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ABSTRACT 
 
This project has developed, demonstrated, and documented the application of a ponded F-
fly ash as a road subbase material for a 2.1-mile county highway without short-term 
negative environmental impacts to groundwater.  About 70,000 cubic yards of Meredosia 
power plant ponded fly ash were used on this project in summer 2002. This 
demonstration was performed at an Industry Access Truck Route in Meredosia, Illinois. 
Post-construction studies included falling-weight deflectometer and water quality 
assessment studies. Longer-term performance studies are recommended for a period of at 
least two (2) more years until 2005.  
 
This project represents a three-year cooperative development and demonstration effort 
among the Office of Coal Development (OCD) of the Illinois Department of Commerce 
and Economic Opportunity (DCEO), Southern Illinois University (SIU), Morgan County 
Highway Department (MCHD), Illinois Department of Transportation (IDOT), 
AmerenCIPS, and Morgan County Regional Planning Commission. Over the last three 
years, the MCHD, IDOT, and SIU oversaw all construction activities and short-term 
performance evaluation studies. 
 
The road consisted of a 24-foot wide road built on a 0 to 7-foot thick compacted F-fly ash 
subbase.  The subbase top was capped by an aggregate base and bituminous concrete 
pavement. Geotechnical studies indicated this fly ash would conform to IDOT 
specifications for road subbase.  Based on environmental characterization of fly ash, the 
use of this fly ash for the project was approved. The economic considerations of using the 
Meredosia F-fly ash was developed by MCHD and savings of over $ 100,000 were 
indicated. Road construction was begun in June 2002 and successfully completed in 
October 2002.  The road has been performing satisfactorily since completion.  
 
Successful demonstration of large-volume applications of F-fly ash at this site will 
encourage similar utilization strategies at other power plants in the State of Illinois and 
help reduce management costs for CCBs. The use of fly ash would also help preserve 
agricultural lands by minimizing the need for borrow pits for the fill material. 
 

 



 

  

EXECUTIVE SUMMARY 
 

Most of the coal combustion byproducts (CCBs) generated by Illinois coal burning power 
plants (~3-4 m. tons) are disposed in on-site ponds at a cost of about $4 to $10 per ton.  
The generated CCBs represent a negative cash flow for the power plant and a cost to 
Illinois coal producers.  Therefore, development and demonstration of large-volume 
beneficial use applications for F-fly ash are considered very important for the 
enhancement of Illinois coal industry.  An added dimension to this is the fact that most of 
the on-site ponds at power plants are either already full or almost full.  Development of 
new on-site ponds according to environmental specifications currently in effect is very 
expensive and further impacts negatively on the use of Illinois coal.   
 
The project represents a three-year cooperative development and demonstration effort 
among the Office of Coal Development (OCD) of the Illinois Department of Commerce 
and Economic Opportunity (DCEO), Southern Illinois University (SIU), Morgan County 
Highway Department (MCHD), Illinois Department of Transportation (IDOT), 
AmerenCIPS, and Morgan County Regional Planning Commission. The goal of this 
project was to develop, demonstrate, and document the beneficial use applications of a 
ponded F-fly ash as a road subbase material. This was demonstrated for a 2.1-mile county 
highway without short-term negative environmental impacts to groundwater.  
Approximately 70,000 cubic yards of ponded F-fly ash were used on this Meredosia 
Industry Access Truck Route project.  
 

 
Figure 1. Industry Access Truck Route, Meredosia 

 
The Meredosia Industry Access Truck Route consists of a truck by-pass highway to 
divert heavy truck traffic from highway 104 south of the Meredosia business district and 
into the plant entrances of ICI National Starch, AmerenCIPS, and the other 
commercial/industrial facilities in the area. These facilities receive in excess of 150 
trucks per day. The safety in the downtown area was a significant concern given the 
number of trucks passing through Meredosia and turning across traffic and off Highway 
104 at the foot of the Illinois River Bridge.  



 

  

The County Highway consists of a 24-foot wide road built on a 0 to 7 foot thick 
compacted F-fly ash subbase overlain by an aggregate course, 6-inch thick bituminous 
concrete binder course, and 2-inch thick bituminous concrete surface course. 
AmerenCIPS Meredosia power plant ponded F-fly ash was used on this project.  Prior to 
initiation of this project, preliminary geotechnical (compaction studies, size distribution 
studies of fly ash, load bearing capacity etc.) and environmental studies had indicated that 
this fly ash would serve adequately as a road subbase material, conforming to IDOT 
standards.  Environmental studies of the fly ash included ASTM leaching tests and 
leachate quality evaluation. Based upon a review of the developed data, the subbase and 
the road were designed by MCHD and an estimate of cost developed with and without fly 
ash usage. About $ 100,000 in cost savings was estimated because of fly ash utilization at 
this site.  In addition, borrow areas and associated environmental concerns were 
eliminated. 
 
During Year 1 of this project, subsoil investigations, fly ash characterization, surface and 
groundwater characterization, design of subbase and road, and planning for field 
demonstration were undertaken.  Approvals for construction and demonstration phase 
were also initiated.  Public notification of the project was made on November 15, 2001.  
The permitting process took almost six months and approval to proceed with construction 
was granted in April 2002.   
 
During Year 2, field demonstration and road construction, and road and subbase 
performance evaluation performance activities were performed. Subbase construction 
was initiated in June 2002 and road construction was completed in October 2002. 
Standard road construction equipment was utilized. Two lysimeters were installed across 
the subbase bed to collect leachates.  Although the road construction was completed in 
2.2 years, the post-construction performance activities may continue for a period of three 
(3) years after the completion of construction.  The MCHD and IDOT oversaw all 
construction activities and will oversee long-term performance evaluation studies. The 
road has been open to traffic since October 2002. 
 
A base line Falling Weight Deflectometer (FWD) survey was completed in November 
2002 with additional surveys to be performed in spring of each year for the next three 
years. An additional FWD survey was completed in June 2003. However, the survey 
report has not been received from ERES consultants. The first set of water quality data, 
after road construction, was also collected in March 2003, with an additional set of 
samples collected and analyzed in June 2003.  
 
This project has provided an excellent opportunity to demonstrate and document, under 
full-scale field conditions that coal combustion byproducts (CCBs) can be used safely 
and economically as a road subbase material.  Successful demonstration of large-volume 
beneficial use applications of F-fly ash at this site will significantly reduce ash 
management costs for this power plant burning Illinois coal.  Furthermore, it will 
encourage similar utilization strategies at other sites in the State of Illinois.  The use of 
fly ash would also help preserve agricultural lands by minimizing the need for borrow 
pits for the fill material. 
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OBJECTIVES 
 
The goal of this project was to develop and demonstrate under field conditions that coal 
combustion byproducts (CCBs) from Illinois coal can be used safely and economically as 
a road subbase without negative impacts to surface or groundwater.  A successful 
demonstration of this application will open up several other large volume beneficial use 
applications for CCBs such as embankments, structural fills, etc. The more specific 
objectives of the project were: 
 

1. Develop engineering and environmental properties of ponded F-fly ash without 
stabilization for use as road subbase material. 

2. Document the engineering performance of fly ash subbase during construction 
and for a period of one year after construction. 

3. Document the environmental impacts of fly ash subbase on surface and 
groundwater. 

4. Develop a cost-benefit analysis of using fly ash as a road subbase material. 
 

INTRODUCTION AND BACKGROUND 
 
The Meredosia Industry Access Truck Route, a 2.1-mile county highway improvement 
project, was proposed for construction in spring 2002 in Meredosia, Illinois (Figure 1).  
This project would provide safe access to an emerging industrial development corridor on 
South Washington Street, south of downtown Meredosia. The county road consists of a 
24-foot wide road built on a 0- to 7-foot thick fly ash subbase.  It was proposed to use 
60,000 to 70,000 cubic yards of compacted Class-F ponded fly ash from the nearby 
AmerenCIPS Meredosia Power Plant, for the road subbase.  Prior to construction, 
engineering properties analysis of the fly ash indicated that it would meet IDOT standard 
specifications for the subbase.   

Project Description 
 
The Meredosia Industry Access Truck Route consisted of a truck by-pass highway to 
divert heavy truck traffic from highway 104 south of the Meredosia business district and 
into the plant entrances of ICI National Starch, AmerenCIPS, and the other 
commercial/industrial facilities in the area. These facilities receive in excess of 150 
trucks per day based on the average traffic information provided. The safety in the 
downtown area was a significant concern given the number of trucks passing through 
Meredosia and turning across traffic and off Highway 104 at the foot of the Illinois River 
Bridge.  
 
The Meredosia Industry Access Truck Route required about 70,000 cubic yards of fill to 
elevate the road out of the 100-year flood plain. Illinois Department of Transportation 
(IDOT) specifications were adhered to for the project design and construction with the 
Morgan County Highway Department (MCHD) acting as the lead agency for the project. 
The entire project lies behind the levee system protecting the city of Meredosia. The fly 
ash was placed in 6-inch lifts and compacted to densities of about 95 pcf, appropriate for 
this type of civil design. The ash fill was placed in accordance with 415ILCS 5/3.94, sect. 



 

 

2

 

10, which includes measures to control the generation of fugitive dust.  The subbase fill, 
upon placement, was overlain by an aggregate course, 6-inch thick bituminous binder 
course and 2-inch thick bituminous concrete surface course, with the side slopes built on 
a 4:1 slope.  The anticipated permeability of the ash fill is in the range of 10-5 to 10-6 

cm/sec. In this project, the fly ash is not in regular contact with surface or ponded water 
and none of the project routes involve currently identified or mapped wetland areas. 
Surface water control measures in the form of ditches are included as part of the project 
design to carry runoff water away from the fill. Based on the elevation of the proposed 
truck bypass route, the potential for flooding in the project area is characterized as 
between a 50- and 100-year occurrence frequency.   
 
The fly ash considered for use as the primary fill material is a class F ash generated by 
burning Illinois Basin bituminous coal from several Illinois coal mines.  This fly ash is 
currently managed separately in a permitted surface impoundment located at the 
AmerenCIPS Meredosia plant. AmerenCIPS supported the Meredosia Industry Access 
Truck Route project by providing fly ash to the project. The value of the fill, estimated at 
approximately $300,000 on this project, improved the economics of the project. Since the 
AmerenCIPS plant receives most of the fuel deliveries by truck, the addition of the truck 
route will benefit the power plant operation directly. All other industry along South 
Washington Street would also benefit directly from the project through additional 
business.   
 
As part of the approval process, AmerenCIPS collected representative samples from six 
locations along the northern half of the pond in an effort to characterize the proposed fill 
material. The samples were collected using “Geoprobe” direct push sampling techniques 
to a depth of 12 feet in the fly ash pond.  Continuous samples were collected at each 
sample location.  Geotechnical and environmental analyses were performed on composite 
and individual samples of the ash, respectively.   
 
The geotechnical testing on a composite of the ash samples indicated that the ash would 
have excellent performance as a structural fill in the road fill application. Grain size 
analysis, moisture-density relationship (proctor), swell test, and permeability analysis 
were included in the geotechnical analysis. Each of six individual samples was also 
analyzed as part of the environmental analysis.  The environmental analysis consisted of 
laboratory analysis with ASTM D3987-85 “Shake Test Extraction Procedures” consistent 
with the environmental requirements of 415 ILCS 5/3.94.  

 
Impact on the Illinois Coal Industry 
 
Implementation of Phase II of the Clean Air Amendments Act in January 2000 and its 
negative impacts on engineering and environmental properties of fly ash require that 
large volume CCBs must be effectively managed to enhance Illinois coal utilization.  The 
plant uses about 500,000 to 600,000 tons of coal annually, which results in about 45,000 
tons of fly ash/bottom ash annually.  Development of large volume, economic and 
environmentally sound CCBs management techniques would save the plant about 
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$500,000 annually or about $1 per ton of delivered coal. This is considered a significant 
savings. 
 

EXPERIMENTAL PROCEDURES 
 

Task 1 involved characterization of foundation soil, and ponded fly ash for subbase 
development. IDOT prepared a soil investigation report for the site. The foundation soils 
in the area are silt, silt loams, and fine sands.  No clays were found. Based on the IDOT 
report, the MCHD drilled six (6) shallow borings, approximately nine (9) feet deep, for 
soil profile testing and their field load bearing characteristics.  SIU analyzed soil samples 
from these borings in the laboratory for 1) grain size distribution, 2) moisture-density 
relationship, 3) Atterberg limits, 4) soil classification, 5) ASTM leachate tests on 
composite samples, and 6) load-bearing characteristics. All tests were performed using 
ASTM or AASHTO standards.  IDOT performed a few tests in their laboratories to 
provide an independent check on the data developed by SIU. 

 
Fly ash was dug out of the pond and stockpiled over suitable areas around the fly ash 
pond.  Representative samples of stockpiled fly ash were developed in the field.  Two 55-
gallon drums of representative fly ash samples were hauled to SIU for laboratory testing.  
The tests included 1) particle size distribution, 2) ASTM C-618, 3) moisture-density 
relationships, 4) load bearing characteristics without stabilization, and 5) ASTM leaching 
tests. The data developed above were used for subbase and pavement design. 

 
Task 2 involved development of hydrogeologic and water quality data. Six, 30-foot deep 
boreholes were developed as monitoring wells around the demonstration site (Figure 2) to 
determine the direction of groundwater flow and water quality.  In addition, 3-4 surface 
water discharge points were established for sampling. AmerenCIPS performed water 
quality tests with additional independent testing done by SIU. 
 

 
Figure 2. Locations of Groundwater Monitoring Wells 
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Two sets of water quality samples were collected within the first two months after 
installation of sampling wells and surface sampling points to provide good baseline water 
quality data.  The third sample was collected six months after the first sample.  The fourth 
sample was collected just prior to roadway construction.  Water quality samples were 
collected at 3-month intervals after construction of the roadway was completed.  
Sampling will be continued quarterly for a period of at least 36 months after roadway 
construction. 

 
Task 3 was concerned with design of the subbase and truck route and seek approvals for 
construction. The MCHD prepared detailed design drawings, subbase performance 
requirements, subbase design and QA/QC protocols and procedures to be implemented in 
the construction of the truck route.  Pavement structural design was determined by the 
method given in IDOT Bureau of Local Roads and Streets – Administrative Policies. The 
structural design of pavement was based on (1) the volume and composition of traffic 
anticipated to be carried by the pavement, which will be determined from traffic counts 
on existing roads, (2) a design life of 20 years, (3) the subgrade strength provided by the 
roadbed soils as determined by the Illinois Bearing ratio (IBR), and (4) the strength of the 
materials to be used in the pavement structure. 

 
Task 4 developed field demonstration activities, including procedures for each activity, 
QA/QC protocols for each activity, performance data collection procedures, and long-
term performance requirements. This was reviewed by IDOT. The requirements for 
different activities were communicated to all concerned parties. The requirements were 
also used to develop subbase and road construction contracts to be let out by the MCHD. 

 
Task 5 involved field demonstration, quality assurance, and performance monitoring.   
The MCHD and IDOT have extensive experience in road construction.  SIU supported in 
data collection activities as desired by MCHD.  These included soil compaction, fly ash 
compaction, in-situ load bearing capacity testing, dynamic penetrometer testing, 
sampling, etc.  During all phases of construction, QA/QC protocols were implemented by 
MCHD.  Two lysimeters were developed during the construction phase. The location of 
these lysimeters was in areas with largest thickness of fly ash (Figure 2). Water quality 
testing from the lysimeters was done at SIU. 

 
Task 6 involved post-construction performance testing.  IDOT recommended the use of 
Falling Weight Deflectometer (FWD) surveys for performance testing of subbase.  ERES 
Consultants from Urbana, IL was hired to perform FWD surveys. The first survey 
(baseline) was completed in November 2002, a month after opening of the road to traffic. 
Additional surveys are planned each year in spring for the next three years. One such 
survey was completed in June 2003.  Water quality monitoring involved collecting water 
samples from designated surface discharge points as well as from groundwater 
monitoring wells on a quarterly basis.  The samples were tested for water quality by both 
AmerenCIPS and SIU.   
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Task 7 involved an analysis of economic evaluation of CCBs-based road subbase. 
MCHD prepared cost analysis for the project with and without use of CCBs. The cost 
analysis is site specific. At this site borrow areas were not available and availability of fly 
ash near the project provided significant cost savings of about $100,000. These cost 
savings were a major factor in the use of CCBs at this site. 

 
RESULTS AND DISCUSSION 

 
Task 1 – Characterization of Foundation Soil, Ponded Fly Ash for Subbase 
Development 
 
Site Exploration Studies: Six exploratory boreholes were drilled during June 2000. The 
soil profile of a typical subsurface exploration (i.e. monitoring well MW-1) is included in 
Figure 3. Except for the well MW1, which was drilled down to a depth of 35 feet, all the 
wells were drilled down to 26 feet from the ground surface. Except for well MW1, water 
table was encountered at depths varying from 10-15 feet. For MW1, it was found at 24 
feet.  
 
A water well installation consisted of steel casing grouted in the borehole near the surface 
down to a depth of about 5-6 feet. The bottom of the 20-foot long PVC pipe (2-inch 
diameter) in the well is screened PVC pipe (Sch 40) with 0.01 inch slotted hole size. The 
length of the slotted section varies somewhat in each borehole. The riser pipe in each well 
was provided with a PVC lid.  
 
Particle Size of Ponded Fly Ash: Samples of ponded fly ash were tested according to 
AASHTO T 88-93 – Standard Specification for Particle Size of Soils.  Because of the 
fine-grained nature of the fly ash, dry sieving, wet sieving and hydrometer tests were 
performed on the samples. The initial series of testing used dry sieving using the number 
200 mesh (i.e. 0.75 mm) passing size as the smallest size. Afterwards, three (3) samples 
were subjected to hydrometer analysis. Due to experimental limitations of the hydrometer 
testing procedure, a gap between the particle distribution curves for the fly ash during dry 
sieving and hydrometer analysis was observed. This prompted the use of wet sieving to 
assess the particle size distribution of the materials in the gap. Further analysis of the 
particle sizes of the fly ash was performed using wet sieving, which was able to narrow 
the gap between the dry sieving and hydrometer test results considerably. Wet sieving 
was performed on fly ash with 100 (i.e. 0.15mm), 200 and 270 mesh size sieves. The test 
results are provided in Figure 4. 
 
Particle size distribution shows that more than 50% of the fly ash particles are finer than 
200 mesh.  Hence, the fly ash can be broadly categorized as a fine-grained soil.  The 
degree of gradation of the fly ash particles was measured by determining its uniformity 
coefficient, which is the ratio of the diameters for 60% (D60) and 10% (D10) passing size 
materials, respectively, from the particle size distribution curve. 
     
Uniformity coefficient of the soil = D60/D10 = (0.09mm) / (0.0065mm) = 13.85 
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Figure 3. Exploration Log for Bore Hole MW-1 
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Figure 3 (contd.) 
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Figure 3 (contd.) 
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Particle Size Distribution
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Figure 4.  Particle size distribution data 

 
The value of uniformity coefficient of the fly ash larger than a value of 2 suggests that fly 
ash has non-uniform particle size distribution. As shown in the particle size distribution 
curve (Figure 4), approximately 50% of the particles are in the 0.3 to 0.015 mm range, 
which would be classified as fine sand to coarse silt size material. 
 
Specific Gravity of Fly Ash: The specific gravity was determined for samples of the 
ponded fly ash using AASHTO T100-95 – Standard Specification for Specific Gravity of 
Soils.  The average specific gravity of the samples tested was 2.66. The results are 
provided in Table 1. 

Table 1. Specific Gravity Data  

Test No. 
Mass of 

flask and 
water (gm) 

Mass of 
soil (gm) 

Mass of 
flask water

and soil 
Temperature 

k 
correction 

factor 

Specific 
Gravity 

(uncorrected) 

Specific 
Gravity 

1 685 125 763 25.6 0.99875 2.66 2.66 
2 694 125 772 25.6 0.99875 2.66 2.66 

 
Atterberg Limits of Fly Ash: The plastic limit and liquid limit were determined using 
standard ASTM D 4318 test procedures. The plastic limit was estimated at 26.6%. The 
liquid limit was estimated to be 34%. The plasticity index of the fly ash (the difference 
between the liquid and plastic limits) was found to be 7.5. This indicates that the fly ash 
displays a narrow zone of plastic behavior. The plastic limit value of 26.6% suggests the 
maximum moisture content that can be allowed during construction to avoid plastic 
behavior of the fly ash subbase during construction.  
 
Fly Ash: Classification as a Soil: The classification of the fly ash was done following 
the AASHTO soil classification system, which broadly divides soils into coarse grained, 
and silt-clay type materials based upon texture, and further groups them according to 
their consistency limits.  The ponded fly ash was classified as A-4.  The overall nature of 
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this group of soil can be termed as granular, non-plastic, and cohesionless. The non-
plastic character of the fly ash is a desirable attribute towards using it as a subbase since 
it ensures that the subgrade will not undergo non-uniform deformation with load 
application over a large area. 
 
Moisture-Density Characteristics:  Standard compaction tests, according to AASHTO 
T 99-95 – Standard Specification for the Moisture-Density Relationship of Soils, yielded 
values of optimum moisture content for the fly ash at 20.4% for standard compactive 
effort (5.5 lb hammer; drop height 1 ft; 5 in high × 6 in diameter mold; 3 layers; 25 
blows/layer) and around 19% for modified compactive effort (11 lb hammer; drop height 
1.5 ft; 5 in high × 6 in diameter mold; 3 layers; 25 blows/layer), as shown in Figure 5.  
The data indicates that the unit weight of the samples was highly sensitive to the moisture 
content.  Because of this sensitivity, control of the moisture content was considered very 
important during construction. 
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Figure 5. Moisture-Density Behavior 

 
Permeability of Fly Ash: Samples of ponded fly ash were tested for coefficient of 
permeability (k) values according to AASHTO T 215-70 – Permeability of Granular Soils 
(Constant Head).  The fly ash samples were compacted in a compaction permeameter 
using both the standard 5.5 lb hammer (1 ft drop; 4.5 in high × 6 in diameter mold; 3 
layers; 25 blows/layer) and modified 11 lb hammer (1.5 ft drop; 4.5 in high × 6 in 
diameter mold; 3 layers; 25 blows/layer) compaction hammers. The average coefficient 
of permeability (k) using lower compactive effort was 8.5×10-5 cm/s, and the average 
coefficient of permeability at higher compactive effort was 7.7×10-5cm/s. The results of 
the permeability tests are presented in Table 2. 
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Table 2. Permeability of Compacted Fly Ash 
Sample 
Area 

       

182.38         
5.5 lb 
Hammer 

       

Test No. Water 
Collected,
cc 

Avg.Water 
Collected, cc 

Time of 
Collection, sec 

Water 
Temp, 
F 

Sample 
Height, cm 

Water 
Head, cm 

Head 
Difference, 
cm 

k, cm/s 

1 96 96.00 900 75 11.5 92.7 81.2 8.28E-05 
 96  900 75     
 96  900 75     
2 93 93.00 900 75 11.5 89.2 77.7 8.39E-05 
 93  900 75     
 93  900 75     
3 91 91.67 900 75 11.5 85.3 73.8 8.70E-05 
 92  900 75     
 92  900 75     
4 88 88.33 900 75 11.5 83.2 71.7 8.63E-05 
 88  900 75     
 89  900 75     
5 78 77.67 900 75 11.5 75.5 64 8.50E-05 
 78  900 75     
 77  900 75     
       Average k, 

cm/s 
8.50E-05 

         
         
11lb 
Hammer 

        

Test No. Water 
Collected, 
cc 

Avg.Water 
Collected, cc 

Time of 
Collection, sec 

Water 
Temp., 
F 

Sample ht., 
cm 

Water 
Head, cm 

Head 
Difference, 
cm 

k, cm/s 

1 89 89.33 900 76 11.5 91.3 79.8 7.84E-05 
 89  900 76     
 90  900 76     
2 86 85.33 900 76 11.5 88.1 76.6 7.80E-05 
 85  900 76     
 85  900 76     
3 85 84.67 900 76 11.5 87.6 76.1 7.79E-05 
 84  900 76     
 85  900 76     
4 77 76.33 900 75 11.5 83.1 71.6 7.47E-05 
 75  900 75     
 77  900 75     
5 71 71.00 900 75 11.5 75.3 63.8 7.80E-05 
 71  900 75     
 71  900 75     
       Average k, 

cm/s 
7.74E-05 

 
Unconfined Compression Test of Fly Ash: Since the fly ash subbase is subjected to 
compressive loads from the traffic on the pavement, it is imperative that the subbase 
should have an ultimate strength higher than the unit area load applied along with weight 
of the overlying layers. ASTM D2166 test procedure was followed to estimate the 
unconfined compressive strength of the fly ash at different moisture contents. The fly ash 
specimens tested were 12 inch in height and 6 inch in diameter. The compaction of the 
test specimens was done to keep the dry unit weight constant at 100 pcf. The loading was 
done at a constant strain rate of 0.5 % per minute.  The ultimate compressive strength 
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decreased rapidly with increase in moisture content (Figure 6).  The failure elastic 
(secant) modulus decreased with increase in moisture content up to about 20%, beyond 
which it stabilized (Figure 7).  This may be attributed to the load taken up by the water 
content in the fly ash sample, since this was an undrained test.   
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Figure 6. Variation of Compressive Strength with Moisture Content 
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Figure 7. Variation of Elastic Modulus with Moisture Content 
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California Bearing Ratio (CBR): Samples of ponded fly ash were tested according to 
AASHTO T 193-93 – Standard Specification for the CBR at varying moisture content. 
The fly ash was compacted at different moisture contents and the fly ash samples were 
soaked in a curing tank with a surcharge of 55 lb for the CBR mold. The CBR value (96 
hour) at optimum moisture content was found to be more than 3%, which is considered 
appropriate for subgrade use.  But moisture higher or lower than optimum value caused 
the CBR to drop below 3, as shown in Figure 8.  With higher compactive effort (11 lb 
hammer; 1.5 ft drop; 5 in. high and 6 in. dia mold; 5 layers; 25 blows/layer) there was 
marked improvement in the CBR value to 6-7%, as shown in Figure 8.  The moisture 
content values indicated on the curves represent sample moisture content at the time of 
preparation. 

 
The lower CBR values of the fly ash at moisture contents higher than the optimum 
moisture content indicates that the load bearing capacity of this fly ash is sensitive to the 
presence of excess moisture.  This is so because lower CBR values for excessively wetted 
fly ash means higher deformation of the fly ash when subjected to load and hence lesser 
load bearing capability.  The higher negative slope of the CBR vs. moisture curves on the 
higher than optimum moisture side than the lower moisture side indicates decrease in 
load bearing capacity with extra moisture.  Therefore, it is important to control moisture 
during placement of the subbase.   
 
Also, the plot with higher compaction effort has higher slope on the lesser than optimum 
moisture content side, while on the higher moisture content side both the plots have the 
same plot.  This behavior implies that the fly ash would be more sensitive to moisture 
content with lower moisture content for a higher compactive effort.  And, it can be also 
inferred based on the limited data that the rate of decline in bearing value is the same 
with higher than optimum moisture content for both the compactive efforts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8. Variation of CBR with Moisture Content 
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IBV Test of Fly Ash: The behavior of the soil immediately upon compaction and 
subsequent loading can be assessed by the IBV (Instantaneous Bearing Value) tests.  The 
IBV of ponded fly ash samples was determined using AASHTO T 193-93 – Standard 
Specification for the California Bearing Ratio test.  In this procedure, the compaction of 
the fly ash is done in a manner similar to the CBR test.  But, the sample in the mold is 
loaded with 3-square inch platen without soaking the fly ash in water, immediately after 
it has been compacted.  The IBV was calculated in the same manner as the CBR value. 
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Figure 9. Variation of IBV with Moisture Content (11lb hammer) 

 
The IBV values were determined for varying moisture contents.  A trend similar to that of 
CBR and compaction behavior was observed.  But, the highest IBV value was obtained at 
a moisture content value slightly higher than the optimum moisture content, and 
decreased significantly with increasing moisture content as shown in Figure 9.  
Comparing the IBV and CBR values of the fly ash at higher compactive effort one can 
observe that for any preparation moisture content, the IBV value is substantially higher 
than the CBR value.  This underlines the importance of saturation and subsequent 
reduction in bearing property of the fly ash due to saturation.  
 
Additional Laboratory Tests: Apart from the standard ASTM and AASHTO testing 
procedures described earlier, two more tests were performed on the fly ash samples to 
study its behavior when wetted. The first test was performed to study swelling of the fly 
ash with addition of moisture. The fly ash was compacted with different moisture 
contents in a Proctor compaction mold and the change in its vertical dimension was 
measured with time. Figure 10 shows that the swell was small, but positive for moisture 
contents beyond the optimum. A negative swell was observed with less than optimum 
moisture content. Most of the swell or shrinkage was observed during the first one or two 
hours of the compaction.  
 



 

 

15

 

The second test intended to study the load bearing capability of fly ash after complete 
saturation. For the testing purpose, a cylindrical compacted sample (2.8 inch diameter 
and 5.6 inch) was saturated inside the mold using suction pump and upon total saturation 
it was loaded. This was an unconfined test. However, it was noticed that all the three 
samples of fully saturated fly ash failed to take any load. The average moisture content at 
100% saturation was measured to be 25.9%. It was concluded that compacted fly ash 
after saturation will not sustain any load. 

-0.40

-0.20

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

0 10 20 30 40 50

Time (hours)

R
el

ax
at

io
n 

(%
 o

f h
ei

gh
t)

Moisture:
17.56

Moisture:
19.61

Moisture:
21.50

Moisture:
23.26

Moisture:
24.44

 
Figure 10. Relaxation Study of Compacted Fly Ash 

 
Task 2 – Development of Hydrogeologic and Water Quality Data 
 
Six, 30-foot deep boreholes were developed as monitoring wells around the 
demonstration site to determine the direction of groundwater flow and water quality.  In 
addition, 3 surface water discharge points were established for sampling.  AmerenCIPS 
has performed water quality tests with additional independent testing done by SIU. 
 
Preconstruction water quality studies were performed on water samples collected from 
the monitoring wells on 8/24/2000. This data was treated as the baseline water quality 
data. Samples of fly ash taken from the stockpile were tested for leaching studies prior to 
construction of the road. The shake test analysis results of the fly ash along with the 
baseline water quality data are presented in Table 3. 

 
Table 3 –Well Water Quality Data (Pre and Post-construction) 

Parameter Fly Ash Date MW1 MW2A MW2B MW3A MW3B MW4 Lys # 1 Lys # 2 Class I Stds Class II Stds

pH 10 8/24/00 7.1 6.6 6.6 7 6.9 6.9    6.5 - 8 6.5-8 

    3/18/03 6.81 6.02 6.28 6.47 6.79 6.59 8.97 9.55     

    6/22/03 7.2 7.99 7.1 6.69 6.83 6.79 7.85 9.63     
    Date MW1 MW2A MW2B MW3A MW3B MW4 Lys # 1 Lys # 2     

Arsenic 0.15 8/24/00 0.03 0.05 0.06 0.01 0.01 0.01    0.05 0.2 

    3/18/03 0.04 0.06 0.05 0.04 0.03 0.01 0.2 0.2     
    6/22/03 0 0.01 0.02 0 0.03 0.01 0.22 0.41     
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    Date MW1 MW2A MW2B MW3A MW3B MW4 Lys # 1 Lys # 2     

Barium 0.024 8/24/00 0.17 0.228 0.242 0.079 0.123 0.072    2 2 
    3/18/03 0.02 0.03 0.03 0.09 0.13 0.07 0.05 0.05     
    6/22/03 0 0 0.02 0.09 0.11 0.07 0.03 0.04     
    Date MW1 MW2A MW2B MW3A MW3B MW4 Lys # 1 Lys # 2     

Boron 7.5 8/24/00 0.22 0.29 0.27 0.05 0.08 0.08    2 2 
    3/18/03 0.13 0.04 0.49 0.19 1.07 0 25.19 26.72     
    6/22/03 0 0 0.67 1.88 0.54 0.13 27.43 38.23     
    Date MW1 MW2A MW2B MW3A MW3B MW4 Lys # 1 Lys # 2     

Chromium 0.01 8/24/00 0.04 0.069 0.082 0.011 0.061 0.01    0.1 1 
    3/18/03 0.01 0.02 0.02 0.01 0.01 0.02 0.05 0.02     
    6/22/03 0.02 0.03 0.03 0.02 0.02 0.02 0.02 0.03     
    Date MW1 MW2A MW2B MW3A MW3B MW4 Lys # 1 Lys # 2     

Cobalt < 0.05 8/24/00 0.05 0.05 0.05 0.05 0.05 0.05    1 1 

    3/18/03 0 0 0 0 0 0 0 0     

    6/22/03 0.01 0 0 0 0 0 0 0     

    Date MW1 MW2A MW2B MW3A MW3B MW4 Lys # 1 Lys # 2     
Copper < 0.01 8/24/00 0.07 0.09 0.1 0.01 0.01 0.01    0.65 0.65 

    3/18/03 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.02     
    6/22/03 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01     
    Date MW1 MW2A MW2B MW3A MW3B MW4 Lys # 1 Lys # 2     

Iron < 0.02 8/24/00 38.8 67.54 74.37 2.64 4.08 1.46    5 5 
    3/18/03 0 0.28 0.54 0.02 0 0 0 0     
    6/22/03 0.28 0.06 0.07 0.1 0.02 0.01 0 0.03     

    Date MW1 MW2A MW2B MW3A MW3B MW4 Lys # 1 Lys # 2     

Lead < 0.01 8/24/00 0.05 0.07 0.07 0.01 0.01 0.01    0.0075 0.1 
    3/18/03 0.01 0.04 0.02 0.01 0.04 0.04 0.04 0.02     

    6/22/03 0 0.02 0 0.03 0 0.02 0.02 0     

    Date MW1 MW2A MW2B MW3A MW3B MW4 Lys # 1 Lys # 2     

Manganese < 0.005 8/24/00 4.02 2.971 2.842 0.646 0.322 0.62    0.15 10 
    3/18/03 0 0.29 0.02 0 0 0.5 0.43 0     
    6/22/03 0.07 0 1.45 0.01 0 0.5 0 0     
    Date MW1 MW2A MW2B MW3A MW3B MW4 Lys # 1 Lys # 2     

Nickel < 0.01 8/24/00 0.16 0.16 0.19 0.02 1.02 0.01    0.1 2 
    3/18/03 0 0.01 0 0 0 0.01 0.01 0.01     
    6/22/03 0.02 0.02 0.03 0.02 0.02 0.02 0.02 0.02     
    Date MW1 MW2A MW2B MW3A MW3B MW4 Lys # 1 Lys # 2     

Selenium 0.02 8/24/00 0.01 0.01 0.01 0.01 0.01 0.01    0.05 0.05 
    3/18/03 0.05 0.06 0.03 0.07 0.06 0.01 0.63 0.59     
    6/22/03 0 0.02 0.03 0.08 0 0 0.07 0.08     
    Date MW1 MW2A MW2B MW3A MW3B MW4 Lys # 1 Lys # 2     

Zinc < 0.02 8/24/00 0.14 0.22 0.23 0.02 0.02 0.02    5 10 
    3/18/03 0 0.01 0 0 0 0.01 0 0     
    6/22/03 0 0 0 0 0 0 0 0     
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Task 3 – Design of the Subbase and Truck Route and Seek Approvals 
 
MCHD proposed the construction of the Meredosia Industry Access Truck Route early in 
the spring of 1999. The following pavement structural design parameters were considered 
for the final design: 
 

(a) Average Daily Traffic: 875 
(b) Passenger vehicles: 665 (76%) 
(c) Single unit trucks: 53 (6%) 
(d) Multi-unit trucks: 157 (18%) 
(e) Road classification: Class III 
(f) Design period: 20 years 
(g) Percent of structural design traffic in the design lane: 

Passenger vehicles: 50% 
Single unit trucks: 50% 
Multi-unit trucks: 50% 

(h) Traffic factor: 0.9527 
(i) Subgrade Stress Ratio (SSR): Fair  

 
Three alternate alignments were proposed to the public, area industry, and other 
interested parties.  Based on public input, the final alignment design was selected.  This 
alignment connected Naples Road one mile south of Meredosia to Illinois route 104 by 
proceeding easterly from Naples Road one mile, then northerly one mile to Illinois Route 
104.  The easterly and northerly legs were connected through a horizontal curve for 50-
mile per hour design speed. 
 
The vertical alignment was controlled by elevation of Naples Road (450 feet above sea 
level) and Illinois Route 104 (443 feet).  The existing topography was flat.  The subbase 
was designed to provide downward slope in Easterly, and then Northerly direction.  This 
grade was adjusted to allow the use of a minimum of 60,000 cubic yards of ponded fly 
ash.  The typical cross-section shown in Figure 11 was used to determine construction 
limits and required right of way (30 acres).  This information was required to complete 
the environmental impact assessment and obtain permits required by Illinois statutes.  In 
this effort, coordination was required with Illinois Departments of Natural Resources, 
Agriculture, Historical Preservation, Environmental Protection, and Transportation.   
Illinois Department of Natural Resources asked for a habitat survey for endangered 
species “Illinois Chorus Frog” in the summer of 2000.  This survey was scheduled for 
spring of 2001 during the frogs’ breeding season.  No endangered frogs were found. 
However, the Department required seeking “Incidental Take Permit”.  Morgan County 
Highway Department submitted this application in August 2001.  The Department of 
Natural Resources approved construction permit in spring, 2002.  While the Incidental 
Take application was under review, final plans were completed with requirements from 
permit reviewing agencies.  Right of way was purchased, utility relocation permits were 
completed, and bidding documents were completed. 
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The final plans provided for two feet of soil cover over fly ash side slopes.  The subbase 
top was capped by an aggregate base and bituminous concrete pavement.  The soil for 
cover of side slopes was removed from under the area of fly ash embankment.  This was 
required in order to minimize the amount of farmland to be purchased.  It also increased 
the quantity of fly ash embankment to 77,000 cubic yard compacted in place.  This 
excavation was measured during construction through providing elevations for bottom of 
fly ash.  The project was advertised and bids were opened on May 14, 2002.  The contract 
was awarded and work began in June 2002. 
 
A typical design cross-sections developed by highway engineers, in the fly ash section, is 
presented in Figure 11. It consists of graded and compacted subgrade native soil, 6-inch 
thick aggregate base course (Type B), 6-inch thick bituminous concrete binder course 
(Superpave, IL-19.0, N50), 2-inch thick bituminous concrete surface course (Superpave, 
Mix “C”, N50), 6-inch thick aggregate shoulders (Type B) and fly ash as the case might 
be. 
 

 
Figure 11. Typical pavement cross-section with fly ash subbase 

 
Planning construction of Fly Ash Embankment 
 
At the pre-construction conference, the contractor expressed concerns over quantity 
control for payment.  The fly ash was stockpiled nearby having been removed from pond 
nearly a year earlier.  It was agreed that fly ash would be measured by two methods.  
First, trucks would be counted, and several would be weighed to determine a yield per 
load.  Second, the stockpile was surveyed before and after construction and volume 
calculated by average end areas.  The quantity calculated by these two methods was close 
and contractor accepted payment for planned quantities. 
 
Moisture control of fly ash was also discussed at the pre-construction conference.  The 
contractor was required to have at least one water truck on the job at all times to control 
dust.  Also, it was recommended that moisture content of compacted fly ash will not 
exceed 105% of optimum moisture content (18-21%) and 95 pcf was recommended as 
compaction density. 
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Task 4 – Develop Field Demonstration Activities 
 
This was a joint effort between SIU and MCHD.  The task detailed all field 
demonstration activities, procedures for each activity, and QA/QC protocols for each 
activity, performance data collection procedures, and long-term performance 
requirements. This was reviewed by IDOT. The requirements of the activities were 
communicated to all the parties concerned. The requirements were also used to develop 
subbase and road construction contracts let out by the MCHD. 
 
Task 5 – Field Demonstration, Quality Assurance, and Performance Monitoring 
 
Construction of Road: Construction of the fly ash embankment started June 25, 2002, 
with production that day of 3,100 cubic yards.  A strong thunderstorm produced 1.5 
inches of rainfall before the compaction was completed, resulting in wet unstable 
embankment.  In addition the work area was limited to 600 linear feet, which provided 
limited access to entire job.  Moisture content of the top layer was over 30% and no work 
could proceed until soil-drying operations were completed.  Area was plowed to expose 
the material to air and later recompacted. 
 
The stockpile of fly ash was sampled for moisture content.  The top 12 to 15 inches had 
average moisture content of 22%, the next 5 feet 27%, and at eight feet the moisture 
content was 40%.  The top of the stockpile was plowed to increase drying and loading 
operations were changed to provide drier material.  Embankment placement operations 
were resumed on July 2, and the contractor concentrated on increasing length of the fill 
area to provide more drying area.  Wet areas were disked and recompacted as necessary.  
Embankment was shaped to provide drainage. 
 
Subbase material was placed in twenty-five days with average production of 3,000 cubic 
yards per day.  At optimum moisture content, the achieved density was 95 pcf.  If 
embankment was too wet, the contractor’s haul trucks could not drive on it.  Therefore, 
he concentrated on drying during the remainder of the job.  Compaction was obtained by 
smooth drum vibratory roller and haul equipment.  Once compacted and dry, subbase and 
embankment became very hard and strong.  The thickness of each fly ash lift was 
maintained at 6-inch throughout the construction.  This provided the best results from 
compaction point of view.  The moisture content of the fly ash was maintained at 105% 
of the optimum moisture content recommended, throughout the construction phase.  The 
compaction density was maintained at 95 pcf.  Sampling was performed regularly using a 
nuclear densometer. This eliminated the problems faced while driving on wet fly ash and 
also, the subsequent need for drying the fly ash.  Hence, unnecessary construction delays 
were avoided.  During all phases of construction, QA/QC protocols developed by MCHD 
were followed.   

 
Dynamic Cone Penetrometer Tests: In September 2001, before placement of aggregate 
base course, the sub-grade was tested using a dynamic cone penetrometer to obtain IBV.  
The DCP is a penetration test performed by hammering a pointed steel rod into the 
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subgrade.  The penetration per blow is recorded and correlated to the corresponding IBV, 
which is used to characterize the bearing capacity of the soil.  Illinois Department of 
Transportation testing of subbase found IBV varying from low 17% to high of 46% with 
the average value of 31%.  IDOT requires a minimum subgrade IBV of 6-8% before 
construction of pavement layers.  The natural soil IBV value at north end of the road 
varied from 8% to 13% with the average value of 10.5%.  The IBVs for the 
eastbound/northbound lane averaged 36%, compared to 28% for the opposite lane.  The 
average IBV from surface to 10-inch depth and from 10 to 20-inch depth is presented in 
Table 4.  All tests were performed using a DCP. 

 
Lysimeter Installation: Two lysimeters were developed during construction of the road 
and are being used to collect leachates through the embankment.  The lysimeters were 
installed at about 2 feet below the surface course in the fly ash subbase layer (Figure 12).  
The lysimeters used a perforated pipe wrapped in geotextiles long enough to cover the 
entire width of the pavement.  Fine gravel was put around the perforated pipe to prevent 
clogging of the perforations.  Water could be collected from a collection tap coming out 
of the side slopes, which was covered with a lid to prevent its damage and also, to 
prevent contamination of the samples. 
 

Table 4 - IBV Estimated from DCP Tests 

Station Location 
 

Average IBV (10 to 20 inches)Average IBV (0 to 10 inches)

  Fly Ash Control Section  
35+00 Left Lane 35 NT 
35+00 Right Lane 35 NT 
40+00 Left Lane 20 42 
40+00 Right Lane 35 NT 
45+00 Left Lane 29 NT 
45+00 Right Lane 46 NT 
50+00 Center Line 43 NT 
55+00 Center Line 30 NT 
60+00 Left Lane 36 NT 
65+00 Left Lane 21 NT 
70+00 Right Lane 26 NT 
75+00 Center Line 17 NT 

  Non Fly Ash Section  
84+00 Right Lane 9 9 
93+00 Center Line 13 NT 
104+00 Center Line 8 14 
109+00 Center Line 12 26 
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Figure 12. Lysimeter Cross-section 

Seeding of the Embankments: Upon completion of the pavement and aggregate 
shoulders, the earth slopes of the embankment were fine graded with small bulldozers.  
During the first week of November, agricultural ground limestone and fertilizer nutrients 
were applied.  These slopes were seeded with Class 4 Mixture containing prairie grasses 
as specified by the Department of Natural Resources.  Finally, straw mulch was blown 
with a tackifier agent. Vegetation on out-slopes was observed during third week of 
November.  The MCHD will monitor slopes to correct any erosion problems so that fly 
ash is not exposed. 
 
Task 6 – Long-term Performance Testing 
 
In-situ Falling Weight Deflectometer Studies: To structurally characterize the fly ash 
embankment, nondestructive deflection testing with a Falling Weight Deflectometer 
(FWD) was performed by ERES consultants.  FWD is a nondestructive testing device 
that applies a dynamic load to the pavement by dropping a weight onto a circular steel 
loading plate (Figure 13).  By changing the weight and drop height, the impact load 
magnitude can be varied.  Deflection transducers placed on the pavement surface 
measure the resulting pavement deflections.  For this project, deflection sensors were 
placed at 0, 8, 12, 18, 24, 36, 48, 60, and 72 inches from the load plate center.  Testing 
was conducted at 200-ft intervals in both traffic lanes, with tests in the opposite lane 
staggered at the midpoints of the first lane tested (i.e., effective 100-ft spacing along the 
centerline).  The location of each test point was referenced using the FWD’s onboard 
distance measuring instrument (DMI). FWD results were used in conjunction with the 
above pavement layer thicknesses to determine the modulus of elasticity of the fly ash 
layer. These results were then compared to the road sections constructed without the fly 
ash embankment, as well as results obtained through correlations with IBVs determined 
by the IDOT.    
 
Figure 14 shows the average deflection for three sections⎯the section containing the fly 
ash embankment and the two control sections that were constructed without the fly ash 
foundation (AC1: Asphalt Concrete 1 and AC2: Asphalt Concrete 2).  It can be seen that 
the maximum deflection occurs directly beneath the load center (i.e., sensor offset = 0 
in.), and that deflections decrease with distance from the load.  Deflections at the outer 
sensors (e.g., beyond 36 in.) are primarily influenced by the quality of the subgrade 
support, while deflections closer to the load are dependent upon the AC and granular base 
layers, in addition to the subgrade.  Figure 14 shows that the fly ash section produced 
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lower maximum deflections, and lower deflections at the outer sensors, relative to the 
two control sections.  In general, as pavement stiffness increases, resultant deflections 
decrease.  Therefore, the lower deflections produced by the fly ash section indicate an 
overall stiffer pavement section, specifically due to a better quality subgrade. 

 
Figure  13. FWD Testing 

 
Figure 15 displays the maximum deflection (D0) at each test point along the length of the 
project.  The data is separated by traffic lanes and the limits of the fly ash embankment 
are shown.  The maximum deflections have been normalized to a standard load of 9,000 
lbf and temperature of 68 degrees F.  Overall, deflections in the two control sections 
range from approximately 7 to 11 mils (1 mil = 0.001 in.), with a mean of approximately 
8 mils.  The majority of fly ash section deflections range from 5 to 11 mils, with an 
approximate mean of 7 mils. This corresponds to a decrease of about 13 percent in 
deflection in the fly ash section, relative to the control sections. The trend of higher IBVs 
observed on the eastbound/northbound lanes than the westbound/southbound lane, 
recorded earlier by IDOT was also reflected through FWD tests. Here, the average 
maximum deflection for the westbound/southbound lane was found to be consistently 
higher than that observed in the eastbound/northbound lane.  
 
ERES backcalculated pavement and subgrade layer moduli using the 1993 AASHTO 
method. Figure 16 presents the backcalculated subgrade moduli for each test point.  In 
general, the FWD measures the response of the upper 3 to 4 feet of the subgrade soil.  
Therefore, for thick embankments, such as in this project (i.e., 2 to 7 ft), the 
backcalculated subgrade modulus can be interpreted to represent the stiffness of the 
embankment material, in this case the fly ash. The backcalculated subgrade moduli for 
the control sections range from 10,000 to 20,000 psi, with an overall mean of 14,865 psi.  
These are typical values for backcalculated subgrade moduli for fine-grained soils.  It 
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should be noted that the subgrade results presented here are considered elastic moduli, or 
backcalculated subgrade moduli.  Backcalculated moduli for fine-grained soils are 
typically 2 to 4 times higher than laboratory-determined resilient moduli (Mr), which is 
the input required for design in the 1993 AASHTO Guide. The majority of fly ash 
subgrade moduli range from 14,000 to 23,000 psi, with mean value of 17,699 psi.  The 
subgrade modulus obtained in the fly ash section was found to possess a very good axle 
load bearing capacity.  This represents an increase of 19 percent over the control sections.   
Overall, results for the eastbound/northbound lane in the fly ash section were slightly 
higher than the opposite lane. 
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Figure 17 displays the FWD-determined SNeff values for the project. The SNeff values 
represent the structural capacity of the combined asphalt concrete (AC) and granular base 
layers. In general, the SNeff values are fairly uniform over the project length, as 
expected, due to the uniform pavement structure (i.e., 8 in. of AC over a 6-in granular 
base).  The presence of the fly ash embankment is reflected in the backcalculated 
subgrade moduli, and not in the FWD-determined SNeff.  The values range from 3.8 to 
5.2 in., with the overall mean of 4.4 inches. An analysis of load-carrying capacity for the 
fly ash and control sections using the 1993 AASHTO flexible design model and the 
backcalculated subgrade moduli showed an increase in structural capacity (i.e., number of 
ESALs until terminal serviceability is reached) of approximately 50 percent in the fly ash 
section, due to its higher subgrade modulus. 
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Figure 16. Backcalculated Subgrade Modulus  
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Water Quality Studies 
 
Water samples were collected from all the monitoring wells for analyses two times after 
road construction, on 3/17/2003 and 6/21/2003. Also, water samples were collected from 
both the lysimeters (indicated as Lys # 1 and Lys # 2 in Table 3) for analysis.  All the 
results were presented in Table 3 earlier along with the baseline water quality data. All 
the values are indicated in ppm.   
 
So far, a general decreasing trend has been observed in most of the element levels with 
time. Furthermore, most of the element levels in the monitoring wells were below the 
specified Class I standards. Only lead, manganese and selenium in some of the wells 
were found to exceed the above standards. But, the lead and manganese content in fly ash 
leachates were below detection limits. Hence, the increase in lead and manganese content 
cannot be attributed to fly ash.  In case of selenium, only one well (MW3A) was found to 
have selenium content higher than the above-specified standard.  Hence, no inference can 
be drawn on the increase in selenium content at this time till availability of further data. 
 
Numerical Analysis of Pavement System 
 
Numerical analyses were performed on the pavement system to address the structural 
performance and stability issues associated with the road. Considering the sensitivity of 
the fly ash towards moisture, the first step in the analysis was to evaluate the potential of 
wetting induced failure in the pavement in the event of submersion. The second step 
studied the load induced stresses and strains in the pavement system upon wetting. 
 
Wetting of the pavement was studied using the USGS geo-environmental software 
package VS2DI. The analysis showed the fly ash layer to be unaffected in case of a 
complete submersion of fly ash subbase layer for a 30-day period and a thin zone of 
wetting for a 100-day period in the fly ash layer. Using the results obtained from the 
seepage analysis of the pavement, two geotechnical models were developed for structural 
performance analysis with the aid of ALGOR finite element package. Realistic truckloads 
were selected to study the stresses and displacements produced in the pavement. Both the 
models were based on the 30-day and 100-day strength characteristics of the subbase 
layer. Analysis showed that the overall pavement performance was not affected by 
submersion of the subbase layer for both 30-day and 100-day periods, with safe levels of 
stresses and displacements developed in the pavement. Detailed results from the 
numerical analysis are presented elsewhere (Mohanty, 2003). 
 

CONCLUSIONS AND RECOMMENDATIONS 
 
• F-fly ash from Illinois coals has potential for utilization as a road subbase material 

without stabilization. Higher compactive effort was recommended in this project 
to achieve a low permeability, high strength subbase. 

 
• Post-construction FWD tests performed on the road indicated that the fly ash 

sections produced lower overall deflections and 13 percent lower maximum 



 

 

26

 

deflections.  The backcalculated subgrade modulus in the fly ash section was 19 
percent higher in comparison to the non-fly ash sections.  Structural capacity of 
the fly ash section was higher by 50 percent in comparison to the non-fly ash 
sections. 

 
• To date, there is no evidence that fly ash at this site is negatively impacting 

groundwater. 
 
• Fly ash utilization in large volume applications, such as road subbase, should be 

encouraged since it minimizes borrow areas and preserves agricultural lands. 
 
• Dust control strategies must be implemented in large volume applications. 
 
• Longer-term structural and environmental performance over at least three (3) 

years and preferably five (5) years is recommended. 
 
• Poor quality of fly ash (high LOI, ammoniated) may also have use in high volume 

applications such as road subbase with or without appropriate chemical treatment. 
 
• This successful application should be widely publicized in Illinois to encourage 

other similar utilization strategies. 
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DISCLAIMER STATEMENT 
 

This report was prepared by Dr. Y.P. Chugh of Southern Illinois University at 
Carbondale with support, in part by grants made possible by the Illinois Department of 
Commerce and Economic Opportunity through the Office of Coal Development and the 
Illinois Clean Coal Institute.  Neither Dr. P. Chugh of Southern Illinois University at 
Carbondale nor any of its subcontractors nor the Illinois Department of Commerce and 
Community Affairs, Office of Coal Development, Illinois Clean Coal Institute, nor any 
person acting on behalf of either: 
 
(A) Makes any warranty of representation, express or implied, with respect to the 

accuracy, completeness, or usefulness of the information contained in this report, or 
that the use of any information, apparatus, method, or process disclosed in this report 
may not infringe privately-owned rights; or 

 
(B) Assumes any liabilities with respect to the use of, or for damages resulting from the 

use of, any information, apparatus, method or process disclosed in this report. 
 
Reference herein to any specific commercial product, process, or service by trade name, 
trademark, manufacturer, or otherwise, does not necessarily constitute or imply its 
endorsement, recommendation, or favoring; nor do the views and opinions of authors 
expressed herein necessarily state or reflect those of the Illinois Department of 
Commerce and Economic Opportunity, Office of Coal Development, or the Illinois Clean 
Coal Institute. 
 
Notice to Journalists and Publishers: If you borrow information from any part of this 
report; you must include a statement about State of Illinois’ support of the project.  

 
 
 
 
 

 




