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The contents of this report reflect the views of the authors who are responsible for the facts
and the accuracy of he information presented herein. The contents do not necessarily
reflect the official views of the Oklahoma Department of Environmental Quality (ODEQ).
This report does not constitute a standard, specification, or regulations.
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ABSTRACT

Chatrefers tomine tailings from the abandoned minesha TriState Mning District of
Oklahoma, Kansas and Missouin. year 2000, Oklahoma Governor Frank Keating formed a
task force,The Tar Creek Superfund Task Force (TCSTi#6) examine thempactsof the Tar
Creek Superfund site. The task force made recommendationsveralsstudies including
assessing the use cdw chat orpile run chat in pavement applications. The departments of
transportation in Oklahoma, Kansas and Missouri have been using small sofqile run chat
(about 20%) as an aggregate material in hiatasphalt (HMA).The research teagonducted a
two-year systematic laboratory study to develop mix designs using pile run chat in HMA for
both base course and surface coaygglications It was reported that as much as 80% and 50%
chat can be used safalya chatasphalt surface course and a base course, respecfiisgyan
exploratory studyconducted by the research teahmowed that blending 55% chat with 35%
limesbne and then mixing either 10% class C fly asRALor 10%cement kiln dust@KD)
could yield a base coursealled stabilized chat base in this reptrat would be strong enough
to support a dégn ESAL of 0.3 million or lessThis field demonstration project was undertaken
to evaluate the penfmance of chaasphalt andstabilizedcha 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 3100ft. long Test Roadvas constructedearCardin Oklahoma. Tie Test Roadvas
divided into four different sectionfIS-1, TS2, TS3 and T4, see section 3.2.1 for details)
depending on the stabilizing agent used and the thickness oh#ltasphalt surface anolase

course. The stabilizeechatbases consist gdile runchat fromthe Sooner Pile angvas mixed
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with either 10% CFA or 10% CKpwhile the chatasphalt surface and base courses have 80%
and 50% pile run chat, respectively, froime Tri-State Asphalt plant

The noisturedensity relationship wereestablshed for CFA and CDistabilized bases
and commonly used performance testemely moduli (elasticand seismig unconfined
compreswe strength (UCS) and indirect tensile strength (ITS), were conducted. The laboratory
testdata indicate that the unconfinedmpressive 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 uniel loading in UCS testing was approximately 59 ksi for CFA
stabilized chat and 25 ksi for Ck&abilized chat. Comparagly, the average seismic modafi
CFA-stabilized chatand CKDstabilized chatwere approximately 868 ksi and 197 ksi
respectively.The indirect tensile strengti{ITS) of CFA-stabilized chat was approximately 19
psi, while that of CKDBstabilized chat wasnly 8 psi. Overall, it was observed that strength of
pile runchat improved substantially due to cementitious stabilization.

Seleced field tests, namely ground penetrating radar (GPR), falling weight deflectometer
(FWD), and spectral analysis of surfacawes (SASW), were performed to bazMculate the
pavement designgpameters in a nedestructive manneGPR test data were useddetermine
asbuilt thicknesses of different layers in the pavement struclure GPR test results revealed
that, on average, the thickness of the stabilizeat base in th€est Roads within 0.2in. to 0.7
in. of the design thicknes$he HMA layer hicknesses obtained from the GPR data are fairly
consistent and close to the respective design thickneBsesFWD results showed that the
elasticmodulus of CFAstabilized chat is about 2.4 times the modulus of the Siébilized

chat.
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Unlike stabilizedbases, one type of modulus test, nantély cyclic indirect tension
resilient modulugMg), was performed for chatsphalt surface and base cour3éwe Mk tess
wereperformed with varying stress ratios ranging from 0.15 to 0.70 and three test temperature
namely 5°C, 25°C and 40°C (i.e., 41°F, 77°F and 104°F). Other temgoperformance
characteristic testef chatasphalt namely, APA rut, APA fatigue and permeability, were also
performed in the laboratory. Theverage resilient modulus value at a stnedio 0.20 and a test
temperature of 25°C (77°Ryas 5,992 MPa (869 ksi) for th€est Roadasecourseand 2,565
MPa (372 ksi) for the surfagaurse Specific mix properties, namely air voids, binder content,
specific gravity of aggregates and sizesgfregates were identified as thdluential factors in
the test resultsThe APA rut test results showed that tfiest Roadmixes are susceptible to
rutting. The APA fatigue results indicate that thest Roachas a greater fatigue resistanthe
avera@ permeability value for tHeest Roadsurface mixwas found to b&0.8 x 10° cm/s (4.3 x
10%in/s). The corresponding permeabilit§ the base mixvas2.4 x 10° cm/s (0.9 x 18 in/s).

Two types of modulifrom FWD and SASW tests, wedetermined forthe stabilized
basesas well as for thehatasphalt surface and base courseserall, the results show that
Esasw IS approximately foutimes higher aBection TS4 andsix times higher aBection TS2
than the correspondingrlp values. Milling and repaing operations were performed and
perinent laboratory tests were performed on millings and repaving mix. A distress survey was
also performed which includedrainage inspectigrrut measurement and crack mappimge
road was found to be in fairlyood ©ndition after more than two and a half years in service.
However, the drainage during the heavy rainfall was found torhajar concern. Overall, this

study demonstrated that both the stabilizbdtbases and chatsphalt surface and base courses
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can beused effectivelyin road construction in the Tar Creek region and elsewhEhe

environmental findingpertaining tahis study will bereportedn a separate report.
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CHAPTER 1 INTRODUCTION

1.1 Background

The TriState Mning District in northeast Oklahoma, southeast Kansas and southwest
Missouriwasthe site of substantial zinc and lead ore extraction sincenith@9™ century. This
activity in Oklahomaresulted ina total of 165 million tons of chat (i.e., chert fragments)
which approximately75 million tons iscurrertly stockpiled in large quantitiesn the surface of
the Tar Creek 8perfund Site(Hughes, 2002; Wasiuddin et al., 2005). The stockpiled chat
contains eleated levels ofead, zinc and cadmium, raisipgtentiallyserious 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 ilivthg mining
area had elevated blood lead le&ISEPA, 1999; Watee et al., 2000).

In 2000, Oklahom#&overnorFrankKeatingformedthe Tar Creek SuperfundaskForce
(TCSTF) to examine th@npactof the Tar Creek Superfund sifEhe Chat Usage Subconittee
was asked to Afind ways to alleviate the he
presence of t Ake taskhfarde omadé Reedmménilatioms several studies
including assessing these of pile run chat in pavement applicatien The departments of
transportation in Oklahoma, Kansas and Missouri have been using pile run chat as an aggregate
material in hot mix asphalfHMA). In a study byHamid (2004)it was reported that the
Oklahoma Department of Transportation (ODOT) uses a reliatveall percentage (up to 20%)
of washed chat in HMA for surface and base course applicatidosever, no combined
environmental and engineering study has been undertaken, soday, of the three statesing

chat for road construction.

'n this report,tdbhandofdawfiphheoranechaed interchangea
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Wasiuddin etal. (2005) conducted twoyear laboratory study to developix designs
using pile run chat (from the Kenoyer North Piss) one of the primary ingredients HMA,
call eddspbohat 0 iltnwastrepdrted thateap rouch as 80% and 50% chat ean b
used safelyn a surface course and a base course, respectBeti. chatasphalt 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 detailsyjva$ also reported that
pile run chat is an excellent source of aggregate in HMA.

Another laboratory study bidughes (2002evaluated the performance of chatixed
with subgrade soil and stabilized with class C fly ash (CFA), for roadway applicalieneslesali
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), nameBf, 5.0%, 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 séimited 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 factorsfield demonstration project was undertaken in this
study The objective of this study was evaluate the performance offast Roadvith stabilized
chat as a baseand chatasphalt as a base course and a surface course. Details of the site
evaluation, dagn, construction and evaluation of tAiest Roadare included in this report
Using pile run chatas apaving material (i.e., stabilizeechat and chaasphal} is expected to

acceleratéhe useof chatandaddresslustproblems in the Tar Creek SuperfuBite



1.2 Scope and Obijectives

As noted in the preceding section, the major objectiveisffild demonstration project
was to evaluate the performance of ehaphalt and stabilizechat in paving.Only the
engineering aspect of theest Roadis discused in this report. The environmental aspect
performed undeseparatéunding,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 fidfasiuddin et al. (2005) eve
included in the bid package to maximize the use of pile run chat irasphglt. The exploratory
study by Teredesai et al. (2004) provided the desgiied information in the bigpackage for
CKD and CFA stabilize¢hat. ATest Roadwas constructed with four different sections, having
varying combinations of chatsphalt surface, chasphalt base, CKD stabilizexthat and CFA
stabilizedchat. 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 éis&€ Roadwas milled and
repaved using chatsphalt, and tests were conducted on both millings and repaving materials.
Also, a distress suey of theTest Road includingdrainage rut depth meagement and crack
mappingwas performed following about two and half years in senkagally, FWD and GPR
tests were conducted to further assesslgst Roadperformance in terms of changes insitu
moduli of stabilizeechat bases and chasphalt bas and surface courses.
1.3Project 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 th@bjectives and the scope of the project. It also provides the overall layout of this report.



After the objectives and the scope of the project were set, a bidding package was
prepared to select a paving contractor for Tlest Road The prebidding studyrequired 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 fromcommonly used geotechnical tes&oil classification tests were performed in the
laboratory and Dynamic Cone Penetration (DCP}testeperformed 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 Nath Pile was included in the bidding package from the study by Wasiuddin
et al. (2005). For the same reason, @wsghalt base mix with 50% raw chat was selected for
inclusion in the bidding package. As mentioned earlier, the exploratory study by Teetddsai
(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, QGadter 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 stabilibades. Finally, the paving of ckhedphalt
bases and surfaces is discussed. Tidst Roadvas constructed using chat from the Sooner Pile
for stabilized bases and from f3tate Asphalt for chatsphalt surface and base courses

Chapter 4 describes thesboratory tests of the CFA and CKD stabilized bases. It includes
discussion ofmoisturedensity relationshipthatareessential for establishing optimum moisture
content for stabilized bases. In the laboratory tesigt from the Sooner Pile was usest@ad of
theKenoyer NorthPile (used previously in the exploratory study by Teredesai et al., 2D@5.)

types of modulus tests, namely seismic modulus and elastic modulus, were performed in the



laboratory for stabilized bases. The samples used in thstseviere also used ftire UCStess.
Finally, indirect tensile strengtfiTS) tests were performedon a new set of samples. Chapter 4
contains the results of all these laboratory tests on stabilized bases.

Chapter 5 describes the laboratory tests onctteasphalt surface and base courses,
which include the mix designs with chat frofni-State Asphalt instead of the Kenoyer North
Pile. Unlike stabilized bases, one type of modulus test, cyclic indirect tension resilient modulus
test, was performedn thechatasphalt. The resilient moduli obtained for these mixes were
compared witlthose fromtwo 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, peficestand the relation between
resilient modulus and rut depth are also discussed in this chapter. Finally, the results of the
fatigue test and the permeability tesare presented.

Three nordestructive tests, namely spectral analysis of surface W&ASW), falling
weight deflectometer (FWD) and ground penetrating radar (GPR) were perfornmedfieldto
analyze the performance of the stabilized bases. SASW and FWD tests measure the moduli of
different layers in the pavement while GPR measuresttineknesses. Chapter 6 discusses these
tests. This chapter also includes tlesults of the dynamic cone penetratiddCP) tests
performed on the stabilized bases.

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

chatasphalt surface and base courses. The pavement layer thicknesses were determined using



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 giatthe Test Roadare 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 r&d smoothness, of thEest Roadafter more than two and a half
years in service. Finally, in Chapter 9 the conclusions and the recommendations of this study are

presented.



CHAPTER 2 PRE-BIDDING STUDY AND BIDDING PROCESS

2.1 General

This chapter discusses the {mdding study that included site selection for thest
Road site characterization (laboratory and field testing) and-agithalt 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 Thet 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 sdabtors as existing roadway elevation, width,
orientation (NorthSouthor EastWest), drainageright of wayand proximity to other chat roads
Based on this site visiseveral potential county roades were identified (e.g., county road S530
between county roads E20 and E50, west of Commerce, and E30 between S530amee§55
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 pavihg 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 ofsoy bean and pasture. Aade visual observation of the area revealed lack of a
well defined drainage system. For example, the drainage dibstesen these roads and the

neighboring fields are shallow and subjected to frequent damage due to the harvesting machines.



As discussed ubsequently, lack of adequate drainage became a major problem during
construction and performance assessment of¢ise Road
The location of th& est Roadvas selected based on the following considerations:
1. The Test Roadwill suppress dust in existinghat 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 proposexhd site is that a number of roadshe 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 efew, the orientation of the road was selected based on
the wind directioreffects
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.
2.2.2So0il Sampling and Laboratory Testing

Limited geotechnical investigations were conducted on the existing subgrade layer of the
selected site. As part of thisvestigation, boreholes were drilled using a hand auger at four
selected locatios, as shown in Figure 2.3. Subgrade soils from these boreholes were collected
and classified based on visual observations described in the ASTM D9348tthod. A
summary of the soil type is presented in Table 2.1. The subgrade soil was found taitbe bro

clayey silt with some moisture within the togr8 For depths betweeniB. and 24in., the soll



was classified primarily as fat clay with reddish brown mottles. Also, traces of chat could be
seen in the soil to a depth ofr8
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, caliéd DCP
DCP-2, DCR3, and DCH4, are illustrated in Figure 2.3. At least one DCP test wd®qmed in
each of the four test sections, namely-T,STS2, TS3 and T$4. A description of each test
section is given in Section 3.2.1. The DCP tests were performed down to a deptmaf33.4
in.). The DCP results were assumed to be representdtthie 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 ©OP value indicates a weaker subgrade. Complete DCP profiles
for all locations are shown in Figure 2.4. From thpkes several interesting observations are
made.
1. The ICI values for DCH exhibit an increase with depth up to-813(11.8in.) and then
decrase in the remaining depth, @®(35.4in.). It is an indication that the strength of
the subgrade soil decreases wd#pth, up to 0-8n (11.8in.), beyond which an increase
in the strength is observed. Specifically, the maximum ICI value anQs368mm/blow
(2.56in./blow). From 0.3m (11.8in.) to 0.9m (35.4in.), the ICI values vary between 68
mm/blow (2.56in./blow) and 30 mm/blow (1.X8./blow), with the minimum ICI (10
mm/blow or 0.39n./blow) occurringat approximately 0.8& (32.7in.).
2. For DCP-2, the ICI values areelatively low (10 mm/blow or 0.3®h./blow to 20

mm/blow or 0.79n./blow) and did not exhibit any significant changes down to a depth



4.

of 0.35m (13.%in.). For depths between 0-8% (13.7%in.) and 0.9m (35.4in.), the ICI

values are higher (40 mm/blow or 1:&V/blow to 50 mm/blow or 1.9¥h./blow).
However, the changes in these values are not significant. It is an indication that the soll
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).

The ICI values of DCB show that the subgrade layer at this locatiamm be divided into

three different layers based on their average ICI values. The first layer has a thickness of
0.15m, with an average ICI value of 50 mm/blow. The second layer-(@.05 5.9in.

to 0.3m or 11.8in.) is significantly stronger with aaverage ICI value of 10 mm/blow or
0.3%in./blow. The third layer (average ICl = 30 mm/blow or Xih8blow) from a depth

of 0.3m (11.8in.) to a depth of 0:8n (35.4in.) is stronger than the top layer but weaker
than the middle layer.

As in DCR3, thevariation in the ICI values with depth for D&@Preveals three different
layers with different strengsh The first layer (top layer) has an average ICI value of 10
mm/blow (0.39in./blow) and a thickness of G (7.8%in.). Comparatively, the second

layer having a thickness of Orf (19.7in.) exhibits a higher average ICI value of
approximately 25 mm/blow (0.9@./blow). As for the third or bottom layer, it has an
average IClI value of approximately 15 mm/blow (Gis%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
Trangortation (ODOT), was used to convert ICI to CBR (Hensley and Rose, 2005):

Log (CBR) = 2.81' 1.321 log (ICl) (2.1)
where, ICl is represented in millimeters per blow (mm/blow).

The CBR value 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 1@ an average
CBR value of approximately 20 up to @2 (7.9in.), beyond which a much lower value of
approximately 5 is observed. For D&Rthe top layer (up to 0.3%) 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 sityphcid use these average values
to represent the overall behavior of each test section. The CBR values frori, MZHAR2,

DCP-3, and DCP4, were used to represent the behavior of subgrade soils at each test Section:
TS 1, TS2, TS3, and T4 (see SectioB3.2.1 for details). Table 2.2 presents a summary of DCP
and CBR values for each section along Tiest Road From Table 2.2, it can babserved that
section TS2 has a weak subgrade with a CBR value of 10 in accordance with thargsds}
Hensley and Bse (2005) Also, subgradgin sections TSL and TS2 are considered good for
pavement construction based on their CBR values of 39 and 25, respectively. Segtibas &
normal subgrade with an average CBR value of 18.

2.2.4Stabilization of Chat with @nentKiln Dust (CKD) and Class C Fly Ash (CFA)

In order to prepare a bidr the Test Roadoroject, an exploratory laboratosgudy was
performed by Teredesai et al. (2005) to stabilize raw chat with CKD and CFA. Following the

work of Wasiuddin et al. (ZIb) that used as much as 80% pile run chat in aadptalt surface
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mix and as muchs50% 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
evaluaed 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 eestfte results of th&JCS 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 UCSday 14
cured specimens is 296 psi. Raw chat stabilized with 1A @ielded 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 gairthe case of CFA stabilization is slow in the first 14 days
but accelerates afteard

Since raw chat samples without any stabilizaggnts could not be tested because of lack
of cohesion and specimen integrity, no UCS results are available for ravAaignificant 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 UCSltesor chat stabilized with% CFA and
cured for 28 days were incorrect due to some ptessixperimental errors. All of the UCS tests
were performed at a strain rate of 1 in. per minRecent studiebaveshown that if the strain
rate if reduced to 1 % of the sample hejgig recommended by ASTNhen the 2&lay UCS

value for stabilized chit drops to 150 psi for CFA stab#izonand 60 psi for CKD stabiletion
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The results of the UCS tests on Bkstabilized raw chat samples are summarized in
Table 2.4. With 10% CKD in the mix, a UCS value of 69 jgsachieved after 14 days of curing.
The UCS value increased to 128 psi whieacuring timewasincreased to 28 days. It can be
seen from Table 2.4 th#te 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 daysriofy cspecimens
compacted at 5.5% water content shoveedigher 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 valueevehsing in the water
content from 5.5% to 9%. The strength increase feddylcured samples was from 35 psi to 170
psi. The average UCS value of-88y 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, localgvailable limestone from VinitQuarrywas blended with chat to meet
the gradation requirements. Results showed that blending 55% chat with 35% lemeston
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 ChatAsphalt Surface and Base Mix Design

Both designs ntethe 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 corkent of
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 streragtb (TSR) of the base mix is
0.82, which is 2% higher than the minimum allowed of 80%. In this mix, a RE2 @Gbphalt
binder was used, which is not a polymer modified binder. It is possibly due to this asphalt binder
that this mix marginally met the nsbure 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 polymenodified binder, andt generally performs well against
moistureinduced damage.

APA rut tests were performed at 147.2° F (64° C) according to the GADnhethod, 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), whicHag/ ke maximum allowed rut
depth of 5.0 mm (0.2 in), as set ®POT 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 miXPG 7028) could be thegssible 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
asample Permeabilityteds 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
125E05 cm/sec (49.215 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 «wyhalt. Moreover, environmental tests were

performed on the chatsphalt andtiwas concluded that chasphalt can be used safely as
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roadway material§WWasiuddin et al., 2005Based 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,
respectivelypf theTest Road

2.3 Bidding Process

2.3.1 Preparation of theBid Package

After the prebidding studya 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@psedTest RoadThe different items of
the bid package are discussed as follows.

Requisition Form - A onepage requisition form contains the summary of the overall
specifications of the project. #iso 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 i The bid was open to all vendors. However, a list of 10
potential biddes was submitted with the bid package.

Road Plani A road map was attached with the bid package. A description of the typical
sections was provided.

Pay Itemsi A list of the pay items, including the milling and repaving operations, was
provided in the pdage.

General Project Notesi General project notes containing information on payment,
traffic control, surfacing and materials were also provided.

Chat-asphalt Mix Design Sheeti The surface and base mix designs with 80% and 50%
pile run chat, respegely, as performed by Wasiuddin et al. (2005) were included in the bid

package.
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ODOT Specificationsi The following ODOT specifications were attached.

1. 3261(&)99 Subgrade Stabilization

2.390 Chat/Fly Ash Stabilized Base (Special Provisions)
3. 41130QA QC/ZA for Plant Mix Asphalt Concrete Pavement
4. 4114(a)99 Plant Mix Asphalt Concrete Pavement

5. 7021(ab)99 Cement Kiln Dust

6. 7081(a)99 Plant Mix Bituminous Bases and Surfadéaterials

7. 7083(a-g)99 Plant Mix Bituminous Bases and Surfacagerpave

8. 7084(a)99 Plant Mix Bituminous Bases and Surfacsoulders

9. 7085(a-b)99 JobMix 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 Jy 30, 2004, the Purchasing Department reported that two bids were received;
one from Glover Construction Co., Inc. and the other from AfA&homa, Inc. The lowest
bid was offered by the Glover Construction Inc. A four member Selection Committee aded
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 OklahomaAlso, to assist the bidding process, Dr.bed Nairn attended
some meetings and met with personnel in the purchasing offiegas found that even the
lowest (although the quoted price by the above two contractors were very closxcéatied
(about 66% higher) the expected cost of the projd@tte 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 thEest Roadwas about one mile (5300 feet). In the
revised bid, the length was reduced  file (3,150 feet).

2. The source of the chat was changed from the Kenoyer North Pile to the Sooner Pile and
the TriState Asphalt, respectively, fetabilizedchat basend chatasphalt. The hauling
cost played a key role in making these changes.

3. The binde grading of chatsphalt surface course was changed from RP&87M® PG 64
22. Also, the likelihood ofcolder weather during construction was responsible for this
change.
Finally, the committee selected Glover Construction, Inc. as the contractor foeshe

Roadconstruction, including the aforementioned changes/revisions to the bid.
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Table2.1 Boring Log Obtained from Pr€onstruction Testing

i Bore Hole Number
Depth (in) BT = = —
0
1 Silty fine to coarse
2 sand (moist),chat
2 Brown and silty | Brown clayey silt (SM) B;(i)l‘t"’r(‘jgrrney i'él{?y
clay (CL) damp (CL-ML) ' P
5 . ML)
6 Grey brown moist
7 silty clay (CL)
8
9 .
Reddish brown
10
mottles (CH) _
11 moist and plastic Grey clayey silt
12 P Reddish brown (CL-ML)
ij Brown mottles clay (CH)
(CH) moist and
15 .
16 plastic Red- brown
17 mottled clay (CH)
18 damp
19 Grey clayey silt
20 (Izrg\)/vrr:]g;;tiisd Moist fat clay | (more clayey)(CL-
21 lastic (CH) ML)
22 P
23
24
Chainage (from
west end) 150 ft 1,150 ft 2,150 ft 3,150 ft

Table2.2 Summary of DCHResults Along thdest Roadsections

Depth ICI CBR Avg. CBR .
(irﬁ) ) DCP | (mmiblow) | (%) g(%) Section
0to11.8 | DCP-1| 101065 20 0 753
11810354 | DCP-1| 301065 TS-3
0t013.7 | DCP2| 101015 50 i TS-1
13710354 | DCP-2 | 4010 60 TS-1
0t013.7 | DCP3| 101012 24 i TS-4
13710354 | DCP-3 | 4010 50 TS4
079 | DCP-4| 5t0i5 50 TS2
7.0t027.5 | DCP-4 | 251035 10 25 TS-2
27510354 | DCP-4 | 2010 25 20 TS-2
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Table2.3 UCS Test Redts for CFA Stabilized Raw Chat (Kenoyer North P&gnples

(Water Content 5.5%)

Table2.4UCS Test Redts for CKD Stabilized Raw Chat (Kenoyer North Pigmples

% Chat % CFA Curl(r:jg;l yF>Sta)r|od Fallu(rF()aSiS)tress

95 5 14 91.5
28 38.5

90 10 14 140.2
28 516
14 296

1
% ° 28 758.2

Water Content
% % CKD Curing period 5.5% 9%
Chat (days) Failure Stress Failure Stress
(psi) (psi)
14 40.3 -
95 5
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 2.5Volumetric Properties of Different Mixes

Base Mix with | Surface Mix with
50% Raw Chat | 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 Aggrgates (%) 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 2.6Results of Performance Tests

Moisture Rut Testat 64°C Permeability Test
Susceptibility Test
Mix Tensile Min. Avg. Rut Max. Average Max.
Stress Allowed Depth Allowed Permeability Allowed (E-
Ratio (mm? (mm) (E-05 cm/sed) 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 inch=25.4 mm = 2.54 cm
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S530 Road Test Road E30

PN
®

Imagerya® 2008 izcubec

Figure 21 Location of Test Road in Cardin, Ottawa CtoyrOklahoma

Figure2.2 Test Roadbsite Before Constructigrooking West
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CHAPTER 3 CONSTRUCTION REPORT

3.1 General

This chapter isdevoted to presenting the construction phases ofTdést Road An
introduction of the different seatns of theTest Roads also presented.
3.2 Construction of theTest Road

As mentioned in Chapter 2, Teest Roadvas constructedn County Road 80 in Ottawa
County, Oklahoma to evaluate the performance of Gtahilized chat, CKBstabilized chat, and
cha-asphalt surface and base courses. Also, an important objective of this study was to
demonstrate the use of pile run chat in an environmendglpropriatemanner. This report
covers only the engineering aspects of the field demonstration. Environmestiab tand
monitoring were conducted under separate fundimdj indings will be presented in a separate
report.
3.2.1 Test RoadSections

To evaluate the effect of chat as a stabilized aggregate badeshRoadvas divided
into four sections, as slvn in Figure 3.1. The first section starting from the intersection of
county roads S530 and E30, designated a8,Ti&s a length of approximately 580A typical
profile of this section is shown in Figure 3.2.-BXonsists of four layers. (1) The t&gyer is
1.5i n. t hick; i t ¢ oasphaltscontining f80%t pileprn chHatS (2)0Thedayea t
below is a 2.86n. thickchata s phal t of iy qmaing % pilé run chat (Teate
Asphalt)blended with locally available limeston@) The third layer has a thickness ein6 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 browmottles, as described in Section 2.2.2.
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The second section starting from the east end 68 TSdesignated as T6 It has an
approximatelength of 1650ft. This section is paved with the same ehsphalt surface and
base courses as in 45 The ch&asphalt surface course has a thickness ofnl.5while the
chatasphalt base course has a thickness ofi2.5These layers are overlaid on top of a
stabilizedchat layer. The stabilizechat layer has a thickness 6fr6 and it consists of pile run
chat (Sooner Pilejtabilized 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-Z Sstarts from the east end of-I&nd extends 56f.
to the east, ashewn in Figure 3.1 This section consists of a top layer of 4rb thick chat
asphalt surface course with 80% pile run dfiat-State AspaltFigure 3.4). The layer below is
a25in.thickchatasphalt base course of tdof@K®stdbize8d0. The
chat having a thickness ofiB. This layer is underlain by the existing chat/soil subgrade.layer

The fourth section, designated as -BS has a length of 50f. A typical profile of this
section is shown in Figure 3.5. This sectisressentially same as TSexcept the thickness of
the chatasphalt base layer isib. instead of 2.5n. and the thickness of stabilized chat base is
3.51in. instead of én.

3.2.2 Construction

The sequence of construction of thest Roads shown inthe flow chart in Figure 3.6.
Broadly, the construction of th&éest Roadwas divided into three phases. The first phase
consisted of grading, leveling, and compacting the existing subgrade. The second phase
consisted of constructing the stabilized bas®l the last phase involved paving the road with

chatasphalt base and surface courses. These phases are discussed in the falthioimsg
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3.2.3 Treatment of the Esting Subgrade

The existing subgrade wagraded, leveled, and compacted so that esomgble
conformity with the typical sections, grades, and density was achieved, as specified by ODOT
(1999). The work started on October 4, 2004 wadcompleted in two days. The subgrade was
graded uniformly using a motor grader. The motor grader, matwred by John Deere (model
number 770 CH having 158835 HP), had a weight of about 32,7801t had a turning radius of
22-ft. and a blade size of 4 by 2-ft. Since the site was relatively uniform, no additional fill
materials were needed from extal sources. Following the grading operation, the surface was
compacted with the help of an Ingersoll Rand vibratory roller (model numbd&i08MR15), as
shown in Figure 3.7. On averadeo to three passes with strong vibrations and one pass without
any \Jbration were needed to achieve the desired level of compaction. A nuclear density gauge,
shown in Figure 3.8, was used to measureirthgtu density of the compacted subgrade. The
field density (determined by the nuclegauge) was compared with the ladory moisture
density results. The moistudensity curve ofhe subgrade soil (from area around boreholé B
and depth betweenif. and 9in.) is shown in Figure 3.9. From Figure 3.9, the maximum dry
density (MDD) of chat/soil subgrade is approximate®6 pcf at the ptimum moisture content
(OMC) of 6.4%. For simplicity, the nuclear density gauge was calibrated with respect to this
MDD. From a visual inspection diie soil profile as well as DCP data, it is recognized that both
the MDD and OMC would belifferent in different test section§. the field density was not
between 95%and100% of the MDD additional passes wereante. Figure 3.10 shows the layout
of the 11 locations selected for density measurements. A comparison between the field and
laborabry 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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moisturedensity relationship was established from soil from only onetitotadue to time
constraints, it may not be applicable for subgrade soils throughoutesteRoad Therefore,
some variations in the maximum field cpattion levelswere observed. Also, the moisture
contents in the subgrade soil (from the nuclear dergdtyge), at these locations (having
compaction levemore 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 speations (ODOT, 1999).
3.24 Hauling and Spreading of Chat, CFA and CKD

Pile run chat was hauled from the Sooner Pile, located about 6 miles frdrasihRoad
site, on October 7, 2@. Figure 3.11 shows a photographic view of a truck unloading thatchat
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-compacted thickness of the pile rcimat, called loose lift thickness,
was kept larger than the desired thickness after compaction. The loose lift was maintained at 5
in. in section T4 where the compacted thickness of the stabHdeat was targeted to be drb
(Figure 3.13). The loosét thickness was maintained atif7. in sections TS and TS2, where
the compacted thickness of the stabiliobdt was targeted to beis Loose lift thicknesses
were monitored manually as shown in Figure 3.13. Windrows, having a height of abaut 12
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 (seeFigure 3.14). No chat vas laid in section TS, since TSL did not contain any
stabilizedchat 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 elattdized for the base
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course construction. CFA and CKD were leaufrom 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 cinued through October 13, 2004. A water tanker and a pulver
mixer were used fan-situ mixing of chat with CFA and CKD. The water supply from the truck
was adjusted to 2.98@allonsper square yard in FSto 5.63gallons per square yard in ¥
and to 4.28 gallongper square yard in F$ (as per the OMC for the respective sections)s
important to note that the work related to-3Started after the completion of the other three
sections. This approach facilitated the construction sequence, TS88edoes not contain a
stabilizedchat base.

A pulver mixer, also called a stabilizer (model nhumber RS325), manufactured by CMI
(Terex), having a pser of 330 HP with M11 Turbocharged engine, was used for mixing. The
width of the mixer was 6-&. 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 {8I/115) was used to
compact the stabilizedhat. Figure 3.17 shows the roller compacting thbikzedchat mix. A
pattern of four passes with heavifpratory mode and twpassesvith static mode (no vibratign
was followed to reach the desired denskieavy vibratory mode helps in mpaction of the

chatCFA/CKD mix at or neamaximum dry densityStatic 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 isections TS, TS4 and TS1 was in the range of 88% to 95%thvan
average compaction of approximately 94%.

After completion of compaction of the stabilizedat bases for T3, TS2, and T$4,
heavy rainfall occurred for two days forcing the work tosheit down. On the third day, the
research team examined tfiest Roadand found out that the moisture contents at different
locations in TS3 ranged between 11% and 14%. These values are approximately 4.5% and 7.5%
higher than the optimum moisture cont@@MC) 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 weatheconstraints. The work was resumed by scarifying the wagrade to a depth
of 6-in. using a ripper (see Figure 3.18). After that, CFA was spread on top of theeddasi@r
and mixed thoroughly using the pulver mixer. The vibratory roller, descrigndidre was used
to compact the CFAtabilized chasoil. 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 responsiblestarh a low field density.
3.26 Curing

After compaction, the compacted stabilizgtht base was coated with an-8mulsion
(a slowsetting emulsion) to protect it from moisture infiltration and to assure a suitable
environment for the chemical reactito 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 @mnulsion was about 0.05 gallons per square yard. Figure 3.19
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shows the compacted stabilizethat base covered with the emulsion for curiAffer coating,
the road was closed to traffic for 14 days to allow the stabilized layer toHowever, sme
farm vehicles used the compacted base prematurely resultingalzéot base failureg¢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 raindaturredin Ottawa Countycausing
flooding in the Test Roadarea. Actually, TS-3 wasentirely 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 ¢hmoisture content. It is also important to note that the stabilized base
was subjected to traffic, specifically, fire trucks. Excessive moisture contents3ram traffic
loads caused a major deformation (rut) in-F.SConsequently, the research téatacided 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-ih.5and a percent passing No. 200 sieve of
approximately 4%. The average thickness of this unboun@gagr base layer isib.
3.2.8 Paving

Placing the ChatAsphalt Base Course The pavingrelated work started on November
11, 2004 Day temperaturs during this period varied between&7to 54F. Prior to laying any
chatasphalt layer, the cured stabédchat base was fircleaned with the help of a mechanical
broom, as shown in Figure 3.22. The ehgphalt base courg83-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

% Research Team consisted of Mr. Bill Adams (Owner ofState Asphalt Company), Mr. Tim Murphy (Project
Manager, Glover Construction), Mr. John Clarke (County, Commissioner, O€awaty), 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-ed ft. An ExtendA-Mat B Screed (Model 1Q0B)
was used to achieve a paving width offilOA total of 1,079 tons of S3 mix wa®nsumed for
all the sections. After laying the mix, a vibratory roller (see Figure 3.23) was fosed
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 aclaethe desired density. A lighluty
roller manufactured by Bomag (Model number: BW 100-2)Dalso called a fiish roller, was
used to smootlthe asphalt surface and remove the marks of the vibratory roller. A nuclear
density gauge was used to chélo& level of compaction (see APPENDIX C for details). A total
of 147 measurements were taken throughoufTést RoadStatistical analyss were performed
to find the mean and standard deviation. It was found that the field densities of the compacted
chatasphal 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 densitg for
chatasphalt base course was approximately 141 pcf (94% compaction).

Problems Encounteed Prior to Placing the ChatAsphalt Surface Coursei Another
problemwas encountered by the research team after construction of thasphalt base course.
On November 152004, the research team visually inspected Test Road Localizedchat
asphat basecoursefailure was observed #tree locations in TR, as shown in Figure 3.24. The
research team suspects that failure resulted due to the farm vehicles that ubest tRead
prematurely. Figure 3.25 shows a photographic view of the failure wath the overlaying
chatasphalt base removed. The area was compacted and repaved as shown in Figure 3.26, prior

to placing the chaasphalt surface course.
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Placing the ChatAsphalt Surface Coursel A tack coat was applied on the clasphalt
base cowge before the construction of surface course. The tack coat ensures proper bonding
bet ween the two adjoining -asphgthmxlwas uked joe thes . An
construction of the surface course. The design sheet for the S5 mix is includeBENDIX B.

As noted earlier in Section 2.3.2, the original binder content was changed from aZ8Go78

PG 6422, as advised by the research team, for the following reasons: (1) presence of polymer in
PG 7028 would result in rapid setting of the mix aold weather, making it difficult, if not
impossible, to achieve proper compaction; and (2) using a P22 6inder would be more
economical.

The chatasphalt surface cosewas laid on the west bound lane first starting from the
east end of the proje¢trom section TS?). A total of 654 tons of S5 mix was consuméd.
nuclear density gauge was used for checking the densities at regular sderiaj construction
of the chatasphalt surface course. The densities of the compactegsplaltsurfacecourse
were found to be in the range of 117 pcf (80% compaction) and 146 pcf (99% compaction) with
an average density of 132fp@®0% compaction). The compaction data obtained during the
construction of chaasphalt surface course attached in APPENDIX CThe target density for
chatasphalt surface course was813cf (94% compaction)ariations of densities achieveql i
the field from the target density may have resulted due to limited resources utilized (such as

quality of compactgr Figure 3.27%hows ghotographic view of the complet@est Road
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Table3.1 Summary of Density Measurements Using Nuclear Density Gauge

Dry | Moisture | MDD | omcC .

: Typical Density From From From REIa“V?

Point Section Efolrg Field Lab. Lab. Comag}actlon

e | | eeh | ) *)
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

Table3.2 Summary of Chat (Sooner Pilgsage in Different Sections

Typical Length | Thickness Properties Tons of
Section No. (ft.) (inches) chat
TS1 1,650 6 Chat + 10% CFA 1,237
TS-2 500 3.5 Chat + 10% CFA 266
TS3 500 6 Subgrade + 10% CFA 0
TS4 500 6 Chat + 10% CKD 303
Total 1806 Tons
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Table3.3 Summary of Density Measurements on Stabilizdtt Base

. L rator
Depth of Testing Eg)eosﬁltos y

z ad A MDD | OMC | R

Section D L |Pt. MDD | w | MDD | w | MDD | w (pcf) %) | (%)
(ft.) | (ft.) | No. | (pcf) | (%) | (pcf) | (%) | (pcf) | (%)

100 9 1 130 | 81| 133 | 8.1 - - 138 6.1 95

TS-2 250 | 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

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

TS-4 750 | 17 5 - - 120 12 119 | 12.2 | 136 7.1 88

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

1,300 | 9 7 - - 123 | 81 | 122 | 838 138 6.1 89

1,600 | 17 8 - - 129 | 51 | 126 | 5.2 138 6.1 92

TS-1 | 1,900 | 9 9 - - 131 | 53 | 129 | 55 138 6.1 94

2,200 | 17 | 10 - - 122 5 120 | 51 138 6.1 88

2500 | 9 11 - - 129 | 5.7 | 130 | 5.2 138 6.1 94

2750 | 9 12 - - 117 | 85 | 115 | 8.6 126 8.6 92

2850 | 9 13 - - 116 13 112 | 134 | 126 8.6 91

2850 | 13 | 14 - - 120 | 9.7 | 120 | 85 126 8.6 95

2,850 | 17 | 15 - - 123 | 79 | 128 | 7.2 126 8.6 98

TS-3 | 1950 | 9 16 - - 112 | 159 | 112 | 126 | 126 8.6 89

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

3,050 | 9 18 - - 112 | 145 | 110 | 143 | 126 8.6 88

3,050 | 13 | 19 - - 112 | 142 | 111 | 123 | 126 8.6 89

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

R (%) : Relative Compaction
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Ottawa County

Figure 3.1 Plan View of Four Test Sections

Not to Scale

Not to Scale

Figure3.2 Sketch of Typical Section N8.(TS-3)
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