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After performing the FDR on I-81 in 2011, 
Slurry Pavers of Richmond, VA traveled to the 
NCAT Test Track in Alabama to perform the 
FDR for VDOT’s test sections. 
(Photo courtesy of Slurry Pavers)

Construction of the test section followed the 
same sequence of construction as in-service 
pavement in Virginia.
(Photo courtesy of Slurry Pavers)

Virginia DOT (VDOT) has been on the forefront of 
pavement recycling for more than a decade. They 
have used both Full-Depth Reclamation (FDR) using 
Portland cement and Cold Central Plant Recycling 
(CCPR) using asphalt binder and Portland cement 
in three major interstate reconstruction projects. 
VDOT’s �rst major project on a high-volume, heavy 
truck route was completed in 2011 on I-81 in 
Augusta County. This project included milling most 
of the existing asphalt pavement and stockpiling 
the millings; stabilizing the foundation using FDR; 
and processing the milled material into a base 
layer using CCPR that was paved on top of the 
FDR layer. The pavement cross-sections for the 
right lane of the I-81 project are shown in Figure 
1. After 10 years of service and more than 21
million equivalent single axle loads (ESALs), the
design is proving to be a long-lasting solution with
a current average ride quality and rut depth of 44
inches/mile and 0.1 inches, respectively.

Experiment Details

To learn more about the performance of both FDR 
and CCPR under controlled conditions, VDOT 
worked with the National Center for Asphalt 
Technology (NCAT) at Auburn University in 2012 
to install, instrument, and monitor three pavement 
test sections at the NCAT Test Track near 
Opelika, Alabama. These sections, designated 
Sections N3, N4, and S12, were subjected to 
approximately 20 million 18,000 pound ESALs 
over two track cycles between 2012 and 2017. 
After 2017, the researchers decided to 
concentrate on the two thinner sections, N4 and 
S12, and added an additional 10 million ESALs 
between 2017 and 2021.

Both Sections N4 and S12 included a 5-inch-thick 
CCPR layer placed on top of either a compacted 
aggregate base (Section N4) or a cement-stabi-
lized foundation (Section S12) produced using 
equipment and procedures used in FDR. Both 
sections were surfaced with two layers of an 
asphalt mixture at the time of construction. The 
cement-stabilized foundation (composed of the 
existing aggregate base and the upper portion of 
the existing track subgrade) was produced using 
hydraulic cement as the stabilizing agent at a 
dosage rate of 4.0%. During the mix design 
process, the cement-stabilized base had an 
average compressive strength of 256 pounds per 
square inch after 7 days, a maximum dry density 
of 130 pounds per cubic foot, and an optimum 
moisture content of 8.0%. A compressive strength 
of 350 psi after 7 days was used as a maximum 
limit during the design process.

Figure 2 - Schematic of NCAT Test Track Sections
(from VTRC Report 21-R22)
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Density and other construction parameters 
were tested by NCAT and Virginia 
Transportation Research Council personnel.
(Photo courtesy of Slurry Pavers)

Figure 1 - Pavement cross-sections used 
to reconstruct the right lane of I-81 in Augusta 
County, Virginia in 2011. The initial 2,100 ft 
used the “4 over 8” design, the remainder of 
the project used the “6 over 6” design. 
(Courtesy of Dr. Brian Diefenderfer, VTRC)
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Figure 3 - Vertical Base Pressure versus Million Equivalent Single Axle Loads - In Figures 3-5, the 
orange triangles represent the consistent response of the test section with the cement-stabilized 
base while the gray circles indicate the decreasing sti�ness of the test section without 
cement-stabilized base. (From VTRC Report 21-R22)

Figure 4 - Vertical Subgrade Pressure versus Million Equivalent Single Axle Loads 
(From VTRC Report 21-R22)

The Results

During the experiment at NCAT, ride quality, 
rutting, and cracking (if present) were measured 
on the surface. Additionally, the pavement was 
instrumented to measure vertical pressure on 
both the top of the aggregate or cement-treated 
base and on the subgrade, and the horizontal 
strain was measured on the bottom of the CCPR 
layer. After 30 million ESALs, the results are in; 
the section with the cement-treated base 
(represented in Figures 3-5 with the orange 
triangles and dashed lines) has shown little or 
no evidence of internal or surface deterioration. 
This is demonstrated by the virtually unchanging 
pressures and strains recorded after years 
of loading.

The researchers noted that for Section N4, Figure 
5 “…shows that the strain values were not only 
increasing with respect to the accumulated truck 
loading but also had a wider spread with respect 
to accumulated truck loading. It is thought that 
these two observations were the result of internal 
damage within the section.” On the other hand, 
the researchers noted that for Section S12, Figure 
5, “…shows that the strain values continued to be 
both less and relatively stable. This is thought to 
be evidence of a very strong pavement section 
with little or no internal damage caused by 
traf�cking.”

The Researcher’s Recommendations

Based on the observations collected in the �rst 
three phases of this research, the researchers 
made the following recommendation:

“The Virginia Transportation Research Council 
(VTRC) and VDOT’s Materials Division should 
promote the design concept of including a 
stabilized base layer (similar to FDR) beneath a 
CCPR layer when CCPR is included on pavement 
sections having high traf�c volumes. Examples of 
future locations include potential widening of the 
I-64 corridor between Richmond and the Hampton 
Roads region; the addition of travel lanes on I-81 
in western Virginia; and potential reconstruction of 
I-95.”

The report �nally concludes, “Through the 
increased use of pavement recycling techniques 
(such as CCPR and FDR), VDOT and the national 
pavement community can gain signi�cant cost and 
environmental savings, as documented in the 
literature.”
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Figure 5 - Horizontal Strain versus Million Equivalent Single Axle Loads (From VTRC 21-R22)

The Conclusion

Brian Diefenderfer, PE, PhD, VDOT Principal 
Research Scientist and lead author of the VTRC 
report, said, “The vertical stress and horizontal 
strain measurements in this study (shown in the 
�gures) strongly imply that the section with the 
cement-treated base is behaving as a ‘perpetual’ 
pavement. That is, the pavement design used in 
Section S12 can likely withstand a nearly unlimited 
number of load repetitions without load-related 
deterioration.” Diefenderfer continued, “We chose 
to remove Section S12 from the test track 
because further traf�cking is not expected to 
change the result.”

If you would like to learn more about how to build 
economical, long-lasting pavement using Portland 
cement, please visit www.secement.org for more 
information and technical resources on the FDR 
process as well as other cement-based pavement 
solutions. If you would like to read about Virginia 
DOT’s research at NCAT in greater detail, the 
report can be downloaded at www.virginia
dot.org/vtrc/main/online_reports/pdf/21-R22.pdf 
or scan the QR code below.
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1  Investigate existing pavement: 
always investigate the existing pavement structure and sub-grade prior to 
reclamation. Typically, samples of the pavement and sub-grade are collected to 

determine the appropriate rate of cement addition. Either too much or too 

2  Plan operation to ensure a well-coordinated job:  Mixing, curing, and paving 

with only a chip-seal treatment, extended exposure without further paving is not 
recommended.

3  Begin FDR by pulverizing existing pavement:
that the existing pavement be pulverized to the desired depth using the pavement 

elect to add some water at this stage to reduce dust and ease initial shaping, as 
was done on this project. Under limited circumstances, such as when the existing 
asphalt is less than an inch thick, this step may be omitted.

4  Roughly reshape the pulverized pavement: A motor grader and sheepsfoot roller 
are used to roughly regrade the base and prepare it to receive cement.

5  Spread Cement: Cement is spread with a spreader that is calibrated to deliver 
the specified amount of cement within tight tolerances. (Typically +/- 5 percent)

 

during construction.
testing technicians periodically

6  Mix cement, water, and pulverized pavement: The reclaimer will make a 
second pass to mix the cement and pulverized pavement. If additional moisture is 
needed, the reclaimer may also use an attached water tanker to simultaneously 
bring the final mixture to the appropriate moisture content as determined in Step 1.

7  Compaction and fine grading:  The sheepsfoot roller is used to compact the 
reclaimed mixture. The motor grader works in tandem to achieve deep compaction 
while maintaining the desired elevation. Once initial compaction is achieved, 

operation and provide a smooth surface ready for overlay. To avoid interference 
with the cement hydration process, all grading and compaction should be completed
within approximately 2 hours of mixing. This step is critical in achieving a smooth 
base that is ready to receive further overlay. 

After reclamation and resurfacing, the 
pavement is now ready to carry traffic for 
years to come.
(Photos courtesy of RoadWorx, Inc.)   

During construction, traffic continues to flow 
with the use of a pilot car. 

A padfoot roller is used to achieve initial, deep 
compaction while a smooth drum roller provides a 
smooth, tight surface finish prior to overlay.   

Accurate and consistent spreading of cement using 
a dedicated spreader is essential for good FDR 
performance.  

A fast-moving reclamation train consisted of a 
cement spreader, water truck, reclaimer, motor 
grader, padfoot roller, and smooth drum roller.   

Before resurfacing, the existing pavement had 
deteriorated over many years and required temporary 
patching to continue to function satisfactorily.    

Typical Construction Sequence of Full-Depth Reclamation with Cement




