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NOTICE 
 

The contents of this report reflect the views of the author, who is responsible for the facts and 

accuracy of the data presented herein. The contents do not necessarily reflect the views or 

policies of the Mississippi Department of Transportation or the Federal Highway Administration. 

This report does not constitute a standard, specification, or regulation. 

This document is disseminated under the sponsorship of the Department of Transportation in the 

interest of information exchange. The United States Government and the State of Mississippi 

assume no liability for its contents or use thereof. 

The United States Government and the State of Mississippi do not endorse products or 

manufacturers. Trade or manufacturersô names appear herein solely because they are considered 

essential to the object of this report. 
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Introduction  

Background  
 

 Many of the pavements in Mississippi have exceeded or are beginning to reach the end of 

their original design life. In the coming years these pavements will require complete 

reconstruction or extensive rehabilitation. For some of these roads, the standard mill and overlay 

treatment may be sufficient to extend their use for years. For others, it may be necessary to 

completely rebuild the pavement structure in order to correct or compensate for an existing 

structural deficiency. With ever-decreasing state construction budgets and the need to conserve 

and recycle precious natural resources, the Mississippi Department of Transportation (MDOT) is 

always looking for environmentally friendly and economical ways to construct and rebuild 

roadways for the traveling public. One such method under investigation by MDOT is a technique 

known as Full Depth Reclamation (FDR). 

 Full Depth Reclamation is a method of pavement rehabilitation in which the entire 

pavement structure is milled up, crushed, blended, and placed back in order to provide a 

homogeneous material that, when properly compacted, is suitable for use as a pavement base 

layer. Depending on the underlying material of the pavement structure or the strength needed 

from the base layer, the layer of reclaimed material may require stabilization by means of 

mechanical, chemical, or bituminous stabilization methods. Mechanical stabilization adds 

strength to a reclaimed layer through the use of additional aggregates. This aggregate can come 

in many forms including crushed Portland cement concrete, recycled asphalt pavement (RAP), or 

an untreated virgin aggregate source. Chemical stabilization adds additional strength to the 

reclaimed material by treating the blended material with lime, Portland cement, fly ash, or other 

chemical products. The method of bituminous stabilization utilizes liquid asphalt, asphalt 

emulsion, or foamed asphalt to achieve increased stability in the reclaimed material. If more 

strength is needed than is provided by only one means of stabilization, multiple techniques can 

be used together to increase the final strength obtained from the reclaimed pavement structure. 

This report presents the results of construction monitoring of the FDR process used on 

Mississippi Department of Transportation Project Number NH-0008-03(032). 
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Objective  
 

 The primary objective of this research project is to monitor the full depth reclamation 

(FDR) construction process and to evaluate the long-term performance of the process for use as a 

roadway reconstruction technique. This report will do the following: 

 Outline the FDR process in general and the processes specific to the US49 in 

Madison County project; 

 Discuss the material testing and research activities conducted;  

 Document problems encountered during construction which may affect the long- 

term performance of the pavement and the actions taken to counter these 

problems; and 

 Summarize lessons learned during the FDR process in the event this technique is 

used for future MDOT construction projects. 
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Project Location  
 

MDOT chose a four-lane section of highway on US Highway 49 in Madison County on which to 

construct the FDR project. The project began at the Hinds/Madison County line and proceeded 

9.193 miles north to the Big Black River (Madison/Yazoo county line). In addition to the 

reconstruction of the pavement structure, the project also included the removal and 

reconstruction of two bridges located along US49. The bridges were replaced because of their 

insufficient width and outdated method of construction. 

 

Figure 1:  Beginning of Project 
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Project Description  
 

The site selected for FDR in Madison County contained several different types of pavement 

distresses with varying severities. These distresses included but were not limited to reflective 

cracking, potholes, transverse cracking with spalling, rutting, and surface deformations due to 

subgrade shrinking/swelling. The photographs below show several of the distresses present prior 

to beginning construction. As the photographs also show, repair work such as patching had been 

done on several of the existing distresses prior to beginning the FDR process. 

 

 

Figure 2:  Pothole Repair and Wheelpath Deterioration 
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Figure 3:  Reflective Cracking 

 

Figure 4:  Rutting, Compound/Longitudinal Cracking  
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Figure 5:  Transverse Cracking/Spalling 

The photographs in this section show only a portion of the distresses present at the selected site 

in Madison County. The quantity and severity of these distresses made this site a viable 

candidate for FDR since it was beyond the repair capacity of a typical mill and overlay. Further, 

this type of construction procedure is relatively untested in the state of Mississippi, which made 

this project an excellent opportunity for research.  
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Construction  Procedures  

Planned Reclamation Technique 

 

 Prior to commencing construction, Mississippi Department of Transportation officials 

decided that two different types of Full Depth Reclamation (FDR) would be used for this 

construction project. The two different methods would then be evaluated both short-term and 

long-term to determine the usefulness of the FDR process in transportation construction. Initially 

the type of FDR stabilization to be used was to be decided according to the direction of travel of 

the lane of travel. For the northbound lanes, asphalt emulsion would be used as the primary 

stabilization technique. For the southbound lanes, cement stabilization would be incorporated 

into the reclamation process in order to achieve the needed strength from the reclaimed pavement 

structure. 

 For both lanes of travel the approved reclaimed thickness was to be nine inches below the 

three-inch milled surface course. The only planned exception to the nine-inch reclamation 

thickness would occur on portions of the site which were constructed on top of the original two- 

lane concrete highway. For portions of the existing pavement placed over the original concrete 

structure, only the existing asphalt structure would be reclaimed. This existing asphalt structure 

was determined to be approximately six inches of uniform thickness after the initial surface 

milling course was removed. Also, because the median crossovers were significantly less 

distressed than the mainline pavement, they would receive only an overlay course instead of the 

full depth reclamation.  

Planned Construction  Sequence 
 

 The construction project in Madison County also included the removal and replacement 

of two existing bridges in addition to the reclamation of the pavement structure. For this reason it 

was necessary to develop a construction sequence prior to beginning construction that would 

minimize the inconvenience to the traveling public.  

 Stage 1 of the construction sequence required the reclamation and initial overlay of the 

areas immediately surrounding the bridges selected for replacement. Once this section had been 
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reclaimed and overlaid with its initial surface lift of asphalt, traffic would then be routed onto the 

existing southbound lane in a ñhead-to-headò fashion. This would allow for construction 

personnel to use the temporarily closed portion of the northbound lanes for construction-only 

traffic while maintaining safe working conditions.  

 After the completion of the first stage of construction, Stage 2 allowed for the 

simultaneous reclamation of the remainder of the asphalt structure, as well as the removal and 

reconstruction of the two bridges slated for replacement. During this stage of construction the 

reclaimed layer would receive its intermediate lift of asphalt. 

 Upon completion of the replacement bridges and reclamation of all pre-existing asphalt 

structure, Stage 2 would be concluded and Stage 3 would begin. The last stage of construction 

for this project called for an overlay of the entire project, which would constitute the final 

surface lift on which the traveling public would drive after completion of the project. 
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Reclamation Processes 
 

Initial Cement Reclamation Process  
 

 The initial plan for this reclamation project required that the southbound lanes be mixed 

with cement during the reclamation process in order to increase the strength of the reclaimed 

material. This section will cover this process as it was initially practiced at the start of the 

construction process. 

 The first phase was the removal of the top three inches from the asphalt structure. This 

step was performed by Delta Construction Inc., through the use of multiple milling machines. 

This process not only removed minor surface distresses but also created a uniform grade on 

which to base the reclamation process. 

 

Figure 6:  Milling and Surface Removal 
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 After the upper three inches of asphalt surface had been removed and a uniform grade 

had been established, the FDR could begin. The first step in the cement stabilized reclamation 

process was the application of raw cement.  

 

Figure 7:  Application of Raw Cement 

The figure above shows the application of the raw cement to the milled surface. The application 

rate of the cement is controlled by an auger system whose application rate is determined by the 

speed of the truck. After the application of the cement, the reclamation process continues with 

the grinding/pulverization of the pavement structure. This step of the process also includes the 

introduction of the water needed to hydrate the cement. Once the pavement structure has been 

ground, it is sent to a pug mill, where it is screened, and oversized chunks of pavement are sent 

to a crusher before being reintroduced to the reclaimed material. The pulverized and mixed 

material then exits from the rear of the reclamation train in a windrow. This windrow is formed 

from an auger bin at the rear of the train whose production rate is also determined by the speed 

of the reclamation train. 
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Figure 8:  Grinding Head of Reclamation Train 

 

Figure 9:  Material Entering Shaker/Pug Mill  
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Figure 10:  Material Windrow  

At this point the shape and volume of the windrow of material seen in Figure 10 are largely 

uniform because of the consistent speed of the reclamation train.  The trainôs speed can remain 

consistent for whole working days as long as mechanical failure does not occur.  Also the issue 

of material transport to and from the jobsite is not as much of a determining factor for this 

process as it is in traditional paving. 

 After the windrow of material is placed, the material is then worked to produce a 

compacted and smoothed layer of reclaimed asphalt. First, a motor grader is used to smooth the 

windrow down to a smooth surface of a uniform grade. This part of the material finishing 

process requires a high level of proficiency on the part of the equipment operator in order to 

ensure that a smooth final surface is attained. After the motor grader has smoothed the reclaimed 

asphalt into a smoothed surface, compaction is needed to obtain the optimum strength 

requirements. For this project compaction of the reclaimed asphalt layer was accomplished by a 

Rex® 3-70 Compactor, which uses a set of large steel wheels fitted with many rectangular steel 

pads to achieve the desired level of compaction. 
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Figure 11:  Compaction of Reclaimed Material 

After compaction of the reclaimed asphalt, the motor grader is then rerun to smooth the uneven 

surface left by the compactor. This process also requires significant operator skill in order to 

obtain a surface with a final longitudinally smooth profile. Once the compacted material has 

been smoothed and a uniform grade been reestablished by the motor grader, it is then rolled and 

compacted with a vibratory steel wheel roller, which is used on most highway construction 

projects for compacting asphalt pavement lifts. This layer of compacted and reclaimed asphalt is 

then allowed to set before an application of tack coat is applied to prevent excessive moisture 

loss from the reclaimed material. Finally, the layer is allowed to cure for seven days, per MDOT 

specifications, before it is milled again to establish a uniform grade surface suitable for its 

intermediate asphalt overlay. 

 


