. Cedarapids, Model CR 461 
4. Lincoln, Model 880-HP 
5. Roadtec, Model SB-2500B 

The Material Transfer Device (MTD) is used to transfer the HMAC from the haul truck to 
the paver. Different MTDs use different techniques to accomplish this task. Most MTDs re
mix the asphalt concrete in the process of transferring the mixture to the paver. The re
mixing process is believed to ensure that the asphalt concrete that might have been 
segregated at the plant and/or during transport is a uniform mixture of coarse and fine 
aggregate. Re-mixing also ensures the temperature of the HMAC is uniform at time of 
discharge into the paver hopper. Uniform temperatures result in relatively uniform density. 
MTDs can potentially provide a mix with reduced aggregate particle segregation and a 
uniform temperature. 

The primary objectives of this showcase are to evaluate the effectiveness of the MTDs in 
reducing segregation in HMAC and compare the effectiveness of the different techniques to 
measure and quantify segregation. 

The four different techniques/methods utilized to quantify segregation in this study are: 

1. 	 In-Place Density 
Density profiles using Nuclear Density Gauge 
Road Cores 
Ground Penetrating Radar (GPR) 

2. Infrared Thermal Imaging 
3. Visual Rating 
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4. 	 Smoothness or Ride Data 
Profilograph 
Profiler 

Data was collected utilizing all the above techniques and in accordance with standard test 
methods and procedures. The summary of the data analyzed is listed below. 

• 	 None of the MTDs eliminated all segregation-related problenls. 
• 	 The screed extensions in the paver caused segregation in this project. There was also 

centerline segregation caused by the paver. 
• 	 MTDs with larger on-board mix storage capacity are more effective in reducing truck-end 

segregation. 
• 	 The proposed test method for identifying segregation by establishing density profiles 

does not appear to be a very effective tool. Additional research is needed to make a more 
precise conclusion. 

• 	 Ground penetrating radar has the potential to identify and quantify segregation. 
• 	 The Infrared thermal imaging technique was found to be an excellent Quality Control 

tool. 
• 	 All four thermal cameras used in this study appear to yield the same result. 
• 	 MTDs alone cannot cure all problems related to segregation. 

IV 
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CHAPTERl 

INTRODUCTION 


A Material Transfer Device (MTD) demonstration project was conducted in EI Paso District 
of Texas Department of Transportation on a section of ill1O. The demonstration project was 
conducted by EI Paso Dishict of TxDOT in cooperation with Dan Williams Company and 
lobe Concrete Products. Several manufacturers of MTD's were invited to participate in the 
demonstration project. The project was to build asphalt concrete base, Type A, for a 
Continuously Reinforced Concrete Pavement on IH 1O. The demonstration project was 
started on October 18th and concluded on October 22nd 1999. 

The objectives of demonstration project were: 
1. Evaluate the effectiveness of various MTDs' in reducing segregation, and 
2. To compare the effectiveness of different techniques to quantify segregation. 

A brief background on segregation and Material Transfer Devices is provided in this Chapter. 

Segregation 

Segregation can be defined as the separation of coarse and fine aggregate particles in the hot 
mix asphalt concrete mixture (HMAC). Segregation has a direct impact on the long-term 
performance of the asphalt concrete pavement by increasing the air void content of the mix, 
thus increasing the potential for moisture damage. Segregated locations are susceptible to 
raveling and total disintegration of the mix. 

Segregation can primarily take place when the nux is delivered from asphalt plant to surge 
silo or when the mix is deposited from the surge silo to the haul truck or when the mix is 
transferred from the haul truck to the paver hopper. Segregation that is evident behind the 
paver screed generally takes one of the following three forms. 

1. randomly occurring pockets of coarse aggregate 
11. longitudinally on the sides and center of the paver and 

111. transversely across the lane (at the end-of-the-truck-load). 

Material Transfer Devices (MTD) or Material Transfer Vehicles (MTV) are gaining 
popularity as means for reducing segregation. This is especially true in the case of reducing 
truck -end segregation. 

Material Transfer Devices 

The Material Transfer Device (MTD) is used to transfer the HMAC from the haul truck to 
the paver. Different MTDs use different techniques to accomplish this task. Most MTDs re
mix the asphalt concrete in the process of transferring the mixture to the paver. The re
nlixing process is believed to ensure that the asphalt concrete that nught have been 
segregated at the plant and/or during transport is a uniform mixture of coarse and fine 
aggregate. Re-mixing also ensures the temperature of the HMAC is uniform at time of 



discharge into the paver hopper. Uniform temperatures result in relatively uniform density. 
MTDs can potentially offer dual advantage of reducing aggregate particle segregation as well 
as yielding a mix with unifornl temperature. 

At the present time several companies that manufacture and market MTDs. Table 1.1 lists 
the manufacturers represented in this project. 

T bill LOt f M f t f ° t dOth Sha e .. IS 0 anu ac urers Par IClpa e In e owcase 
Manufacturer MTD Model Number* 
Barber-Greene BG-650 
Blaw-Knox MC-330 
Cedarapids CR 461 (MS-2) 
Lincoln 880-HP 
Roadtec SB-2500B 
* - Specifications of the MTDs participated in this study are enclosed in the Appendices. 

Figure 1.1 shows the paving operation using the above mentioned five (5) MTDs. Barber
Greene Model 260C paver was used in combination with all the above mentioned MTDs. 
The project started at Station 157+00 and ended at Sta. 273+00. The construction of the 
project was done in two phases. Phase one consisted of paving all three lanes West of the 
Bridge and Phase two consisted of paving all three lanes East of the Bridge. 

In this five-day demonstration project, each day was dedicated to one MTD. Table 1.2 lists 
the day and MTD used. As seen in Figure 1.1, the length of paving is not uniform for all the 
MTDs. This is primarily because of the inclement weather andlor MTD breakdown. 

Table 12.. Day 0 f <=onstructoIon WI°th I ndOIVI°duaI MTDs 
Day of <=onstruction MTD 
1 (Date - 10/18/199) Barber -Greene 
2 (Date - 101l9/199) Roadtec 
3 (Date - 10/20/199) Lincoln 
4 (Date - 10/211199) Cedarapids 
5 (Date - 10/22/199) Blaw-Knox 

Evaluating the Effectiveness of MTD 

MTDs were evaluated primarily in two aspects - ability to reduce material segregation and 
ability to produce a uniform temperature profile and to reduce tenlperature segregation. 
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There are several different methods/techniques available to evaluate material or temperature 
segregation. The methods used in this study are: 

1. 	 In-place density - densities were obtained using the following three methods. 
a) Nuclear Gauge - density plots as per Test Method Tex-207-F Part V 
b) Road Cores 
c) Ground Penetrating Radar 

2. 	 InfraRed Thermallmaging 
3. 	 Profilograph Data 
4. 	 Visual Rating 

Each of these methods were performed for all 5 MTDs. All the methods are explained in 
detail in the following Chapters. Test results and analysis of the data are also discussed. 
Along with evaluating MTDs, four different InfraRed Thermal Cameras were also evaluated 
for their ability to detect the thermal segregation. Results of these are also discussed. 
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CHAPTER 2 
DENSITY PROFILES 

Several attempts have been made in the past to identify and quantify segregation dUling and 
after the lay down process of Hot Mix Asphalt Concrete (HMAC). One method to 
identify/quantify segregation is to measure in-place density and generate density profiles 
during the lay down process. Kansas Department of Transportation uses a test procedure to 
identify segregation using density profiles. Texas DOT is evaluating this procedure (Texas 
Test Method Tex-207-F Part V, Appendix A) with some minor variations . This method is 
explained briefly in this Chapter and the test results for all the MTDs are tabulated and 
presented in Appendix A. 

Description 

The purpose of establishing density profiles is to provide a means to identify segregation in 
HMAC after placement and compaction. A density profile is established behind the paver by 
taking multiple readings within 50' section using a nuclear density gauge. Results from the 
readings are used to plot a density profile, which is used to check for a reduction in density 
caused by segregation. In addition, the roadway location is visually inspected for 
segregation. 

A segregation profile starting point is established at a point location where the screed stops. 
Any visibly identifiable segregated areas are also profiled. Nuclear density gauge readings 
are taken approximately every 5' in the longitudinal direction. The first reading is located 
approximately 10' behind the screed. Readings are taken at a uniform transverse offset from 
the centerline for the complete length of a single profile section. The transverse offset is 
more than 2' from either edge of placement and at a location believed to be most likely to 
detect segregation. If there is no visible segregation, then transverse offset distance is 
randomly selected. With the nuclear density gauge in the backscatter mode, three one
minute readings are taken and the average of these 3 readings is taken as the density for that 
point. Nuclear density readings are taken at a minimum of 10 locations along the profile 
section. 

The drop in density caused by segregation is calculated by subtracting the lowest density 
from the average profile density. The average density is calculated using all density 
determinations in the profile section. The density range is calculated by subtracting the 
lowest from the highest profile density. A copy of the special provision and the test 
procedure are included in Appendix-A. 

Discussion of Test Results 

Density profiles were established using TxDOT Standard Test Method Tex-207-F Part V. A 
minimum of six (6) density profiles were established for each MTD that pru1icipated in the 
demonstration project. Road cores were taken to measure density in the laboratory for 
comparison purposes. Three (3) cores were taken in each profile to measure density in the 
laboratory. Test results for each MTD is discussed separately in the following paragraphs. 
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Nuclear Density 

Nuclear density profiles were established as described in the previous sections. All the 
locations selected for density profile exhibited low to severe segregation with few 
exceptions. A summary of the nuclear profile data for each MTD is discussed below. 
Detailed field Nuclear Density Profile Data Collection forms are attached in Appendix A. 

Based on TxDOT proposed special provision (Appendix A) for the type of mix used in this 
project, maximum allowable density range is 8.0Ib./c.f. and the maximum allowable decrease 
in density is 5.Olb./c.f. 

Barber-Greene (Model BG-650) 

As shown in Table 2.1, all six locations selected for testing were visually segregated. 
Only in one location (Location 6) both proposed specification criteria for density 
range and decrease in density were exceeded. In other five (5) locations the 
procedure did not detect segregation. 

Table 21. . Summary 0 fNucIear DenSI·tcy ProfllIe Da a t for Barber-G reene MTD 
Profile 

# 
High 

(lbs.lcf) 

149.3 

Low 
(lbs.lcf) 

Average 
(lbs.lcf) 

Visible 
Segregation 

Density Range 
High-Low 
(lbs.lc.f.) 

7.7 

Decrease in 
Density 

A verage-Low 
(Ibs.lc.f.) 

1 141.6 144.5 Yes 2.9 
2 145.3 140.0 143.3 Yes 5.3 3.3 
3 149.0 144.3 147.3 Yes 4.7 3.0 

2 .7 4 149.2 144.4 147.1 Yes 4.8 
5 148.8 144.3 146.7 Yes 4.5 2.4 
6 147.2 130.8 140.9 Yes 16.4 10.1 

Specification Maximum Allowable 8.0 5.0 

Roadtec (Model SB-2500B) 

As shown in Table 2.2, four out of eight locations (Locations 1, 3, 7 and 8) met the 
specification requirement for decrease in density due to segregation and density range 
even though all of these locations exhibit some level of visible segregation. 
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Table 22 Summary 0 f N I D "t P fll D t t R dt MTD" . uc ear enslty ro Ie a a or oa ec 
Profile High Low Average Visible Density Range Decrease in 

# (Ibs/cf) (Ibs/cf) (lbs/cf) Segregation High-Low Density 
(lbs/cft) A verage-Low 

(lbs/cf) 
1 149.4 145.9 147.3 Yes 3.5 1.4 
2 151.9 141.4 144.7 Yes 10.5 3.3 
3 146.9 141.3 143.6 Yes 5.6 2.3 
4 144.2 137.5 141.3 No 6.7 3.8 
5 144.4 134.1 138.9 Yes 10.3 4.8 
6 145 .9 135.4 142.4 Yes 10.5 7.0 
7 146.7 141.5 144.1 Yes 5.2 2.6 
8 145.2 142.3 143.3 Yes 2.9 1.0 

Specification Maximufi1 Allowable 8.0 5.0 

Lincoln (Model 88G-HPJ 

As shown in Table 2.3, five of the six locations the density profile procedure correctly 
identified the segregated spots. 

e 23 S uc ear ro -I e a a £ Inc onTabl . . ummary 0 f N I Densl"tty P fi I D t or L" I MTD 
Profile 

# 
High 

(lbs/cf) 
Low 

(lbs/cf) 
Average 
(lbs/cf) 

Visible 
Segregation 

Density Range 
High-Low 

(lbs/cft) 

Decrease in 
Density 

Average-Low 
(lbs/cf) 

1 145.7 136.8 141.8 Yes 8.9 5.0 
2 143.9 134.9 139.0 Yes 9.0 4.1 
3 148.3 139.9 143.2 Yes 8.4 3.3 
4 145.3 133.6 

139.2 
140.6 
142.5 

Yes 
Yes 

11.7 7.0 
5 144.4 5.2 3.3 
6 145.1 133.4 139.4 Yes 11.7 6.0 

Specification Maximum Allowable 8.0 5.0 

Cedarapids (Model CR-461 (MS-2J) 

As shown in Table 2.4, four of the six locations (Locations 4 and 5) that had visible 
segregation passed the specification requirements for drop in density. 
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Table 24.. Summary 0 fNucIear Denslty°t ProfllIe Data £or C d °d MTDe ara~1 s 
Profile High Low Average Visible Densi ty Range Decrease in 

# (lbs/cf) (lbs/cf) (lbs/cf) Segregation High-Low Density 
(lbs/cft) A verage-Low 

(Ibs/cf) 
1 145.1 133.4 139.4 Yes 1l.7 6.0 
2 144.6 140.7135.0 Yes 5.7 
3 

9.6 
142.3 133.1 Yes139.6 9.2 6.5 

4 144.5147.1 141.6 Yes 5.5 2.9 
5 147.2 143.4139.7 Yes 7.5 3.7 
6 150.0 137.3 144.2 6.9 

Specification Maximum Allowable 
Yes 12.7 

5.08.0 

Blaw-Knox (Model MC-330) 

As shown in Table 2.5, three of the six locations that had visible segregation passed 
the specification requirements. 

T bl 25 S °t P fll D t f BI Ka e .. ummarxofNucIear Densl~ ro Ie a a or aw- nox MTD 
Profile 

# 

1 
2 
3 
4 
5 
6 

High Low Average Visible 
(lbs/cf) (lbs/cf) (Ibs/cf) Segregation 

147.1 139.7 144.0 Yes 
149.4 140.5 145.7 Yes 
147.5 143.7 145.6 Yes 
143.3 134.5 140.3 Yes 
142.5 137.5 140.0 Yes 
140.4 126.0 131.5 Yes 

Specification Maximum Allowable 

Density Range 
High-Low 

(lbs/cft) 
7.4 
8.9 
3.8 
8.8 
5.0 
14.4 
8.0 

Drop in Density 
A verage-Low 

(lbs/cf) 
4.3 
5.2 
1.9 
5.8 
2.5 
5.5 
5.0 

Road Core Density 

Road core densities were determined in the laboratory according to TxDOT test procedure 
Tex-207-F, Part I. Core densities from all the density profile locations are shown in 
Appendix A. Core densities from all the locations for all the MTDs that participated in this 
study are compared to the corresponding Nuclear Gauge Densities and are plotted in Figure 
2.1. From Figure 2.1, there does not appear to be a good correlation between the lab core 
density and field nuclear density at the same location. This is likely due to the fact that 
nuclear density gauge was not calibrated for the type of mix which was placed on the project. 
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Comparison of Lab Densities with Nuclear Densities 
for All MTDs 
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Figure 2.1: Comparison of Lab Densities with Nuclear Densities for all MTDs. 

Sumnlary 

The following Table summruizes the findings . 

• ummaryofFO dO ro I es Table 26 ° S In Ings f rom NucIear Densl°t:y P fil 

R2 = 0.2984 

• 

• 

ILine of Equality 

130 135 140 145 150 155 160 

Nuclear Density (Ibs/cft) 

MTD No of Density Number of Visible Segregated Spots 
Profiles 

Not Identified By SuccessIdentified By the 
Density Profile the Density Profile Rate 

Barber Greene 170/01 56 
380/0Roadtec 8 3 5 
830/0ILincoln 6 5 

Cederapids 4 670/026 
500/0Blaw-Knox 36 3 

Success rate is defined as the percentage of times the density profile procedure correctly 
identified segregated spots. 
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CHAPTER 3 
INFRARED THERMAL IMAGING 

Infrared thermal in1aging technique has a wide range of applications and has extensively 
been used in industrial engineering and medical fields for several decades. Thermal imaging 
has been used in Civil Engineering for almost two decades primarily in the construction of 
bridge decks to detect delaminations, asphalt concrete overlay de-bonding and defects in 
portland cement concrete. In recent years, there has been an increasing interest in utilizing 
this technique to identify thermal segregation in the construction of asphalt concrete 
pavements. A brief background on this infrared thermography is explained in the following 
paragraphs. 

All objects emit infrared radiation in the form of heat that can be detected using an infrared 
scanner. These natural impulses are converted and processed to create an image of the 
object's thermal energy. Colors are used to represent the thermal image. These colors can be 
selected from an array of color bands to represent the surface temperatures. 

Today, there are wide varieties of thermal cameras available to be used for different purposes 
and applications. Three essential components in any thermal imaging system are: 

1. Optical scanner - to detect radiation in infrared spectrum 
2. Display monitor - to display images 
3. Computer and Software - for data acquisition and analysis 

Past research studies in this area suggest that infrared thermography appears to have potential 
to detect and measure segregation. Several research studies are underway at the present time 
to utilize infrared thermography. In this demonstration project, infrared thermal imaging is 
one of the tools utilized to evaluate the effectiveness of Material Transfer Devices (MTD). 
Research performed by National Center for Asphalt Technology suggests that the areas with 
temperature differentials greater than 38°F are likely to have high levels of segregation. Low 
levels of segregation can be expected for the temperature differential between 18 OP to 29 OF 
and medium levels of segregation for temperature differential of 29 OF to 38 OF. 

One of the objectives of this study is to evaluate different MTDs' ability to produce a 
uniform mix temperature behind the paver. In this project, Inframetlics' ThermaSnap type 
infrared thermal camera was used by TxDOT to capture thermal images. Several thermal 
images were taken during this weeklong demonstration project. These images were analyzed 
using TherMonitor Lite 95 Software. Figures 3.1 through 3.6 are representative of the 
thermal images that were captured for 5 different MTDs. 

Equipment manufacturers were also present and they also obtained thermal images using 
their own equipment. Some of the manufacturers made their thermal images available to 
TxDOT and those images are presented in Appendix B. 
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Roadtec MTD 

Pictures R1 through R6 shown in Figure 3.1 are representative thermal images of the lay 
down process using RoadTec MTD. The following preliminary observations may be made 
from these pictures. 

1.. Temperature distribution in the longitudinal direction is relatively uniform. 
2. 	 Temperature distribution in transverse direction is uniform for a given location on the 

mat. 
3. 	 Individual low temperature spots on the mat were observed very rarely. 

Temperature variations observed from these seven thermal images are summarized and listed 
in Table 3.1. The maximum and minimum temperatures were selected from the total mat 
area. 

Tabie 31. : Temperature vana. fIons Observedfrom F·Igure 31. 
Picture MaximumeF) Minimum (F) Range eF) Segregation* 

R1 236.7 223.0 13.7 None 
R2 233.2 204.5 28.7 Low 
R3 247.5 195.8 51.7 High 

MediumR4 286.3 255.7 30.6 
R5 267.7 235.2 32.5 Medium 
R6 258.7 254.4 4.3 None 

Average 255.0 228.1 26.9 Low 
* -Segregation as defined by NCA T eri teria. 
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Figure 3.1: Representative Images for Roadtec MTD 
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Lincoln MTD 

Pictures Ll through L6 shown in Figure 3.2 are representative thermal images of the lay 
down process using Lincoln MTD. The following preliminary observations may be made 
from these pictures. 

1. Temperature distribution in the longitudinal direction is relatively uniform. 
2. Temperature distribution in transverse direction is variable. 
3. Occasional low tenlperature spots in the mat are observed. 

Tenlperature variations observed from these six thermal images are summarized and listed in 
Table 3.2. 

0 0T bl 32° Temperature v 19ure 32a e • anahons Observedfrom F O 

Picture MaximumeF) Minimum eF) Range eF) Segregation* 
Ll 323.7 291.0 32.7 Medium 
L2 322.9 291.0 31.9 Medium 
L3 275.7 257.4 18.3 Low 
LA 244.1 214.1 30.0 Medium 
L5 281.2 245.9 35.3 Medium 
L6 286.3 251.9 34.4 Medium 

Average 289.0 258.6 30.4 Medium 
* -Segregation as defined by NCA T criteria. 
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Figure 3.2: Representative Thernlal Images for Lincoln MTD 
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Cederapids MTD 

Pictures Cl through C20 shown in Figure 3.3 are representative thermal images of the lay 
down process using Cedarapids MTD. The following preliminary observations may be made 
from these pictures. 

1. Temperature distribution in the longitudinal direction is relatively uniform. 
2. Temperature distribution in transverse direction shows significant variation. 
3. Several low temperature spots in the mat are observed. 

Temperature variations observed from these twenty thermal images are summarized and 
listed in Table 3.3. The maximum and minimum temperatures were selected from the total 
mat area to calculate the range. 

a . . emperature v Igure 33T bl e 33 T aria. f"Ions Observedfrom . 
Picture Maximum (OF) Minimum (OF) Range eF) Segregation* 

Cederapids with Auger Extenstion 
Cl 267.0 239 .7 27.3 Low 
C2 268 .0 236 .0 32.0 Medium 
C3 270.2 245.4 24.8 Low 
C4 258.2 210.4 47.8 High 
C5 257.4 218.9 38.5 High 
C6 215 .2 176.6 38.6 High 
C7 279 .2 257.9 21.3 Low 
C8 238.8 198.3 40.5 High 
C9 289.7 238 .3 51.4 High 

ClO 267 .5 234.5 33.0 Medium 
Cll 288.8 253.2 35.6 Medium 
C12 281.8 257.2 24.6 Low 

Cederapids without Auger Extenstion 
C13 291.0 267.7 23.3 Low 
C14 266.0 242.3 23.7 Low 
C15 266 .7 243 .0 23.7 Low 
C16 286.8 241.8 45.0 High 
C17 287.0 274.0 13.0 None 
C18 279.5 242.7 36.8 Medium 
C19 268.0 234.3 33.7 Medium 
C20 260.0 249.4 10.6 None 

Average 269.3 238.1 31.3 Medium 
* - Segregation as defined by NCA T criteria. 
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Cederapids without Auger Extension 
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Figure 3.3: Representative Thermal Images for Cederapids MTD 
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BarberGreene MTD 

Pictures Bl through B19 shown in Figure 3.4 are representative thermal images of the lay 
down process using BarberGreen MTD. The following preliminary observations may be 
made from these pictures. 

1. Temperature distribution in the longitudinal direction is relatively uniform. 
2. Temperature distribution in transverse direction is variable. 
3. Individual low temperature spots on the mat were observed. 

Temperature variations observed from these nineteen thermal images are summarized and 
listed in Table 3.4. The maximum and minimum temperatures were selected from the total 
mat area. 

O a e ° • t V ° rT bl 34 Tempera ure aria Ions Observedfrom FIgure 34 
Picture Maximum (OF) Minimum (OF) Range (OF) Segregation* 

Controll 
1 274.0 246.3 27.7 Low 
2 "269.5 247.0 22.5 Low 
3 254.7 233.3 21.4 Low 

-

4 276.2 246.5 29.7 Medium 
5 270.0 221.9 48.1 High 
6 266 .8 212.8 54.0 High 
7 304.3 265.4 38.9 High 
8 265.4 229.0 36.4 Medium 

9 265.4 229.0 36.4 Medium 
10 264.7 247.7 17.0 None 
11 259.1 227 .5 31.6 Medium 
12 241.4 207.1 34.3 Medium 
13 228.3 188.1 40.2 High 
14 234.5 187.6 46.9 High 

Control 2 
15 283.5 255.0 28.5 Low 
16 274.9 243.0 31.9 Medium 
17 285.8 236.6 49.2 High 
18 259.2 216.9 42.3 High 
19 305.8 278.7 27.1 Low 

Average 267.6 232.6 35.0 Medium 
* - Segregation as defined by NeAT criteria. 
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Figure 3.4: Representative Thermal Images for BarberGreene MTD 
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Blaw-Knox MTD 

Pictures BKI through BK14 shown in Figure 3.5 are representative thermal images of the lay 
down process using Blaw-Knox MTD. The following preliminary observations may be 
made from these pictures. 

1. Temperature distribution in the longitudinal direction is relatively uniform. 
2. Temperature distribution in transverse direction is variable. 
3. Individual low temperature spots on the mat were observed. 

Temperature variations observed from these fourteen thermal images are summarized and 
listed in Table 3.5. The maximum and minimum temperatures were selected fron1 the total 
mat area. 

OT bl a 35: Temperature v ° tgure 35.e anaftons Observedfrom F

* -Segregation as defined by NCAT criteria. 

Picture MaximumeF) Minimum eF) Range (OF) Segregation* 
1 279.5 245.4 34.1 Medium 
2 282.0 252.4 29.6 Medium 
3 244.2 208.0 36.2 Medium 
4 240.0 199 .5 40.5 High 
5 21l.6 185 .2 26.4 Low 
6 226.3 183.8 42.5 High 
7 291.5 260.5 3l.0 Medium 
8 278.3 256.7 21.6 Low 
9 296.0 271.9 24.1 Low 
10 312.7 246.3 66.4 High 
11 291.1 274.8 16.3 None 
12 287.7 262.9 24.8 Low 
13 282.7 262.9 19.8 Low 
14 284.5 263 .2 21.3 Low 

Average 272.0 241.0 31.0 Medium 
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Figure 3.5: Representative Thermal Images for Blaw-Knox MTD 
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CHAPTER 4 
GROUND PENETRATING RADAR TO DETECT SEGREGATION 

Oround Penetrating Radar (OPR) has been used extensively in the past several years. OPR 
has been a valuable tool in detecting voids, excess moisture, layer thickness etc., in the 
pavement structures. An attempt has been made by the Texas Transportation Institute (TTl) 
to estimate and quantify the amount of segregation and the extent of segregation using OPR. 
This chapter describes a brief background on OPR and the data collected is presented. A full 
report by TTl is found in Appendix C. 

Ground Penetrating Radar 

Oround Penetrating Radar (OPR) system sends discrete pulses of radar energy into the 
pavement system and captures the reflections from each layer interface within the pavement 
structure. OPR units operate at highway speeds (approx. 60mph), transmit and receive 50 
pulses per second, and can effectively penetrate to a depth of 2 feet. 

Amplitudes of reflection and the time delays between reflections are used to calculate both 
layer dielectrics and layer thickness . The dielectric constant of a material is an electrical 
property which is most influenced by moisture content and density. If the moisture content 
for a layer increases, then the dielectric of the layer will increase which will result in an 
increase in the energy reflected from the top of the layer. An increase in air voids would 
have the opposite effect. If the amount of air in a layer increased, the energy reflected and 
the resulting dielectric would decrease. 

TTl has established a range of typical dielectric constants for most paving materials. For 
example, HMA layers normally have dielectric value between 4.5 and 6.5, depending on the 
coarse aggregate type. Measured values significantly higher than this would indicate the 
presence of excessive moisture. Lower values indicate a density problem or indicate that 
unusual aggregate, such as lightweight aggregate in the mix. 

Results and Discussion 

Results discussed in this section mostly are excerpts from the report submitted by TTL In 
this study, plots of surface dielectric are produced for each of the Material Transfer Devices 
(MTD) used in the demonstration project. 

It is proposed that variations in surface dielectric are indicators of vruiations in the air void 
content of the top layer. For a homogeneous well-compacted surface layer the dielectric plot 
versus distance should be a relatively flat horizontal line as shown in Figure 4.1. Recent 
studies at the TTl have found that the sharp localized decreases in the surface dielectric are 
associated with areas of low density in surface layer. Therefore the quality of the mat is 
judged in terms of the overall variations in the surface dielectric and the absence of sudden 
dips. 
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Representative surface dielectric plots from each of the 5 MTD's are shown in Figures 4.2 
through 4.7. Note two different Barber-Greene sections (Figure 4.2 and 4.3) were 
established and tested. Each section was approximately 1490 ft long and the distance scale is 
shown as the x -axis in each figure. The dips are marked on the Figures and correspond to 
segregated areas. 

Based on this criteria the best performer was the Roadtec MTD shown in Figure 4.4. The 
plot shows some variation in dielectric but no major localized dips. The high dielectric 
measured in the middle of the section should be ignored, it was attributed to a thin piece of 
metallic foil placed on the surface of the pavement for the profile measuring equipment. The 
next best performer was Barber-Greene 1 shown in Figure 4.2, which had a major problem 
area at one end of the section but this was a transition point between MTD devices. A few 
minor dips are marked on Figure 4.2. The surface dielectric plots shown in Figures 4.5,4.6 
and 4.7, all show major periodic dips in the surface dielectric plots. 
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Figure 4.1: Surface Dielectric Constant with Distance 

27 




Fi~st la~e~ dielect~ic . ... ... .................. ... 


.. . ~ .... . .... ~ .. 

. . . ~ . . ...,. . ~ . . . . . . . , . .~. . . . 

,,' - . - : · · · ····· · 1· 

4.~~~~~~----r----+----~--~r----r----4-----~~-+----~--~ 
I .~~~~~~ 297.~~~ 594.~~~ 89~.~~~ ~~88.~~ ~~.~~ 

L___________________D_i_s_ta_n_c_e_<_f_e_e_t_>________________-1 

Figure 4.2 Surface Dielectric Plot of BARBER-GREENE 1 MTD. 
(Note: Very low values at start of section, this was a transition area. Dips marked throughout section). 
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Figure 4.3 Surface Dielectric Plot of BARBER-GREENE 2 MTD. 
(Note: Periodic dips marked, 1,2, etc.) 
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Figure 4.4 Surface Dielectric Plot of ROAD TECH MTD. 

(Note: Absence of any localized dips indicating uniformity. High value in middl~ of run 
associated with metal foil strip on surface) . 
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Figure 4.5 	 Surface Dielectric Plot for LINCOLN MTD. 
(Note: Regular dips in plot, marked 1, 2, etc.) 
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.Figure 4.6 Surface Dielectric Plot of CEDAR RAPIDS MTD. 
(Note: Regular dips in lot, marked 1,2, etc.) 
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Figure 4.7 Surface Dielectric Plot of BLA W-KNOX 1 MTD. 
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Conclusions and Recommendations 

The conclusions and recommendations listed here are excerpts from the report submitted by 
TTl, which can found in its entirety in Appendix C. 

1. 	 Based on the laboratory densities there appears to be a good correlation between surface 
dialectics computed from the GPR reflections and the laboratory measured core densities. 
As expected from theory, low surface dielectric correlate to low density. 

2. 	 The quality of a HMA mat can be related to the uniformity of the surface dielectric plot 
and the number of segregated areas can be estimated from the number of sudden 
localized dips in surface dielectric. 
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CHAPTERS 

VISUAL RATING 


Visual rating was conducted to detect all three fonns of segregation described in Chapter 1. 
Visual rating is a subjective process. It can still be an effective tool when used with caution. 
In this instance care was taken so that all raters use similar rating protocol. Five individuals 
from TxDOT, FHWA and Industry participated in the visual rating process. 

All five raters rated 5 different MTDs. Data from all the raters were collected, tabulated and 
analyzed. Table 5.1 lists the segregated areas by each of the raters for all 5 MTDs. The data 
was normalized to account for different lengths of each section. Table 5.2 shows the number 
of segregated areas detected by each individual rater per 1000' section of the lane. This is 
plotted for aU 5 MTDs. Figure 5.1 shows the average number of segregated areas for each 
MTD. 

From Table 5.2, the following preliminary observations can be made. There is quite a bit of 
variation among individual raters. Even with the variation in the number of segregated areas 
a trend can be seen in the perfonnance of different MTDs. As shown in Figure 5.1 that the 
performance of Roadtec in two different locations is very similar and is better than other 
MTDs. 

Ta' ble 51. . Nurnber 0 fSegregatedAreas ~or 5MTDs 
MTV Distance 

Paved (ft) 
Rater 

1 
Rater 

2 
Rater 

3 
Rater 

4 
Rater 

5 
BG Control 1 I 1,700 16 10 16 9 8 
Roadtec 1 I 4,200 I 9 3 9 10 7 
IRoadtec 2 4,800 8 3 6 12 12 
'Ceder Rapids w/o AE 

, 

1,100 7 8 7 9 5 
Ceder Ra2ids w AE 2,100 10 10 

33 
7 15 24 

I Ceder Rapids_ w AE 3,100 17 36 19 33 
Loncoln 3,800 , 26 25 18 18 13 
BG Control 2 3,100 'I 28 29 28 22 -
Blow Knox w/o AE 3,100 27 20 - 24 11 
BG - Barber-Greene 
Wlo - without 
WI - with 
AE - Auger Extension 
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TabIe 52. .Number 0 fSegr~gatedAreas ~or 5MTDs- Norma. r lZed ~or 1000' 
MTV Rater 1 Rater 

2 
Rater 3 Rater 

4 
Rater 5 Average 

BG Control 1 9.4 5.9 9.4 5.3 4.7 6.9 
Roadtec 1 2.1 0.7 2.1 2.4 1.7 1.8 
Roadtec 2 1.7 0.6 1.3 2.5 2.5 1.7 
Ceder Rapids w/o ~ 6.4 7.3 6.4 8.2 4.5 6.6 
Ceder Rapids w AE 4.8 4.8 3.3 7.1 11.4 6.3 
Ceder Ragids w AE 8.7 6.5 7.7 3.5 6.6 
Loncoln 6.8 6.6 4.7 4.7 3.4 5.2 
BG Control 2 9.0 9.4 9.0 7.1 8.6 
Blow Knox w/o AE 5.5 10.6 11.6 6.1 10.6 8.9 
BG - Barber-Greene 
Wlo - without 
WI - with 
AE - Auger Extension 

Average Number of Segregated Areas 

10.0 
9.0 

- 8.0me 
cao 7.0CDO 
a... ..... « a... 6.0

"C CD 
CD a.. 5.0- CDca 
at: 4.0CD ca
a.....J 
a a... 3.0CD CDcne:, 2.0 

1.0 
0.0 .·.· .·. 1 

. . 

.. 

Figure 5.1: Variation of Average Number of Segregated Areas 
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CHAPTER 6 

RIDE QUALITY 


Ride quality or Surface Smoothness for this project was measured using a Profilograph. In 
addition, an alternative Ride measurement was made using a surface Profiler. Ride data 
collected from both of these test methods are presented here. 

Protilograph 

Ride quality was measured using the profilograph method. The test was conducted in 
accordance with TxDOT Standard Test Method Tex-1000-S. In this test method, the Profile 
Index (PI) is used as a measure of surface smoothness. PI is calculated by summing all the 
vertical deviations in excess of a 0.2 inches blanking band from the profilograph trace 
obtained during testing. Lower PI values indicate better ride quality. In addition, a bump 
template is used to detect the bumps in excess of 0.3" over a 25' base length. The number of 
bumps detected were normalized to account for the different lengths of paved sections using 
the different MTDs. Table 6.1 lists the Profile Index (PI) and the number of bumps greater 
than 0.3" detected per mile. Figures 6.1 and 6.2 show the Profile Index and Number of 
bumps for different MTDs respectively. 

I. . ro Ie OfBumps Excess 0 fO 3 I esT bl a e 6 1 P til Index andNo. . nch 
MTD PI (inch/mile) No. of Bu~ps >0.3" Per mile 
Barber Greene 2.8 

I 

5 
Roadtec Location 1 10.1 15 

, Roadtec Location 2 7.2 17 
Lincoln 35.6 38 
Cedarapids 11.4 16 
Blaw-Knox 16.9 29 

34 




40 -.S! 35 
E- 30 

..t: 
0 
t: 25 

:::.. 
>< 20
Q) 

"C 
t: 15 

.S! 10ii: 
0... 5D

o 

Comaprison of Profile Index 

, -
.:: 1-! ;~) 

!;i~ 
~-

~ 
,r 

~ 

ij
Ii' -

. j 

I--,I :1 ~.'-,~ 
I I 

~0 ~flt ·O~ 0+ Ct~ 
.~00 ,*0 '" ~O ~1>-~~ .~V~'" 0~ V V ~ 0 0 O'?f Vr§ Cd Cd ~'?f 

C1 C1 (J'~ 
«)'?f ~fQ ~fQ 

ofl5- ofl5
~ ~ 

Figure 6.1: Variation in ProfIle Index 

Comparision of No. of Bumps 

40 

35 

~ 30 
M 
c:i 25 
1\- 20en a. 
E 15 
:s 
co 10 +-----------~ ::: :
 

5 
+---..~~-----t: ::::
I~ ::::;::::::I 

0 I T I 

::::::: ~----~~~---4 : : ::: : : : ::: ~----~::::: : :::: :~----~ 
: :::: : ...~---li~·llli~i~:I~--..:f: ::: :: :::: :~---.r: ::r------li.i.l!.. ll.l.ii..I: 

: ::: ~ : : : ~ : ~ : 

Figure 6.2: Variation in Bumps Greater Than 0.3" 

35 




Profiler 

Surface Profiler is a tool used in Pavement Management Information Systems (PMIS). 
Profiler uses lasers and accelerometers to measure the inertial profile of each wheel path. 
Roughness is measured along the longitudinal profile of the roadway. The test is performed 
3 times and average of these 3 measurements is considered for the acceptance purposes. The 
two parameters measured using this method are: International Roughness Index (IRI) and 
Present Serviceability Index (pSI). Table 6.2 lists the average IRI and PSI for the five MTDs 
for the sections listed. Lower IRIs indicate better ride while higher PSI values are better. 
Figure 6.3 shows the variation ofIRI for left and right wheel path. 

Table 6.2: International Roughness Index (lRI) and Present Serviceability Index (PSI) 
MTD Length I IRI (inch/mile) PSI 

(Feet) , Left Wheel Path Right Wheel Path 
Barber Greene 14S0 110.6 96~6 3.6 
ROadtec Section 1 3000' r · 120.7 .':. 115.6 i 3 ~4 

Ro~dtec Section 2 ~J5P,'· · 101.1 .; 
': 

103.3 3 .6 
Cedarapids Section 1 1000 120.1 96.6 3.S 
Cedar~pids Section 2 2000 117.2 166.6 3.4 
Cedarapids Section 3 2640 I 7S.4 83.1 4.1 
BlawKnox Secfiell 1 26S0·. .'.' 134.8 105.,6 

.~ 

33 
BlawKnox Section 2 190.0 1 0().~ IlLS 3.6 
Lincoln 2800 10S.4 123.9 3.S 

Variation in IRI LWP - Left Wheel Path 
RWP - Right Wheel Path 
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CHAPTER 7 

EVALUATION OF THERMAL CAMERAS 


As Part of this study four different thennal Infrared Cameras were evaluated for their ability 
to measure temperature precisely for a given location. Background on these cameras was 
explained in Chapter 5. F our cameras evaluated in this study are: 

1. Inframetrics ThennaSnap 
2. IR SnapShot Model # 525 
3. Flir Agema Model # 550 
4. Inframetrics Thennacam Model PM 280 

Three locations were selected to evaluate the cameras. At each location, a shovel was placed 
in the transverse direction on the freshly laid asphalt concrete mat. At each location two 
images were taken. The following figure illustrates the angles for the two images. 

ACP B ebmd the Paver 

Not to Scale 

Figure 7.1: Angle of Images 

As shown in Figure 7.1, Image 1 is perpendicular to the mat and Image 2 is at an angle to the 
mat. Care was taken such that a given image at all the three locations was captured from the 
same spot by all four individuals. 

The images captured by all four cameras were analyzed. All the images are attached in 
Appendix D. The objective of this analysis is to compare the maximum, minimum and 
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average temperatures along the dashed line shown in Figure 7.1 for both angles for all four 
cameras. Temperatures for Location 1,2 and 3 are listed in Tables 7.1, 7.2 and 7.3 
respectively. 

T bI e 71 oca Ion 1a Comparlson 0 fTemperatures at L t·· . 
Camera Image 1 

(Pe1'J!endicular to the Mat) 
Image 2 

iAt an Angle to the Mat) 
IMineF) MaxeF) I Mean CO F) Min (OF) MaxeF) Mean (oF) 

Inframetrics ";< 
~ 

ThermaSnap 
~ 

123.8 
: 

,..' 

290.0 2S8.0 228.0 271.0 

"" " 

263.0 

IR SnapShot Model # 
525 

117.8 
I 

282.2 256.9 165.6 260.7 244.3 

Flir AEema Model # 55~O 131.5. ~ 293.2 271.0 158.7 273.3 258.2 
Inframertrics 
Thennacam 

* 293.2 * 283.7 

* -Minimum value was out of the spectrum, so minimum value and mean could not be obtained. 

a eT bI 72· . CompansonofTemperatures at Loca Ion f 2 
Camera Image 1 

(perpendicular to the Mat) 
Image 2 

(At an Angle to the Mat) 
Min CO F) MaxeF) Mean CO F) I Min co F) MaxJoF) Mean (OF) 

Inframetrics 
.~ ...., 

ThermaSnap 
1~5~7 291.1 265.8 

.. 
217.8 

. ~ 

276.0 ,. 262.9 

IR SnapShot Model # 
525 

161.8 287.6 274.8 161.3 
I 

273.7 255.3 

Flir Agema Model # 550 ~ 138.1 > 294.0 : . 251.1 172.8' 283.8 " 271.9 
-: 

Inframertrics 
Thennacam 

* 288.9 
I 

* 267.2 

* - Minimum value was out of the spectrum, so minimum value and mean could not be obtained. 

.TabIe 73 Comparlson 0 fTemperatures a tLocation 3· . 
Camera Image 1 Image 2 

I 
(pe~endicular to the Mat} (At an AngJe to the Mat} 

Max e F) Mean eF),MineF) Max CO F) MeaneF) Min CO F),I'r 267.3 'Inframetrics 143.1. . 271~0 280.8292'.0 211.9 
ThermaSnap 

~ 

IR SnapShot Model # 251.5135.4 295.6 266.4 175.6 271.1 

270.1Flir Agema ModeL#S56 145.1 285.7 251.0 170.8 . 286.5 
Inframertrics 288.0 283.3* * 
Thennacam I 

* - . .
MunmWD value was out of the spectrum, so minimum value and mean could not be obtaIned . 
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Discussion 

From the temperature data listed in Tables 7.1,7.2 and 7.3 the following observations can be 
made: 

• 	 Maximum temperatures recorded by the four cameras are reasonable close. 
• 	 The maximum temperature is less for pictures taken at an angle versus perpendicular. 
• 	 There is a large variability in minimum temperatures. This is most likely due to the slight 

differences in times when pictures were taken and the shovel getting hot on the mat. 
• 	 All four cameras appear to yield the same results. 

Comparison of Thermal Cameras 

300.0 

-!:!:.. 	 290.0 
~ 
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~ 270.0 
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~ 	250.0 

240.0 
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L ~ation 2 Location 3 
-r

-
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. I 

Figure 7.1: Comparison of Cameras 

o Inframetrics ThermaSnap 

.IR SnapShot Model # 525 

l?lI Flir Agema Model # 550 

CJ Inframertrics Thermacam 
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CHAPTER 8 
SUMMARY AND CONCLUSIONS 

A Material Transfer Device (MTD) showcase was conducted on a section ofIH10 in El Paso, 
Texas. This demonstration project was conducted for the duration of five (5) days in October 
1999. The showcase involved five different MTDs by five different manufacturers. The two 
primary objectives for this showcase are to evaluate the effectiveness of the MTDs in 
reducing segregation in HMAC and compare the effectiveness of the different techniques to 
measure and quantify segregation. 

The five MTDs, which participated in the showcase, are: 

1. 	 Barber-Greene, Model BG-650 
2. 	 Blaw-Knox, Model MC-330 
3. 	 Cedarapids, Model CR 461 
4. 	 Lincoln, Model 880-HP 
5. 	 Roadtec, Model SB-2500B 

The four different techniques/methods utilized to quantify segregation in this study are: 

1. 	 In-Place Density 
Density profiles using Nuclear Density Gauge 
Road Cores 
Ground Penetrating Radar (GPR) 

2. 	 Infrared Thermal Imaging 
3. 	 Visual Rating 
4. 	 Smoothness or Ride Data 

Profilograph 
Profiler 

Conclusions 

Data from the above mentioned test methods and techniques were collected and analyzed. 
The following preliminary conclusions can be drawn from the data collected during this 
MTD showcase. 

1. 	 None of the MTDs eliminated all segregation-related problems. 
2. 	 The screed extensions in the paver caused segregation in this project. There was also 

centerline segregation caused by the paver. 
3. 	 MTDs with larger on-board mix storage capacity are more effective in reducing truck-end 

segregation. 
4. 	 The proposed test method to identifying segregation by establishing density profiles does 

not appear to be a very effective tool. Additional research is needed to make a more 
precise conclusion. 

5. 	 Ground penetrating radar has the potential to identify and quantify segregation. 
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6. 	 The Infrared thennal imaging technique was found to be an excellent Quality Control 
tool. 

7. 	 All four thennal cameras used in this study appear to yield the same result. 
8. 	 MTDs alone cannot cure all segregated related problems. 
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APPENDIX-A 

1. TEST METHOD FOR DETERMINATION OF MAT SEGREGATION 
USING NUCLEAR DENSITY GAUGE 

2. 	 SPECIAL PROVISION TO SPECIAL SPECIFICATION QC/QA OF 
HOT MIX ASPHALT 

3. LABORATORY ROAD CORE DENSITIES 
4. NUCLEAR DENSITY PROFILE FIELD REPORTS 
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Tex-207-F -Part V Determination of Mat Segregation Using a Nuclear Density Gauge 

Overview 
This test method is to provide a means of identifying segregation in hot-mix 

asphalt pavement after placement on the roadway. 

Apparatus 

• Thin Lift Density Gauge 
• Measuring Tape (Optional) 

• Forms 

Steps Actions 
1. Refer to gauge manufacturer's recommendations for operating the gauge. It is not necessary that the gauge 

be calibrated to the mix. 
2. A profile section is defmed as a 50-foot length of mat with readings taken approximately every five feet. 

Additional longitudinal readings may be taken along the transverse offset where visible segregation is 
noticed. 

3. Identify a location where the lay-down machine has stopped paving. Mark and record this location as the 
beginning of the profiled section, also called the zero point. The first reading location should be 
approximately ten feet behind the zero point. When profiling a section where the location that the paver 
stopped is unknown, a randomly selected area may be picked. It is intended that an area with visible 
se~!e_gation be chosen. 

4. Determine the transverse offset two feet or more from the pavement edge. Do not vary from this line. 
Visually observe the mat and note surface texture in the section to be profiled. Make note of areas that 
appear to be segregated. Visually se~egated areas, if any, must be included in the section to be profiled. 

5. Take three one-minute readings with the nuclear density gaug~ in the same location and record. 
6. Before moving the gauge, average the three readings. Compare each individual reading to the average. 

Discard any single readings that vary more than 1 lb.lc.f. from the average. Take additional readings to 
replace any that are discarded until three readings have been obtained that are within I Ib.lc.f. of the 
avera~e. 

7. Move the gauge approximately 5 feet forward in the direction of the paving operation. If a segregated are 
is visible in between the 5-ft. distance, take an additional set of readings at that location. 

8. Repeat steps 5, 6 and 7. Continue to take readings until a minimum of ten sets of three readings has been 
completed. 

9. Determine the average density from all the locations. 
10. Determine the difference between the highest and lowest average density 

11. Determine the difference between the average and lowest average density. 

12. Record and ]>lot the data. Report. 
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PROPOSED
SPECIAL PROVISION 

TO 

SPECIAL SPECIFICATION 

ITEM 3146 

QUALITY CONTROL/QUALITY ASSURANCE OF HOT MIX ASPHALT 

For this project, Special Specification Item 3146, "Quality ControVQuality Assurance 
ofHot Mix Asphalt", is hereby amended with respect to the clauses cited below and 
no other clauses or requirements of this Item are waived or changed hereby. 

Article 3146.7 Construction Methods, Subarticle (6), Placing. 

The first paragraph is supplemented by the following: 


If segregation or irregularities occur in the pavement surface, the contractor shall review the 
plant, hauling and paving operations and take corrective action. A "Segregation Check Points" 
list is available from the Engineer. Segregation may be identified visually or in accordance with 
Test Method Tex-207-F, Part V "Determination of Mat Segregation Using a Nuclear Density 
Gauge". 

At the start of the project, the paving unit will be allowed to pave for a distance of 1,000 linear 
feet with each individual mix designation before implementing a profile analysis. The Contractor 
shall perform a minimum of four segregation checks each day for each mix type used on the 
project. The density profile must meet the criteria shown in Table 1 to be considered acceptable. 
The profile location shall be recorded to permit future evaluation of the segregation section. A 
segregation profile starting point shall be established at each location where the screed stops due 
to discontinuous mix delivery and at visibly segregated areas as directed by the Engineer. If the 
lay down operation continues to progress without stopping and no visible segregation is noted 
and four consecutive profiles are within established tolerances, then the test frequency will be 
reduced to one profile per placement lot. The Engineer may further reduce the frequency of 
testing at the Contractor's request. Ifboth the Contractor and the Engineer agree that segregation 
exists and the Contractor agrees to immediate mitigation of the problem, then the density profile 
will not be required. 

Table 1: Density ProfIle Acceptance Criteria 

Nominal Max. Maximum Maximum Allowable 
Aggregate Size Allowable Density Range 

Density Range (average to lowest) 
ihighest to lowest) 

5/8" or less 6.0Ibs'/c.f. 3.0 lbs./c.f. 
5/8" or greater 8.0 lbs./c.f. 5.0 lbs'/c.f. 
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The Engineer will be provided results of the segregation profiles as they are completed. 
Whenever one of the profiles fails the acceptance criteria, the contractor will be allowed to make 
changes to the operations before the next profile evaluation is made. Any changes must be made 
within the first hour ofproduction following determination of a failing evaluation. Production of 
the hot mix asphalt shall cease whenever two consecutive profiles fail unless otherwise approved 
by the Engineer. The Contractor shall make changes to the mix or process before production is 
restarted. The Contractor may produce enough mixture to place approximately 2,000 linear feet 
ofpavement one paver width wide. Two segregation profiles shall be taken within these 2,000 
linear feet ofproduction and ifboth profiles meet the acceptance criteria, the Contractor may 
resume nonnal operations. However, if one or both of the segregation profiles fail, the 
Contractor shall make additional changes as approved by the Engineer and an additional 2000 
linear feet ofpavement shall be laid and evaluated as before. This procedure ofplacing and 
evaluating 2,000 linear feet sections will be continued until both segregation profiles pass. The 
Engineer may require the Contractor to provide specialized mixing or material transfer devices 
for remixing of the mixture prior to placement if the segregation has not been eliminated through 
plant and process adjustments. Nonnal production and segregation checks will resume when 
both profile results pass. Although it will be the Contractor's responsibility to perform the 
segregation check described above using the nuclear density gauge, the Engineer may make as 
many independent or confirmation nuclear density checks as deemed necessary. The Engineer's 
results will be used to determine segregated sections when available. 
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T ble AlLaboratory R d CD" f; B b G MTDa . . oa ore ensities or ar er reene 
Specimen # Sta. ,I Distance from Bulk Density DensitJ (Jbs/c.ft.) 

I 0 (%) Core Nuclear 
1 II 50 97.7 152.7 I 147.5 
2 165+60 

I 
25 I 97.1 151.7 142.8 

3 5 96.9 151.3 1 130.9 
\ ':~~:: " 6 1.'": 50 .~ 

" 96.0 , 149.9 145.1 
4 ·167+00 40 ~ 97A 152.1 149.2 
5 

•• y 

'10 95.3 "'I'~ l ~fJ 148.8 144.4I ~ . . .. . 1::;: . ~'. 

9 30 96.0 150.0 140.0 
8 168+00 10 96.7 I 151.0 143.3 
7 5 97.2 151.8 I 145.3 

I ~. ~;'~ 12 
~ 

50 96~0 150.0 148.8 
i1 -171+00 40 96~5 150.7 144.3 
10 '. 30 

~. 

96.2 150.3 146.3Co. ' ~~ 
, 

15 50 I 96.3 150.2 151.9 
14 189+00 20 95.9 149.5 144.5 
13 I 0 1 95.7 149.2 141.4 

--~f8· · 30 96.0 149.8 146.2 
17 163+~0 5 95.5 149.{) 149.3 
16 -'" " 

~,. 0 94.4 147.2 144.6 
21 25 97.2 151.7 149.4 
20 184+00 10 97.0 151.3 145.9 
19 5 96.7 150.8 147.4 

.~~ 

24 
~. 

40 98.0 152.9 149~0"~ 

23 . 165+00 I.. 15 98.6 153.8 144.3 
22. 

"" 
-10 97.1 = . 151.5 147.1 

T bl A 2 L b t R d C D ·ti f; R dT MTDa e .. a ora ory oa ore ensl es or oa ec 
Specimen # Sta. Distance from 0 Bulk Density (lbs/cft) I 

Density (%) Core Nuclear 
3 50 95.3 148.8 144.6 
2 193+50 10 95.0 148.4 141.5 
1 -10 95.9 149.8 146.7 

]::-- 4 J. 
~ ,.. ..... ,'" .J; ~ .10 '''! '. 93.0 , J~5.3 135.4 

~. 

~. , 

11'(1\ .5 ~) . " 189+50 i~ 5 .~ . ~ , 94~6 147.7 142.3 .: 

».:~ 6 ..~ , - ~~ ~10 i 94.0 146~'8 145.9 
7 50 93.4 145.9 134.1 
8 182+00 30 92.2 144.0 138.1 
9 20 93.6 146.1 138.1 
10 30 

' ..,,' 
92.3 144.1 137.5 

11 167+00 : . 2.0 . 92.9 145.0 141.9 
!., --.~ '" .12 5 93.1 ' 145.4 144.2 . 

13 . 50 94.1 147.0 140.2 
14 200+00 15 94.2 147.2 i 145.2 
15 

I 0 94.7 148.0 I 143.3 
16 

.~ 

50 94.0 146.9 141.3"' 

, 17 204+00 20 
~ 

94.8 148.1 146.9 
18 " 

-, 10, " .r. , 95;6 149.3 143.5 
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T bl A.3 L b t R d C D ·ti ~ L' I MTDa e : a ora ory oa ore ensl es or IDCO n 
Specimen # Sta. Distance from 0 Bulk Density (Ibs/cft) 

Density (%) Core Nuclear 
1 50 92.3 144.0 139.0 
2 194+00 20 93.3 145.6 141.6 
3 -10 93 .2 145.5 142.9 
6: : 20 

,. . . ~ 

·94.0 146.7 145~7" .. , . . ~, 

"". . . 
5 

c • 
160+00 · , - }() ~ ·94.3 147.1 142.1 

,~. ~. . 4 
:. 

;:JO 
,. . 

~ .92.3 ' 144.1 136.8 .... ~ ~ . ~ - ~ 

7 40 91.7 143.1 133.6 
8 185+00 15 92.7 144.7 I 140.7 
9 5 94.2 146.9 145.3 
i6 ,., 

' .. ~ .... . 
. 5"0" 93.5 145.8 

.\)0 ' 

144.0-" ~ 

II 181+00 ..:.. . 40 92.8 ' 144.8 139.2 
~ 12 ~ " . 15 -~ 

144.4 
15 25 94.0 146.7 139.6 
14 163+00 20 93.7 146.1 134.9 
13 -10 93.8 146.3 143.9 
16 50 93.7 

I 

146.1 148.3 
: ~ -17 170+00 5 94.0 146.7 139.9 

.

18 j :'. ~ -10 95.2 148.5 1403 II 

T bI A4 L b a e .. a oratory R d CD" ~ C d 'doa ore enslties or e eraPI s 

Specimen # Sta. Distance from 0 Bulk Density (%) 
Density (lbs/cft) 

Core Nuclear 
1 0 94.3 148.3 135.1 
2 267+00 5 95.2 149.7 130.8 
3 -10 147.2 

I ~ ".6 ' 'f ~~ "l - 30 
'<!' ! 96A6 .:; 151.9 150.0 ,-'" ,~ oX.. 

I ~, 5 246+5() '5 ~ 94.8 ~.;., 149.1 137.3 . . r • 

I ",~l 4 -10 , .~1i2 :i' .94.4 148.4 ' 144.2 
9 25 95.9 150.7 141.6 I 
8 214+00 0 92.9 146.1 I 144.8 
7 -10 95.8 150.7 147.1 

~~~ "' 12 '~-~ -~ 30 ,,' 93.7 " ,< -147.4 144.3 
~ , 11 ~',,, 246+00 

,. 
10: 95~O 149.4 ,\ 141.7'!' 

;'h:':.,·! 10 XjJ' ,.oJ f""~~ _. 5=\.1> 95~O 149.4 140.2 
13 30 94.3 148.2 145.1 
14 206+50 10 95.0 149.4 I 136.1 
15 5 92.2 145.0 133.4 
18 25 , 93.4 " .r ..J.46.9 142.4., 

" 17 224+00 ,.~ ~ '20 93;0 • .i. 146.2 143.1'. .• 
~,l,. ..1.6 ~'_ ',.I:: 15 ~ ·93.4 ~. .! 146.9 139.7. 

21 I 30 95.9 150.7 148.8 I 
I 

20 240+00 25 94.8 149.0 I 141.5 
19 I 10 95.6 150.3 148.9 

w, J 23 :N· 30" 93.3 146.6 142.3 
, :..- 22 213+00. 25 92.2 145.0 133.1 

I ~'<~- L; ~> 24. .. , 0 :::i. ' 93.1 146.3 139.4 
27 50 92.7 145.8 144.1 
26 236+00 10 95.9 150.8 143.7 
25 -10 95.8 150.7 147.3 

~ " 30 40 93.0 146:2 144.6 
, 29 209T~O'· , 20 ., 94.2 148.2 140.9 

I,' 
o ' 28; ,., . :. '" ' ._. '" 10;, ' 92.9 ,.-:j 146.1 ·135.0 
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dC D .. ~ BI Kn MTDTable A.5Laboratory Roa ore enslties or aw- ox 
Specimen # Sta. Distance from 0 Bulk Density (lbslcft) 

(ft) Density (%) Core Nuclear 

1 30 93.5 I 147.0 142.0 

2 229+50 25 93.6 147.2 142.5 

3 10 93.2 146.5 137.5 I 

, - - '·<;"1 ,,~ ,':"f"" -'-;, , ,,' ·40 
? 4 

.~ 

95.1 149.6 145.5 

6 . 252+30 " ' 25 95.8 150.6 143.7.. ' .' .S ~ '." "Jo'. , 0 
. 

1 . 96~i:.i 151.3 147.5'" -~ ..2. 

7 50 134.5 

8 250+00 25 93.0 146.2 140.2 

9 0 92.8 145.9 143.3 

10 30 
. 

$9.7 141.1 131.1.. ,: 

11 222+00 ' 10 
'~ 

126.0 
" 

.:.~ 

12 
.' ...:.. 

-10 . 
,. 

93.3 146.7 140.4'~ .. , . ~ 

2 15 95.0 : 149.1 147.1 
1 264+75 10 94.8 149.3 143.9 

3 5 94.7 148.9 139.7 

4 
<r' ~ 

50 95,.1 
~. 

149.6 140.5~ -

5 :: ,255+00 15 96_9 150.9 146.6 
or 

6 ,~ 
" -.10 9.4..9 149.3 149~4 

, " 
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TXOOT 5/_ '.::u Yhi 

Station: /v,3~qO 
Lane Directjon:- NB SB EB WB 
Lane:e::z;:ib/L1~ 1CM.L)FR D 3 4 
Distance From Inside 3 /~ # 

"'2I""'l----1'Edge of Lane or JoinUlt): / ~ 

1 10.0 '9::-':3II?L3. (, 1/4/-{~l/q~ {;;:=~LoYiReadinQI/'7v,. ~ 

2 () /<j %' j...- rI~ ;l-I/.(.d.£ [/"17. , 


v 
5'.:2..31' fr. 

Nuclear Density Profile Form 
Asphaltic Concrete Pavem~nt 

4;t~ ~;/J L/?J' 

County: ~/ >I-'~.I-.. Profile No.: I 
Highway: :;t:9.! -W1ll71LiO Test Date: /(/-/gf-9'Y 
Tested By: 1xDOT rV I Contractor: /)111/A'J/II/lilfl~' 

Contr~ctor [ ] Mix Type: If~ 
II--T---e-st-e-r:----A>.;:;---=Lt)D~l'j/~/F~6~.:,...II'1!..A1r-'~ID--:,()::r---+.:, S.;.;,;p.e..;...c.;;.,.~lt;.;;.em.;..'-----:J·~~t7"1Irr'".!2J1V

~f.:'nm~ ·~~.;s~~~ ~AverageReadiJigl/tA~~ 
~:m:~ :...ittRe;/dinas:1!6S1ctr.. f.t,*Avg?:~ ~mH!9h 'Reading II'y¥3 

~ .5 	 ... ai:~oen~~l!ll.. r..,.s;t~E!E'ls-if51J."j .YI/~/V9~"'~ . .....g ... .14 .sl~ . I V~. P V~. 91/ .~ ;-::" . ~Hlglt.~l:ow ; _ i(Max allowable = 6.0 Ibs/cf] 
5 .3 l~ '1:0 vj~ () 1/~¢'.3r,. ~J ~ ..: . J·ve"@.9~·!@W _ . I [Max allowable = 3.0 Ibs/cf] 
6 5 V4 'f ~ jt IJ4;~0 lA~ 5. '1, 
7 

8 

9 

,K 
S 
/t) 

J/' ;.~'" fl4/?t. 0 
,J ~ 'Ifl V.(4· tl 
I~. I-V t,t..3. ~ 

10 /1) 1st? LtI'-/-3. t 
11 

12 

13 

14 

15 

16 

17 

18 

Total 

~ S"V ~~~ I Notes: 
1.1 ~ .0 V~ .~. NB = North Bound. ML = Main Lane. FR = Frontage Road 
~:I~ rl/~~¢ Lanes numbered from centerline of facility (e.g. 1 = inside lane) 
:J.';I,'1 "'rI~71 -Use a separate form for each density profile. 
' 	 - A density profile is a series of density readings taken longitudinally 

approximately every 5 If in a 50' section. 
- Profile one 50' section after the first 1000 feet of project placement 

(Select the 50' section by method discussed in the specification). 
- Profile a section each time the screed stops. including end of day. 
• Profiles must be at least 2 ft from jOints and edges 
• First reading of each profile must be 10ft behind the screed. 
• Minimum of 4 density profiles per mix per project must be 

1¥f!:..5 performed by the contractor. 

Density Profile Plot 

:;:- ;~~l,-~~t~:~:1'~~--~~<:- ... .... I . : ::~:-~~r: : :: : -:-:- r :.:::f 150 


(J 	 . • : ._- . . . . ~· :·: ' ~'~I" '· ' ·'~~~~:-.."'[,:-:......•.. ~ ...... ..~-..:_. .•. ~'~~:." ':- ..-~..... ··. •."~".-.:~'~" :_~-~·~ ' . . ~ _-..--~ ' ' . ]".:: "_'.. ' - ·~. I: 145' --·_ ' ·-- ~ · ~ ~::-. ::- :~:--:i:" - - -- J - -, 

~ .=-=.~:t:· ... .... _ '.. .. . -. , .: <.=~"' ' :: ~~-''l~·_''~=-·.:-....~.l '-:~''_'~_·~: .:.II.:..._. .: : • ',!.	 . , . . _: ' ' "' : '' ' ' ;· ·: ~· . .· 140 
~ ' . '-~ =.W. '.:~ ' ~ .~: ~ :~ . .......... : :~ ~.~ .~ : ._~ . .' . -.- .- ' "i' _-. 


~ '::~ .: .. ~.:.J ...'."':: ._ : .. 	 ~_ : . ~'. :': :: . ~ . ..-: .._-:-_ .~.+:~ .=.-: 135I 

_." .. ' t ... , L.. ... .~___ . ____ .: ._ . . .. . ~ . _. ! . -: _~_·=_ 1····· 	 _______ ______ _ _ ~....:...: _·_-_·:·:_- ~~.:...._--.:.. 
130 

-10 -5 o 5 10 15 20 25 30 35 40 45 50 
First Reading Screed LocationI.. 	 Distance (ft) 

L~ 
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TXOOT 
ConsInIclion Division L7/7J/)' 9. '~? /J 1fI.Oata CoIIedion Form 
Jo..ly 1999 

7l.d,6// ~,~?J # A 

Nuclear Density Profile Form 
Asphal)ic Concrete Pav~~nt 

d?? -g//v .?/r-/ 
District: ~~ . CSJ: 2/~/....s- ":J i' '!I1IIl:ocatI0ii"nfoi1natron:yo~st1Reaain~';~~. 
CountY: ~/-y-/~O . Profile No,: 3 Station: /IA ~/J ___ , 
Highwa'y: 7/1 "-77/LU£L(/ Test Date: /0 LtjJlg Lane-Direction:- NB SB~B )WB 
Tested By: TxDOT ~ Contractor: PAl ,/p)Jt.LLIJI!(; ,Lane:-::Z:~/l>,c 1 A!l:\FR Jfl);2 3 4 

Contractor [ Mix Type:"/i ) IDis9nee From Inside 'L.--" ,//. I 

Tester: Ji'£Z/JJL tf£4lft1 Spec. Item: ~~~ lE1fge of Lane or Joint (ft): 0/2
1 

B~n~ ~~de!.JJf!aver: I Visible Segregation: Yes ~ Lift: {st )2nd 3rd 

zj/lt...D.l.-t'- 6'r~rr-::Ifr= No 0 UftThickness:/- ::5'11 

De~ribe Ty e <ll.~mix Egu!e.ment U~~e~ lo.2r Ahead of Paver: 

,J:$FJ-g.i3S1~ ~Kee,ves-
~~:f$:~~i-~~~l.~~?.~: .q.;~:li'Average·Reading /01. ~ 

:~,:Prev.'R...a.~ iR'~~~ll'~<}~Av~>:~ ~~High'Readin'g /~..3 

1 1/0.0 /~~'1 V0~_ /'/'II /?A~J,; ::!ti3~~Low:Reading /'D2.fl
1 

2 , _0 }t)X.3 J~/ V~4l f,t.~t ' 

P ~ L"'/-ifL V~ .~' ~,7l,1.~).3 .'; . . , .../ ,JI......~~.... .: ... ~."f~~~1 : f.da~.·o..~.. ·. .. ~.··r.~.::S ..;- .. !tY .~.5 Ii./. :< 3 I/¢: /. /~~s ~!::; 3 ?A~l;;::")'#.) ~.'j~l:Iigh_;;[p~ , ..3 [Max allowable =6.0 Ibs/cf] 
5 6 I~O V~J j~:t IJ"'il.Y ~~::,:.:~~~g~:~~~ {Max allowable =3.0 Ibs/cf] 

I 6 s 1/1,«t) 1)1./'/ ? 14// l 1-'14.~ 
7 .s I IW-I ')¥'J3/1,I.1L5V~'I4.3 Notes: 

8 .5_ 1/I,4J.(},1tA ~ 1~".71J'b.·o • NB =North Bound, ML =Main Lane, FR = Frontage Road 

9 I /0 /J./~d' V~, 9 /st.l 71/~ (, lanes numbered from centerline of facility (e.g. 1 =inside lane) 

10 / () / ~.2, 1l/SL~. {, 'I'A5 /Lb. 8' - Use a separate form for each density profile. 

111 • A density profile is a series of density readings taken longitudinally 

'12 approximately every 51f in a 50' section. 

13 - Profile one 50' section after the first 1000 feet of project placement 

14 (Select the SO' section by method discussed in the specification). 


1 15 I • - Profile a section each time the screed stops, including end of day. 

16 - Profiles must be at least 2 ft from jOints and edges 

17 - First reading of each profile must be 10 ft behind the screed. 

18 - Minimum of 4 density profiles per mix per project must be 


Total HB performed by the contractor. 

Density Profile Plot 

_.. . 1 .- ~.:- I -- 1 .~:.-)~::--:~t~~:~-~~~~~~~-£::=tE::~=;r 150- --·-·j·:--t 
, • I . 

::_~ 4- .·· i -· . ~ __ ·:~~.·-: - . :: __~.. 
'145 

- '-r ' .-.~--
.- -. -. _ . I 
 ;~i;-~-;=[;~:;;J·~~.~;: 

.. . ; .- --. ~--.. ---1 .--·-,-.---- -T'-'---"I 140!.. ··1 ..: . --I
·i _. .... - ... - -" :~:·~~:~-:·~·~~~_l~==c-=~--:~~·-~~-=---.::: 135 

.. .- ......~ - - -.~!---.- . .:- . .._-_!-. _. -, .' 

~__...,.._-_~_______ .._. ___.___._i__ ~·~~ :+:-~·-- . ·~i----~- -:~-:' ~:=~~~'.~ 
130 

-10 -5 o 5 10 15 20 25 30 35 40 45 50 
First Reading I... Screed Location Distance (tt) 

50 




TXOOT 
C"".truc:b'X\ Division 
~ CoI'-<:lion Fotm t3:~AA. 
July 1899 

'j';;..iJ All 

Nuclear Density Profile Form 


[Max allowable = 6.0 Ibs/cf] 
[Max allowable = 3.0 Ibs/cf] 

NB = North Bound, ML = Main Lane, FR =Frontage Road 
1~-+-~---;~~"""-t---",,",~I'+-!-:f'9-t~~'rI1 Lanes numbered from centerline of facility (e.g. 1 =inside lane) 
�1-'--I-"-""---;"-'-----"-t'-'~-'-"""'"...L...l~'"""'~~I- Use a separate form for each density profile. 
II--+----i---t----~-_+--_il- A density profile is a series of density readings taken longitudinally 

approximately every 51f in a 50' section. 
Profile one 50' section after the first 1000 feet of project placement 

(Select the 50' section by method discussed in the specification). 
ProfHe a section each time the screed stops, including end of day. 
Profiles must be at 'least 2 ft from joints and edges 
First reading of each profile must be 10 ft behind the screed. 

II-'--'-----.J.---'---=T::-o-ta-:I'----+-Trr.:r-~' Minimum of 4 density profiles per mix per project must be 
performed by the contractor. 

Density Profile Plot 

150 

.. ~. ':t ···~"~=-~I~:::·~~1==- ' :'~+. ~~:-:~=r==~ 
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s:::: 
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I-' :_~._~_li_.·-· _. --'__~___~.__ c. __.:-----). <..··:·:r·_~·_· -_·-'---'-..:';' -:':-.:~-' ~-+1_~~-_::-_::_='::.;..i 130 

-10 -5 o 5 10 35 40 45 50 
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ncoor 9':.stJ 4 /.
c-rudiotl OMolon 
0.,.. CoIec:!ion Foom ,h:...1? ,4./)/
July 1999 

Nuclear Density Profile Form 

3rd 

[Max a'Uowable =6.0 Ibs/cf] 
[Max allowable =3.0 Ibs/cf] 

IF-+-~=--~~'-F-.s..-¥T"';';:~;.cr.-:,.,.~~,..;.:,.t.,-IV NB = North Bound, ML::: Main Lane, FR = Frontage Road 
IF--+-'-..lf:~--jl'+~~+'o!'-+r~.f'+~;...,;"",,~.yl lanes numbered from centerline of facility (e.g. 1 =inside lane) 

Use a separate form for each density profile. 

I~+------l~--t----.fr---+---U A density profile is a series of density readings taken longitudinally 
approximately every Sit in a 50' section. 

Profile one 50' section after the first 1000 feet of project placement 
(Select the 50' section by method discussed in the specification). 

1~-I---~---~-~~--4---!I- Profile a section each time the screed stops, including end of day. 
I)--+------l---+----+-----+----u- Profiles must be at least 2 ft from joints and edges 
I~+---__I---t---t---+--_it- First reading of each profile must be 10 ft behind the screed. 

Minimum of 4 density profiles per mix per project must be 
Total ..............:.-;..---', performed by the contractor. 

Density Profile Plot 

.. ' f ,'- ..... 
... . -  r -. 

- 1- -
. t 

. ~ 

-10 -5 
First Reading 

o 5 10I.. Screed Location 

15 20 25 30 
Distance (tt) 

35 
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40 45 50 

52 




/tJ:53 
TXOOT 
eonlttllChon OIvi""" // .' ..5tJ 
Oa~ t;oa.ction Fe<m 
July 1999 

Nuclear Density Profile Form 
ASRhaltic Concrete Pavement \ 11 L1 

.&~ -n'//J.) 1.J1t=7 FLA-TLBiJd ~t.£;/.()'7 
District: ~7L CSJ: d /dL-..s=-.39 '~:~;"Location 'lnfomiatioF"fo"'1st Reading 

!Cou~ty-= R y··~O Profile No.: / t"_C:, ) Station:) '7li32fL 
Highway: =T:#' -zJ.e J/~ Test Date: /O::;lO-c?Y Lane Direction:' NB SB It:B "'j!IB 
Tested By: TxOOT .L1' Contractor: £l/LJ Iil L.:bl t+In Lane:*I1)9../f)C J _lMj./ FR 1'f·-2 3 4 

Contra~tor Mix Type: /I- Distance From Inside ~ I 

Tester: I<.....E#J)O~J / ~ ~Mj)O Spec. Item: -=JO;l...;;).J Edge of Lane or JoinJ..{ftr.---, /~/~ 
. B'3n~ and Model ~Paver:) Visible Segregation: Yes 0' Lift: ~'nd ,3rd 

~AL:PJ~R (;://1;£).../ No 0 Uft Thickness: 'J-,E . 


DesC\r:!be Type of Remix Equi~ent U~ed In or A~e~d of PJ.v~ / \ 

- Ff>fJL~ t' /=3 ae:<.U;t! J ~, 'i £ /(. £ ~ ~ LPg)) 

Average Reading I /W,7 
'. ·, ..High Reading /~Jt' 

1 /0.0 ". Low Reading 7~ 
2 0 
3 

{Max allowable =6.0 Ibs/cf] 
5 [Max allowable = 3.0 Ibs/ct} 
6 

7 '/~ .f) 'J~~GP V.l,~" 1J.~5.·~ Notes: 

a 1M"., /~ !i.el }~ . 4' I):l .:; . NB =North Bound, ML =Main Lane, FR =Frontage Road 

9 7Lj.~JL jLj. ~.~ )~~~ }i~ 3 lanes numbered from centerline of facility (e.g. , = inside lane) 


J~1. () )-9-?' () Iw:.., /'/.1./ - Use a separate form for each density profile.I 

11 I . A density profile is a series of density readings taken longitudinally 

12 approximately every 51t in a 50' section. 


1~1.;:.3-1--__-+__-+__-+-__r-_--tI- Profile one 50' section after the first 1000 feet of project placement 

14 (Select the 50' section by method discussed in the specification) . 

1~1..:;,.5+-__-+__-+__-+-__t-_--tI- Prof~le a section each time the screed stops, including end of day. 
1~1..:;,.6+-__--+__-+__-+-__t-_-I1- Profiles must be at least 2 ft from jOints and edges 
1~1..:..7+-__-+__--+__-+-__r-_--tI- First reading of each profile must be 10 ft behind the screed. 
1r:1..:;,.8~__-..!..__-':"--::::-:--+-__f-T:r-#=-II- Minimum of 4 density profiles per mix per project must be 

Total j~,7 peiformed by the contractor. 

I 
I Density Profile Plot 
I 
I 

•• . •• " I •• ' _ .' . _. 

... - ~--""'~-'--~- ' '0 
.0 -

, '. .. ._ . - ' 
.- . "" ._ . . .. ... -! ::: 

'(1; . .. . 
I C .. "

.. . . . .. . "' i .. _ , . , . - -- - .. _.. -. . _ .,Q.) 1350 

I 

1-----.-,.-.------.. -- - ..... - --.....--._-_...- .-.-.-------.-------....:.. 130 
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First Reading S;:.:,,·j :"cca!:cn Distance (ft) 
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TI(OOT 
ConstNCIion Division /.::' ; /~ 
oata CoIlecIion Form 
Ju~ 1999 /: //

Y ' 

Nucllear Density Profile Form 


Aspha. I,tic Concrete Pavement L/

/c' ':''-:2. .' 77 ·'7:4P <u'l 7/~ 


[Max allowable =6.0 Ibs/cf] 
[Max allowable = 3.0 Ibs/cf) 

7 6- V~C 7 I ~. 'l Ij 9'14 list"? 0 Notes: 

8 ~ i/'$I,..7. 'L J41'1,:" ./~JIN5. PI . NB =North Bound, ML = Main Lane, FR =Frontage Road 


/ t/ 1/L//'1 '/_~~ ,.' / ~(.'7X '/42 .4' Lanes numbered from centerline of facility (e.g. 1 = inside lane) 
10 / { 1/-4~d 143,3 J~. .. '.r.::J, ~ - Use a separate form for each density profile. 
11 - A density profile is a series of density readings taken longitudinally 
,12 approximately every 5 If in a 50' section. 

11...1..;,..3+----+---+----+----f- --=l,- Profile one 50' section after the first 1000 feet of project placement 

I 14 i (Select the 50' section by method discussed in the specification). 

11-1~5+-__-+__-+__-+-_ ____i-----11- Pmfile a section each time the screed stops, including end of day. 

11-1~6+-__-+__-+__-t-_--I_""""---f1· Profiles must be at least 2 ft from joints and edges 

"'_1_7+-__-+__-+__+-_.........____---1,- First reading of each profile must be 10 ft behind the screed. 

,1-1..;..8.1--.__-.J..__-'-~~...l.o=-____i__._~...,..y- Minimum of 4 density profiles per mix per project must be 

Total /Lfb ·tt performed by the contractor. 

District: ., : L/ CSJ: ~ /",.' / (.'6'· () " ~ f l8JEocati~lnforiiiatiOirf~Y:Readincr·w . 
County:_ L:.. L J:J Ii <~ Profile No.: S Station: c2 k 77-00 r--.. 
Highway:T'i/ -/--~ t..'/.../ (.. t. 0 Test Date: I {; -' ~ 1::_ 9 Cf Lane Direction:- NJi SB ~ WB 
Tested By_: TxDOT 0 Contractor:' 'j~j;:JI~ fUI/lli /i',( Lane:- L£';: l; 1/ (ML)FR .~fj2 3 4 

Contractor [ 1 Mix Ty~: Ii Distance From Inside / 
Tester: 10::. ,,_PCJ-I ()?,/J b () Spec. Item: ..? .) ,~ ~ Edge of Lane or Joint-(ft)~ '7 
B2~d~~~el.of P~~~ . ~ Visible Segregation: Yes U2r Lift: ~~~,~ 2~d. 3rd 
...t:4':rLD CtC' 6RB/S!.7U~ No 0 Lift Thickness: / __ 3 
Des:ribe Type of Remr Equipme~t ~sed In or Ahead of Paver: 

./ ',A /L:i;~:::~_ j ,< LJ,.. f.. 1. t:. 

Density Profile Plot 

54 


http:6RB/S!.7U


TXOOT 
ConsIruc:Iio<t Ofttiaion (I : .. /tJ Q J+t5(;tL'fDallCoI1ec:Iion Fonn 
July 1999 ~/ ,~ . /()/~N' 

Nuclear Density Profile Form 
Asphaltic Concrete paveme~77 

[Max allowable = 6.0 Ibs/cf] 
[Max allowable =3.0 Ibs/cf] 

NB =North Bound, ML =Main Lane, FR =Frontage Road 
IF-+-'~--I+,-;~..--"""""~~~-'--';'-'+~~~I Lanes numbered from centerline of facility (e.g. 1 = inside lane) 
1~-1--L..t.&.~--I..t...:....:-.~~..u.::~~....:.b~"":"';:""';""'YI Use a separate form for each density profile. 
1r-.+----I---t----t-----+----11 A density profile is a series of density readings taken 'longitudinally 

approximately every 5 If in a 50' section. 
Ir-.+----I---t----t---_t-- - II Profile one 50' section aher the first 1000 feet of project placement 

(Select the 50' section by method discussed in the specification). 

1r-+-----f---~--t----+---iI Profile a section each time the screed stops, including end of day. 
II-+----t-----t----~-_t--_III Profiles must be at least 2 ft from ioints and edges 
Ir-+-----I---\----\----+---II First readinQl of each profile must be 10 ft behind the screed. 
I~...L-.-_---L---~___-L---+--_Jl- Minimum of 4 density profiles per mix per project must be 

Total performed by the contractor. 

Density Profile Plot 

__... 1. . _.. . c ... 

140 


130 


-10 -5 o 5 10 15 20 25 30 35 40 45 50 

First Reading Screed Location I,.. Distance (tt) 
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TXOOT 
ConstNCIIon DiviSion 
Oata Collection Fotm 
Jut( 1999 ·:J;4t'k 

r-·/ll~YI 

Nuclear Density Profile Form 
Asphaltic Concrete Pavement 

9 C; 

[Max allowable =6.0 Ibs/cf] 
(Max allowable =3.0 Ibs/cf] 

B =North Bound. ML =Main Lane. FR:::: Frontage Road 
numbered from centerline of facility (e.g. 1 =inside lane) 

se a separate form for each density profile. 
1~-+-----4---I----~--4----n A density profile is a series of density readings taken longitudinally 

approximately every 51f in a 50' section. 
Profile one 50' section after the first 1000 feet of project placement 

(Select the 50' section by method discussed in the specification). 
1~-+--~--4---I----I-----j.---I1 Profile a section each time the screed stops. including end of day. 

Profiles must be at least 2 ft from joints and edges 
First reading of each profile must be 10ft behind the screed. 

I!---=-..J.....----J---"'-~-A+......j"_t'__,_,:"T":::_..v· Minimum of 4 density profiles per mix per project must be 
periormed by the contractor. 

Density Profile Plot 

140 . 1-· ' 

· 1 ~ :. 

. -- ~ ._--- -_. __...-j-_ .-=-- -; .. 135 
1 ._- .• •" •.• --r .. ._...:._- :...~... -:.:~. - ~T===· i .. · ~ 

I----T-----"-- -----r---i- -- - .-.- ~ :::. . : _ · ....l.i_-_ i. . ------~- .. :~ ~.-"-·.. _-..- · .._-·_·~·_---!... 130 

-10 -5 o 5 10 15 20 25 30 35 40 45 50 
First Reading \.. Screed Location Distan~e (ft) 
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TXOOT 
Conatrvction DivIsion0.,. CoIIecIion Fotm '.'/7/1.//}
July li99 

9: 5 cf 

[Max allowable = 6.0 Ibs/cij 
[Max allowable =3.0 Ibs/cf] 

1~+-~----i&-9!,,;;=:.r-r-ME~~~K~I-L:~~r otes: 
B =North Bound, ML = Main Lane, FR = Frontage Road 

numbered from centerline of facility (e.g. 1 = inside lane) 
Use a separate form for each density profile. 

1~4---"""f----+---+---~---l1 A density profile is a series of density readings taken longitudinally 
approximately every 5 If in a 50' section. 

I~-+----.....,r----+----+------if----ill Profile one 50' section after the first 1000 feet of project placement 
- (Select the 50' section by method discussed in the specification). 

�F+---.....,f----+----+-----Ir----H- Profile a section each time the screed stops, including end of day. 
I~+---___r----.j_--+--___~-__II I . Prot;ies must be at least 2 ft from joints and edges 
I~-+----___I__--+_--+-___~-'""""' I- First reading of each profile must be 10 ft behind the screed. 

Minimum of 4 density profiles per mix per project must be 
performed by the contractor. 

--() g 
~ 
°en
s:: 
Q) 

C 

. ~i :- : -·--- -t- ::- .-::. 
---- - · r · · :· ~'- : --- -.-.~ 

Density Profile Plot 

__ •. . _ _ ....L _

::-.1 .-.~~:'. ' .- . . . - . 
--  - ~ . _. . 
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First Reading 1l1li Screed locaticn Distance (ft) 
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'lXOOT 
C4ns1NClion OivIsio<! 
Oata CollectIon Fonn ~IJL} /.~ 
July 1i99 

F/P)..')# 9' t7S 

". "--r -.. _. .__ ., ..._

Nuclear Density Profile Form 

Total 

[Max allowable =6.0 Ibs/cf] 
[Max allowable = 3.0 Ibs/cf] 

B =North Bound, ML =Main Lane, FR =Frontage Road 
numbered from centerline of facility (e.g. 1 =inside Ilane) 

Use a separate form for each density profile. 
A density profile is a series of density r~adings . taken longitudinally 

approximately every 5 If in a 50' ·sa·ction. 
Profile one 50' section after the first 1000 feet of project placement 

(Select the 50' section by method discussed in the specification). 
Profile a section each time the screed stops, including end of day. 
Profiles must be at least 2 ft from joints and edges 
First reading of each profile must be 10 ft behind the screed. 
Minimum of 4 density profiles per mix per project must be 
performed by the contractor. 

Density Profile Plot 

-.. ... 'T -'~.~= :. _ .... 
135 

.:-:::~-~-.. .' 

. .'-" f.
..1 .. _. 

l · 130 

-10 -5 o 5 10 15 20 25 30 35 40 45 50 
First Reading I~ Screed Location Distance (tt) 

58 




I 

r'<DOT 
ConI1tucIioII 0Msi0n 
~... Co~Fonn -.5r4~) 9'.'6-5' 
July 1999 

~/M/~;V/t!?.' ;YlJ 

Nuclear Density Profile Form 
ASRhC\ltic Concrete Pavement \ 

/,?J~J' ,q.(J/J/ L3.,;~/~,{)/J~ ¥:/.f ~//L-' 6/r·} 

-

District: P ¥ CSJ: -2/;:2/-t-~ S"--o. ~y _~acatioli'lnfoiniiliomto7t.1'sf:ReaC!lnQ "':.:~:" 
County: .£/'fJA!/.J Profile No.: ;t....., Station: ,;;.::<97-.SO _". 
HighwaY:-H'/-A?~<':~ Test Date: ~-o2.P/7';?_ Lane DirectjDn:* NB. ·S8 \.EB~I WB 
Tested By: TxDOT ~ Contractor:MAI ,///L/M1S Lane:· I( I/MVFR 11 2""...3)4 

Contractor I Mix Type: £L g!stance From Inside' . / 
Tester: ~" / C LA.l5O I SJ)ec, Item: -3 V.;J-;;.-' L :~dge of Lane or Joint..(ft): S 
BI1'..5'cJ. Clnd MOde'..9m.~;Jf' Visible Segregation: Yes ~ Uft: -!1se 2nd 3rd 
.BI~ ~', ~ btJ. ()(), No D [UftThickness: /-3 / __ 
Des£!~b, Type of Remix):.quip.ment U~ep' I~ .or ~~~ad\of!av~r:~L-..3~() '.. ~ la ~r')I</-/< ,(/(.i'X. . ~ 

/d-(" e:2& (Jr', /JtM/lJt" !IJ(//I£...,(1 j~/... '-.l:tp 7 ~7j/6~. L -/(4l//; /?~/7'//CA! 
s:.~~~at;~.Jj:~ ;.~:tt.. iAvera.ge · Rea'ding /jt{),O
1tfr~;i-ci:~ w.lleaa~~~~~~\' ';5~ ~; ;:~}~~High Reading 7¥;f,~ I 

1 /0.0 I/.. ~;qJ' BJ, / L'fi .s, ' /"17..s /; ~"~ ~l~U)\y' Reading 1/ 2 1',.5 
2 0 I ,,~~ /~' I /..i5lS'-!5 /.~<:7 
3 I S /~~f) /~If/ VS/(J. 9 I4/'). /ytl ~~~nl.g'~~~~~1tE:·_ 
~ .5. . 'I ~'7,L/ L~t?'3~ r..£ ]A 7,.s;, t~rFf.~~1'2~.~-~:t.~s.~ [Max allowable = 6.0 Ibs/cf] 
5 1 .5 II#'Ii ..'II}, 1/ / ~ ~.o rl q.v. fL, ·:~·8~?:~:M.;~y'~@ge,:,~I;Q~ ~. S .[Max allowable = 3.0 Ibs/cf] 

6 5' /# H /~{2. ' 5/ /"" 11) l/~,f . 
, '1 ,5" ~f 1)t~"A~ /KlJ4 'l~7., /¥,;/,Sj !Notes: 
8 I ,--1 -2~IJ~ n /t//.5 /i:v,~ J~.O NB = North Bound, ML = Main Lane, FR = Frontage Road' 
9 I /{7 [:fq<72 117. Svv, /~a . Lanes numbered from centerline of facility (e.g . 1 = inside lane) 
10 ' /!J 1744'.-1 /<O.~ I¢I,,, /~.~ - Use a separate form for each density profile. 
11 " I I - A density profile is a series of density readings taken longitudinally 
112 1 I approximately every Sit in a 50' section. 
113 1 - Profile one 50' section after the first 1000 feet of project placement 
14 1 1 (Select the 50' section by method discussed in the specification). 
15 - Profile a section each time the screed stops, including end of day. 
16 1 - Profiles must be at least 2 ft from joints and edges 
17 I I V / I' First reading of each profile must be 10 ft behind the screed. 
18 1k?T..tV1-, Minimum of 4 density profiles per mix per project must be 

Total 'V<m 0 performed by the contractor. 
______,___._--L/_______.___________.____.______ 
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Density Profile Plot 
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Dv '" dZono.>

[Max allowab'le =6.0 Ibs/cf} 
(Max allowable =3.0 Ibs/cf] 

I NB = North Bound, ML = Main Lane, FR = Frontage Road 

TXooT 
ConIItuction OivI$iOn 

/ VDala eon.ctiOn Form J
July li99 , 

Nuclear Density Profile Form cY)ep~' 
Asphaltic Concrete Pavement Z -z. tt cJ""Z. :> =: 

I~-+-----"f-----t----t----t:---tl A density profile is a series of density readings taken longitudinally 
approximately every 5 H in a 50' section. 

IF+-----if-----+---+----i --:l1 Profile one 50' section after the first 1000 feet of project placement 
(Select the 50' section by method discussed in the specification). 

Profile a section each time the screed stops, including end of day. 

I , ~+------ll----+---t----t---II Profiles must be at least 2 ft from joints and edges 
First reading of each profile must be 10ft behind the screed. 

Ij-ooio...l......--~~--"'--~T~o-t-al:'----1--:"":'!;"'T"'-='I- Minimum of 4 density profiles per mix per project must be 

IF-+-~~~~~~~~~~~~~~~I 
U:--+-~~-f~~-I~~Y~:-:-'-::::-+-=~~-il lff.3spumbered from centerline of facility (e.g. 1 =inside lane) 

Ose aseparate form for each density profile. 

performed by the contractor. 

Density Profile Plot 
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TXOOT 
Construction o;vi~ion 
O.1a CoIIec1ien Form 
~ury 1999 

Nuclear D~nsity Profile Form 
Asphaltic Concrete Pav':!m~ent 

[Max allowable = 6.0 Ibs/cf] 
[Max allowable =3.0 Ibs/cf]' 

B =North Bound, ML =Main Lane, FR =Frontage Road 

IF-+--<~--~",","-"-¥-.f-Jo'j~",",",...a:;-;~~~~I Lanes numbered from centerline of facility (e.g. 1 =inside lane) 
Use a separate form for each density profile. 

I~+--,..--I----+---+---I----"U A density profile is a series of density readings taken longitudinally 
approximately every 5 If in a 50' section. 

Profile one 50' section after the first 1000 feet of project placement 
(Select the 50' section by method discussed in the specification). 

Profile a section each time the screed stops, including end of day. 
II-+ __~~__; __""*""",,,~_~_'"'"""'II Profiles must be at least 2 ft from joints and edges 
11-+-----,r___--+---.....,,':-r.I~r___---n First reading of each profile must be 10 ft behind the screed. 
1;-.;;....&...-----''----..L...-~--'I.J':.I:"=i'''--~_~ Minimum of 4 density profiles per mix per project must be 

periormed by the contractor. 

Density Profile Plot 
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TXOOT 
Construc:Ilon OMsicn 
Oal. Collection Form 
.My 1999 

Nuclear Density Profile Form 
Asphaltic Concrete Pavement 

[Max allowable =6.0 Ibs/cf) 
[Max allowable =3.0 Ibs/cf] 

/~-F-+-':'""":"'i~-¥-~.....,;..--t-L~,-,-++.=:-..y.~f:-r.~IVNB =North Bound, ML =Main Lane, FR =Frontage Road 
."~+":;;--",:,,,,,mF~r.-t~~~-'-'Y.~~F.i1 Lb"ishufubered from centerline of facility (e.g. 1 = inside lane) 

Use a separate form for each density profile. 
1~+-----If---+---+-----if----fI A density profile is a series of density readings taken longitudinally 

approximately every 5 Hin a 50' section. 
Profile one 50' section after the first 1000 feet of project placement 

(Select the 50' section by method discussed in the specification). 
Profile a section each time the screed stops, including end of day. 

11-+------if----+---+-----lI~---1I Profiles must be at least 2 ft from joints and edges 
1I-+-----1r----+--......:.......+-----ir------;l,- First reading of each profile must be 10ft behind the screed. 
'~...L------:.........--"--~T~o-t-a-:-I---+-":"'T."'~-yl - Minimum of 4 density profiles per mix per project must be 

perlormed by the contractor.,--_'-
Density Profile Plot 
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TXOOT 
c;o.,Wuc:tion C)iI;;sion 
Oae. CoIIecIiot> Form 
July 1m /' ~IJI.#~ /.' 3 } \./~ . 

,c//jJ,.j'Y.! ;<::l 0 .; 

Nuclear Density Profile Form 
Asphaltic Concrete Pavement 

oles: 

[Max allowable = 6.0 Ibs/cf) 
[Max allowable =3.0 Ibs/cf) 

.11--+-....;::.-~f-'~"+':~.cr::!~+-"'""~"'F.:;:-:O::rHL, NB =North Bound, ML =Main lane, FR =Frontage Road 

IF-+-~~-.f~"'-'~F+'QA'-lf-:-L~-+,~I,I-I-ril lanes numbered from center1ine of facility (e.g. 1 =inside lane) 
Use a separate form for each density profile. 

I~+-----+-----if-----i:"'---+---!I A density profile is a series of density readings taken longitudinally 
approximately every 5 If in a 50' section. 

Profile one 50' section after the first 1000 feet of project placement 
(Select the 50' section by method discussed in the specification). 

Profile a section each time the screed stops, including end of day. 
Profiles must be at least 2 ft from joints and edges 
First reading of each profile must be 10ft behind the screed. 
Minimum of 4 density profiles per mix per project must be 
performed by the contractor. 

j'--'-'--, 
I 
I 
I 
I 
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--o-@, 
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en 
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Density Profile Plot 
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TXtY.'T 
ConsIrucIion OM"", 
Ooou. CoIeaion FOtTn 
Jut( 1999 

Nuclear Density Profile Form 
Asphaltic Concrete Pavement 

[Max allowable = 6.0 Ibs/cf] 
[Max allowable = 3.0 Ibslcf] 

1~_.2.......:~~~#,~~~Wf.4.J.~I~~~~:i; I f) I~.-l. 

• NB = North Bound, ML = Main Lane, FR = Frontage Road 

1j.:...+--",_--+-...j...L..;;;.;.,'-+..t.....!....:.-~f-,.I...~-+J,..s......~_1I LfiJe1. «umbered from centerline of facility (e.g. 1 =inside lane) 

Use a separate form for each density profile. 

I~+-----+----+----+----+-.......--u A density profile is a series of density readings taken longitudinally 

-f--IF --t--i---t---i --

approximately every 5 If in a 50' section. 

--U pro~i~e~e~~ ~~ ~~:~~:t70~e~~~:t~~~~~c~es:te~ Fnr~~:c:~!~f~C:~~~). 
Ii--t----+-----i---+----t----il Profile a section each time the screed stops. including end of day. 
1~+---_+--__1---+---+----u Profiles must be at least 2 ft from joints and edges 
1I--t---_+--__1---+---+----u First reading of each profile must be 10ft behind the screed. 
1t-..........----J,.--..........-~T~ot7'""a~,---+---:"I"~-::! Minimum of 4 density profiles per mix per project must be 

performed by the contractor. 

I 
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Density Profile Plot 
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nCOT 
CoosIruction Division /[J -1 
Data Collection Form 
July 1999 

Nuclear Density Profile Form 
Asphaltic Concrete Pavement 

[Max allowable =6.0 Ibs!cf] 
[Max allowable =3.0 Ibs!cf] 

otes: 
NB =North Bound, ML =Main Lane, FR =Frontage Road 
Lia"'htt"numbered from centerline of facility (e.g. 1 =inside lane) 

IF-~~--~~~=-~~~~~~~~~I 
Use a separate form for each density profile. 

I~+----~f-----+-----t----I--~I A density profile is a series of density readings taken longitudinally 
approximately every Sif in a 50' section. 

1I--i-----II----t---t----i----iI Profile one 50' section after the first 1000 feet of project placement 
(Select the 50' section by method discussed in the specification). 

IF-i-----II----t---t----I------u" Profile a section each time the screed stops. including end of day. 
II--i------II-----t----t----i----u.. Profiles must be at least 2 ft from joints and edges 
II--i-----II----+---+----I----u" First reading of each profile must be 10ft behind the screed. 
II--'-------'----.:...-.-:T::-o-:-t-a~---I-:T"~r-r't" Minimum of 4 density profiles per mix per project must be 

performed by the contractor. 

Density Profile Plot 

· .. • _ .. · l ~••• 
I 130 

-10 -5 o 5 10 15 20 25 30 35 40 45 50 
First Reading Screed Lo~ationI.. Distance (ft) 
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TXOOT 
ConalNClion OMsion 
Dala CoIJection Form 
July 1999 

\
"

~). ::-. Nuclear Density Profile Form 
Asphaltic Concrete Pavement 

{) .. , 
< I .' 

1/ 
2nd 3rd 

[Max allowable = 6.0 Ibs/cf] 
[Max allowable =3.0 Ibs/c1] 

NB = North Bound, ML = Main Lane, FR = Frontage Road 
Lanes numbered from centerline of facility (e.g. 1 = inside lane) 

IF-+-~~--~~~~~~+-~~~~~I 
I~-+-'-';"'----t'-+-+-'I.#-.;r-"""'<...>o(;-¥-I.,;::;.~~=--+-!' Use a separate form ior each density profile. 
I~-f-------r----+---+----f---il A density profile is a series of density readings taken longitudinally 

approximately every 5 If in a 50' section. 
IF-f-----i----+---+-----if---il Profile one 50' section after the first 1000 feet of project placement 

(Select the 50' section by method discussed in the specification). 

1t-+----t----+---+---1t------u- Profile a section each time the screed stops. including end of day. 
IF-f------f---+----+----if---l:- Profiles must be at least 2 ft from joints and edges 
1t-+----I------+----+----.1f----f",- First reading of each profile must be 10ft behind the screed. 

inimum of 4 density profiles per mix per project must be 
Total performed by the contractor. 

-----------._------------------- 

Density Profile Plot 

r·· _~~ _·--:+::1-_::~_~:_1~~:__--_4==~--------~--~--~-·~·· --~--~-~~.~::: 
-! 

140 

... .: ~! 

~-~,-------~-----------~-------~--~--~t· 135 
:.T . · . . I . ~'~I 

. ... I 

-'f 1----+-----_._----_._--_._-- -- --" __ ... c ______.-'--____:.___.__:._____· --+ 130 

-10 -5 o 5 10 
First Reading 1>If Scrc<!d Location 

15 20 25 30 
Distance (11) 

35 40 45 50 

66 




TXOOT 
CotIstrucIion DMsion I ....5l}t~ /.' /S ~ II; 
Oata CoIe<:Iion Fotm 
July 1999 ;:~ / tbV d../O 'f! Ir; . 

Nuclear Density Profile Form 
Asphaltic Concrete Pavement 

.j [Max allowable = 6.0 Ibs/cf] 
[Max allowable =3.0 Ibs/cf] 

NB = North Bound, ML = Main Lane, FR = Frontage Road 

1F-+""'~---t~~':-l~':;:"';'-fr+"'..;.....A~~~"';1 Lanes numbered from centerline of facility (e.g. 1 =inside lane) 
Use a separate form for each density profile. 

approximately every 5 If in a 50' section. 
Profile one 50' section after the first 1000 feet of project placement 

(Select the 50' section by method discussed in the specification). 

Minimum of 4 density profiles per mix per project must be 
performed by the contractor. 

II-+----t----i---t---+---;I A density profile is a series of density readings taken longitudinally 

,1-"--+-----f----1~---i~~-+--_II· Profile a section each time the screed stops. including end of day. 
Profiles must be at least 2 ft from joints and edges 

1~4---__I----Ir---~--.......--_II· First reading of each profile must be 10ft behind the screed. 

--o-g 
:i!' ·en 
c: 
Q) 
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TXOOT 


ConJrruction OM~ ./ 
 -:::514A/ .:{ ,/S {J IY,Oara CoI*:Iion Fonn 
July 1999 F/tbYl ~Jo 'PRJ' 

Nuclear Density Profile Form 
/""//l f L,A/~-

[Max allowable = 6.0 Ibslcf] 
[Max allowable =3.0 Ibs/cf] 

'::',,:-~""-I--::..~-..p;~"""~~~-f-~~+-r~~~1 otes: 
NB = North Bound. Ml = Main lane. FR = Frontage Road 

~::'-T"Z'ir~o...L.:7--+;;.n~:-iI'-A~r+'--H:~-f-:o~...':oI""1I lanes numbered from centerline of facility (e.g. 1 =inside lane) 
Use a separate form for each density profile. 

I~-f----i--............t-----lt----+---II A density profile is a series of density readings taken longitudinally 
approximately every 5 If in a 50' section, 

Profile one 50' section after the first 1-000 feet of project placement 
(Select the 50' section by method discussed in the specification), 

Profile a section each time the soreed stops, including end of day. 
I~+----i--"-'f.----l'----+---II Profiles must be at least 2 ft from joints and edges 

First reading of each profile must be 10ft behind the screed. 

1~""""--~----l"""""'~T~o-ta~I---I-...,-,rrl-.rI Minimum of 4 density profiles per mix per project must be 
performed by the contractor. 

--! 
>-'iii 
t: 
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Density Profile Plot 
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TXOOT 
Coniln;c:tion OMsion 

- Dala Collection Fotlll / .:;;;;}lItJ 3 :3ft ~dl 
July 1999 

~/1/.:54 i.' 90 't /II 
Nuclear Density Profile Form 

[Max allowable = 6.0 Ibs/cf) 
[Max allowable = 3.0 Ibs/cf) 

~~~~::.......j~~_--I-~~~Io4~:r:;...~~Y:L!-~L..:-IINotes:
~~,....If:......j~~--+L+.+7-=-~:';:::;"""~-f-!--s.-I~~~I· N8 =North Bound, ML = Main Lane, FR =Frontage Road 
/~:uI~~'=--i~~--+~~~~~~.f-I.~~I'...l:~~1 Lanes numbered from centerline of facility (e.g. 1 =inside lane) 

Use a separate fonn for each density profile. 
A density profile is a series of density readings taken longitudinally 

approximately every 5 If in a 50' section. 
Profile one 50' section after the first 1000 feet of project placement 

(Select the 50' section by method discussed in the specification) . 
Profile a section each time the screed stops, including end of day. 
Profiles must be at least 2 ft from joints and edges 
First reading of each profile must be 10 ft behind the screed. 

1~-----"------'--_____..J-_-...J-!'-...,:::-::.:I1!. Minimum of 4 density profiles per mix per project must be 
Total performed by the contractor. 

--o-~ 
>... 

-en 
c: 
Q) 

C 

Density Profile Plot 
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lXOOT 
Conatructiotl OMsion 
Oata Collecliotl FORTI 
July 1999 

<e::f!4/Y 
F/~JJ.2;V 

} .' 1/~/l/J 

// :t)O /lA 

[Max allowable =6.0 Ibs/cf] 
'[Max allowable =3.0 Ibs/cf] 

otes: 
~~~-t~~--+~===:-+~~:-;I'-~7.~~'!*f:.~I: B =North' Bound, ML = Main Lane, FR = Frontage Road 

numbered from centerline of facility (e.g. 1 =inside lane) 
Use a separate form for each density profile. 

I~+-----+--........,r-----l---+--~J· A density profile is a series of density readings taken longitudinally 
approximately every sif in a 50' section. 

Profile one 50' section after the first ~OOO feet of project placement 
(Select the 50' section by method discussed in the specification). 

Profile a section each time the screed stops, including end of day. 
Profiles must be at least 2 ft from joints and edges 
First reading of each profile must be 10ft behind the screed. 

I~...L------I---L--=--~CJ:IA-+...,.....,..........,l/ Minimum of 4 density profiles per mix per project must be 
performed by the contractor. 

? /':"/ 
/1 /:::.-c. 

--o g 
~ 
(I) 

c 
Cl.) 

C 

1//~' / Lf 

l/-;</ //¥, / Density Profile Plot 
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TXOOT 
ConaltUClion DMaion ..::)tl)12 Y '1.:1 1 11 ,11 \,0.11 Co4lec1ion Form 
July 1999 

F//-.Y,'5X! 9'.2. t 

. Nuclear 'Density Profile Form 
""/ /V Asphaltic Concrete Pavement 

[Max allowable =6.0 Ibs/c~ 
[Max allowable =3.0 Ibs/ct] 

~'-'I~-I-~~-+-:"":"":"~4"""~~+,-"~~~~'-::-l1 otes: 
=North Bound. ML;::: Main Lane. FR =Frontage Road 

numbered from centerline of facility (e.g. 1 =inside lane) 
Use a separate form for each density profile. 

�I-+-----+--~I__-___;.--_+--_II" A density profile is a series of density readings taken longitudinally 
approximately every 5 If in a 50' section. 

I~+----+----Ir----+--_+-~"'-II" Profile one 50' section after the first 1000 feet of project placement 
(Select the 50' section by method discussed in the specification). 

I~+----+----Ir-----I---_+---II' Profile a section each time the screed stops. including end of day. 
IF+----f----il----f---+---ll" Profiles must be at least 2 ft from joints and edges 
I+-+-----+--~I----+~-_+--"""'I First reading of each profile must be 10 ft behind the screed. 
1~.J.-----I.-----"--_=_--I......:....~-+-'7"'7"1-~" Minimum of 4 density profiles per mix per project must be 

performed by the contractor. 

--o-g 
>:: 
(J) 

c 
Cl.) 

.. .' =L··~.-::'> .-. 
:I::~-·~ ·:;· . 

Density Profile Plot 
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TXoor 
ConSIJ~~ion Divlsian 
Data ColIec:Iion Fonn 
July 1999 

V'" 
Nuclear Density Profile Form 

Asphaltic Concrete Pavement 

District: 2. <t _ CSJ: z.. ' l- I ~ 07- 0 ""> Iiiii!ocatioi,.,rnformatro"ii!fOi'3lst;:{eadiai(F? ~: 1 
Station: - ) 1 Lf--I-/JOCounty: ~- / /~.?r) Profile No.: 

Highway: T -Iv 1/,;'" '/IL; 
Tested By: TxDOT ~ 

Test Date: 10· 2_ I - '19 
Contractor: --;:J4/ C C) 7 

Lane_Direction:· NB SB <EBJ WB 
Lane:*v,.. - $ , f} (l, II ML F R 11 2(('JJ4 

___ -..;;;C.=.on:.;;t:.:.;ra=.:c:..:t.=.or:.."-[lL-_---+M:.:..:
Tester: 2,,, .. , ~ " 

11 ..:.:iX:..T:.J·y~p~e:..: ~A-:...t......~_ ___~ID
Spec. Item: '7.,0 l.- z

istance From Inside --::'1 
Edge of Lane or Joint..(ft): b f • 

B.An~ ::r~..M~ode,.1 ~P~r:. /~ 
..tifJ~t::L ~JC:.CEI"'C 

Visible Segregation: Yes g-' 
No D 

Lift: /-1$f ~nd 3rd 
Lift Thickness: ~- ) ' ! 

Describ~ Ty.pe oftemiX Equipment Used In or Ahead of Paver: 

~l> L;1/(1 /1Jv' 


' ;~:fr~'fu1! I~ .r..;~..~..:"",~~~:~~ ~~AverciQeReadinQ ILfI. 'i j O-iJo L I~D ·7 
-' ~ ~Pr;:.:~al,JRe'ifdinas'7{1bSlc~h'A~~~ ~~gr.~Hh:lh·.·Rea(ljna 14-z.·"l I ~+"t"1 t> ~~ .~ 
/fl./ 1 .!lD--'r) 1'f1.'1 ('1J..3 1',13.1 '\.fl. ." ~ ~a:ow. ReaCliifg I ~ q.O I e.nJ ~ -)../ L~-=-
1]'35 2 I tJ }'f3~-6 I<tY.<J IIz.7 '·In.2- .~.~._ 
/'f4-,S 3 :;' ['12.- /{) J t.f7.h /1..fz..C; HZ .1 ~D~ns!tY.;~an·~9.e~.. j..... . 1" ' .. 
IVl.-) l4 e;- _['1I.Y J4tJ.r ;'11 ~ ItJl.I~ ' ;ot' ~~~i~~5.r=::1IJ [Max allowable =6.0 Ibs/cf] 6.7 
/"fO.-g 5 ~ . 4J. IX I ~ 1_,17 I 4,. z- J't I - 7 ·i~~~-i,;.,t..Y~@.9~;:1.~~CEJ:J [Max allowable =3.0 Jbs/cf) z. .'1 
1'iI.] 6 ~'7 11j1 : : ~I.L.. \~, I,"· ~ 1'/1.1, ",;;:-
(}1.'8 rT i ,. /yn.t( )40~ IJ'7 . 'I"tO.I , Notes: 

IY1 ,2.. ra 5' ''-12.3 /'fl., '~'Z. ~ .r- Il('L .1..... • NB =North Bound, ML =Main Lane, FR =Frontage Road 

IYD.2 ~ ,0 ' /'1/.3 J'fl. 7 IJ~ 1_ 'L.. J L\'L~ anes numbered from centerline of facility (e.g. 1 =inside lane) 

1)3.1 ' 10 l~/o J3d'. 2., ' / !9.~ I ' /~. / , 13~--oI· Use a separate form for each density profile. 


11 • A density profile is a series of density readings taken longitudinally 
12 approximately every 5 If in a 50' section. 
13 - Profile one 50' section after the first 1000 feet of project placement 
14 (Select the 50' section by method discussed in the specification). 
15 • Profile a section each time the screed stops, including end of day. 
16 I I . Profiles must be at least 2 ft from joints and edges 
1rT First reading of each profile must be 10 ft behind the screed.1 I . 

I~a118 I I· Minimum of 4 density profiles per mix per project must be 

Total performed by the contractor. 


Density Profile PlotI I 
I 
I 
I 150'--:~·: .-~ Y:,:,: ~ - ·l-: -- --- I .. : - -! . -. - ~--. -. ___ .1-_ ._- .!-_. -- r 

~ _ .-. ... . _. _. .- . . : :~ . .: -~--;...I !:-J;7}--·· ~ .:~: :-:~~~11!;•:. _---;_-~_-!:~~~·~-_·~f-t~. . _--_~_• ;·, -~~- .• ~i ::: 
·0=(1)'" :::: > ··- II[ - 1i '!. - ·i . --..- - -- ~ .. ..- -..- - -1... - : '.--.>--

~ 
.-.-.-::-'::.' .. - .. - -

~ - _. 1" -' -- ; 
. ' --i - --- , -- -- -- -- - -- ... ,--... ... ,. -- - --- 1 135I 

' -- i - . :~ - - ~ -: ~..:- - ... - - - i" - - - -!.'. f ~
____ ._t... . . --.- .. .- -- : ; - ~ -- '. ;I 

I - 1;-.~--0.,..---5---....;1~-·--1-~5--2-0--2'--5---;-O--;~---4-0----'4~---5~O- --- 130 

L::Reading I.. Screed Location Dista~~.=.. (~~.. 
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rxOOT 
eensINCIiOn ONision 
Oau. <:011..:110<1 FOtm 
Jutyl999 

Highway:::;:Z; ·7!JljjU (J Test Date: /0-/9-92.. lane Direction:· NJ~ .eEl. :we 
Tested By: TxDOT l"'1 Contractor·:f>I7JJ tUlbbJ./)lrh lan~;·crn-e;;.J./)'-- I 1~t1L .FR!f1 J2 3 4 

Contractor ] Mix Type: II") pittance From Inside '- I~ • 


Tester: n £11~JtjUL(7MIJO Spec. Item: <. ~C fl-/j/ / Edge of lane or Joint (ft): ~57p 

I~nd an.crModel"Qf Paver: Visible Segregation: Yes ~ Lift: "isti 2nd 3rd 

:~Il~."..6)r~e:Y'> e..... - No 0 Lift Thickness: r5// 


' besp~.9~ TYP9 of 'Remix Equipment l:1sed In or Ahead of Paver: 
/rbdd-teC!- .

~;tr~~r!~JI ··:~~~~~~t~~~t~n;':··;:?:~!:~v · ~~:' ~v~~~~~ :::~:~~ ~fJ:: t 
1 / 0.0 VY'6? ~ PI]' ~ '//,1:/. &) f}7./ '- Low Reading /L££. '( 

2 () ' J~.V /~ .5 'J~~5 J. ~ 

3 s ,.il/% ./,/7'/ I~ 7t A ~I Max'DenS"itY'Ranges: :j 

14 ,J; /7 / /4'r'. ~ )~ . f;' ~ ( .- .; . ,. ', . High·~ low~ [Max allowable = 6.0 Ibs/cf] 


5 i S /)i. :6> I£~'~ F~17J V$£: ._, . ....;,..; :; AY~~ge-Low~ ['~,lax allowable =3.0 Ilbs/cf] 


6 5 J~ .3 /~ to J~ .s IA 'I" " 

7 5 J~'I./ /yq ~ /~ ~" )A 9./1 Notes: 

a ~ /¥,f,f' /L/.P J;' ()h p. ~_ • NB = North Bound, ML = Main Lane, FR = Frontage Road 

9 ./0 . 1~7...~ j L~?JJ I/~ ~~ IJ~'/.? Lanes numbered from centerline of facility (e .g. 1 = inside lane) 

10 /0 /</6. r V~.3 /~&.6 /S'1~.;;' - Use a separate form for each density profile. 

, 1 - A density profile is a series of density readings taken longitudinally 

12 approximately every 5 If in a 50' section. 

13 - Profile one 50' section after the first 1000 feet of project placement 

14 (Select the 50' section by method discussed in the specification) . 

15 - Profile a section each time the screed stops, including end of day. 

16 - Profiles must be at least 2 ft from joints and edges 

17 - First reading of each profile must be 10 ft behind the screed. 

13 ' Minimum of 4 density profiles per mix per project must be 


Total V-sLl'o ' performed by the contractor. 

I /~·3 -..5¥1l / cI¥riJ) 
~~/~5 Density Profile Plot 
I 

.... .. . .. ~ . ~~-=-._.~.~--- ....... _.. _.;- 150 

r------;.....~ - -~-"-~ .. :./ . . ~ : :. : ··:·=~~~~:~·~~~i 145. ....::....---:....:.. . .. u 

. .. -~:~.:~= ":-":.~ .. -..~ ~.- -~: .-...-: ', -:' '.~ . ~:=~ ;.0 -
_ .• .';' . .... - . ·_· .... . r . -- - . .•• -' 0 - ",' __ •__ _ 

.._.- -:- ... ... .-: ...... .._ .. ._._-..... . --'-... 140 
-
:-~~.~-=- .:...~. ~ ..=~ ..-:-: ~ ::..:-. ::. ~::.: .~...-! 

135 .." .. .- '··· · ·r· -. - . . - ..•....- . 
• • • -0 ,.,_ . •• • _ 0_ .. _0 . _ . _ .... . . .. . 

------.-----.--...--.. . -.- .-- .-.--..- --.- ... - ....-.--...--------- 130 

-10 -5 o 5 10 15 20 25 30 35 40 50 
First Raading Distance (ft) 

73 




TXOOT ~p /.:1 .()t1 y.
Constrvclion 0Mai0n 
Data ConecIoen Fonn ' / ./ 	 A t.k>J! /.:<: .:i .2- P /lJulY 1999 Ii ../,, ' 

./ 

Nuclear Density Profile Form 
Asphaltic Co~Yrete ~;ment 

~7~ /N//J LJlrr 
District: ';;Y-' CSJ: '::;/~J- O,-~-o$lj' 1 '~~"'ULocation"'nfom1atio"Wfor";SstReading II 
County: L/ '~/J.51J , Profile No.: ;L..- Station: 7 .Ptl-l- (Jf)

In~H~jg:':;'h:":':w:La=-y:-"'O:::;L~--tJ-:-l-·:...Ll./?J~It'..I:"""./+--~~ 1 	 9'-~$'~'r----~f::La:.:=.;ne~D::-ire-c~ti=-"o"'n:~·-'-~N=B""""'S--B--'--W~B---J I-//L 'J--4	 <..fE®'1. =Te:'::s':"::tD:;:'a":":te~::':""'/."";'O:::;;r:;";/-~ 
Tested By: 1xDOT IYJI Contractor:J)ALJ It.' /6/..)//1/16 Lane:t?I/i~/DC 1 (MI,-::f'R '1)2 3 4 

Contractor [ I ' Mix Type: Ii Distance From Inside , ./ /. 
!Tester: R ~J.j1'l/)JJ/6'LA.f..A Spec. Item: 1/J ~~ Edge of Lane or Joint (ft): ...3;-~ 
IBrand and M.~j~1 ~~~ver: I~ Visible Segregation: Yes @' Lift: ()st) 2nst, 3rd1 

[E~'~h~ ~& 	 No 0 Lift Thickness: ,/- =t 

ID~ribe J-XPeE Qf Re~E~ipment Used In or Ahead of Paver:. 
I K./).,{J,-,;r",ei. 	 .. 
j 'Y'Feetfrom ,·;· ~~ ~)!ii·;iV~7.·:li~~> ~ ' Average -Reading J@.7 

i~'pr~~:-R~~~:'~ .'Readin~;i'(ib'~ch' ··.Av~·. · .. ... .. , '. High Reading j~ 9 


1 7 0.0 1/4L'¥. q J'i:>; ..J1¥'--1 ~ ,JW, I . ' . ' Low Reading /gJ ~ 

2 0 !L.,r!?, /L.//.J 1/4/3 /LJ/, ~ 


, 3 .5 Jt:/,,,? )L,l2. ~fJJq.2 t! )4 ?~ 'f ; Max·Densit}/'Rang.es:}i·....._----,,::r-. 

14 	 .5 'J~'J ~IM_fL ~ //.,( OVLA.S . .. : .;<:' .•~ .Hi9~ -: Lowl (0'2 I [Max allowable = 6.0 Ibs/cf] 
5 S /4 ~dV¢~'~IJ~n~ V~ 'f, >;. c : ~ . _; }·~.~E2r.age .:,:~C?w: ~ ~ [Max allowable =3.0 Ibs/cf]j 

6.5 PI4 ~ I JIf :t..s-II/f J II ~ ..s 

7 .C) I /~ / Ii/~.O JI./. ;:31J.~ s INotes: 

8 5 I~ f o,/~~J If./. ~5 //1 f;3 • NB = North Bound. ML =Main Lane. FR =Frontage Hoad 

9 /0 1 J~/. ~ 'lit 1. 0 '1ij';. _~ ALZ!i I Lanes numbered from centerline of facility (e.g. 1 = inside lane) 

10 /1) j~d 7 Iffl..5 I/5/,5" L<;"). Cj - Use a separate form for each density profile. 

11 I . I. A density profile is a series of density readings taken longitudinally 

12 I '-approximately every 51f in a 50' section. 


1J.:.1::"3 +---.....j----1
r
---+--+----11. Profile one 50' section after the first 1000 feet of project placement1 

1~1.... _ ' (Select the 50' section by method discussed in the specification).4 +--__-+-_ -+-__-1-_-+---II 

l~l.:...S~---l----+----I---+----li' Profile a section each time the screed stops, including end of day. 

1j..;.1.:...6l--__---+-__-+-__+-_-4-_--l1· Profiles must be at least 2 ft from joints and edges 

1~1,;,.,.7l-----I----+----I---+---il· First reading of each profile must be 10ft behind the screed. 

18 . Minimum of 4 density profiles per mix per project must be 
1~.L----~---l--T-ot-a..J...1--+/.-.,.,..¥.......r~ performed by the contractor., ?-'I 

~-~ • . - --. _ _' _ww_. __ _ : _ .• __ _ . _ • • _ . •" _ , 135 

r-------.-.--.. - .. --.--.--.--.. - ... ..- .....--,--------------'- 130 

-10 -5 o 5 10 15 20 25 30 35 40 45 50 
~-r"·"L-c"··...~.,Firs! Reading I4 ~ ... _::',J - - " Distance (ft) 
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TXDOT 
COI\strua"", OiYision 

Data Collect"'" FOtm 
.My 1999 

Nuclear Density Profile Form 
Asphaltic Concrete Pavement 

District: d~ CSJ: 2/2;' 06- 03) 1 1":~Ulocatio'ri'lnfo'rmation fo"";tst Reading I 
County: ~j ~,c;5rJ Profile No.: ..3 Station: -::f (/ (L -r 00 
Highway::I1I -;O/.lJIlI-O Test Date: Jo-/9:-9Y Lane Dire~lion:· NB SB C.EB.J WB I 

ITested By: TxDOT Iv Contractor:J)AIJ td/, ,bllll11 S Lane:·~7/1E 1 ML FR k'f)2 3 4 
I Contractor ) Mix Type: /I Distance From Inside // 1/ 

Tester: 6' f.A.JY') / K 9JIYJ/J Spec. Item: \, ~I:U~ ~dge of Lane or Joint (tt): ...3./~ 
Brand and Mod;} of Paverj. BG Visible Segregation: Yes G1 Lift: (~) 2nd 3rdI 

I73fJA-;5-GI2 dl!.J;;z::ll.:Jb()e No D Lift Thickness: 1-- .3 I 
IDescribe Type of Remix Equipment Used~n or Ahead of ;;vc:!': .;<,s --rl)p q-/WU 7J' ~ .) 
[RI?Ii)} 72. C.~~.qy)~'~~/1)/}'jJlC'''!'I''''1J IJrr£l1J1t=7fTC-IJ 0,0// -5£tl~Ar/tw A(J~M 

.·\·Feetfrom; .~~: ~".,;.~::r~·~t1;:; ~~~:::"::.· .: ..~·.:~ '.'.:'< ' :Average Reading /'5I..!l ~ 


.Pt~~;!R~'~a::r :~~.\Readings~(1bSicf} . ': · ::~Avg: ·. .'. " ' \: High Reading 7¥Z.7 

1 10.0 V'Yf;:J- I /9-'1;1 Vw, 7 V-9~~ ,, ~::: 'Low ReadingV¥.I. J 

2 0 /¢t.J li~ .S I~ ~9 V..; '/,~ 

3 1 ?5 'j« ,1 '/. /-/ 9IJW.~ Mu·Oens·itY·Ranges:·:l.....----:J--"""' 


[Max allowable =6.0 Ibs/cf]: I :; I)t~.~ ~~i~ I~ ~~ :~i:'~ ··... : :~·..L.i;~~~~>t~:,1 '3, ~ ] [Max allowable =3.0 Ibs/cfJ 

6 S I}~ 9 / ~?'S lA $IA'I~~ f 

7.tr ). '{ ~ ')"#.& v~ -..7, I;'W.7 Notes: 

a ~~ /~ f ..j j't< f /q/ I. 1/4/ £ . NB =North Bound, ML =Main Lane, FR =Frontage Road 

9 J 0 A ¢, ~ I ,/~.~ Ij~ ~. '71)~~, 7 Lanes numbered from centerline of facility (e.g. 1 =inside lane) 

10 /() iLlI J...- )4'1 i J/fl~ IIJ.Ji,J -Use a separate form for each density profile. 


1~1..;..1~----1----+----+----I----H· A density profile is a series of density readings taken longitudinally 

/1-='.:;,.2+-__-+__-+__-+-_ --1-__-'11, approximately every 51f in a 50' section. 

11-='.:;,.3+-__-+__-+__+-_-+__~I- Profile one 50' section after the first 1000 feet of project placement 
 I 

14 (Select the 50' section by method discussed in the specification). 
11-=1~S+-__-+__-+-__+-_-+__~I· Profile a section each time the screed stops, including end of day. 
1j..; 1 Profiles must be alleast 2 ft from joints and edges'..;;..6~----1----+----+---+---I -
1j.;:.;.. ~--IL· First reading of each profile must be 10 ft behind the screed.7~----1----+---+--........j!.L
n.'...;.8..L-__......!..__.....:....~~~---tI _r'!".,..".....~· r..1inimum of 4 density profiles per mix per project must be 

Total V~? II performed by the contractor. 

Density Profile Plot 

-'0-..c-
.~ 
II) 

c _._.. j._........ .... - . .: .. - " 


o 
Cl) 

~------- ..,- ..- -- ...----~-- .-_-.~ 135. .. ------------------------.~ ..-- .. .. _-.- __ . . _ .. ...- : 

. _. - . . ~ . . . ... '- -. ..1----------_... .-. _. --_.-. -------....---_. -...;.....---'-----  130 

-10 -5 15 20 25 30 35 40 45 50 
Firs: Reading Distance (ft) 

o 5 10 
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TXOOT 
ConsIruc:Ilon OMsion 
0." CoIecIion Fonn 
July 1999 

",~ Nuclear De~prOfi1e Form 
tf'" U /~/ Asphaltic Concrete Pavement 

[Max allowable =6.0 Ibs/cf] 
[Max allowable =3.0 Ibs/cf] 

Notes: 
~ ,1~4~=----+'~~-+-:"!'~7i'~~'1ff.~~1. NB =North Bound, ML =Main Lane, FR =Frontage Road 

'=-1~-f--LJ~-+~~+'~~-f"'7*~f'-'~7--fI Lanes numbered from centerline of facility (e.g. 1 =inside 'lane) 
, Use a separate form for each density profile. 

~~q~~--'-"'---r-~...:..ar:+,c....::....--+""",,""'--'t'-"-"'-'-'~I .. A density profile is a series of density readings taken longitudinally 

approximately every 5 If in a 50' section. 
1~-i----~-----1I---~'----+---H" Profile one 50' section after the first 1000 feet of project placement 

(Select the 50' section by method discussed in the specification). 
1~4----4--~---4__-f-__-i11.. Profile a section each time the screed stops, including end of day. 

Profiles must be at least 2 ft from joints and edges 

Total 

' r 

-10 -5 
First Reading 

First reading of each profile must be 10ft behind the scree.d. 
Mililimum of 4 density profiles per mix per project must be 
performed by the contractor. . 

Density Profile Plot 

15 20 25 30 35 40 45 50 
Distance (ft) 
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TXOOT 
Con,··I..cIion Otviao. 
Data Colle<:tion FomI 
July 1999 i, . 

Nuclear Density Profile Form 
AsphaUic Concrete Pavement 

District: t??{L CSJ:;;{/,;II -5- "::f9' ~!~;'·LC"catioii ·lnfomiation·f()ri1sfReadinQ 
~ounty-: E ";P.4!YJ Profile No.: Station: / (j:z.. -r ro 
Highway-=::j::Jf /7J~, '///~a [Test Date: /O-.2.i:J-5'Y Lane Direction:' NB SB EB WB 
Tested By: TxDOT ~ Contractor: 7>.//LJ Il/IL1.;/IJrn5 Lane:' /?)//).N~ I (ML IFR 11(2)3 4 

Contractor 1 Mix Type: - /JOistance From Inside ----- /. I 

Tester: -z.t./jJ/~A /P£~1tl Spec. Item: ..~n 2.,... ~ / Edge of Lane or JoinJ.(4):';</ -z::J}.6/At; 
B~d a~d Mod;!-of Paver: Visible SeJl~egation: Yes ~ Lift: ,'ls.Y 2nd 3rd 
...t:5Ilr.beY" r~VtotOne._ 1/EM No 0 Lift Thickness: /-.'::f "/ 

~ I :£~r;~~;;~;;;ent.:'::g:n:r Ahe:~:~;;v;::~;~~ .. jJ/;;. 
)?r.:; 1 10.0 Jw..~ IIstls IL//,.JI/L.//'O - Low Aeading /g~ 

I~ 'l.1 2 0 . /4//9 /l//.5 Jij/.3J Ji#.J 

/" ; / 3 5 L~15: t/ i~1 V!3..:'j'/j I '6:1 ~iigerls·!tY..·Ran9~s:::~':r-....,....."..~--, 

I~ 1.q 4 .&) 1~.5P 1.3¥6" ?q% . J~~'il/ b2T ' High - Lowl /0....:2. I [Max allowable =6.0 Ibs/cf)


' 0 

Z .I) 5 .6 jq/):'p 1L.g5,.1 I~< 'S'I}~:/;;'/ .:ti';jj: A.y.f?rage -J.qw "77 [Max allowable = 3.0 Ibs/cf] 

J~-'S 6 .5' : J... :"7.9 /,uS llgf,J' i} t/.l 

I rJ/ 7 S I~ to II"''?,? /Lb.t/ 1'12.'1 Notes:
I 

7J.j.~¥ 8 .5 1/i.J!/.5 Jw,l J¢/,,, J#''/- . NB = North Bound. ML =Main Lane. FR = Frontage Road 
7?{5;t 9 /() 17'/.O JY/,1 :/7fli!. J"/f,~ Lanes numbered from centerline of facility (e.g. 1 =inside lane) 
lJ?ttf 10 J tJ J.g,1. (; L~3 L.l/~~~/~' ~1 -Use a separate form for each density profile. 

• .11 - A density profile is a series of density readings taken longitudinally 
12 approximately every 51f in a 50' section. 
I~+-__-+-__-+-__+-_-+_---;II- Profile one 50' section after the first 1000 feet of project placement13 

(Select the 50' section by method discussed in the specification). 
I~+-__-I-__-+-__+-_-+-_--II- Prof~le a section each time the screed stops, including end of day. 

14 

15 , 

16IF-t----+---I---+---+----1I- Profiles must be at least 2 ft from joints and edges 
I~j:----_+_--_+_--+---+---II - First reading of each profile must be 10 ft behind the screed.[ 17 I 
18 I - Minimum of 4 density profiles per mix per project must be 

I~.I....---~--.....!---=T-:ot:-a+-I--+If,,?/',-;r'1j,-ffly performed by the contractor. 


! 
Density Profile Plot 

I 
: 150 
i 
i U 
I 

I -@, 
I C ~------~~--------------:~--------------~--------~ 140 

. .~' ., . . ~. .... ': '-~:".--:'. : . '-:.:"-:"...: ...~.: . ..::.~:~~=:...-~~ :"~ ':'!en - .. . . . " .. .... _. .... ... . . - ..... ._- : .. . .._.......,
i c , . .. . •... - • . _--:.- - . . _ •. - .. ~-- .. .. __. '!~

CI> 
, C . . 

. ..., . . .... ..:'.~.---: ...~.. _.:'~. 135, 

. - . .. 
f--.------------.. --.------.----.----.. ---.-.-.-------------------- 130 

15 20 25 30 35 40 45 50-10 -5 
First Raading Distance (ft) 

~--------------------------------~--------------~ 145 
~.. . .:..:.~~-:, ..: ~ ... _. . ~.-~~:~.~~~~ : :~:-.~. ;..-.~.~:~; 

o 5 10 
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~. 
TXCOT 
ConstNCIion OMs"", 
Oala C~i,," FomI 
.•;/y 19911 

Nuclear Density Profile Form 
Asphaltic Concrete Pavement 

District: -<-~. ' CSJ: -:61 J£).~-o.:3 Y ',!;'::;,Loeation'fnformation'for;fst ReadinQ 1 

County: f/ --·P.//...'".£; Profile No.: Station: /d"dJ-I:;I)7} 
HighwaY:-:::r:II~D/c '.P/~ Test Date: /~-~,.99 Lane Direction:" NB S8 EB WB 1I 

Tested By: TxDOT ~ Contractor:n/JU IJJh 'DIIJmC; Lane:- /lJ/!J/)/~ II .(ML'fR 111~ 4 
I CQntractor \ ] Mix Type: - If Distance From Inside'- ../ / 
Tester: 7J/,(jIG/}/A)~16 Spec. Item: ~~ ~Y ./ Edge _of Lane or Joint (ft): :23 .:z-~/AE 

o Isn'1d~.Bd~~e~f~~~./~ Visible Segregation: Yes 0 Lift: ("st ' 2nd 3rd i 

. ~/")E:-K e:tl:::'l;--c::IVC No 0 Lift Thickness: '-1- J ,. 
J \.1> Dess,ribe Type of Remix Equipment Used In or Ahead of Paver:~ I, %£AAL.~ c.... 

' :·fFeetfrom, :.;~:';:':~"~~.~;~~:;~ ~:)~;:: ' . :.::.':.:> .J :. :., 'AverageReading /y.;/. $.l 
~;,'p;~'~~:R~a~r; ":;Reading's';;(ibSich:::~; :.::·Avg. '., '. '.. :. · ...High Reading /~!£ 

J-3tf, 7 1 -0.0 /.1/5.! /'15:/ JL.f£.1 ;. {5:y -Low Reading /1...5:_4 
/qJ' / 2 0 /L.j, ;;;_0 /4/11/4#.9 ;. '-5: 3 

[Max allowable = 6.0 Ibs/cf]j]~: I ~ j~~~ ~~:,~~~~: ~a·r:fIl:~~!~t~ka~ I [Max allowable =3.0 Ibs/cf] 

/ij:j J 6 5 IiL./.J.1j. Jd C!~j.~J/'~5 /

HiL 7 5" /~'O.a /~. ?-! l (j,{ 1'IfJ,!) Notes:
I 

IY/." 8 s IW 71/74Y 7 FfJf.9 /~ t.) if • NB = North Bound. Ml = Main lane. FR = Frontage Road 
1!IiJ. 9 /0 UiL':;." I~~ 0 'At;. n /~~ Lanes numbered from centerline of facility (e.g. 1 =inside lane) 
~ 10 ./l) '!4IQ J' J'-AI:3 /~q.1 J4I¢.0 I - Use a separate form for each density profile. 

11 - A density profile is a series of density readings taken longitudinally 
12 approximately every 51f in a 50' section. 
13 - Profile one 50' section after the first 1000 feet of project placement 
14 (Select the 50' section by method discussed in the specification). 
lS • Proqle a section each time the screed stops. including end of day. 
16 - Profiles must be at least 2 ft from joints and edges 
17 " - First reading of each profile must be 10 ft behind the screed. 
18 • Minimum of 4 density profiles per mix per project must be 

Total V7""z,.. performed by the contractor. 

Density Profile Plot 

i · .-. . .. _.. ,___ .. . _.. .__ _. _ . .. _ ..._' 150 
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Notes About Attachments: 
Attached as an enclosure to this summary, analysis pages can be found for each of the 
figures included in this· report. Each analysis page contains the figure in the report 
referenced by the specific figure number .. On each thermal image there are three lines of 
analysis (LIO!, LI02, and LI03)and a single spot (SPO!). In a table below the image there 
is a summary of each line with its max, min, average, and cursor temperatures. The 
cursor temperature is simply the temperature at the location along the line where the hash 
mark crosses the line. A very important point of interest is the fact that for all of the 
images a ·single temperature differential of 140F was used. Though the max and 
mins might vary between images, the 140F ~T is constant throughout. The varying 
max and mins is a function of the fact the temperature of the mix coming from the 
plant varied from one day to the next and often from one hour to the next. By 
utilizing the 140F differential, this allows the observer to see how the color variances 
correspond to every other image in the report. Listed below and on the following 
page, is a summary of each image in the report and what is of particular interest in that 
image. 

Barber Greene Images: 
BG-Fig ! Clear indication of a truck exchange/end of load. Notice the >30F · DT 

along LIOl. 
BG-Fig 2 Indication of a truck exchange/end of load. As before, notice >25F DT 

along LI02. 
BG-Fig 3 Indication of longitudinal streaking: Notice that this streak introduced a 

mat temperature differential of>20F along LI02. 
BG-Fig 4 Example of isolated cold spots which randomly appeared from this 

equipment arrangement. Observe >50F DT along LI02. Small blue area on 
the far right hand side of the image is caused by compactor path. 

BG-Fig 5 Example of the Barber-Greene arrangement laying a fairly consistent mat. 
Observe <20F DT along lines LIO!, LI02 and LI03. 
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BG-Fig 6 	 This image illustrates the effects of having to start and stop the paving 
process. The waiting period between trucks for this image was nearly 11 
minutes. Notice there is no less than a 74F differential along each of the 
lines of analysis. 

Roadtec Images: 
SB-Fig 1 Clear example of end of load. Notice that there is a 30F DT along LIOl, 

and nearly a 20F DT along LI02. 
SB-Fig 2 Longitudinal streaking in mat which exhibits a 40F DT along LIOl. 
SB-Fig 3 Cold spot in middle of mat laid by paver utilizing the Roadtec SB-2500B. 

Notice >25F DT along each line of analysis. 
SB-Fig 4 	 Image which illustrates effects of starting and stopping while paving. 

Lower blue region of image has been sitting for about 8 minutes. Notice 
large cold slug of material in middle of mat which was allowed to cool 
while waiting. 

SB-Fig 5 	 Image of mat with wide variety of temperature damage. There appears to 
be no set pattern to differences. 

SB-Fig 6 	 Image of good mat laid while paving at low speeds and a width of 12 ft. 
SB-Fig 7 	 Image of good mat laid while paving at higher speeds and at a width of 15 

ft. Notice that compared to SB-Fig 6, this mat does not look as consistent 
with respect to minimizing temperature variance. 

Lincoln Images: 
LN-Fig 1 Obvious indication of truck exchange/end of load. Notice >40F DT along 

LIOl. 
LN-Fig 2 Gross indication of end of load. This image illustrates a dramatic example 

of how a difference in truck temperatures can beconveyed into the mat. 
LN-Fig 3 Longitudinal streaking in center of mat. A >30F DT along LIOl. 
LN-Fig 4 Cold spot in mat that follows the pulling off of a joint. A >60F DT along 

LI03. 
LN-Fig 5 Effects of stopping and starting during paving process. 
LN-Fig 6 Best image of temperature consistent mat for this arrangement. Notice still 

a >20F DT along two of the three lines of analysis. 

Cedarapids Images: 
CR-Fig 1 Glaringly obvious indication of end of load. Notice >40F DT between 

average temperature along LIO! and LI02. 
CR-Fig 2 Indication of end of load. Nearly 30F DT along LI02. 
CR-Fig 3 Effects of stopping and starting paving· process. This image illustrates 

effects of a 6 minute wait. 
CR-Fig4 Example of longitudinal streaking which was often encountered behind 

this arrangement. 
CR-Fig 5 Another example of longitudinal streaking. In both cases there appeared 

not to be a set pattern the streaking was not more favored on one side of 
the other, nor was the streaking of any sort of uniform width. 
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CR-Fig 6 Large random cold spot in mat which did not appear to be caused by end 
of load. 

CR-Fig 7 Example of one of the better sections of mat from the Cedarapids 
combination. Notice <30F DT along all three lines of analysis. 

CR-Fig 8 Another example of a good stretch of mat. 

Blaw-Knox Images: 
BK-Fig 1 


BK-Fig 2 

BK-Fig 3 


BK-Fig 4 

BK-Fig 5 

BK-Fig 6 

BK-Fig 7 

BK-Fig 8 

RWB 
1114/99 

Clearly visible occurrence of end of load while paving the first lane at 
higher paving speeds and with pug mills not operating properly. Nearly a 
30F DT along LIO!. 
Another indication of end of load. Notice >20F DT along LIO!. 
Cold spot in mat which occurred when pulling off from a joint. This is 
consistent with all other machines which had difficulty laying a mat of 
even temperature when pulling of from a new joint. 
Example of longitudinal streaking in mat. Streaking was a for a short 
duration and did not introduce temperature variances as large as some seen 
earlier in the week. 
Example of Blaw-Knox MC-330 combination laying a mat of even 
temperature distribution while paving first lane at higher speeds. 
Example of Blaw-Knox MC-330 combination laying a mat of even 
temperature distribution while paving first lane at higher speeds. 
Example of Blaw-Knox MC-330 combination laying a mat of even 
temperature distribution while paving second lane at slower speeds. 
Example of Blaw-Knox MC-330 combination laying a mat of even 
temperature distribution while paving second lane at slower speeds. Notice 
more temperature distribution when paving at slower speeds and with 
properly functioning pug mills. 
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EI Paso, TX: Barber-Greene 260C 
with a BG-650 Pick Up Machine 
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EI Paso, TX: Barber-Greene 260C 
with a BG-650 Pick Up Machine 
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EI Paso, TX: Barber-Greene 260C 
with a BG-650 Pick Up Machine 

Temp Profile of Ll01 
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EI Paso, TX: Barber-Greene 260C 
with a BG-650 Pick Up Machine 
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EI Paso, TX: Barber-Greene 260C with a Roadtec 
SB-2500B and Integrated Pick Up Machine 
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EI Paso, TX: 8arber-Greene 260C with a Roadtec 
S8-25008 and Integrated Pick Up Machine 

EI Paso, TX: 8arber-Greene 260C with a Roadtec 

S8-25008 and Integrated Pick Up Machine 
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EI Paso, TX: Barber-Greene 260C with a Roadtec 
SB-2500B and Integrated Pick Up Machine 
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EI Paso, TX: Barber-Greene 260C with a Roadtec 
SB-2500B and Integrated Pick Up Machine 
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EI Paso, TX: Barber-Greene 260C with a Roadtec 
SB-25008 and Integrated Pick Up Machine 
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EI Paso, TX: Barber-Greene 260C with a Lincoln 880 

Pick Up Machine and Lincoln Twin Pug Mill Insert 
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EI Paso, TX: Barber-Greene 260C with a Lincoln 880 
Pick Up Machine and Lincoln Twin Pug Mill Insert 
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EI Paso, TX: Barber-Greene 260C with a Lincoln 880 
Pick Up Machine and Lincoln Twin Pug Mill Insert 
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EI Paso, TX: Barber-Greene 260C with a Lincoln 880 

Pick Up Machine and Lincoln Twin Pug Mill Insert 
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EI Paso, TX: Barber-Greene 260C with a Lincoln 880 
Pick Up Machine and Lincoln Twin Pug Mill Insert 
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EI Paso, TX: Cedarapids CR-461 AntiSegregation 

Remix Paver with Cedarapids MS-2 Pick Up Machine 
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EI Paso, TX: Cedarapids CR-461 AntiSegregation 
Remix Paver with Cedarapids MS-2 Pick Up Machine 
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EI Paso, TX: Cedarapids CR-461 AntiSegregation 
Remix Paver with Cedarapids MS-2 Pick Up Machine 
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EI Paso, TX: Cedarapids CR-461 AntiSegregation 

Remix Paver with Cedarapids MS-2 Pick Up Machine 
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EI Paso, TX: Cedarapids CR-461 AntiSegregation 
Remix Paver with Cedarapids MS-2 Pick Up Machine 
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EI Paso, TX: Cedarapids CR-461 AntiSegregation 

Remix Paver with Cedarapids MS-2 Pick Up Machine 
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EI Paso, TX: Cedarapids CR-461 AntiSegregation 
Remix Paver with Cedarapids MS-2 Pick Up Machine 
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EI Paso, TX: Barber-Greene 260C Using an MC-330 with 

BG-650 Pick Up and BK Twin Pug Mill Hopper Insert 
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EI Paso, TX: Barber-Greene 260C Using an MC-330 with 
BG-650 Pick Up and BK Twin Pug Mill Hopper Insert 
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GROUND PENETRATING RADAR RESULTS FROM THE MTD RODEO IN EL PASO 

1. BACKGROUND 

1.1. Basics of Ground Penetrating Radar 

The Texas Transportation Institute s Ground Penetrating Radar (GPR) unit is shown in 
Figure 1a. This system sends discrete pulses of radar energy into the pavement system and 
captures the reflections from each layer interface within the structure. This particular GPR unit 
operates at highway speed (60 mph), transmits and receives 50 pulses per second, and can 
effectively penetrate to a depth of 2 feet. A typical plot of captured reflected energy versus 
arrival time for one pulse is shown in Figure 1 b, as a graph of volts versus time in nanoseconds. 

In Figure 1 b, the reflection Al is the energy reflected from the surface of the pavement and 
A2 and A3 are from the top of the base and subgrade respectively. As described in Section 1.3, 
these amplitudes of reflection and the time delays between reflections are used to calculate both 
layer dielectrics and thickness. The dielectric constant of a material is an electrical property 
which is most influenced by moisture content and density. If the moisture content for a layer 
increases, then the dielectric of the layer will increase which will result in an increase in the 
energy reflected from the top of the layer. An increase in air voids would have the opposite 
effect if the amount of air in a layer increases the energy reflected and the resulting dielectric 
would decrease. 

TTl has established a range of typical dielectrics for most paving materials. For example 
HMA layers nonnally have a dielectric value between 4.5 and 6.5, depending on the coarse 
aggregate type. Measured values significantly higher than this would indicate the presence of 
excessive moisture. Lower values could indicate a density problem or indicate that an unusual 
aggregate, such as lightweight, had been used. 

In this study plots of surface dielectric are produced for each of the Material Transfer 
Devices (MTD s) used in the EI Paso study. It is proposed that variations in surface dielectric 
are indicators of variations in the air void content of the top layer. For a homogeneous well 
compacted surface layer the dielectric plot versus distance should be a relatively flat horizontal 
line. Recent studies at the Texas Transportation Institute have found that sharp localized 
decreases in the surface dielectric are associated with areas of low density in the surface layer. 
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1.2. GPR Reflections from a New HMA Surface 

Figure 2 shows the reflection from a thin three inch thick HMA layer over a thick granular base. 
As the base typically has significantly more moisture than the HMA, there is often a large 
reflection from the top of the base. The amplitude of reflection from the top of the base is related 
to the moisture content of the base. However, with thin surface layers the reflections from both 
the surface and base reflections overlap. In order to measure the true amplitude of reflection 
from the top of the base, it is necessary to apply the surface removal technique developed in 
earlier studies at TTL In figure 2 the blue line is the raw data and the red line represents the 
reflections remaining after the surface is removed. 

, I I , I 

3 

I 

I _ 	 - ! 

~----~--~--~-----:~ I 
~ . 3 Ij 3 

~-i 1 ~i----i.!:'·;J·--S·-·-~-· ·--·------.-...... 

(~~~~¥·-2-·T6:~·-1-~~·~· ..--......------J 
I t ': I ". I 	 j 

Reflections Al and A2 are from the Surface and top of Base Respectively. The Red Line is 
Obtained After Surface Removal. 

Figure 2. 	 Typical GPR Reflection from a Newly Constructed Pavement Consisting of a 
Thick Granular Base and Thin Surfacing. 
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1.3. Computation of Layer Thickness and Dielectrics 

By automatically monitoring the amplitudes and time delays between peaks, it is possible to 
calculate layer dielectrics, layer thicknesses, and to estimate the moisture content of granular 
base material. The surface dielectric is used extensively in this study, it is calculated using 
Equation 1 shown below; 

(1) 


where 
Ga the dielectric of the surface layer 
Al = the amplitude of reflection from the HMA surface in volts 
Am = the amplitude of reflection from a large metal plate in volts (this represents the 

100% reflection case) 

The GPR trace can also be used to calculate surface and base thicknesses using the equations 
given below; 

(2) 


the thickness ofHMA layer 
(normally 5.9 ins/ns) the speed of travel of a GPR wave in free space (ins/ns) as 
measured by the system. For two-way travel this value is 5.9 inches per 
nanosecond. The speed as measured by the GPR unit can be computed using a 
height calibration procedures 
the time delay between peaks Al and A2 ofFigure 2 

1 
(3) 

1  [;J 
A 2 

1 

-[;:] 
where 

Gb = the dielectric of the base layer 
A2 = the amplitude of reflection from the top of the base layer in volts 
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Using the amplitude and time delay data presented in Figure 2, Al = 3.7 volts, A2 = 1.3 
volts, ~tI = 1.2 nanoseconds, and given Am = 9.14 volts. Calculate the following dielectrics and 
layer thicknesses: 

Using Equation 1, 

9.14 + 3.7 = 2.36Fa= 9.14 - 3.7 

Using Equation 2, 

5.9 X 1.2 = 3.0 ins 
2.36 

Using Equation 3, 

1 (3.7)2 (1.2)- 9T4 + 9T4
[€; = 2.36 

1 (3.7)2 (1.2)
- 9.14 + 9.14 

= 3.23 

€b = 10.4 

The computed layer dielectrics and thickness are shown in the box in the upper right hand 
comer ofFigure 2. The slight differences with those values calculated above is attributed to 
rounding errors. 

1.4. Relating the Computed Dielectrics to Engineering Properties 

The engineering properties ofmost interest to highway engineers are the air void content of 
the HMA layer and the moisture content of the granular base. Both of these impact the 
computed layer dielectrics. The computed dielectric for any layer is a function of the volumetric 
ratios of the components and their individual dielectric values. For example, the major 
components of a dry HMA layer are aggregate, asphalt, and air. For a granular base the 
components are aggregate, air, and water. The typical component dielectrics are tabulated 
below: 

Material Dielectric 

Air 1.0 

Water 81.0 

Aggregate 5.5 (range 4 to 8 depending on rock type) 
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Asphalt 2.2 
Therefore, the addition ofmore air to a HMA surface layer will cause a significant reduction 

in its dielectric value. Consequently, the addition of moisture to a granular base layer will cause 
a significant increase in its dielectric value. Continuous surface and base dielectric plots can be 
computed from a GPR survey as the vehicle passes over the newly constructed HMA layer. A 
typical surface dielectric plot from a newly placed Type B material which contained visual 
segregation is shown in Figure 3. The sharp decreases in the surface dielectric were correlated to 
segregated areas in the new mat. 
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Figure 3. 	 Surface Dielectric Plot Obtained on a HMA Layer which Contained Truck-End 
Segregation (Type B Material, IH 20 Odessa). 

The relationship between surface dielectric and H11A air voids was studied extensively in 
Finland in the early 1990s by Timo Saarenketo of the Finnish National Roads Administration. 
As part of these studies, a laboratory test was performed to relate the surface dielectric measured 
with a probe to the air void content of the material. The researchers performed tests on both 
laboratory molded and field samples. Figure 4 shows a typical set of results from the laboratory 
samples. There is scatter in the data but it is noted that the results are for a range ofmixes with 
different aggregate types. The work of the Finnish researchers found that the exponential 
relationship shown in Figure 4 is reasonable for both field and lab samples. 
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The conclusion from the earlier studies in Texas and Finland is that the air void content of a 
HMA layer is directly related to that layers surface dielectric value. This will be evaluated 
further in the section 3 and 4 of this report. 
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Figure 4. 	 Laboratory Test Results Relating Air Void Content of HMA Samples to 
Measured Dielectric Values. (Saarenketo 1996) 
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2. DATA COLLECTION PLAN IN EL PASO 

Photographs of the GPR equipment used in the EI Paso study and the test site layout are 
shown in Figure 5. The aluminum foil shown in the top photograph was used to ensure that the 
same starting location was used while perfonning mUltiple passes over the section. The lower 
photo shows the start location of the lane paved with the Lincoln MTD, the center lane was 
paved with the RoadTec device and the inside lane used the Barber-Greene MTD. 

Figure 6 presents a single GPR trace from one location from the Lincoln section. The 
pavement structure originally consisted of several inches of HMA over a flexible base. Prior to 
placing the new material the section was milled leaving a variable thickness layer of old HMA. 
The nominal thickness of the new HMA layer was 3 ins. From Figure 6 the reflection marked as 
Al is from the surface of the pavement, the two peaks to the right of the surface reflection are 
reflections from the top of the old HMA layer and the top of the flexible base. The box in the 
upper right corner shows the measured amplitudes and time delays between peaks as well as the 
computed layer dielectrics and thicknesses. In evaluating the unifonnity of the HMA surfacings 
it is the variation in the amplitude of surface reflection which is of prime interest in this study. 

GPR testing of the experimental sections was conducted in two phases as described below; 

.!2 Density Control Locations 

For each MTD the Texas DOT selected 6 locations to perfonned field density 
measurements and to take validation cores. These were locations where either the paver 
stopped or where segregated areas were visually apparent in the mat. At each location a 
series of nuclear density measurements were perfonned over a distance of approximately 60 
ft and three cores were taken for lab testing. At each of these sites a GPR survey was 
conducted while traveling at 10 mph over the site with a GPR trace collected at 1 foot 
intervals. Markers were placed in the GPR data file to denote the beginning and ending of 
these test areas. A comparison of the GPR and lab densities is given in Section 3 of this 
report. 

~ Multiple Passes of representative sections 

The GPR provides subsurface infonnation from a longitudinal strip ofpavement 
which is about 8 inches wide. To gain infonnation on the variability of these mats in the 
transverse direction multiple passes were made over representative section placed with each 
MTD device. Sections approximately 1490 ft long were selected. GPR data was collected 
at 5 transverse locations (outer edge, outer wheel path, middle, inside wheel path and inside 
edge). The results obtained are presented in Section 4 and in the Appendix to this report. 
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3. 	 CORRELATING GPR SURFACE DIELECTRICS WITH MEASURED LAB 
DENSITIES 

Figure 7 shows the computed surface dielectrics from one of the 60 ft long test areas 
selected by TxDOT for nuclear density measurements and coring. This is from location #5 (Sta. 
185) for the section paved with the Lincoln MTD. The 3 coring locations are marked in figure 
7. At each core location the computed surface dielectric and measured lab density (lbs/cuft) are 
given. The trend is that as the HMA density decreases the computed surface dielectric decreases. 
This is consistent with the discussion presented earlier in this report. 

Figure 8 presents the correlation between the computed surface dielectric and the laboratory 
determined densities for the Lincoln MTD section. Again the trend is promising as the surface 
dielectric increases the lab density increases. The shape of the curve is reasonable, the 
relationship appears curvilinear heading towards an asymptote on the density scale. 

The results shown in Figures 7 and 8 are the best documentation available evaluating the 
relationship between the computed surface dielectric and measured lab density. More work is 
needed in this area. There is some scatter in the data which may be partially attributed to the 
manner in which the data was collected. The GPR data was collected while traveling over the 
section at 10 mph, and placing marks in the data file noting the start and end of each section. 
The core locations were estimated from the offset distance provided by TxDOT. Therefore there 
may be some inaccuracies in exactly matching GPR data to the core locations. 
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4. SURFACE DIELECTRIC PLOTS FROM DIFFERENT MTD'S 

Representative surface dielectric plots from each of the 5 MTD's are shown in Figures 9 thru 
14. Note two different Barber-Greene sections (Figure 10 and 11) were established and tested. 
Each section was approximately 1490 ft long and the distance scale is shown as the x-axis in 
each figure. As discussed earlier, sudden localized dips in the surface dielectric have been found 
to correlate with areas of segregation. Therefore the quality of the mat is judged in tenns ofboth 
the overall variations in the surface dielectric and the absence of sudden dips. 

Based on this criteria the best perfonner was the RoadTec MTD shown in Figure 12. The 
plot shows some variation in dielectric but no major localized dips. The high dielectric measured 
in the middle of the section should be ignored, it was attributed to a thin piece ofmetallic foil 
placed on the surface of the pavement for the profile measuring equipment. The next best 
performer was Barber-Greene 1 shown in Figure 10, which had a major problem area at one end 
of the section but this was a transition point between MTD devices. A few minor dips are 
marked on Figure 10. The performance of the other 3 devices (Lincoln, Cedar Rapids and Blaw 
Knox) was judged as inferior to the RoadTec MTD. The surface dielectric plots shown in 
Figures 9, 13 and 14, all show major periodic dips in the surface dielectric plots. 
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Figure 10. Surface Dielectric Plot of BARBER-GREENE 1 MTD. 
(Note: Very low values at start of section, this was a transition area. Dips marked throughout section). 
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Figure 11. Surface Dielectric Plot of BARBER·GREENE 2 MTD. 
(Note: Periodic dips marked, 1,2, etc.) 
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Figure 12. Surface Dielectric Plot of ROAD TECH MTD. 

(Note: Absence of any localized dips indicating uniformity. High value in middle of run 
associated with metal foil strip on surface) 
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Figure 13. Surface Dielectric Plot of CEDAR RAPIDS MTD. 
(Note: Regular dips in lot, marked 1, 2, etc.) 
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Figure 14. Surface Dielectric Plot of BLAW·KNOX 1 MTD. 



5. 	 CONCLUSIONS AND RECOMMENDATIONS 

1. 	 Based on the laboratory densities there appears to be a good correlation between surface 
dielectrics computed from the Ground Penetrating Radar reflections and the laboratory 
measured core densities. As expected from theory low surface dielectric correlate to low 
density. 

2. 	 GPR with its ability to rapidly scan an entire section and provide continuous results 
provides a very promising tool for quality control evaluations ofnew HMA surfaces. 

3. 	 The quality of the HMA mat can be related to the uniformity of the surface dielectric 
plot and the number of segregated areas can be estimated from the number of sudden 
localized dips in surface dielectric. 

4. 	 For the mix used in El Paso the RoadTec MTD is judged to provide the most uniform 
defect-free HMA layer. 

5. 	 The Barber-Greene MTD provided reasonable performance on the first test area (Figure 
10) but poorer performance in the second area (Figure 11) 

6. 	 The other three MTD's ( Lincoln, Blaw-Knox and Cedar-Rapids) were judged as inferior 
to the RoadTec device. 
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Appendix 1 


SURFACE DIELECTRIC PLOTS FOR ENTIRE LANE 


As discussed a total of 5 longitudinal passes were made over each 1500 ft by 12 ft test 
area. In order to present a"birds-eye ll view of the potential problem areas a color coded plot 
was developed. These are shown in Figures 15 thru 19. Each figure shows a plan view of the 
test area. It is a composite of the information collected in each of the 5 passes (outer edge, 
outer wheel path, middle, inner wheel path and inner edge). In each Figure the red areas are 
locations of reasonable dielectric, the low dielectric areas have different colors. The lowest 
dielectric (lowest density) are the areas colored blue. 

Each Figure is discussed below; 

Figure 15 Lincoln MTD 
The low dielectric (low density) areas line up across the mat. The low density area are at 
approximately 100 ft spacing. This appears to be the classical "truck-end" segregation 
pattern. 

Figure 16 Barber-Greene MTD 
This data was collected in the East to West direction. The major defect is at the 
beginning of the section, this is actually a transition areas. The other problem area was 
in the inside (free) edge of the mat. 

Figure 17 RoadTec MTD 
No major problems. Minor problems found in on one edge. This appears to be the most 
uniform section in the study. 

Figure 18 Cedar Rapids MTD 
Problems mostly on inside edge and in the last few hundred feet of the section. Towards 
the end the segregated areas cover the full width of the mat. 

Figure 19 Blaw-Knox 
Major problems in many areas, particularly in both wheel paths. 
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APPENDIX-D 


IMAGES FOR EVALUATING THERMAL CAMERAS 
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IMAGES BY INFRAMETRICS THERMASNAP 


Location 1 


Area1 
Mn Wean Max 
135.7 265.8 291 .1 

Location 2 


2m.0 

151.0 

100.0 

Mn Mean 
143.1 271 .0 
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IMAGES BY INFRAMETRICS THERMACAM MODEL PM-280 

Location: I-lO, Exit 55 East Bound, EI Paso Texas 
Paver: Barber Greene 260C, lOB Extendable Screed 
MTD: Blaw-Knox MC 330 with Mixing Hopper Insert 
Mix: Type 1 Binder, 1 Y4" Stone 
Paving Width: 15' Paving Depth: 3" 
Haul Distance: 30 Miles, 45 Minutes 
Date: October 22, 1999 

Location 1 - Test 1 Test 2 

Location 2 - Test 1 Test 2 

Location 3 - Test 1 Test 2 

*Where line passes across the target shovel, temperature readings will read "0" because the target temperature 
is less than 210 degrees 
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____ 

IMAGES BY IR SNAPSHOT MODEL PM-525 

Test 1 

F 

POC2C2 SI 

Info: 

_ c",s : 1·1 ~' 

Data : 
Max M n 

~2~8~2~2~______··7~ 

Comments: 
~~~~~~ ________ Pav_l ~~ee~d_:__4~O_F_PM_______S_lopped ~_!i 

Ambient at 7 30 am 44 deg rees F _________~"'---__ 

ed ..J Win drow_length 

320 

4L-'-----_-'---'---"-'~_..r WI de 
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Test 2 


~00203 1SI 

In fo: 

Data : 
Std Dev 

i~5~8_ _ _ ~ 

Comments : 

320 
Oth e~pen ~xt u re_d_m_a_l _____ _ 

J Windrow Len th 

Am~len { at 7: 30 am 44 degrees F wind N 5 le ft to ri~ t acro ss wtnd row 

Type A m ix 3" e l h 14' wide 

~~ I j • 1 .~ 

133 



____ 

Test 3 


~OC2 4 lSI 

Info: 

Data : 
f Laber Emissivity Std Dev 
,---I..;;;;.~_,_ J 33 2238 _ 

Comments: 
ic:..::ure,-:-/l : 2..::.~- ____~ ---~-Lr~ h__P..:..: t ;:.:...: :.:.:c=-02 ~- --____ pav in S eed : ~OFP~_ Sto ed J T IIl!~~opp~d _.1 WI draw Le..'!.....t_____ 

Estimated Se ee£l . 5-40 RPM 
340 320 

1 ) _ - _, ,_, "I( !\M 1 ,;1 1 
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----- - -------- - --- - -

Test 4 


Info : 

EI P3 5C· 1- 1 C 

Tar at 

Data : 

Comments: 
--'-c..::...:=-=:--.:...:= =--".___ _ _ .:......::.~~::.c..::=_=~_~~p~ _ ~ ed ,.J Time Sto 

Estimated S eed : 5-40 RPM 

ht across wmd row 

ed.J Windrow Len~ 

320 
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Test 5 


F 

PC02:)6 ~I 

Info: 

Data: 
I Label 
I L ' 

Comments : 
.........:...P...:..:ic:..:t..::: re ,;:.:: O2____ _ -L....:.P...: v..:.: ee =-:.-...:..=-:....P~__....::..::===----=---.:...;.:...:..:..=--=~c: c:..:e th
u.:...::....;.:.:2:.-=..::: a:...: rn..:..:L..:::S==-d : 4 OF :....M :..:d=__ ...1 W rnd row Len 

Head o f Material: 
Estimated S 

.L.L-"---'---'----..:..:.:......:3...:..··....;d:...:..epth 14' w...:..id= e

eed : 5- 40 RPM 
340 Tern 320 

Other: a en tel'tured mat 

wind III 5 le ft to right acro~s windrow 

_ __ _ =---______ 
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Test 6 


iR J0207 I"'" 

Info: 

Data: 

Comments: 
, Picture ' :202 Pay," Seed: 40FPM StoRP~_~ Tim e Sto ed..J Wi ndrow Leng~ _ 

Head of Material : ' ':1 Auger. 
d : Erratic.J Estimated S eed : 5-40 RPM 

h t across wind row 

320 
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IMAGES BY FLIR AGEMA MODEL PM-550 

EI Paso, TX: Barber-Greene 260C Using an MC-330 with 
8G-650 Pick Up and BK Twin Pug Mill Hopper Insert 

Temp Profile of lI02 

300 - - - - - - ~ - - - - - - - - -
----------, r~ -

Temp Profile of lI01 

=0----~ 

L 

INGERSOLL-RAND 
CONSTRUCTION &.. MINING 

Image Number: 


Shovel Front 1 


-
10/22199 

20 

Temp Profile of lI03 

Cursor Temp Max Temp Min Temp Avg Temp 

LlO1 -LlO2 
~ 

LlO3 
~ 

SP0 1 

133.6 ~ F 

13J.3"F 

144.S:F 

166.2°F 

296 S 'F 

293.2"F 

29S.9" F 

131.5"F 

1315 ' F 

144.8 F 

269.0"F 

27 1 . 0 ~ F 

287 guF 

Summary:_ ___ _ _ _______ _ ___ 
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- - - - - - - - - - - - - -
--- -

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

EI Paso, TX: Barber-Greene 260C Using an MC-330 with 

BG-650 Pick Up and BK Twin Pug Mill Hopper Insert 


INGERSOLL -ftAND 
CONSTRUCTION ~ MINING 

Image Number: . 

ShovelSide 1 

10122199 

Temp Profile of Ll01 Temp Profile of Ll02 Temp Profile of lIOJ 

200 

100 --  . - - -.- - - - - -

200 

00 - - - - -1- - - - - - - . - - 

200  J ~ --~~ 
1 00 

Cursor Temp Max: Temp Min Temp Avg Temp 

L1Dl 

'Li02-Ll03 -SP01 

273.8 ' F 

159.6"F 

274.4"F 

265.6'F 

2n.5 ' F 

273,3"F 

274.4"F 

260.1 ' F 

158.r F 

260.0°F 

270 .4~F 

258.2"F 

268.0"F 

Summary:_ _ _ _ _ ___ _ _ _ _ ___ _ _ _ 
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EI Paso, 'TX: Barber-Greene 260C Using an MC-330 with 

BG-650 Pick Up and BK Twin Pug Mill Hopper Insert 


INGERSOLL-RAND 
CONSTRucnON &. MINING 

Image Number: 


Shovel Front 2 


10/22199 

Temp Profile of L101 Temp Profile of Ll02 Temp Profile of L103 

300[ - -_-_- ----~~~., ._ ".~ -__ -"""'_/ _,J 

200 , - - - - - - - - - . . 200 - - - - - - - 

~_J
I 

Cursor Temp Max Temp Min Temp Avg Temp 

L101 
~ 

L1 02 
~ 

LlO3 
"'
SPO 

144.6°F 

284,9°F 

283,9"F 

280.5' F 

294.0°F 

297.8°F 

294 .9°F 

t38.1 cF 

270,8°F 

268.2°F 

251 1°F 

285,1 ' F 

284.5cF 

Summary:_ ____________ ___ _ 
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EI Paso, TX: Barber-Greene 260C Using an MC-330 with 

8G-650 Pick Up and BK Twin Pug Mill Hopper Insert 


Temp Profile of Ll01 

00 -.-----,--- ----, 

200 - - - -

Temp Profile of Ll02 

300 ..--~------, 
-~II~ 

INGERSOLl-RAND 
CONSTRUCTlON &. MINING 

Image Number: 

ShovelSide 2 

10122199 

Temp Profile of Ll03 

\ 1 
200 - - - - - - - - 200 - - - - - - - - -

Cursor Temp Max Temp Min Temp Avg Temp 

LlO1 

~ 
li03 
!-

SP01 

274. T'F 

1 8L5 ~ F 

283.0 G F 

2 76 . 8 ~ F 

283.4"F 

283.8 F 

2862"F 

268.5 ' F 

172 . 8 ~F 

270.S-F 

276.TF 

2719°F 

279.4"F 

Summary:_____ _________ _ _ _ _ 
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EI Paso, TX: Barber-Greene 260C Using an MC-330 with 

BG-650 Pick Up and BK Twin Pug Mill Hopper Insert 


INGERSOU~AND 
CONSTRUCTlON ~ MINING 

Image Number: 

Shovel Front 3 


10/22199 
---l 

Temp Profile of Ll01 Temp Profile of Ll02 Temp Profile of lI03 

300 ,~~-~~ 

1 

200  - - - - - - J - - - - 
il '/ 

, 

200  - - - - - - -
-i 

~_-L-_ _ _ . _ 

Cursor Temp Max Temp Min Temp Avg Temp 

L101 

r-uD2 
r--

LlO3 
'---

SP01 

14S.6°F 

283.8"F 

276.6°F 

278.5»F 

285.T'F 

291.0°F 

294.rF 

145.1°F 

148.3"F 

268.1 ·' F 

25 .O"F 

2 1.6"F 

286.2°F 

Summary:___________ _____ _ 
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EI Paso, TX: Barber-Greene 260C Using an MC-330 with 

BG-650 Pick Up and BK Twin Pug Mill Hopper Insert 


INGERSOLL-RAND 
CONSTRUCTlON ~ MINING 

Image Number: 

Shovel Side 3 

-
10/22199 

Temp Profile of Ll01 Temp Profile of Ll02 Temp Profile of Ll03 

200  - - - - - - - - - ~)  - - - -

Cursor Temp Max Temp Min Temp Avg Temp 

LlO1 
f 

LlO2 
~ 

LlO3 
~ 

SP01 

280.3°F 

281.3"F 

273 .0"F 

269. 7"F 

286S'F 

290.8°F 

284.1"F 

'70 . 8 ~ F 

186.0°F 

1840"F 

270.1 "F 

274.3G F 

272 .0"F 

Summary:________ _____ _ _ _ _ 
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APPENDIX-E 


BARBER-GREENE EQUIPMENT 
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• STANDARD FEATURES AND BENEFITs 

SWing outJrontsupp~rt wheels with hydraulic height 
adjustment to control pickup head.height. 

Foot shaft mounted combining ·augers (737 mml29 in. 
diameter) provide a wide throat (2997 mm/IIB in.) 
for pick up of off-center and extra wide windrows. 

High capacity slat conveyor, with 1473 mm758 in. 
wide by 178mmJ7 in. deep slats mounted to roller . 

Page 7105 
Release 102 

WIDE THROAT 
WINDROW ELEVATOR 

• Cat® 3054DIT Turbo-charged 
Diesel Engine woo............................... 80 kw/107 hp 

• Overall Length .•..••...•••.•.•••••••.••. 42S7mm/14 ft. 0 in. 

• Overall Height (with exhaust) •....• 2946 mm/9 ft. 8 in. 

• Travel Width .• u ..... _ ••••~•••••••••••••• 3099 mm/10 ft. 2 in. 

the windrow and to minimize vibration. roller or truck hitch. 

flight chain, provide long life and low m.aintenance. 

A clean wheel path for the paver is maintained by, 
height adjustable~ scrapers mounted behind the 
. combining augers. 

Swing up towing;frame with pintIehook. 

Three point suspension allows machine to closely 
follow road contours. 

Break-away scrapers protect machine against acci
dental damage from obstructions in roadway. 

Front idler design provides a high, rearward directed 
slat entry into windrow to help propel the.unitinto 

• Operating Width.•....•..•...••...•••.... 3150 mm/10 ft. 4 in~ 

• Weight ••..••••••. u ......................... 1983 kg/11,600Ibs. 


Dual operating stations allow full control, at ground 
level, from either side ofmachine. 

1905 mml75 in.• conveyor. discharge height for full 
paver hopper loading. 

Easy attachment to paver without removing push 
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The Model BG-650 Windrow Elevator is a new 
generation ofwindrow elevator' that provides greater 
productivity and flexibility than previously available 
designs. This machine has the capability to handle 
off-center or wide windrows with no loss ofproduc
tivity. It can handle windrows laid by conventional 
end dump trucks as well as those laid by belly 
dumps. Steering and tracking is accurate, and it can 
easily and quickly be re-positioned on the job $ite~ 

• Engine 

,blies. Caster wheels pinned for towing. Front casters 
mounted to swing arms, allow unit to be loaded on 
24:38 mmlS ft. trailer, or spread to 4318 mml170 in. 
(track) to clear wide windrows. 

• Hydraulic Drive System 

Varillble displacement pump is direct connected to 
tbe  eiigine and drives a fIXed displacement hydraulic 
motor directly connected to conveyor head shaft. 
Gear-type pump provides hydraulic pressure to 
suspension syste·m . 

• ControlsCaterpilla:r® 3054DITturbo-charged. four stroke! 
c;yc1e diesel engine with four cylinders, 100 mm/3.94 
in. bore, 127 -,mm/5.00 in. stroke-and 4;Oliter/243 
cu. in. displacement. Gross horsepower @ 2200 rpm= 
80 kw/107 hp. 12 volt electric starting system with 
115 ampa]temator and one 12 volt battery. 176 1/40 
gallon fuel tank. 

• Elevating Conveyor 

Inlet opening is 2997 mml118 in. wide. -ConveYQr 
slats are 1473 mml58 'm.wide by 179 mmJ7 in. deep. 
Discharge height is 1905 mml75 in. Front idler 
design provides a high, rearward-directed slat entry 
irito the windrow to help propel the unit into the 
windrow,and minimize vibration. Flight chain is 
heavy-duty r:oller bl,lShed. Replaceable abrasion . 
resistant liner. Heavy-duty head and tail shafts 'with 
heavy-duty anti-friction bearings. 

• Suspension . 

QEHQ9362 

Control panels on both sides ofunit include: Emer
gency stop, engine throttle, conveyor on/off, hy~ 
draulic raisellower front and rear wheels. Engine 
instrument panel includes: Oil pressure gauge, 
water temperature gauge, voltmeter, fuel gauge, and 
hour meter. 

.Hydrauli~ - lift system _ 

Hydraulic cylinders raise.and lower rear caster 
assemblies together and front caster assemblies 
individUally. 

• Swing up towing frame 
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BLAW-KNOX EQUIPMENT 
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• 

The Me-30 Mobile Conveyor is aseU-PTOpellerl. 
wheel mounted. bulk material handling/delivery 
syslemwilh a built-in surge storage capacit} of 
approximately 3D tons (27.2 T). Aproven econom
icaJ alternative to current methods and equip
ment, the Me-30's application potential includes 
in-line or offset paving. road widening and milling 
operations with either bituminous, aggregate or 
concrete materials. 

FunctlOnmg as a matenaJ tender 10r hot mix asphalt 
paving,operatIons. the MC-30 has proven to reduce 
fl1,Herial hau li ng cost and Incre.ase paver laydown 
productIOn ail while improvmg the o\.'erall quality 
and smoothness of the new asphalT pavement 

Standara end -dufllp haul units deposit matenal into 
the trom receiving hopper 01 the MC -30 This mate
nai is then tiansporte<:l, undisturbed. rearward via a 
high capaciti. live bottom, belt conveyor to be diS 
Charged as required tor smooth. continuous. tmjis 
turbed operation of the paver pertormtng the 
Jaydown operatJOIl . Malenal discharge IS direct 
trom the rear or. WIth the addition of the optlonal 
rear swmg conveyor. at any pOInt up to a 90'" angle 
on eitller sIde 01 the unit. 

Wid th-Overall ( ~lOppe r sIdes lJP) 

Wldtr)- Overall (hopper sides down; 

Gage Width {center to center 01 drive vi t1eels ) 

Wheelbase . . 

Turnlilg Radius (insIde It 

Loading Ramp Angle . 

Lengttl-0verafl (siandard rnachme) 

Length-Overall (w !optlOnal swmQ conveyor retracted ] 


Length-DveraH I'N:opltOnaJ swmg convey-or e:x1ended : 
Height-Overall iupper conveyor sides rernoved' 
Height-Dveral! iupper conveyor sIdes Irlstailed.l 
Ground Clearance-Main Conveyor 
Ground Clearance-Optional Swing Conveyor 1max t 

(min . ~ 

Weight-Total (standard machlne l . ' 
Welght-lotal lW/optional swing conveyor) 

. 10 ' Jj8~ (3.08 ffi j 

10 '6'/1\- (3.20 m) 

95" (2413 mm) 
256" (6502 mm) 
, 34 '4" (985 rn) 

, . . , 12' 
40 ' O~ /12-19 mt 
48'6" (14.78 m) 

56 '10" I 17 32 r . 

jO' 9~ 3 28rr~ 

12 4 376 rn 

; '6 .2.29 ir 


l OT 307 m 

8 ' O~ '2M n 

43000.:' (19.545 kg 
5~ 10011' (24.590 kg 

KEY FEATURE COMPARISON 

Improves the Quality and Smoothness of Hot Mix Asphalt Pavements ....... . 

., Elimrnates :ruc~: contacVbumptng of the p<lVer 

. ' r~on-stop operatIon produces a more consistent flow or materia! for 
smoother , more uniform pavernents 

• 	The undisturbced 1ransler of matena! from the haul unit to tne paver helps 
eiimlnate mix segregation . 

• 	Optional Mixer/Agitator fe-mixes paving matenal to minimize end-oHoaa 
segregation 

.. Ootlonal TWirl Pug Tub V1f1ua!l ~' elIminates an rnatenal segregatiOn. 

t. Pra!t:cts new or tack coated bases by receiv Ifl9 and deiiverinQ pavlJlg 
matenal from rhe adjacent lane. 

Increases Pavtn; Productions ...... ... .. .. " .. ....... ... ....... .... ..... ... ...... ... . . 

FeedS mix to paver as reqUIred to produce a cominuous , non-stop pavlflQ 
O ~l eratlOn 

• 	 nfi rliteJY vanaole dIscharge rate uo to a max imum of 32 tons (29 T) pEr 
rn lfl ute 

Reduces Material Hauling Costs .... ... .... .. .... .. .. ..... ..... .... .... _." ..... ... , 


• 	Cycles trucks quicker" .reduces total number of trucks reqUired b~i up to 25" , 

• 	Perml1s the effIcient use 01 larger tracKS, 

• 	Eliminates truck waiting bottleneck at rile paver 

• 	 Provides an on -site malenal surge storage capabill t, ~.; t 3G ton : 
(27 2 TJ .. 50 tons {45.4 T) uSIng the optIOnal pa I~r hopper insert 

An AJte,mative to Current Methods and Equipment.. .... .... .. .. ... .. ...... .. .. .. 


• 	Simplicity In design employs field prv /eo componentry to~ Qcat? eil3 blirt';i 

• Fewer moving parts reduce malotenance tlmt:'& OS t.s 

" Better operator viSibility tore & aft 

• 	Co rnpact Width renders easIe r. saier op eration In irJHiC 

• 	More ftotation better ITJaneuverablilty 

Eas. Sef\/fc€ access to all systems 

New COf1vt.: .... or t;Ol1l1qufati on reduces cleilr: - p til It' L 30 r trlul e: leS5: 
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Engi,ne: Cummm~ 6 cyundH turbo-charged diesel mOQ,eJ 6B'" 5,9 359 cutw' 
Inch ( ~ 88 U dIsplacement. 150 "11/ ,113 kWi 11. 2200 rpm En~l\ne I~ equippec 
WIHl an Otl cooler replaceuhle Oi filter and renlaCeal)te JJr cleaner element 

Cooling System: 26 ..,ts i25 Li 

Fuel System: 50 gaL (189.2 :.. ) luei tmk ,,·;rttl rr2placeabit litter pco'lfldes an 
onbOard diesel juel sUllply for the engine and pressunzed '....ashdowT' system A35 
fl O 67 ,1) ..•... ashdown hose viith spra·.' valve/nozzle, mounted 0 11 a S€1t-stanno 
spong retracting hose reel is standard - -

Etectrical System: 12 volt negative grounc NIH 105 amp illtemat 'r WIring IS 

"alar coded, nUr.1bf' fmpregnated a .c! h1rness wrappe !fl pOiVefhl"ien€ looms. 
fr. f rna.X111 um our-abilitv and eas/ se""v' ctng Ail :ircult.: tie to 8 ceniral eas~/ 
C . ' 55 ! nction box equlpp~d \'lltt: alit matlC reser IfeUll breakers 

Hydraulic System: 42 gaL 1,159 L reserli ur; capacit : Pnmary !i!trat.ion IS 

accomp!i,shed ...·ilth 5,0 micron vanable depth "FibergIJ' • fi tlers o. thE suction 
Stdf 'f the traClton and marf'l cOfl'\'e/o t1nve pumps Secondari filtration is 
accomplished wrtt', 100 meshl strainers on the suction sHle of the QenerJ pur
;Jose and auxtl!Jr.' dr;ve pump cirCUIts • 

Traction Drive: An electncall' controlled, varrabl€ o!splacemem nydrostatlt. 
purn , d lVes a ftxed displacemem hydrosta1ic: motor v;hlch in turn dnvt!s an 
elect flc over tViorauiic 3-speed reduction transmiSSIon wnnecred to a! electn· 
l-any s!llfted 2-speed difterenhai axle There is no neutral position iii tile 3-speeo 
r ed tlctlOC~ transmiSSion SlClce the efectnc''hyaraulic shift arrangemem has on~; 

-. :.. - ---- .... -- ......... ",.... ,. "'Iri.+ ... 11 t.,.."ot:" U,,...h ~trunl1th In/or <:"),~·lt· f(Hl~f 


low RanQeJLo .AxIB ,o-- 1~1 tpm 43.0 r 101 m 

Low Range/HI Axl 0-1961pm598 m/ml 
Mid Hange/L Axle Ow294 fpm (89.6 Hj"nWi 
Mid 'Range!H! Axle O..409fpm ~ 12~ ,i m : ;-:W1 

HIgt! Range!Lo Axie 0-10 .... 1l1flh 17 ! kl'il rl ( 

HIOt1 R;H1qe ;H, A:x:1~ 1}-14 7 rnptl 123 5 ~,jq ri 
Re-ver~E; , Full ,e',:e;sp Jr. Jnv 01 r IC' IX sPt> d Irano ~ 

,A bac~ -tj p aiarrn ; 

Rear Suspension: FOUl 16 00 '{ 2.:.: neav,'-(llll ~ G? Oi Ct (je: 'il e: I n1ii! t... , ;~ 60 -6 
DS! 1.!48 KDa , 

Front Suspension: FO!.i! "t e ~:1 ,bit; - (lilO fllO lei i ' : ~d :; · . ~J\"b l '.J i '-I ' 3C' 
rnr:;', wide :~ ??" (559 mm' d ~3m e tei ! on: , 11 (1 !I:; ·1 -l ( 3 ,~ f mrn I .., III .,' L. 
(559 !11CT1 I dli:Hneter fear] 11100JTJlec1 or {H~ o nSCi : . n{]en ' rmqw :ra. t - iWi 
maclllrH~ ',veigh! :S Droporhonall\' '.:lop lit 40·60\' betwe(~n rl ;\~ ~ ()ll t Jrld f r,:;;r s~7 
of bOCies fl r aptJrnurn \'.' ICl hl dIstribution, Tie roO ;/{nctHot)c , ' ", It cle r. ,- !l 

on e3{;t l Ide) arp olmted r 'the u t51(j v f !Iii; bOIl.:' ! ~ : n , iV' S\, ('8f .' Ie:f 

ilCCe!~, 

Tile main coniroi console located at trle len side control slatlon, ser.... es .J_, ;t 
main electrical Juncnon bo)( .A.ddl!lOnaJly, operator conirDl: reterence f 
\ettirigllt console selector S'/itch. tachometer/hour meter, parklnQ Dra v,cI 
mgllght and LCD mstrum€nt readout "'11th warning iightlor engme oil pLeSS 
and coolant temperature, hydraulic 011temperature and voltmeter are locat .el l 
this main console, On-off control of the optional generator set lS also inc,1uri. 
if 1he unit is so equipped , 

Brakes: Prima~y nrakmg is accompiislled througl1 thE: (Iynam,cs 0' the hydr 
static tractIOn drrve system, Foot actuated. hyclrau"c caliper fdlsr S"C nOJ 
brakes. mounted on the output ends of the axle prov,lde sccOJHiar: ..'ba • - ! 

brake control. An mdependent SPTlrlg appned oZlrkmq brake IS automatiC-a 
actuated '.'Jhen the i.grutlOn switctl I!) tumed ott (J! elee!JJCJi Dower I lost T 

parkmg brake can 31so be manuall\, appliea 'IJ ('11 A rt ! al SWltCr. on llr 
operator's contro consolE: 

Front End: Cnoire oj eltot~f::: OSClHalll1Q Pusli RoHer ~ or TruCK Hi1C , 

Oscillating Push Rollers: Two bearmg equlppt~d push (ollpTS rnounte(\ ~,t' 
11 i 75' (2839 mrn ..... ide. osclllating frame: cmnpensates tor mrnordlrectlo: 
mtS<llignment of the truck \';Ith the Me-3D. 

TrUCk Hitch: Twoo beanng equipped push foliels rnOllriWa on an oscil13n 
frame with electric./hydraullc actuated roller eqUIpped clamp arm .... :.jlJiCkIY qn 
and secures atruck in proper ,attitucle for unloatilnq matenalmto ttp rnactw 
hnrinPr. ~llt()m;'ltlr";lll-\: COI11Ilens.ltes lor bu!tl nW:OI latera: dno rlH'Cctioi 



Ma.<Hnum Arm OpenIng . 130" (3302 mmj 
MHlImum Am' Qpenm 72" (1829 mmJ 
Degree ot SWIvel !Bc 
Inft from Center (fl9ht or letn 12~ {305 mm} 

Al10maticall ' SeI1-Centenng 

Hopper: 14 ton ,125 T) 1225 ft '5.4 m- struck] CdpaClty hy{UJUhcaUyfotdmg 
sides With Tivar polymer retaIning lP Ad!ustabie side eXlenSIOrlS are DflZJVlded 

If1crease hopper capacIty an{1,pre el t lde spill ovef 

TUCI< Entry Wiatt; . 120" 13048 mm) 
T lJ ~ Dump CJel r3 n~e 26" {' 66t) mml 

Main Conveyor: Hea' a ,d Gil reS!$taril r~iJDe' :Je11 anaCi1tG to sreti cross oatS 
w!1~ch Hi tum are. • ','eldeo ro soeclal 'eat trealeei steel roller c' larn equipped witt! 
::n automatiC lube s'/stem 

Be!! WldHI 6{Y i1524 mm) 
Be ! Thh..kness -fr " (10 mm) 
S,ce Helglll 19~ /483 rnn~, 
Angle Of Inchne 15" 
Speed~ Iin~iOlteiy varIJt)ie) G-61 fpm 118,6 mm:n} 
Discharge Rate up to a rnaxrmwr: of 32 tons (29 T) per mmute 

Neoprene HaShing, along ODin sides of the conveyor bell retards m~tena) 
migratIon : ~to the mtenor of me convtyor structure Two easrf'!" remo'.rable trays. 
located under the main conve" or. shield the engme and dnve componentry from 
an\! matena! CJrr~~over and provide for (Wick easy clean-out at arw mal.enai 

accumufatton. Access doors. ioeated alClng both Sides of me wn.... c'{Of structu 
facIlitate QUick easy inspectIon and ser.ticmg o~ me conveyor Hack a~ld hali!' 

Main Conveyor Drive: Indepencent. ~anab ie speec hydIOSttltll:; drive ire,. 
electncally controlled . variable dIsplacement pump lnrougn oua; orbital mote 
and planetary lrna! reduc!lOr. drives on the upper convevo~ shat1. power -' tht ; 
bottom conveyOi either tor-....ard 01 re<:rw-ard On-oft operatlDrL speec ~nd d;rt 
tfon are comtrolled trom eIther operatOr's co, sole 
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Form 18197 (12/91) 

Cedarapids windrow pickup machine with John Deere 4039T lock, telescoping pintle hitch, adjustable-length paver 
engine, direct variable hydraulic elevator drive, hydraulic attachment and engine access platform. 
leveling, adjustable front scraper blade, rear whee'l caster pin 

Standard Features 
Dual elevator roller chains with bolt-on 'flights 
Variable hydrostatic drive with two planetary gear boxes 

and drive motors on head shaft 
John Deere engine 
High alloy floor liners 
Segmented head shaft sprockets and tail shaft idlers 
Reversible elevator to clear obstructions 
Double seal on head shaft gearbox 
Adjustable front scraper blade 
Rear wheel width allows loading on 8' trailer 

3-point suspension with hydraulic front leveling 
Super heavy-duty pivots, front and rear 
Solid rubber.front tires, pneumatic rear tires 
Quick-tach, telescoping style, paver attachment 
Pintle hook with telescoping pull hitch 
Elevator rear discharge hood removable for easy maintenance 

and service 
Engine instrumentation at ground level 
Optional field kit diesel spray down system 

ePodar:anidc 
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,~ ~~~~ -'<:'~: ',- -~ ~ ,;,."-:- -~~. - ~-~-: ~ .' ,:; i~ ~-~~:--

Cedarapids Inc. 916 Sixteenth St NE • Cedar RapidslA 52402 USA • Telephone 319 3633511 • Fax 319 399 4871 

CR MS-1 Specifications 
Weight (approx) ... _....•.............. ,. 16,000 Ibs (7258 kg) 
Capacity (max - theoretical) ...... 1586 tph (1440 tonnes/hr) 
Elevator 

Width ....................................... 72" (1829 mm) 

Bolt-on flights ........... 6" x 4" x 112" (152 x 102 x 13 mm) 

B1 roller chain ............................•.... 5.51" pitch 

High alloy liners ............................... %" (10 mm) 


John Deere 4039T engine ............... 100 hp @ 2000 rpm 

Front tires ..................... 18" x 9" (457 x229 mm) solid 

Rear tires .................................. 10.00 x 15 18-ply 


Design &specifications subject to change without notice. 

Rear wheel width allows loading 
on 8' trailer, both models. 

~-----------D----------~~ 

I CR MS-1 

A 
6' 

(1829) 

B 
8'11" 
(2718) 

C 
9'6" 

(2896) 

0 
11'4" 
(3454) 

, 

CRMS-2 

A 
5' 

(1'524) 

B 
7'11" 
(2413) 

C 
I 8'6" 

(2591) 

0 
10/4" 
(3150) 

CR MS·2 Specifications 
Weight (approx) ....... ~ ................. 14,500 Ibs (6577 kg) 
Capacity (max - theoretical) ...... 1321 tph (1199 tonnes/hr) 
Elevator 

Width ....................................... 60" (1524 mm) 

Bolt-on flights ........... 6" x 4" x %" (152 x 102 x 10 mm) 

B1 roller chain ................................. 5.51" pitch 

High alloy liners ............................... %" (10 mm) 


John Deere 4039Tengine ............... 100 hp @ 2000 rpm 

Front tires ..................... 18" x 9" (457 x 229 mm) solid 

Rear tires .................................. .8.25 x 15 12 -ply 


1 
'0'8" 
(3251) 

9'1'" 
(3031) 
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LINCOLN 


The Lincoln windrow elevator win provide a continuous flow of material to the paver resultDng in increased 
production and improved material handling, continuous paver operation without stopping for truck exchanges, 
and reduced trucking costs. Continuous operation improves ride quality by eliminating stops and starts and 
problems associated with truck exchanges. 

The unique remixing auger reblends asphalt materials just before they a.re delivered to the paver hopper 
eliminating segregation and ensuring a uniform mix temperature. 

STANDARD FEATURES 

~ 	 Proven reliable design • Higri speec ~aise and ]owe~ ~o c;ear oDs:ructions 
• Hydrcstatic Clive syste;'i' 	 and speed setup 
• 	72 ,. vI/ide - high ccpacity slat conveY'or • Rear whee! \Nidth allows oa ing on traiier 
" 	R.ernixing auger to reb'end as:;hajt materias ~c • Hydraulic telescoping paver at'8chment for ease 

eii;T1ir:2te segregatlon_ of hcokup 

• 6'-2 ' discharge height for full hopper ioae 



Specifications 
Lincoln 1600 AXL 

SUSPENSiON 
rOur ",/heels ;,ave hea\iY duty (;Ci,).-rer assemblies 
Rear caster assemblies :) ~ j; fer tovv'i .g " r 5v...1ve! imide fo:- !o2chg ;~;i 

trailer 
Two 8.25 x IS ' 18 ply pneumatic rear ti res 

Two 6.9C x 9 - !C p~y foam ;il!ed from :'res 
5\1vir.g up :.o-.,·.,-ing fiarne: Nit pintle ....;ng 

HYDROSTATIC DRIVE SYSTEM 
Variable diso;acement pUn"D ;5 d!re::.)- (onnecec to tl:e engi e~nd 

drlves!vv'O fixed displacement ~ydrau l;c rY' otors ...."ith planet3:~f gear 

~0xes directly connected to ;:onveyor head shaf:. 

Auxillarv '"1'")o'Jnted vane pump drives remixing 2.uger ~ ,d powers 

can:;'"o1s 
sC gaHcr re:;ervc[( \".:,;.h :arge ':q::icity ', eat eXChlnger 

HYDRAULIC LIFT SYSTEM 
High :;peed raise &. lower up to i 'J ::r:. :he front :L!tti~g edge to c:ear 

obstrL:cticns 

Left and r;ght height Jockhg sc:ev/; 

DIMENSIONS 
Length ( .-vitn 'lVlngs folded in) i 3 0' \3962 rT1rn) 

Heigr: 101 

- 2" (3099 mm) 

T~avel Vlidtn 9' - 6" (2896 mm\ 


Rear t:res v.,ctti o~ ... lde / ~ds:l.e . tread in Icating posrton 1:)6' 

Front ~ires S""l2tionary \vidth c :Jtslde to cuts:de of tread i I 3" 


Operating VViC:n I " - 0" (3352'i'r~ ) 


\!v'e:ght ! 6,000 ibs . (7258 kg) 


ENGINE 
Jorr Dee~e Power Tee:1 6068 GieSe! er.gine 
!70 hp @ 2400 rpm 
SO gailon fuel tank 

ELEVATtNG CONVEYOR 
72:~ tNice th:--oat ( 829 rr:rn ;f 
6'-2" discharge height (! 880 ~rT\) 

~eavy duty' rol!er Aigitt (hain 

h e2.: treated iligr.: V'lear edges 

R.eplaceabe tVJo-seg:Tent driVe chain sp"'ockets 

Re~·jaceabie hardened floor liner 

Hea'v'Y duty ;"e2:::: and tad shafts/;-'Ith heavy duty Jearngs 

REMIXING AUGER 
. 4" diameter cast Ni-Hard Hem; segments 

:"eft ana rignt --nana segments feed to the center for rern ix:r:g 

Hydradtc motor cou::>ied :0 alJge~ shaft 

V3rrao ie speed centrol for optimum remiXlng 

PAYER ATIACHING ADAPTOR 
f--'y:::rat..!lic telescaping paver attac:-:ment (Quickie Hool<) 

1"\d;lJstacie up to 24" wi:n hydraulic cylinder:o acsition dun:p poi;>: 

Fully extended to hook c.;p paver then retract to operati g posmon 

Adapter fits most 08vers 

CONTROLS 
Cor.tro! panels or, both .~ ides of the rnacr:!ne :nc:ude: 

Emergency Stop 
t;1gi;"le Increase/decrease 

Pump ;ncrease/decrease 
Cylinders Up/dO\A'n 

Clark's \Neiding & Machine 'Norks Sold and serviced by: 
3030 Power Inn Road 
Sacramento. CA 95826 
Telephone 916-452-2487 
Toll Free 877-762-5460 
Fax 916-452-7862 

f\ct;IJn ~nd soecifications subj.e_ct_~t_o_c_ha_n.ll:,ge_w_rt_h_o_ut_n_o_ti_ce_____________________________ 
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The Shufllt! Buggy mc,ucrial.rrtuL\fer 
vehicle ha!> rev()/wiolliz.cd the asphalt 

laydmvrt il/dustry. If lIsed proped\' it COIl 

climin(lfe Ihree to Iou r tmcks ./r01ll {hi' Joh. 
C(mrrac/ors who OH'i/ rhe machines have 

found fhe grealesr savin~s ill smaIIi? I" work. 
One conrracror receJl/(\' reporTed That he 
\Felli jivl/1 using seven [rucks to using Ihree 

trucks Oil intersection \'\.'ork, and did th'jU:' 

us In(my imerscctions. When trucks arrin' 
(II r/[(>joh, they call imrnedh.Jtely dump info 

the ShuTlie Buggy Il'hich call Ihen load the 

[hll:et' hOPtJeJ: The paver is cOl/siderahly 
more manellverable because iT Ilever has to 
come ini.O cOn/act with fhe trucK. nilS 

aiIOl~:s the mec/ul7licai placing i~l'J(lI'eJll(,i1{ 
lIial was previously don(, by hand. Any
I~'her(' The paver eWI be driFen. mix can be 
[aieL Not oni\' does iliis eliminate hal1dlvork. 
bur [he qualifY uf the //lor is consider(ibly 

enhanced in small areas sw:h as intersec
tions, parking i()ls. rest areas. etc. 

Asidejiom the eco7lomics. perhaps the 
mosr importanr contributioil marie by the 
S/w[lle Buggy is the ability tv insure rhe 

higilest qua!iry and sJnoO{heSi pal"emeill 

WiTh no segregation. even It"hell placil1(; 
dl}7lcillr mixes. Mos! a/all (/ quality mix can 
be produced \\"itholll the exrreme care /lOW 

reqllired in the operation (~l rlie plaw. in 

li"IIckiJ/g, (lild in lite puring opeJ"cliiol1. The 

mac/line lakes lhe S~J ILSilil"ity out of the 
en/ire operation while giving all involved 
needed relief in !he terribly compe/ilive 

em·i.ronment thlll ('xis!s ill ollr indusfry. 

S82500 
MATERIAL 
TRANSFER 
VEHICLE 
The SB-2500 Shuttle Buggy® material transfer 
vehicle can move great distances away from the 
paver, receive 25 tons of hot mix and then return 
and transfer the mix without interfering with the 
paver's continuous speed. Atriple-pitch Ni-Hard 
segmented anti-segregation auger remixes the 
asphalt, eliminating temperature and aggregate 
segregation and cold truck ends. The continuous 
paving operation creates pavement smoothness 
levels previously unattainable. 

The operator's station is equipped with 
operator positions on both sides of the 
machine. The control panel swivels for 
use from either station. This allows 
same lane or adjacent lane operation 
from either side. 

The truck unloads into a front dump 
hopper. Vibrators enhance the feed 
into a Ni-hard segmented converging 
auger which keeps material moving 
onto the conveyor. The conveyor ca
pacity is rated at 1000 TPH (907 MTPH). 
A fiypri nll~h rnllp.r i~ ~t::lnrl::lrrl 
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Aclean-out door is located on the ur 
ders,ide of the front dump hopper. It 
hydraulically actuated by a switch { 
the side of the dump hopper and co 
trolled 'by the ground operator. 
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us PATENT 4818139; 4944630; 5035534 CANADIAN PATENT 1303891; 1305736 

A 55'·9" (16.g9m) D 14'·4" (4.37m) 
B 53'·5" (16_2Bm) E 12'·0" (3.66m) 
C 19'·9" (6.02m) F 5'·10" (1.78m) 

G 12'-2" (3.71m) K 5'.9" (1.75m) 
H 16'-011 {4.88m) L 5'-5" (1.65m) 
J 9'-3" (2.82m) M 10'-4" (3.15m) 

SHIPPING WEIGHT: 76,000 Lbs. (34,473Kg) 

ENGINE: 

Cummins 6 CTAB.3 260 diesel. 505 cu in (8.28 I). 6-cylinder engine. 276 HP (206 kw) 

@ 1,900 rpm. Engine instrumentation includes tach/hour meter, oil pressure, voltage 

and emergency sht:tcown system. 

OPERATOR'S STATION: 

Operator positions on both sides. Control panel swivels for use from either station 

allowing tor same-lane or adjacent-lane operation from either side. Inside ttlming 

radil!s 26'6" (8.1 m) . 

GROUND DRIVE: 
All hydrostatic for continuously variable speed control with two speed ranges. Electric 

shitt-on-the-go control betv..een high and low. Hydraulic shift beh'leen working and 

transport ranges. Maximum speed (working range) 3.0 mph (4.8 kph) . Maximum 

speed (travel range) 9 mph (14.5 kph) . 

TIRES: 

Large. high·flotation - 21 :00 x 25' (53.3 m x 635 mm). 

ELECTRICAL SYSTEM: 

Slandard system includes heavy·duti altemator. battery. and circuit breaker protec

tion of all systems. 

FUME EXTRACTION SYSTEM: 

Two browers. Fold-do\,ffi 10' (254 mm) exhaust pipes. 

SLAT CONVEYORS 


TRUCK UNLOADING (C-1): 
High-capacity truck unloading system ..... ith low deck heigh!, 9'2" (2.8 m) side truck 
opening and 29" (737 mm) o.d. x 7' (178 mm) deep Ni-Hard segmented converging 
auger for quick material flow. Conveyor has weld-on flights 5/8' (16 mm) thick, r 
(178 mm) wide x 58" (1,473 mm) long. Ni-Hard liner plates are removabie. Power 
dump 1ront hopper has a vibrator on the bottom that helps keep material mo··ling. 
Fixed push roller is standard. Conveyor capacity is rated at 1.000 TPH (907 MTPH). 

SURGE BIN (C-2): 
Unloads tile surge bin with a multi-pitch 29' (737 rnm) o.d. x i (178 mm) deep Ni· 
Hard segmented anti-segregation auger in 'he hopper. Conve~'or system has weld
011 flights 5/8" (16 mm) It-dck, 7' (178 mm) ..... ide x dual 16' (406 mm) long. Liner 
plates are Ni-Hard and removable. Conveyor capacity is 600 TPH (544 MTPH). 
PAVER LOADING (C-3): 
Conveyor swings 55 degrees to either side of center. Maximum conveyor diSCharge 
height is 12' 2' (3.7 m) from ground level. Conveyor flights welded to the chain are 
5/8" (16 mm) thick, 3" (76.2 mm) v.~cie and 30" (762 mm) long. Conveyor has bolted 
1/2' (12.7 mm) T-1 replaceable floor plates and doors. C-2 and C-3 conveyors have 
on/off controls that are interlocked. Con'Jeyor capacity is 600 TPH (544 MTPH). 

HOPPER INSERT: 

A mass-flow paver hopper insert is used to increase the hopper capacity of a 

conventional paver when used with the 58·2500. 

CAPACITIES: 

Fuel tanl<........ ... ....... ... ... ........ ............. .. .. .. ........ .. ...... ... ........................150 gal (568 I} 

Hopper..... ....... .. .. .. ...... .. ... .... ... .. ... .. ....... .. .......... ... ........ .... ... ...... .. .. .25 tons (22.7 MTl 


materiaL. ........ .. .. ...... ...... .. ... ................. .. .. ..... .......... 1 20 Ibs/cu ft (1,922 kg/cu m) 
WElGHTS: 
S;,ipping weigot. ............ .... ..... ............. ..... ....... .. ............. .. ........ .................76.000 Ibs 

(34.4i3 kg) 
OPTIONS: 
Spray down system 
Hydraulic ge:1erator set 
Windrow attachment 
Road widener attachment 
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