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NOTICE

Thecontents 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 Mississip@epartment of Transportation or the Fedléfighway 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 Governamehthe 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 manufactuéerames 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 stailband overlay
treatment may be sufficient to extend their use for years. For others, it may be necessary to
completelyrebuildthe pavement structure in order to correct or compensate for an existing
structural deficiency. With evatecreasing state csinuction budgets and the need to conserve
and recycle precious natural resources, the Mississippi Department of Transp@viax{on) is
always looking for environmentglfriendly andeconomicalvays to construct and rebuild
roadways for the traveling plic. One such method under investigation by MDOT is a technique

known as Full Depth Reclamation (FDR).

Full Depth Reclamation is a method of pavement rehabilitatievhich the entire
pavement structure is millag, crushed, blended, apdiaced backn order to provide a
homogeneous material thathen properly compacte suitable ér use as a pavement base
layer. Depending on the underlying material of the pavement structure or thgtlstreeeded
from the base layethe layer of reclaimed materiaday require stabilizatiohy means of
mechanical, chemical, or bituminous stabilizatiethodsMechanical stabilization adds
strength to a reclaimed laydgmough 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 productsThe method of bituminous stabilizatiotilizes liquid asphalt, asphalt
emulsion, or foamed asphé#it achieve increased stability in theleamed 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 stoaction monitoring of th&DR process used on
Mississippi Department of Transportation Project Nuniigr000803(032)



Objective

The primary objective of this research project is to monitor the full depth reclamation
(FDR) construction process andewgaluate the longerm performance of the process for use as a
roadway reconstruction techniquehis reportwill do the following:

e Outlinethe FDRprocess in general and the proesspecific tothe US49 in
Madison Countyproject

¢ Discuss the material testing and research activcteslucted,;

¢ Document problems encountered during construction which may affect the long
term performance of the pavement and the actions taken to counter these
problems;and

e Summarizdessons learned duririge FDR process in the event this technique is

used for future MDOT construction projects.



Project Location

MDOT chose a foutane section of highwagn US Highway 49 in Madison Countyn which to
constructhe FDRproject. The pjectbegn at the Hinds/Madiso@ounty line and proceed
9.193 milesorth to theBig Black River (Madison/Yazooounty line).In addition to the
reconstruction of the pavement structure, the project also inttbdeemoval and
reconstruction of te bridges located along US4%Bhe bridges wereeplaced because of their

insufficient width and outdated method of construction.

Figure 1: Beginning of Project



Project Description

The site selected for FDin Madison Cournt containedseveral different types of pavement
distresses with varying severities. These distresses inchudeerenot limited to reflective
cracking, potholes, transverse cracking with spgllmtting, and surface deformations due to
subgrade shrinkg/swelling. Thephotograph®elowshow several of the distresses present prior
to beginning constructios the photographalsoshow,repair worksuch as patchinigad been

done orseverabf the existing distressgsior to beginning the FDR process

Figure 2. Pothole Repair and Wheelpath Deterioration



Figure 4: Rutting, Compound/Longitudinal Cracking



Figure 5: Transverse Cracking/Spalling

The photographs in this section shomly a portion of the distresses present at the selected site
in Madison CountyThe quantity andseverity of these distressemde this site a viable

candidate for FDR since it whgyond herepaircapacity of a typical mill and overlakurther,

this type of construmn procedure is relativelyntested in thetate of Mississippwhich made

this project an excellent opportunity for research



Construction Procedures

Planned Reclamation Technique

Prior to commencing constructioilississippi Department of Transportation officials
decicedthat two different types of Full Depth Reclamation (FDR) would be used for this
construction project. The two different methods would then be evdlbate shorterm and
long-term to determine the usefulness of the FDR praoeasansportation constructiomitially
the type of FDR stabilizain to be used was to be demidccording to the direction of travel
the lane of travelForthe northbound lanesasphalt emulsion would be used as the primary
stabilization techique. Forthe southbound laneg€ement stabilization would be incorporated
into the reclamation processorder to achieve the needed strength from the reclaimed pavement

strucure

For both lanes of travel the approved reclaimed thickness was to be nine inches below the
threeinch milled surface course. The only planned exception to themshereclamation
thickness would occur on portions of the site which were construoteapf the original tweo
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 approximatsiy inches of uniform thickness after the initial surface
milling course was removed. Also, because the metiiagsoversvere significantly less
distressed than the mainline pavement, they would receive only an overlayiostgad 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 thectamatiorof the pavemendtructure For this reasoit
was necessaip developa construction sequence prior tayming construction that would

minimize the inconvenience to the traveling public.

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

area immediatelysurrounding the bridges selected for replacement. Once this section had been



reclaimed and overlaid with its initial surface lift of asphalt, traffic would then be routed onto the
exXxisting sout hbtolhuemald d afnaes hinora. Acbhrstiagionwoul d al | «
personnel to wsthe temporarily closed portion of the northbound lanes for constriartign

traffic while maintaining safe working conditions.

After the completion of the first stage of construction, Stagkofved for the
simultaneous réamation of the remainder of the asphalt strugtasewvell as the removal and
reconstruction of the two bridges slated for replagdmniauring this stage of construction the

reclaimed layer would receive its intermediate lift of asphalt.

Upon completiorof the replacement bridges and reclamatioallgbre-existing asphalt
structure Stage 2 would be concluded and Stage 3 wedfin. The last stage of construction
for this project caédfor an overlay of the entire projeethich would constitutéhefinal

surface lift an which he traveling public would dravafter completion of the project.



Reclamation Processes

Initial Cement Reclamation Process

The initial plan forthis reclamatiorprojectrequired 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@vastheremonal of the top thre inches from thasphalt structure. This
stepwas performed by Delta Construction lrtbrough 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 reclamatipnocess.

Figure 6: Milling and Surface Removal



After the upper three inches of asphalt surface had been removadiaridrm grade
had beerestablishedthe 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 surfacapfittation

rate of the cement is controlled by an auger systbose application rate is determinggthe
speed of the truckifter the application of the cement, the reclamation process continues with
the grinding/pulverization of the pavement struetdrhis step of the process also includes the
introduction of the water needed to hydrate the cen@mte the pavement structure has been
ground it is sent to a pug milwhere it is screesd, and oversized chunks of pavement are sent
to a crusher before being reintroduced to the reclaimed material. The pulverized and mixed
material therexits from the rear of the reclamation train in a windrow. This windrow is formed
from an auger bin at thear of the train whose production rate is also determined by the speed
of the reclamation train.
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Figure 9: Material Entering Shaker/Pug Mill
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Figure 10: Material Windrow

At this point theshape and volume of tl@ndrow of material seen in Figuld arelargely

uniform because athe consistenspeed of the reclamationtrain  Th e t caaremaids s peec
consistent for whole working dagslong as mechanical failudoes not occurAlso the issue

of material transport to and from the jobsite is a®much of a determiimg factor for this

process as it is itraditional paving.

After the windrowof material is placedhe material is then worked to produce a
compacted and smooth&yer of reclaimed asphalt. Firstmotor grader is used sonooth the
windrow down to a smooth surface of a uniform grade. This part of the materialrfiguishi
procesgequires a high levealf proficiency on the part of the equipment operator in order to
ensure that a sooth final surface is attainedfter the motor grader has smoothed the reclaimed
asphalt into a smoothed surfacempactioris needed to obtain the tipum strength
requirements. For this project compaction of theaiened asphalt layer was accomplisihgdh
Rex® 370 Compactgrwhichusesa set of large steel wheels fitted with many rectangular steel
pads to achieve the desired level of compaction

12



Figure 11. Compaction of Reclaimed Material

After compaction of the reclaimed asph#ie motorgrader is then reruto smooth the uneven
surfacedeft by thecompactor. This proceslso requiresignificant operatoskill in order to

obtain a surfacwith afinal longitudinally smooth profile. Once the compacted material has
been smoothed and a uniform grade been reestablished by the motaqrigisatesn rolled and
compacted with a vibratory steel whedleg which isusedon most highway construction
projectsfor compading asphalt pavement lifts. This layer of compacted and reclaimedlagph
then allowed tsetbefore an application of tack coat is applied to prevent excessive moisture
loss from the reclaimtematerial Finally, the layeris allowed to cure for seven days, per MDOT
specificationsbefore it is milled again to establish a uniform grade surface suitable for its

intermediate asphalt overlay.
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