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ABSTRACT 

 

Chat refers to mine tailings from the abandoned mines in the Tri-State Mining District of 

Oklahoma, Kansas and Missouri. In year 2000, Oklahoma Governor Frank Keating formed a 

task force, The Tar Creek Superfund Task Force (TCSTF), to examine the impacts of the Tar 

Creek Superfund site. The task force made recommendations on several studies including 

assessing the use of raw chat or pile run chat in pavement applications. The departments of 

transportation in Oklahoma, Kansas and Missouri have been using small amounts of pile run chat 

(about 20%) as an aggregate material in hot mix asphalt (HMA). The research team conducted a 

two-year systematic laboratory study to develop mix designs using pile run chat in HMA for 

both base course and surface course applications. It was reported that as much as 80% and 50% 

chat can be used safely in a chat-asphalt surface course and a base course, respectively. Also, an 

exploratory study, conducted by the research team showed that blending 55% chat with 35% 

limestone and then mixing either 10% class C fly ash (CFA) or 10% cement kiln dust (CKD) 

could yield a base course, called stabilized chat base in this report, that would be strong enough 

to support a design ESAL of 0.3 million or less. This field demonstration project was undertaken 

to evaluate the performance of chat-asphalt and stabilized-chat base. This project was part of 

several activities, collectively called Oklahoma Plan for Tar Creek (OPTC), that was undertaken 

to address some of the environmental concerns in the region. 

A 3100 ft. long Test Road was constructed near Cardin, Oklahoma. The Test Road was 

divided into four different sections (TS-1, TS-2, TS-3 and TS-4, see section 3.2.1 for details) 

depending on the stabilizing agent used and the thickness of the chat-asphalt surface and base 

courses. The stabilized-chat bases consist of pile run chat from the Sooner Pile and was mixed  
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with either 10% CFA or 10% CKD, while the chat-asphalt surface and base courses have 80% 

and 50% pile run chat, respectively, from the Tri-State Asphalt plant.  

The moisture-density relationships were established for CFA and CDK-stabilized bases 

and commonly used performance tests, namely moduli (elastic and seismic), unconfined 

compressive strength (UCS) and indirect tensile strength (ITS), were conducted. The laboratory 

test data indicate that the unconfined compressive strength (UCS) of chat stabilized with 10% 

CFA was approximately 163 psi, while the UCS of chat stabilized with 10% CKD was 

significantly lower, approximately 73 psi. The elastic modulus determined from the unloading-

reloading curve under uniaxial loading in UCS testing was approximately 59 ksi for CFA-

stabilized chat and 25 ksi for CKD-stabilized chat. Comparatively, the average seismic moduli of 

CFA-stabilized chat and CKD-stabilized chat were approximately 868 ksi and 197 ksi, 

respectively. The indirect tensile strength (ITS) of CFA-stabilized chat was approximately 19 

psi, while that of CKD-stabilized chat was only 8 psi. Overall, it was observed that strength of 

pile run chat improved substantially due to cementitious stabilization.  

Selected field tests, namely ground penetrating radar (GPR), falling weight deflectometer 

(FWD), and spectral analysis of surface waves (SASW), were performed to back-calculate the 

pavement design parameters in a non-destructive manner. GPR test data were used to determine 

as-built thicknesses of different layers in the pavement structure. The GPR test results revealed 

that, on average, the thickness of the stabilized-chat base in the Test Road is within 0.2-in. to 0.7-

in. of the design thickness. The HMA layer thicknesses obtained from the GPR data are fairly 

consistent and close to the respective design thicknesses. The FWD results showed that the 

elastic modulus of CFA-stabilized chat is about 2.4 times the modulus of the CKD-stabilized 

chat. 
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Unlike stabilized bases, one type of modulus test, namely the cyclic indirect tension 

resilient modulus (MR), was performed for chat-asphalt surface and base courses. The MR tests 

were performed with varying stress ratios ranging from 0.15 to 0.70 and three test temperatures, 

namely 5°C, 25°C and 40°C (i.e., 41°F, 77°F and 104°F). Other important performance 

characteristic tests of chat-asphalt namely, APA rut, APA fatigue and permeability, were also 

performed in the laboratory. The average resilient modulus value at a stress ratio 0.20 and a test 

temperature of 25°C (77°F) was 5,992 MPa (869 ksi) for the Test Road base course and 2,565 

MPa (372 ksi) for the surface course. Specific mix properties, namely air voids, binder content, 

specific gravity of aggregates and sizes of aggregates were identified as the influential factors in 

the test results. The APA rut test results showed that the Test Road mixes are susceptible to 

rutting. The APA fatigue results indicate that the Test Road has a greater fatigue resistance. The 

average permeability value for the Test Road surface mix was found to be 10.8 x 10
-6

 cm/s (4.3 x 

10
-6

 in/s).  The corresponding permeability of the base mix was 2.4 x 10
-6
 cm/s (0.9 x 10

-6
 in/s). 

Two types of moduli, from FWD and SASW tests, were determined for the stabilized 

bases as well as for the chat-asphalt surface and base courses. Overall, the results show that 

ESASW is approximately four times higher at Section TS-4 and six times higher at Section TS-2 

than the corresponding EFWD values. Milling and repaving operations were performed and 

pertinent laboratory tests were performed on millings and repaving mix. A distress survey was 

also performed which included drainage inspection, rut measurement and crack mapping. The 

road was found to be in fairly good condition after more than two and a half years in service. 

However, the drainage during the heavy rainfall was found to be a major concern. Overall, this 

study demonstrated that both the stabilized-chat bases and chat-asphalt surface and base courses 
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can be used effectively in road construction in the Tar Creek region and elsewhere. The 

environmental findings pertaining to this study will be reported in a separate report. 
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CHAPTER 1                                                                             INTRODUCTION  

1.1 Background  

The Tri-State Mining District in northeast Oklahoma, southeast Kansas and southwest 

Missouri was the site of substantial zinc and lead ore extraction since the mid 19
th
 century.  This 

activity in Oklahoma resulted in a total of 165 million tons of chat (i.e., chert fragments) of 

which approximately 75 million tons is currently stockpiled in large quantities on the surface of 

the Tar Creek Superfund Site (Hughes, 2002; Wasiuddin et al., 2005).  The stockpiled chat 

contains elevated levels of lead, zinc and cadmium, raising potentially serious human health and 

ecological concerns.  County chat roads (unpaved) create dust and serious health hazards. A 

study by the Indian Health Services (IHS) showed that 21% of the children living in the mining 

area had elevated blood lead levels (USEPA, 1999; Wahnee et al., 2000).  

In 2000, Oklahoma Governor Frank Keating formed the Tar Creek Superfund Task Force 

(TCSTF) to examine the impact of the Tar Creek Superfund site. The Chat Usage Subcommittee 

was asked to ñfind ways to alleviate the health and environmental hazards caused by the 

presence of the chatò (Ref??). The task force made recommendations on several studies 

including assessing the use of pile run chat
1
 in pavement applications. The departments of 

transportation in Oklahoma, Kansas and Missouri have been using pile run chat as an aggregate 

material in hot mix asphalt (HMA). In a study by Hamid (2004) it was reported that the 

Oklahoma Department of Transportation (ODOT) uses a relatively small percentage (up to 20%) 

of washed chat in HMA for surface and base course applications. However, no combined 

environmental and engineering study has been undertaken, so far, in any of the three states using 

chat for road construction. 

                                                 
1
 In this report, the words ñpile run chatò and ñraw chatò are used interchangeably. 
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Wasiuddin et al. (2005) conducted a two-year laboratory study to develop mix designs 

using pile run chat (from the Kenoyer North Pile) as one of the primary ingredients in HMA, 

called ñchat-asphaltò in this report. It was reported that as much as 80% and 50% chat can be 

used safely in a surface course and a base course, respectively. Both chat-asphalt mixes met the 

ODOT requirements for air voids and other volumetric properties as well as moisture 

susceptibility, APA rut, and permeability (see Chapter 2 for details).  It was also reported that 

pile run chat is an excellent source of aggregate in HMA.  

Another laboratory study by Hughes (2002) evaluated the performance of chat, mixed 

with subgrade soil and stabilized with class C fly ash (CFA), for roadway applications. Teredesai 

et al. (2005) conducted an exploratory study to evaluate the effect of two stabilizing agents on 

the engineering properties of pile run chat from the Kenoyer North pile.  The effect of different 

amounts of CFA and cement kiln dust (CKD), namely, 5%, 10%, and 15%, was evaluated.  

Results showed that blending 55% pile run chat with 35% limestone and then mixing either 10% 

CFA or 10% CKD could yield a base course strong enough to support a design ESAL of 0.3 

million or less (ODOT, 1999). This study was limited to one engineering property, unconfined 

compressive strength (UCS), and it did not address any field implementation. 

Since field situations are very different from laboratory situations in terms of scale, 

loading environment and other factors, a field demonstration project was undertaken in this 

study. The objective of this study was to evaluate the performance of a Test Road with stabilized 

chat as a base, and chat-asphalt as a base course and a surface course. Details of the site 

evaluation, design, construction and evaluation of the Test Road are included in this report. 

Using pile run chat as a paving material (i.e., stabilized-chat and chat-asphalt) is expected to 

accelerate the use of chat and address dust problems in the Tar Creek Superfund Site.  
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1.2 Scope and Objectives 

As noted in the preceding section, the major objective of this field demonstration project 

was to evaluate the performance of chat-asphalt and stabilized-chat in paving. Only the 

engineering aspect of the Test Road is discussed in this report. The environmental aspects 

performed under separate funding, will be covered in a separate report.  

An unpaved chat road segment was selected in coordination with the Oklahoma 

Department of Environmental Quality (ODEQ). Mix designs from Wasiuddin et al. (2005) were 

included in the bid package to maximize the use of pile run chat in chat-asphalt. The exploratory 

study by Teredesai et al. (2004) provided the design-related information in the bid package for 

CKD and CFA stabilized-chat. A Test Road was constructed with four different sections, having 

varying combinations of chat-asphalt surface, chat-asphalt base, CKD stabilized-chat and CFA 

stabilized-chat. Pertinent laboratory and field tests were conducted at various stages of this 

project. After about a year and a half in service, a segment of the Test Road was milled and 

repaved using chat-asphalt, and tests were conducted on both millings and repaving materials. 

Also, a distress survey of the Test Road, including drainage, rut depth measurement and crack 

mapping was performed following about two and half years in service. Finally, FWD and GPR 

tests were conducted to further assess the Test Road performance in terms of changes in in-situ 

moduli of stabilized-chat bases and chat-asphalt base and surface courses. 

1.3 Project Structure and Reporting 

To document the events and the test results from the present study, this report is divided 

into nine chapters. Chapter 1 describes why this field demonstration project was initiated. It 

states the objectives and the scope of the project. It also provides the overall layout of this report.  
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After the objectives and the scope of the project were set, a bidding package was 

prepared to select a paving contractor for the Test Road. The pre-bidding study required site 

selection, site characterization, soil sampling, laboratory testing and HMA mix design. Chapter 2 

states the reasons for the site selection. It also includes soil sampling and site characterization 

data from commonly used geotechnical tests. Soil classification tests were performed in the 

laboratory and Dynamic Cone Penetration (DCP) tests were performed at four selected locations 

in the field. To maximize the use of chat in the surface mix, the mix design with 80% raw chat 

from the Kenoyer North Pile was included in the bidding package from the study by Wasiuddin 

et al. (2005). For the same reason, chat-asphalt base mix with 50% raw chat was selected for 

inclusion in the bidding package. As mentioned earlier, the exploratory study by Teredesai et al. 

(2004) provides the technical information for CFA and CKD stabilized bases. Chapter 2 also 

discusses the bidding items, bidding process and the selection of the contractor.  

After the contractor was selected the road work started on October 4, 2004. Chapter 3 

presents a comprehensive construction report. At first, it describes the four road sections 

constructed. Then it discusses the treatment of the existing subgrade, followed by the hauling of 

materials, mixing, compaction and curing of stabilized bases. Finally, the paving of chat-asphalt 

bases and surfaces is discussed. The Test Road was constructed using chat from the Sooner Pile 

for stabilized bases and from Tri-State Asphalt for chat-asphalt surface and base courses.   

Chapter 4 describes the laboratory tests of the CFA and CKD stabilized bases. It includes 

discussion of moisture-density relationships that are essential for establishing optimum moisture 

content for stabilized bases. In the laboratory tests, chat from the Sooner Pile was used instead of 

the Kenoyer North Pile (used previously in the exploratory study by Teredesai et al., 2005.) Two 

types of modulus tests, namely seismic modulus and elastic modulus, were performed in the 
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laboratory for stabilized bases. The samples used in these tests were also used for the UCS tests. 

Finally, indirect tensile strength (ITS) tests were performed on a new set of samples. Chapter 4 

contains the results of all these laboratory tests on stabilized bases. 

Chapter 5 describes the laboratory tests on the chat-asphalt surface and base courses, 

which include the mix designs with chat from Tri-State Asphalt instead of the Kenoyer North 

Pile. Unlike stabilized bases, one type of modulus test, cyclic indirect tension resilient modulus 

test, was performed on the chat-asphalt. The resilient moduli obtained for these mixes were 

compared with those from two other sites, Davis and Oklahoma City. This chapter also discusses 

the variation of resilient modulus with stress ratio and temperature. The effects of air voids, 

binder content and aggregate size were also discussed. APA rut test is a performance test used 

frequently by ODOT. This chapter compares the rut depth from this site to the two other sites 

mentioned above.  The effect of air voids, binder content, percent fines and the relation between 

resilient modulus and rut depth are also discussed in this chapter. Finally, the results of the 

fatigue tests and the permeability tests are presented.  

Three non-destructive tests, namely spectral analysis of surface waves (SASW), falling 

weight deflectometer (FWD) and ground penetrating radar (GPR) were performed in the field to 

analyze the performance of the stabilized bases. SASW and FWD tests measure the moduli of 

different layers in the pavement while GPR measures their thicknesses. Chapter 6 discusses these 

tests.  This chapter also includes the results of the dynamic cone penetration (DCP) tests 

performed on the stabilized bases.  

The two types of moduli determined for the stabilized bases were also determined for 

chat-asphalt surface and base courses. The pavement layer thicknesses were determined using 
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GPR. Chapter 7 presents the field test results. It also compares the modulus values obtained from 

SASW and FWD.  

The milling and repaving operations performed on a part of the Test Road are described 

in Chapter 8. The tests on millings and the repaving mix, namely, asphalt content, APA rut and 

moisture sensitivity, are described in this chapter. Also, this chapter includes a distress survey, 

including rutting, cracking and smoothness, of the Test Road after more than two and a half 

years in service. Finally, in Chapter 9 the conclusions and the recommendations of this study are 

presented. 
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CHAPTER 2                    PRE-BIDDING STUDY AND BIDDING PROCESS 

2.1 General  

This chapter discusses the pre-bidding study that included site selection for the Test 

Road, site characterization (laboratory and field testing) and chat-asphalt mix design. This 

chapter also discusses the bidding process and selection of the contractor. 

2.2 Pre-Bidding Study 

2.2.1 Site Selection 

At the beginning it was decided that an unpaved chat road located west of Commerce or 

Cardin, Oklahoma (most likely in Township 28 North Range 22 East or Township 29 North 

Range 22 East) would be selected for the Test Road project.  A preliminary site visit was 

conducted by the research team, in cooperation with personnel from the Oklahoma Department 

of Environmental Quality (ODEQ), to observe such factors as existing roadway elevation, width, 

orientation (North-South or East-West), drainage, right of way and proximity to other chat roads. 

Based on this site visit, several potential county road sites were identified (e.g., county road S530 

between county roads E20 and E50, west of Commerce, and E30 between S530 and S550, west 

of Cardin) for the proposed project. A discussion was then held with the ODEQ personnel 

concerning the relative merits and demerits of each site. Finally, county road E30, near Cardin, 

Oklahoma, as illustrated in Figure 2.1, was selected for paving. The site starts from the 

intersection of county roads S530 and E30. A photographic view of the road site before 

construction is shown in Figure 2.2. The area surrounding the road is relatively flat, covered with 

large fields of soy bean and pasture. A close visual observation of the area revealed lack of a 

well defined drainage system. For example, the drainage ditches between these roads and the 

neighboring fields are shallow and subjected to frequent damage due to the harvesting machines. 
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As discussed subsequently, lack of adequate drainage became a major problem during 

construction and performance assessment of the Test Road. 

 The location of the Test Road was selected based on the following considerations: 

1. The Test Road will suppress dust in existing chat road and thereby suppress health 

hazards due to dust. As one can see from Figure 2.2, the original road was unpaved road, 

covered with chat and other locally available aggregates. 

2. Another reason for the proposed road site is that a number of roads in the vicinity are also 

unpaved chat roads and are potential sources of dust and air pollution. In future these 

unpaved chat roads can also be paved.  

3. Hauling cost of chat to the construction site was also an important factor.  

4. From an environmental point of view, the orientation of the road was selected based on 

the wind direction effects.  

5. Finally, the discussions with the local county commissioner also played a key role in the 

site selection, where the usefulness of this demonstration project was considered 

important. 

2.2.2 Soil Sampling and Laboratory Testing 

Limited geotechnical investigations were conducted on the existing subgrade layer of the 

selected site. As part of this investigation, boreholes were drilled using a hand auger at four 

selected locations, as shown in Figure 2.3. Subgrade soils from these boreholes were collected 

and classified based on visual observations described in the ASTM D 2488-93 method.  A 

summary of the soil type is presented in Table 2.1.  The subgrade soil was found to be brown 

clayey silt with some moisture within the top 8-in.  For depths between 8-in. and 24-in., the soil 
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was classified primarily as fat clay with reddish brown mottles.  Also, traces of chat could be 

seen in the soil to a depth of 8-in. 

2.2.3 Field Testing 

Dynamic Cone Penetration (DCP) tests were performed at four selected locations in 

accordance with the test procedure described in SHT (1992).  These locations, called DCP-1, 

DCP-2, DCP-3, and DCP-4, are illustrated in Figure 2.3. At least one DCP test was performed in 

each of the four test sections, namely TS-1, TS-2, TS-3 and TS-4. A description of each test 

section is given in Section 3.2.1. The DCP tests were performed down to a depth of 0.9-m (35.4-

in.).  The DCP results were assumed to be representative of the entire sections. The DCP results 

are summarized in terms of incremental cone index (ICI), which represents the depth of 

penetration per blow of the DCP hammer (SHT, 1992). A lower ICI value indicates a stronger or 

stiffer material, while a higher DCP value indicates a weaker subgrade. Complete DCP profiles 

for all locations are shown in Figure 2.4. From these plots several interesting observations are 

made. 

1. The ICI values for DCP-1 exhibit an increase with depth up to 0.3-m (11.8-in.) and then 

decrease in the remaining depth, 0.9-m (35.4-in.).  It is an indication that the strength of 

the subgrade soil decreases with depth, up to 0.3-m (11.8-in.), beyond which an increase 

in the strength is observed. Specifically, the maximum ICI value at 0.3-m is 68 mm/blow 

(2.56-in./blow). From 0.3-m (11.8-in.) to 0.9-m (35.4-in.), the ICI values vary between 68 

mm/blow (2.56-in./blow) and 30 mm/blow (1.18-in./blow), with the minimum ICI (10 

mm/blow or 0.39-in./blow) occurring at approximately 0.83-m (32.7-in.). 

2. For DCP-2, the ICI values are relatively low (10 mm/blow or 0.39-in./blow to 20 

mm/blow or 0.79-in./blow) and did not exhibit any significant changes down to a depth 
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of 0.35-m (13.7-in.). For depths between 0.35-m (13.7-in.) and 0.9-m (35.4-in.), the ICI 

values are higher (40 mm/blow or 1.57-in./blow to 50 mm/blow or 1.97-in./blow). 

However, the changes in these values are not significant. It is an indication that the soil 

stratum at this location can be divided into two layers. The lower layer is about three 

times weaker than the upper layer. A weaker layer can be underlain by a stronger layer 

depending upon depositional characteristics, human interventions and other factors 

(Bowles, 1996). 

3. The ICI values of DCP-3 show that the subgrade layer at this location can be divided into 

three different layers based on their average ICI values.  The first layer has a thickness of 

0.15-m, with an average ICI value of 50 mm/blow.  The second layer (0.15-m or 5.9-in. 

to 0.3-m or 11.8-in.) is significantly stronger with an average ICI value of 10 mm/blow or 

0.39-in./blow.  The third layer (average ICI = 30 mm/blow or 1.18-in./blow) from a depth 

of 0.3-m (11.8-in.) to a depth of 0.9-m (35.4-in.) is stronger than the top layer but weaker 

than the middle layer. 

4. As in DCP-3, the variation in the ICI values with depth for DCP-4 reveals three different 

layers with different strengths. The first layer (top layer) has an average ICI value of 10 

mm/blow (0.39-in./blow) and a thickness of 0.2-m (7.87-in.). Comparatively, the second 

layer having a thickness of 0.5-m (19.7-in.) exhibits a higher average ICI value of 

approximately 25 mm/blow (0.98-in./blow). As for the third or bottom layer, it has an 

average ICI value of approximately 15 mm/blow (0.59-in./blow), which is higher than the 

corresponding value for the first layer but lower than the second layer.     
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The aforementioned ICI values were used to evaluate the California Bearing Ratio (CBR) 

values at each location.  The following relation, as used by the Oklahoma Department of 

Transportation (ODOT), was used to convert ICI to CBR (Hensley and Rose, 2005): 

Log (CBR) = 2.81 ï 1.321 log (ICI)                                                                 (2.1) 

where, ICI is represented in millimeters per blow (mm/blow).  

 The CBR values at each location are plotted as a function of depth in Figure 2.5.  From 

this figure, the CBR values vary with depth, as expected. For example, DCP-1 has an average 

CBR value of approximately 20 up to 0.2-m (7.9-in.), beyond which a much lower value of 

approximately 5 is observed. For DCP-2, the top layer (up to 0.35-m) has an average CBR value 

of 50 and the bottom layer exhibits a lower value of less than 5. Given these variabilities, it was 

decided to average the CBR values at each location for simplicity, and use these average values 

to represent the overall behavior of each test section. The CBR values from DCP-1, DCP-2, 

DCP-3, and DCP-4, were used to represent the behavior of subgrade soils at each test Section: 

TS-1, TS-2, TS-3, and TS-4 (see Section 3.2.1 for details). Table 2.2 presents a summary of DCP 

and CBR values for each section along the Test Road. From Table 2.2, it can be observed that 

section TS-2 has a weak subgrade with a CBR value of 10 in accordance with the guidelines by 

Hensley and Rose (2005). Also, subgrades in sections TS-1 and TS-2 are considered good for 

pavement construction based on their CBR values of 39 and 25, respectively. Section TS-4 has a 

normal subgrade with an average CBR value of 18. 

2.2.4 Stabilization of Chat with Cement Kiln Dust (CKD) and Class C Fly Ash (CFA) 

In order to prepare a bid for the Test Road project, an exploratory laboratory study was 

performed by Teredesai et al. (2005) to stabilize raw chat with CKD and CFA. Following the 

work of Wasiuddin et al. (2005) that used as much as 80% pile run chat in a chat-asphalt surface 
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mix and as much as 50% chat in a base mix in an environmentally sound manner, Teredesai et al. 

(2005) also used chat from the Kenoyer North Pile in their study. That study was, however, 

exploratory in nature and was performed only for bidding purposes. It was limited to one 

engineering property (UCS) and it did not address any field implementation issues. 

The effect of different amounts of CFA and CKD, namely, 5%, 10%, and 15%, was 

evaluated in that exploratory study. The compressive strength of stabilized specimens exhibited 

an increase with the increase in the percentages of CFA and CKD.  Two samples for each 

percentage of additive, were molded to replicate the results. The results of the UCS tests on 

CFA-stabilized specimens are summarized in Table 2.3. The average UCS value for the raw chat 

stabilized with 15% CFA and cured for 28 days is 758 psi. The corresponding UCS for 14-day 

cured specimens is 296 psi. Raw chat stabilized with 10% CFA yielded an unconfined 

compressive strength value of 140 psi after 14 days of curing and 516 psi after 28 days of curing, 

which is more than two times the 14 day strength, indicating that CFA is a rather slow reacting 

agent. The process of strength gain in the case of CFA stabilization is slow in the first 14 days 

but accelerates afterward. 

 Since raw chat samples without any stabilizing agents could not be tested because of lack 

of cohesion and specimen integrity, no UCS results are available for raw chat. A significant gain 

in UCS is achieved by adding 10% CFA. By increasing the percentage of CFA from 10 to 15, the 

UCS increased from 516 psi to 758 psi. The UCS results for chat stabilized with 5% CFA and 

cured for 28 days were incorrect due to some possible experimental errors. All of the UCS tests 

were performed at a strain rate of 1 in. per minute. Recent studies have shown that if the strain 

rate if reduced to 1 % of the sample height, as recommended by ASTM, then the 28-day UCS 

value for stabilized chat drops to 150 psi for CFA stabilization and 60 psi for CKD stabilization. 
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 The results of the UCS tests on CKD stabilized raw chat samples are summarized in 

Table 2.4. With 10% CKD in the mix, a UCS value of 69 psi  is achieved after 14 days of curing. 

The UCS value increased to 128 psi when the curing time was increased to 28 days. It can be 

seen from Table 2.4 that the change in water content in matrix having 10% CKD did not have 

any effect on UCS values after 14 days of curing. But, after 28 days of curing specimens 

compacted at 5.5% water content showed a higher UCS value of 127 psi than specimens 

compacted at 9% water content that yielded a UCS value of 96 psi. The 15% CKD stabilized-

chat, however, showed a considerable increase in the UCS value with increasing in the water 

content from 5.5% to 9%. The strength increase for 14-day cured samples was from 35 psi to 170 

psi. The average UCS value of 28-day cured specimens with 15% CKD and 9% water content 

was found to be 283 psi.                           

Since pile run chat gradation did not meet the ODOT requirements for a Type A 

aggregate base, locally available limestone from Vinita Quarry was blended with chat to meet 

the gradation requirements.  Results showed that blending 55% chat with 35% limestone and 

then mixing either 10% CFA or 10% CKD could yield a base course that would be strong 

enough to support a design ESAL of 0.3 million or less and meet the ODOT specifications 

(ODOT, 1999).  

2.2.5 Chat-Asphalt Surface and Base Mix Design 

Both designs met the ODOT requirements for air voids and other volumetric properties, 

as shown in Table 2.5. It can be seen that the optimum binder content of the surface mix is 7%, 

while the optimum binder content of the base mix is 5.4%. The increased binder content of the 

surface mix is due to the increased amount of fine materials in the surface mix than in the base 

mix.  
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Moisture susceptibility tests were performed on samples with air voids between 6% and 

8% according to AASHTO T 283 (Table 2.6). The tensile strength ratio (TSR) of the base mix is 

0.82, which is 2% higher than the minimum allowed of 80%. In this mix, a PG 64-22 asphalt 

binder was used, which is not a polymer modified binder. It is possibly due to this asphalt binder 

that this mix marginally met the moisture susceptibility criteria. The TSR of the surface mix is 

92%, which is much higher than the minimum of 80% required by ODOT.  This mix used the PG 

70-28 binder, which is a polymer-modified binder, and it generally performs well against 

moisture-induced damage.  

APA rut tests were performed at 147.2º F (64º C) according to the OHD L-43 method, as 

followed by the ODOT. Table 2.6 illustrates the rut depths for base mixes. The average rut depth 

for the base mix was measured as 4.1 mm (0.16 in), which is below the maximum allowed rut 

depth of 5.0 mm (0.2 in), as set by ODOT for a base mix.  For the surface mix, the average rut 

depth was found to be 1.8 mm (0.07 in), which is below the limit. Use of a better binder in the 

surface mix (PG 70-28) could be the possible reasons for such excellent performance. 

To better understand the void structure, permeability tests were performed following the 

OHD L-44 method, although this test method does not necessarily confirm the saturation level of 

a sample. Permeability tests were performed on samples with air voids between 6% and 8%. The 

percent air voids was measured following the AASHTO T 166 method. Table 2.6 shows the 

permeability test results. The average permeability values are much lower than the maximum of 

125E-05 cm/sec (49.21E-05 in/sec) allowed by ODOT. 

Based on the above major findings, Wasiuddin et al. (2005) concluded that pile run chat 

is an excellent source of aggregate in chat-asphalt. Moreover, environmental tests were 

performed on the chat-asphalt and it was concluded that chat-asphalt can be used safely as 
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roadway materials (Wasiuddin et al., 2005). Based on the recommendations from the Wasiuddin 

et al. (2005) study, 80% and 50% chat were selected to be used in the surface and base course, 

respectively, of the Test Road.  

2.3 Bidding Process 

2.3.1 Preparation of the Bid Package 

After the pre-bidding study, a bid package was prepared. The proposed length of the road 

was 5,300 feet. The designed Equivalent Single Axle Load (ESAL) was +0.3 million. The bid 

also contained milling and repaving of 100 feet of the proposed Test Road. The different items of 

the bid package are discussed as follows. 

Requisition Form - A one-page requisition form contains the summary of the overall 

specifications of the project. It also lists the detailed items and specifications that were attached 

to the bid package. It includes the total price of the project and contact information. 

List of Potential Bidders ï The bid was open to all vendors. However, a list of 10 

potential bidders was submitted with the bid package. 

Road Plan ï A road map was attached with the bid package. A description of the typical 

sections was provided.  

Pay Items ï A list of the pay items, including the milling and repaving operations, was 

provided in the package. 

General Project Notes ï General project notes containing information on payment, 

traffic control, surfacing and materials were also provided. 

Chat-asphalt Mix Design Sheet ï The surface and base mix designs with 80% and 50% 

pile run chat, respectively, as performed by Wasiuddin et al. (2005) were included in the bid 

package. 
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ODOT Specifications ï The following ODOT specifications were attached. 

1. 326-1(a-j)99 Subgrade Stabilization 

2. 390   Chat/Fly Ash Stabilized Base (Special Provisions) 

3. 411-3QA  QC/ZA for Plant Mix Asphalt Concrete Pavement 

4. 411-4(a)99  Plant Mix Asphalt Concrete Pavement 

5. 702-1(a-b)99 Cement Kiln Dust 

6. 708-1(a)99  Plant Mix Bituminous Bases and Surfaces-Materials 

7. 708-3(a-g)99 Plant Mix Bituminous Bases and Surfaces-Superpave 

8. 708-4(a)99  Plant Mix Bituminous Bases and Surfaces-Shoulders 

9. 708-5(a-b)99 Job-Mix Formulation of Asphalt Concrerte 

2.3.2 Bidding Process 

 The bid package was submitted to the University of Oklahoma Purchasing Department on 

July 1, 2004. On July 30, 2004, the Purchasing Department reported that two bids were received; 

one from Glover Construction Co., Inc. and the other from APAC-Oklahoma, Inc.  The lowest 

bid was offered by the Glover Construction Inc. A four member Selection Committee headed by 

Dr. Gerald Miller, University of Oklahoma, evaluated the bids. The other members of the 

Selection Committee were Dr. Thomas Landers, Dr. Musharraf Zaman and Dr. Joakim Laguros, 

all from University of Oklahoma. Also, to assist the bidding process, Dr. Robert Nairn attended 

some meetings and met with personnel in the purchasing office. It was found that even the 

lowest (although the quoted price by the above two contractors were very close) bid exceeded 

(about 66% higher) the expected cost of the project. The committee reevaluated their 

specifications in the bid package and made the following changes to significantly reduce the 

cost. 
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1. The initial proposed length of the Test Road was about one mile (5300 feet). In the 

revised bid, the length was reduced to 0.6 mile (3,150 feet). 

2. The source of the chat was changed from the Kenoyer North Pile to the Sooner Pile and 

the Tri-State Asphalt, respectively, for stabilized-chat base and chat-asphalt. The hauling 

cost played a key role in making these changes. 

3. The binder grading of chat-asphalt surface course was changed from PG 70-28 to PG 64-

22. Also, the likelihood of colder weather during construction was responsible for this 

change. 

Finally, the committee selected Glover Construction, Inc. as the contractor for the Test 

Road construction, including the aforementioned changes/revisions to the bid.  
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Table 2.1 Boring Log Obtained from Pre-Construction Testing 

B3

0

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24
Chainage (from 

west end)
2,150 ft

Moist fat clay 

(CH)

B1 B2 B4

Brown and silty 

clay (CL) damp

Brown clayey silt  

(CL-ML) 

Silty fine to coarse 

sand (moist),chat 

(SM) Brown grey clayey 

silt, damp  (CL-

ML)

Depth (in)

150 ft 1,150 ft

Reddish brown 

mottles (CH) 

moist and plastic

3,150 ft

Bore Hole Number

Reddish brown 

clay (CH)

Red- brown 

mottled clay (CH) 

damp

Brown mottles 

(CH) moist and 

plastic

Grey clayey silt 

(more clayey)(CL-

ML)

Brown mottles 

(CH) moist and 

plastic

Grey brown moist 

silty clay (CL)

Grey clayey silt      

(CL-ML)

 

 

 

 

Table 2.2 Summary of DCP Results Along the Test Road Sections 
Depth 
(in.) 

DCP 
ICI 

(mm/blow) 
CBR 
(%) 

Avg. CBR 
(%) 

Section 

0 to 11.8 DCP-1 10 to 65 20 
10 

TS-3 

11.8 to 35.4 DCP-1 30 to 65 5 TS-3 

0 to 13.7 DCP-2 10 to 15 50 
39 

TS-1 

13.7 to 35.4 DCP-2 40 to 60 4 TS-1 

0 to 13.7 DCP-3 10 to 12 24 
18 

TS-4 

13.7 to 35.4 DCP-3 40 to 50 6 TS-4 

0 to 7.9 DCP-4 5 to15 50 

25 

TS-2 

7.9 to 27.5 DCP-4 25 to 35 10 TS-2 

27.5 to 35.4 DCP-4 20 to 25 20 TS-2 
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Table 2.3  UCS Test Results for CFA Stabilized Raw Chat (Kenoyer North Pile) Samples  

(Water Content 5.5%) 

%  Chat % CFA 
Curing Period 

(days) 
Failure Stress 

(psi) 

95 5 
14 91.5 

28 38.5 

90 10 
14 140.2 

28 516 

85 15 
14 296 

28 758.2 

 

 

 

Table 2.4 UCS Test Results for CKD Stabilized Raw Chat (Kenoyer North Pile) Samples 

% 
Chat 

% CKD 
Curing period 

(days) 

Water Content 

5.5% 9% 

Failure Stress 
(psi) 

Failure Stress 
(psi) 

95 5 
14 40.3 - 

28 47.6 - 

90 10 
14 69.4 67.6 

28 127.5 96.1 

85 15 
14 34.8 170.6 

28 - 283.7 

 

 

 

 

Table 2.5 Volumetric Properties of Different Mixes 
 Base Mix with 

50% Raw Chat 

Surface Mix with 

80% Raw Chat 

Effective Specific Gravity of Aggregate 2.595 2.596 

Theoretical Maximum Density 2.397 2.339 

Optimum Binder Content (%) 5.4 7 

Voids in Mineral Aggregates (%) 13.2 16.6 

Req. Voids in Mineral Aggregates (%) Min. 13 Min. 15 

Voids Filled with Asphalt (%) 69.8 76 

Req. Voids Filled with Asphalt (%) 65-76 65-76 

Asphalt Absorption (%) 1.35 1.42 

Dust Proportion (%) 1.4 1.05 

` 
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Table 2.6 Results of Performance Tests 

 Moisture 

Susceptibility Test 

Rut Test at 64ºC Permeability Test 

Mix  Tensile 

Stress 

Ratio 

Min. 

Allowed 

Avg. Rut 

Depth 

(mm
1
) 

Max. 

Allowed 

(mm) 

Average 

Permeability 

(E-05 cm/sec
1
) 

Max. 

Allowed (E-

05 cm/sec) 

Base Mix 0.82 0.8 4.1 5 10 125 

Surface Mix 0.92 0.8 1.8 4 2.94 125 
1
1 inch = 25.4 mm = 2.54 cm 
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Figure 2.1 Location of Test Road in Cardin, Ottawa County, Oklahoma 

 

 

 

 
 

Figure 2.2 Test Road Site Before Construction, Looking West 

 

 

 

Test Road E30 S530 Road 
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Figure 2.3 Locations of Boreholes and DCP Tests at Test Site  
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Figure 2.4 Summary of Dynamic Cone Penetration (DCP) Test Results 
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Figure 2.5 Summary of CBR Results Based on DCP Tests 
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 CHAPTER 3                                                           CONSTRUCTION REPORT 

3.1 General  

This chapter is devoted to presenting the construction phases of the Test Road. An 

introduction of the different sections of the Test Road is also presented. 

3.2 Construction of the Test Road 

 As mentioned in Chapter 2, a Test Road was constructed on County Road E30 in Ottawa 

County, Oklahoma to evaluate the performance of CFA-stabilized chat, CKD-stabilized chat, and 

chat-asphalt surface and base courses. Also, an important objective of this study was to 

demonstrate the use of pile run chat in an environmentally appropriate manner. This report 

covers only the engineering aspects of the field demonstration. Environmental testing and 

monitoring were conducted under separate funding and findings will be presented in a separate 

report.    

3.2.1 Test Road Sections 

 To evaluate the effect of chat as a stabilized aggregate base, the Test Road was divided 

into four sections, as shown in Figure 3.1. The first section starting from the intersection of 

county roads S530 and E30, designated as TS-3, has a length of approximately 500-ft. A typical 

profile of this section is shown in Figure 3.2. TS-3 consists of four layers. (1) The top layer is 

1.5-in. thick; it consists of type ñS5ò chat-asphalt containing 80% pile run chat. (2) The layer 

below is a 2.5-in. thick chat-asphalt of type ñS3.ò  This mix contains 50% pile run chat (Tri-State 

Asphalt) blended with locally available limestone. (3) The third layer has a thickness of 6-in.  It 

consists of subgrade soil stabilized with 10% CFA. (4) The bottom layer is the existing subgrade 

soil. It is basically fat clay (having liquid limit at 63 and plasticity index of 34) with some 

reddish brown mottles, as described in Section 2.2.2. 
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 The second section starting from the east end of TS-3 is designated as TS-1.  It has an 

approximate length of 1,650-ft.  This section is paved with the same chat-asphalt surface and 

base courses as in TS-3. The chat-asphalt surface course has a thickness of 1.5-in., while the 

chat-asphalt base course has a thickness of 2.5-in.  These layers are overlaid on top of a 

stabilized-chat layer.  The stabilized-chat layer has a thickness of 6-in. and it consists of pile run 

chat (Sooner Pile) stabilized with 10% CFA.  The three layers are underlain by the existing 

composite chat/soil subgrade, as shown in Figure 3.3. 

The third section, designated as TS-4, starts from the east end of TS-1 and extends 500-ft. 

to the east, as shown in Figure 3.1.  This section consists of a top layer of 1.5-in. thick chat-

asphalt surface course with 80% pile run chat (Tri-State Aspalt) (Figure 3.4).  The layer below is 

a 2.5-in. thick chat-asphalt base course of type ñS3ò. The third layer consists of CKD-stabilized 

chat having a thickness of 6-in. This layer is underlain by the existing chat/soil subgrade layer. 

 The fourth section, designated as TS-2, has a length of 500-ft.  A typical profile of this 

section is shown in Figure 3.5. This section is essentially same as TS-1 except the thickness of 

the chat-asphalt base layer is 5-in. instead of 2.5-in. and the thickness of stabilized chat base is 

3.5-in. instead of 6-in. 

3.2.2 Construction 

 The sequence of construction of the Test Road is shown in the flow chart in Figure 3.6.  

Broadly, the construction of the Test Road was divided into three phases. The first phase 

consisted of grading, leveling, and compacting the existing subgrade. The second phase 

consisted of constructing the stabilized base, and the last phase involved paving the road with 

chat-asphalt base and surface courses. These phases are discussed in the following sections.   
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3.2.3 Treatment of the Existing Subgrade 

 The existing subgrade was graded, leveled, and compacted so that a reasonable 

conformity with the typical sections, grades, and density was achieved, as specified by ODOT 

(1999).  The work started on October 4, 2004 and was completed in two days. The subgrade was 

graded uniformly using a motor grader. The motor grader, manufactured by John Deere (model 

number 770 CH having 155-185 HP), had a weight of about 32,780-lb. It had a turning radius of 

22-ft. and a blade size of 14-ft. by 2-ft. Since the site was relatively uniform, no additional fill 

materials were needed from external sources. Following the grading operation, the surface was 

compacted with the help of an Ingersoll Rand vibratory roller (model number SD-100/115), as 

shown in Figure 3.7. On average, two to three passes with strong vibrations and one pass without 

any vibration were needed to achieve the desired level of compaction. A nuclear density gauge, 

shown in Figure 3.8, was used to measure the in-situ density of the compacted subgrade. The 

field density (determined by the nuclear gauge) was compared with the laboratory moisture-

density results. The moisture-density curve of the subgrade soil (from area around borehole B-4 

and depth between 2-in. and 9-in.) is shown in Figure 3.9. From Figure 3.9, the maximum dry 

density (MDD) of chat/soil subgrade is approximately 126 pcf at the optimum moisture content 

(OMC) of 6.4%. For simplicity, the nuclear density gauge was calibrated with respect to this 

MDD. From a visual inspection of the soil profile as well as DCP data, it is recognized that both 

the MDD and OMC would be different in different test sections. If the field density was not 

between 95% and 100% of the MDD, additional passes were made. Figure 3.10 shows the layout 

of the 11 locations selected for density measurements. A comparison between the field and 

laboratory densities is presented in Table 3.1. From Table 3.1, the densities in the field ranged 

between 96% and 102% of the MDD obtained from the Proctor tests. As noted above, since the 
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moisture-density relationship was established from soil from only one location due to time 

constraints, it may not be applicable for subgrade soils throughout the Test Road. Therefore, 

some variations in the maximum field compaction levels were observed. Also, the moisture 

contents in the subgrade soil (from the nuclear density gauge), at these locations (having 

compaction level more than 100%) were different (5.8%, 4.4%, and 6.2%) than the OMC 

obtained from the laboratory (6.4%). Overall, the compaction level achieved was considered 

acceptable in accordance with the ODOT specifications (ODOT, 1999).   

3.2.4 Hauling and Spreading of Chat, CFA and CKD  

 Pile run chat was hauled from the Sooner Pile, located about 6 miles from the Test Road 

site, on October 7, 2004. Figure 3.11 shows a photographic view of a truck unloading the chat at 

the test site. Two trucks were used for hauling chat at a rate of one trip per 45 minutes, each 

carrying about 20 tons per trip. The chat was spread with a motor grader (Figure 3.12) on the 

compacted subgrade. The un-compacted thickness of the pile run chat, called loose lift thickness, 

was kept larger than the desired thickness after compaction. The loose lift was maintained at 5-

in. in section TS-4 where the compacted thickness of the stabilized-chat was targeted to be 3.5-in 

(Figure 3.13). The loose lift thickness was maintained at 7-in. in sections TS-1 and TS-2, where 

the compacted thickness of the stabilized-chat was targeted to be 6-in. Loose lift thicknesses 

were monitored manually as shown in Figure 3.13. Windrows, having a height of about 12-in., 

were constructed with extra chat laid along the edges of the road using the motor grader blades. 

Windrows were used to help protect CFA and CKD from wind after being spread on the loose 

chat (see Figure 3.14).  No chat was laid in section TS-3, since TS-1 did not contain any 

stabilized-chat base. Table 3.2 shows the consumption of chat in each test section for the 

construction of the stabilized base. Altogether, about 1,933 tons of chat were utilized for the base 
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course construction. CFA and CKD were hauled from Lafarge Corp., Tulsa in trucks, unloaded 

(see Figure 3.15) and spread with the help of a motor grader.  

3.2.5 Mixing and Compaction  

 The mixing operation followed the spreading of chat and CFA/CKD on October 8, 2004. 

The mixing and compaction continued through October 13, 2004. A water tanker and a pulver 

mixer were used for in-situ mixing of chat with CFA and CKD. The water supply from the truck 

was adjusted to 2.996
2
 gallons per square yard in TS-2 to 5.63 gallons per square yard in TS-4 

and, to 4.28 gallons per square yard in TS-1 (as per the OMC for the respective sections).  It is 

important to note that the work related to TS-3 started after the completion of the other three 

sections.  This approach facilitated the construction sequence, since TS-3 does not contain a 

stabilized-chat base.    

 A pulver mixer, also called a stabilizer (model number RS325), manufactured by CMI 

(Terex), having a power of 330 HP with M11 Turbocharged engine, was used for mixing. The 

width of the mixer was 6.2-ft. Hence, the mixer had to be used in four parallel passes (along the 

length of the road) in order to cover the entire width of the pavement. As shown in Figure 3.16, 

the pulver mixer followed the water tanker, mixing the chat with CFA/CKD.  The teeth of the 

pulver mixer were lowered down to the depth of the loose lift of the chat to ensure through 

mixing.  

 A 14-ton vibratory roller manufactured by Ingersoll Rand (SD-100/115) was used to 

compact the stabilized-chat. Figure 3.17 shows the roller compacting the stabilized-chat mix. A 

pattern of four passes with heavy vibratory mode and two passes with static mode (no vibration) 

was followed to reach the desired density. Heavy vibratory mode helps in compaction of the 

chat-CFA/CKD mix at or near maximum dry density. Static mode helps in smoothing the surface 

                                                 
2
 See Appendix A for details 
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of the compacted base. A nuclear density gauge was used to check the quality of compaction. 

The results of the density tests are shown in Table 3.3. From Table 3.3 it can be observed that 

compaction achieved in sections TS-2, TS-4 and TS-1 was in the range of 88% to 95% with an 

average compaction of approximately 94%.  

 After completion of compaction of the stabilized-chat bases for TS-1, TS-2, and TS-4, 

heavy rainfall occurred for two days forcing the work to be shut down. On the third day, the 

research team examined the Test Road and found out that the moisture contents at different 

locations in TS-3 ranged between 11% and 14%. These values are approximately 4.5% and 7.5% 

higher than the optimum moisture content (OMC) of the subgrade soil in this section. Also, these 

moisture contents were 2.5% and 6.5% higher than the OMC value of the subgrade soil with 

10% CFA. No attempts were made to let the section dry out to a lower moisture content due to 

time and weather constraints. The work was resumed by scarifying the wet subgrade to a depth 

of 6-in. using a ripper (see Figure 3.18).  After that, CFA was spread on top of the scarified layer 

and mixed thoroughly using the pulver mixer.  The vibratory roller, described earlier, was used 

to compact the CFA-stabilized chat-soil. The achieved density was approximately 88% of the 

maximum dry density, determined from the Proctor test.  The presence of high moisture content 

in the mixture prior to compaction was responsible for such a low field density. 

3.2.6 Curing  

 After compaction, the compacted stabilized-chat base was coated with an SS-5 emulsion 

(a slow-setting emulsion) to protect it from moisture infiltration and to assure a suitable 

environment for the chemical reaction to take place. The emulsion was spread on the road with 

the help of a tanker equipped with a sprayer attached to the rear of the truck to achieve a uniform 

spraying. The rate of application of emulsion was about 0.05 gallons per square yard. Figure 3.19 
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shows the compacted stabilized-chat base covered with the emulsion for curing. After coating, 

the road was closed to traffic for 14 days to allow the stabilized layer to cure. However, some 

farm vehicles used the compacted base prematurely resulting in localized base failures (see 

Section 3.2.7). 

3.2.7 Problems Encountered During the Curing Period and Before Paving   

 During the curing period (14 days), a heavy rainfall occurred in Ottawa County, causing 

flooding in the Test Road area. Actually, TS-3 was entirely soaked with water as shown in 

Figure 3.20, because of its low elevation compared to other sections.  Due to the lack of a well 

defined drainage network in this area, water was trapped at this specific section, and caused a 

significant increase in the moisture content. It is also important to note that the stabilized base 

was subjected to traffic, specifically, fire trucks.  Excessive moisture contents in TS-3 and traffic 

loads caused a major deformation (rut) in TS-3. Consequently, the research team
3
 decided to 

place a limestone aggregate base on the top of the existing layer (Figure 3.21). The limestone 

utilized had a maximum aggregate size of 1.5-in. and a percent passing No. 200 sieve of 

approximately 4%.  The average thickness of this unbound aggregate base layer is 6-in. 

3.2.8 Paving  

 Placing the Chat-Asphalt Base Course - The paving-related work started on November 

11, 2004. Day temperatures during this period varied between 47
o
F to 54

o
F. Prior to laying any 

chat-asphalt layer, the cured stabilized-chat base was first cleaned with the help of a mechanical 

broom, as shown in Figure 3.22. The chat-asphalt base course (S3-type mix) was laid first on the 

east bound lane and then on the west bound lane. The design sheet for the S3 mix is attached in 

                                                 
3
 Research Team consisted of Mr. Bill Adams (Owner of Tri-State Asphalt Company), Mr. Tim Murphy (Project 

Manager, Glover Construction), Mr. John Clarke (County, Commissioner, Ottawa County), Dr. Tom Landers 

(University of Oklahoma), Dr. Musharraf Zaman (University of Oklahoma), Dr. Joakim Laguros (University of 

Oklahoma), and Mr. Danny Gierhart (Bituminous Engineer, Oklahoma Department of Transportation). 
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APPENDIX B. Paving was performed with a paver manufactured by Caterpillar (model number 

AP-1050B) having a hopper capacity of 21-cu ft. An Extend-A-Mat B Screed (Model 10-20B) 

was used to achieve a paving width of 10-ft. A total of 1,079 tons of S3 mix was consumed for 

all the sections. After laying the mix, a vibratory roller (see Figure 3.23) was used for 

compaction. A pattern of two passes with heavy vibratory mode and one pass with static mode 

(no vibration) was followed by the vibratory roller to achieve the desired density. A light-duty 

roller manufactured by Bomag (Model number: BW 100 AD-3), also called a finish roller, was 

used to smooth the asphalt surface and remove the marks of the vibratory roller. A nuclear 

density gauge was used to check the level of compaction (see APPENDIX C for details). A total 

of 147 measurements were taken throughout the Test Road. Statistical analyses were performed 

to find the mean and standard deviation. It was found that the field densities of the compacted 

chat-asphalt base course were in the range of 126 pcf (85% compaction) and 147 pcf (99% 

compaction) with an average density of 132 pcf (91% compaction). The target density for the 

chat-asphalt base course was approximately 141 pcf (94% compaction). 

 Problems Encountered Prior to Placing the Chat-Asphalt Surface Course ï Another 

problem was encountered by the research team after construction of the chat-asphalt base course. 

On November 15, 2004, the research team visually inspected the Test Road.  Localized chat-

asphalt base course failure was observed at three locations in TS-2, as shown in Figure 3.24. The 

research team suspects that failure resulted due to the farm vehicles that used the Test Road 

prematurely.  Figure 3.25 shows a photographic view of the failure zone with the overlaying 

chat-asphalt base removed.  The area was compacted and repaved as shown in Figure 3.26, prior 

to placing the chat-asphalt surface course. 
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 Placing the Chat-Asphalt Surface Course ï A tack coat was applied on the chat-asphalt 

base course before the construction of surface course. The tack coat ensures proper bonding 

between the two adjoining asphalt layers. An ñS5ò type chat-asphalt mix was used for the 

construction of the surface course. The design sheet for the S5 mix is included in APPENDIX B. 

As noted earlier in Section 2.3.2, the original binder content was changed from a PG 70-28 to a 

PG 64-22, as advised by the research team, for the following reasons: (1) presence of polymer in 

PG 70-28 would result in rapid setting of the mix in cold weather, making it difficult, if not 

impossible, to achieve proper compaction; and (2) using a PG 64-22 binder would be more 

economical.  

The chat-asphalt surface course was laid on the west bound lane first starting from the 

east end of the project (from section TS-2). A total of 654 tons of S5 mix was consumed. A 

nuclear density gauge was used for checking the densities at regular intervals during construction 

of the chat-asphalt surface course. The densities of the compacted chat-asphalt surface course 

were found to be in the range of 117 pcf (80% compaction) and 146 pcf (99% compaction) with 

an average density of 132 pcf (90% compaction).  The compaction data obtained during the 

construction of chat-asphalt surface course are attached in APPENDIX C. The target density for 

chat-asphalt surface course was 138 pcf (94% compaction). Variations of densities achieved in 

the field from the target density may have resulted due to limited resources utilized (such as 

quality of compacter). Figure 3.27 shows a photographic view of the completed Test Road.  
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Table 3.1 Summary of Density Measurements Using Nuclear Density Gauge 

Point 
Typical 
Section 

Dry 
Density 

From 
Field 
(pcf) 

Moisture 
From 
Field 
(%) 

MDD 
From 
Lab. 
(pcf) 

OMC 
From 
Lab. 
(%) 

Relative 
Comapaction 

(%) 

1 TS-3 126.2 4.2 126 6.4 100 

2 TS-3 124.7 7.5 126 6.4 99 

3 TS-1 126.7 6.2 126 6.4 101 

4 TS-1 126.2 7.8 126 6.4 100 

5 TS-1 126.5 3.6 126 6.4 100 

6 TS-1 127.4 5.8 126 6.4 101 

7 TS-1 121.4 8.7 126 6.4 96 

8 TS-1 128.1 4.4 126 6.4 102 

9 TS-4 123.5 9.7 126 6.4 98 

10 TS-2 125.8 7.8 126 6.4 100 

11 TS-2 120.9 8.9 126 6.4 96 

Average 125.2 6.8 126 6.4 99 

 

 

 

 

Table 3.2 Summary of Chat (Sooner Pile) Usage, in Different Sections 

Typical 

Section No. 

Length 

(ft.) 

Thickness 

(inches) 
Properties 

Tons of 

chat 

TS-1 1,650 6 Chat + 10% CFA 1,237 

TS-2 500 3.5 Chat + 10% CFA 266 

TS-3 500 6 Subgrade + 10% CFA 0 

TS-4 500 6 Chat + 10% CKD 303 

   Total 1806 Tons 
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Table 3.3 Summary of Density Measurements on Stabilized-Chat Base 

 
Depth of Testing 

Laboratory 
Results 

2" 4" 6" 
MDD 
(pcf) 

OMC   
(%) 

R 
(%) Section 

D 
(ft.) 

L 
(ft.) 

Pt. 
No. 

MDD 
(pcf) 

w 
(%) 

MDD 
(pcf) 

w 
(%) 

MDD 
(pcf) 

w 
(%) 

 
TS-2 

100 9 1 130 8.1 133 8.1  - - 138 6.1 95 

250 17 2 125 8.8 128 8.8  - -  138 6.1 92 

400 9 3 127 9.8 128 9.8  - -  138 6.1 92 

TS-4 

600 9 4  - - 126 8 125 8.2 136 7.1 93 

750 17 5  - - 120 12 119 12.2 136 7.1 88 

900 9 6  - - 128 9.1 126 11.2 136 7.1 94 

TS-1 

1,300 9 7  - - 123 8.1 122 8.8 138 6.1 89 

1,600 17 8  - - 129 5.1 126 5.2 138 6.1 92 

1,900 9 9  - - 131 5.3 129 5.5 138 6.1 94 

2,200 17 10  - - 122 5 120 5.1 138 6.1 88 

2,500 9 11  - - 129 5.7 130 5.2 138 6.1 94 

TS-3 

2,750 9 12  - - 117 8.5 115 8.6 126 8.6 92 

2,850 9 13  - - 116 13 112 13.4 126 8.6 91 

2,850 13 14  - - 120 9.7 120 8.5 126 8.6 95 

2,850 17 15  - - 123 7.9 128 7.2 126 8.6 98 

1,950 9 16  - - 112 15.9 112 12.6 126 8.6 89 

1,950 13 17  - - 108 16.1 111 10.7 126 8.6 87 

3,050 9 18  - - 112 14.5 110 14.3 126 8.6 88 

3,050 13 19  - - 112 14.2 111 12.3 126 8.6 89 

3,050 17 20  - - 125 8.8 121 9 126 8.6 98 

R (%) : Relative Compaction 
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Figure 3.1 Plan View of Four Test Sections  

 

 

 

 

 

 

 
 

Figure 3.2 Sketch of Typical Section No. 3 (TS-3)  
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