Emerging Pavement Technologies

Introduction

There are PCC and flexible pavement technologies that cannot, as yet, be considered long-life
renewal options but may become so in the future. One technology reviewed, precast concrete
pavement, is likely a long-lasting renewal option at this time. The limitation is that there are
few projects under traffic to make that type of assessment. Thus, the term “emerging
pavement technologies” does not necessarily imply that the concept is “new.” Several of these
promising technologies were selected for a brief overview and include:

e Rigid Pavements
0 Ultra Thin CRCP overlays
0 Precast Concrete Pavement

e Flexible or Composite Pavements
0 Resin modified pavement

Without doubt there are other technologies that could be featured; however, this is not the
primary purpose of this study. This short treatment simply suggests that technologies exist
which should be monitored as they continue to evolve which may be or become viable
components for long-lasting pavement renewal.

Rigid Pavements
Ultra Thin CRCP Overlays (UTCRCP)

This innovative pavement rehabilitation treatment was first reported in 2004 as an overlay
system for steel bridges. This technology is not to be confused with ultra thin fiber reinforced
concrete overlays which have been more widely evaluated in the US (such as the examples
provided by Kuo et al, 1999). The UTCRCP approach has been extensively investigated in South
Africa (Kannemeyer, et al, 2008). Figure 1 illustrates some of the Heavy Vehicle Simulator (HVS)
testing that was recently completed for UTCRCP test sections near Johannesburg.

The South African experimental sections were mostly 50 mm thick and placed on various bases
ranging from HMA to natural gravel. Continuous steel mesh was used for reinforcement along
with two types of steel fibers (straight and hooked). The continuous reinforcement as a
percentage of the cross-sectional area is higher than for traditional CRCP—about 1.0% as
opposed to typical values of 0.6% for CRCP. For the recent test conditions which used a granular
base, it is estimated that a 50 mm UTCRCP has a minimum life of 25 million ESALs. Kannemeyer
estimated that this type of overlay would last between 14 to 55 years—depending on average
daily truck traffic (Kannemeyer assumed that each truck applied 5 ESALs/truck).

A 50 mm UTCRCP overlay is being placed on the N12 highway in Johannesburg (project
completion date November 2010) along with 200 mm CRCP in the slow lanes. The UTCRCP is
being placed on the “fast” or inside lanes for these multi-lane highways. The underlying base is



HMA. Two types of reinforcement have been used on the project: (1) a wire diameter of 5.6
mm with a 100 mm by 50 mm spacing, and (2) a wire diameter of 4 mm with a 50 mm by 50

mm spacing.
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Figure 1. Thin CRCP Being Tested via the Heavy Vehicle Simulator in South Africa



A second UTCRCP project was constructed on the N1 highway northeast of Paarl (near Cape
Town), South Africa. Photos captured from Google Maps are shown in Figure 2. This project
currently serves 12,000 vehicles per day with 20% trucks (Civil Engineering, 2010) and serves as
a climbing lane. The design loading is 40 million E8Qs over a 25 year span and has a 50 mm
thickness. The mix makes use of polypropylene fibers, 5.6 mm diameter steel mesh with a
spacing of 50 by 100 mm, maximum nominal size aggregate of 6.7 mm, and various admixtures.
This results in a mix with a compressive strength of about 15,000 psi and a minimum flexural
strength of 1500 psi.

Figure 2. UTCRCP on the N1 Highway near Cape Town
(Photos from Google Maps)

Potential for long-term performance: The South African experience with UTCRCP should be
monitored since it has been carefully assessed by use of HVS experiments and is now deployed
on actual highways.

Precast Panels and Precast Prestressed Concrete Pavement (PPCP)

PPCP Case Studies. Several precast concrete pavements have been built in the US over the last
10 years—three well-documented projects include Texas (completed in 2001), California
(completed in 2004) (Merritt et al, 2005), and Minnesota (completed in 2005) (Burnham, 2007).
Subsequently, projects have been completed in Missouri (2005) and lowa (2006) (FHWA, 2009).
The purpose for these projects was to assess the viability of precast concrete pavements for
rapid construction and rehabilitation. These projects are relatively short—the longest is the
Texas |-35 frontage road project at 2,300 ft., the Caltrans I-10 project was 248 ft., the Missouri
project 1,010 ft., and lowa 4,300 ft. Earlier projects were documented by Merritt, et al (2000)
which noted projects built in South Dakota, Japan, and Texas. The earliest Texas project was
built in 1985 as a 6 in. thick cast-in-place prestressed pavement.

Merritt et al (2000) noted that for thickness design a reasonable lower limit for precast panel
thickness would not be less than 50 to 60% of conventional concrete pavement. An analysis
done to compare a precast concrete pavement versus a more traditional CRCP suggested that
14 in. thick CRCP would be equivalent to 8 in. thick precast concrete panels. It was also noted
that the 6 in. Texas built cast-in-place prestressed pavement exhibited no distress following 15
years of in-service traffic.



The concept for the 2001 Texas project was stated as: “... to develop a concept for a precast
concrete pavement — one that meets the requirements for expedited construction and that is
feasible from the standpoint of design, construction, economics, and durability. The proposed
concept should have a design life of 30 or more years to make it comparable to conventional
cast-in-place pavements currently being constructed.” (Merritt et al, 2000). This project as
noted earlier was 2,300 ft. long with panels either 10 ft. by 20 ft. or 10 ft. by 36 ft. all 8 in. thick
(FHWA, 2009). The post-tensioned sections were 7 @ 250 ft., 1 @ 225 ft., and 1 at 325 ft. The
panel installation rate was 25 panels per 6 hours. Figure 3 provides an aerial view of the project
and Figure 4 photos taken during December 2010 to illustrate performance to date.

The 2004 Caltrans project used 8 ft. precast panels which resulted in a total of 31 panels to
achieve the 248 ft. length. The panel thicknesses were 10 in.—a thickness required to match an
existing pavement. Each panel weighed 21.5 tons which limited one panel being delivered to
the job site per truck cycle. The expansion joints were designed for an opening < 1 in. The panel
installation rate was 15 panels over 3 hours. It was estimated that the design life would range
from 30 to 57 years. The total in-place cost of this project was $224/yd>.

The 2005 Missouri project was built on I-57 near Sikeston. The project length was 1,010 ft. (2
lanes plus shoulders) which used 10 ft. by 38 ft. panels which ranged between 5.75 to 11.0 in.
(the thinner sections are associated with the shoulders). The post-tensioned sections were 4 @
250 ft. The panel installation rate was 12 panels per 6 hours. The precast panels were placed on
a 4 in. thick permeable asphalt base.

Precast Panels. Precast panels were used to replace a short section of JRCP in Minnesota. The
project was built on Trunk Highway (TH) 62 during June 2005 in the vicinity of the Minneapolis-
St. Paul International Airport (Burnham, 2007). The original pavement was 8 in. thick JRCP. Joint
repairs were made in 1986 but the pavement was in need of additional rehabilitation about 20
years later. In 2005, TH 62 had concrete rehabilitation repairs made along with the addition of a
precast test section (Figure 5). The precast test section was 216 ft. long by 12 ft. wide which
required 18 panels (the Fort Miller Co. precast system). Each panel was 12 ft long by 12 ft. wide
by 9.25 in. thick. The precast panels were not tied to the adjacent JRCP lane nor were they post-
tensioned but doweled at the transverse joints. The test section was ground about 5 months
after construction with the IRI results summarized in Table 1. Load transfer efficiency
measurements for the transverse joints were about 90 to 95% one year after construction.

Table 1. Summary of IRl Results—Precast Panels—Minnesota TH 62 (after Burnham, 2007)

Time and Activity Average IRI (inches/mile) for both Wheelpaths
TH 62 Prior to Construction 150
New Precast Panels (Fall 2005) 140
After Grinding Panels (Fall 2005) 76
Six Months following Grinding (April 2006) 50




Potential for long-term performance: Precast concrete pavements show significant promise.
Tracking performance of the existing pavements is needed. Cost and construction times will
likely drop as larger projects are constructed.
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Figure 3. PPCP Section—Texas I-35 Frontae Road
(Photos: Google Maps)
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Figure 4. PPCP Section—Texas |-35 Frontage Road—Photos December 2010 [Notes: (1)
pavement is 9 years old, (2) exhibits no distress other than a few tightly closed longitudinal
cracks, and (3) receives limited heavy traffic.]



e

i JRCP Lane
: :
" Precast Panels

A = -l
Figure 5. Precast Section—Minnesota TH 62
(Photos from Burnham, 2007)

Flexible or Composite Pavements

Resin Modified Pavement (RMP)

RMP was described by Ahlrich and Anderton (1991) as a “semi-rigid, semi-flexible” surface
course. It is an open graded HMA layer with about 25 to 30% air voids which are filled with a
resin modified cement slurry grout. As noted by Ahlrich and Anderton, “RMP is a tough and
durable surfacing material that combines the flexible characteristics of an asphalt concrete
material with the fuel, abrasion, and wear resistance of a portland cement concrete.” The
original concept for RMP was developed in Europe during the 1960’s.

The basic process for RMP follows (after Ahlrich and Anderton, 1991):

1. Place an open-graded HMA layer. This layer determines the thickness of the RMP.

2. Pourthe grout material (portland cement, fine aggregate, water, and a resin additive) onto
the HMA, squeegee over the surface and vibrate into the voids with a small vibratory roller.

3. Cure the grout material with standard white pigment sprayed curing compound.

Ahlrich and Anderton (1991) reported accelerated pavement testing by use of the FHWA ALF
device at Turner Fairbank. The trafficking used dual tires loaded to 19,000 Ib with tire pressure
of 140 psi. Following 80,000 passes, the RMP surface performed well with no deterioration.



At the time of USACOE testing, the cost of RMP ranged between that of traditional HMA and
PCC.

More recent studies on RMP include a five year performance assessment by Battey and
Whittington (2007) in Mississippi (see construction of RMP—Figure 6). Three systems were
assessed for use in signalized intersections on US 72 in Corinth, Mississippi. These were:

1. RMP wearing course 2 inches thick.
2. Ultra-thin whitetopping 3 inches thick.
3. HMA overlay with PG 82-22 binder.

The comparison of these three options were assessed following 5 years of service. The order of
comparison revealed the overall best option was the PG 82-22 HMA overlay, followed by the
ultra-thin whitetopping, and RMP last. However, the assessment also showed that the RMP
exhibited no rutting but was the most expensive. The ultra-thin whitetopping began to crack
after 2 years of service and was eventually removed from service.

RMP is also being evaluated in South Africa. The photos shown in Figure 7 were taken in 2009
of a RMP that had been in service for 2 years at a truck weigh station (thus all traffic is trucks
moving at a slow speed). As of 2009, no rutting or significant cracking had occurred.

Potential for long-term performance: RMP appears to be a system appropriate only for
wearing courses (largely due to cost and construction challenges). The performance appears
quite good particularly with regard to rutting resistance. As to whether RMP will out-perform
traditional dense graded HMA is as yet unclear. Hopefully, those that have built this type of
pavement will continue to monitor performance and report their findings.

Figure 6. onstruction of RMP. Aplication the grout to the
open-graded HMA (from Battey and Whittington, 2007)
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Resin modified paverment at a truck weigh A close-up of the resin modified cement which
station on the N-3 near is near Johannesburg, was placed in open-graded HMA.
South Africa.

Figure 7. Resin Modified Pavement
Cost Comparisons

Cost comparisons for emerging technologies are a challenge on several levels due to use in
experimental projects, limited production, exchange rates, etc. Further, materials and
construction costs for pavements are rather volatile along with elusive, up-to-date national
statistics. As such, background based on costs obtained from WSDOT for asphalt concrete and
concrete paving materials are shown below (costs as of September 2010—WSDOT, 2010) along
with available data from other projects (see Table 2). Table 3 provides performance lives and
cost estimates for typical preservation treatments developed as part of the SHRP2 R26 study—
which provide additional cost perspectives.

Summary

The three emerging technologies illustrated in this document are only a sample of promising
pavement developments. Whether the concepts illustrated ultimately contribute widely to
long-lasting renewal options is yet unclear.

On a national basis, systematic reporting on these types of technologies is needed (along with
others yet to be identified).



Table 2. Conventional and Emerging Technology Cost Estimates.

Traditional Paving Systems Typical Cost | Basis per Ton Basis per yd2
Asphalt Concrete (HMA) @ 12” thick S64/ton S64/ton $42/yd?
Portland Cement Concrete @ 12” thick $130/CY S64/ton $43/yd?
HMA Overlay 2” thick S64/ton S64/ton $7/yd?
Chip seal - - $2/yd?
Project Cost Misc Info Basis per yd2
UTCRCP (N1 Freeway, South Africa— R590/m’ ~ $85/m? ~$70/yd?

completed June 2010). Section contained ~
16,000 m? of UTCRCP paving.

TH 62 Minnesota—Precast Panels -- Test section was $575/yd2
12’'x12’x9.25” (completed June 2005). Cost/SY small
excludes traffic control, grinding, and striping. ~ 288 yd?

Cost/SY does include removal of pre-existing

8” JRCP. Contained 288 yd® of precast panels.

Caltrans Precast Post-Tensioned Test -- Test section was $224/yd2

Section—constructed 2004. ~ 1,000 yd’
Note: Per SY basis based on equal thickness of HMA and PCC. Only the material costs were considered.
Assumed densities are 145 Ib/ft® for HMA and 150 Ib/ft* for PCC.

Table 3. Expected Performance and Costs Associated with A Selection of Pavement Preservation
Treatments (after Peshkin et al, 2010)

Pavement Type Expected Treatment Estimated Unit Cost
Performance (years)
Existing HMA Surfaced Pavement
Crack Filling 2to 4 $0.10 to 1.20/ft
Crack Sealing 3to 8 $0.75 to 1.50/ft
Slurry Seal 3to5 $0.75 to 1.00/yd?
Chip Seal—Single Course 3to7 $1.50 to 4.00/yd?
Thin HMA Overlay (Dense Graded; 0.875 to 5to 12 $3.00 to 6.00/yd?
1.5 in. thick)
Profile Milling 2to5 $0.35 to 0.75/yd?
Ultra-Thin Whitetopping (2 to 4 in. thick) Not Available $15.00 to 25.00/yd?
Existing PCC Surfaced Pavement
Joint Resealing 2to 8 $1.00 to 2.50/ft
Crack Sealing 4to7 $0.75 to 2.00/ft
Diamond Grinding 8to 15 $1.75 to 5.50/yd?
Partial-Depth Concrete Patching 5to 15 $75 to 150/yd?
(based on patched area)
Full-Depth Concrete Patching 5to 15 $75 to 150/yd?
(based on patched area)
Dowel Bar Retrofit 10 to 15 $25.00 to 35.00/bar
Thin HMA Overlay (0.875 to 1.5 in. thick) 6to 10 $3.00 to 6.00/yd?
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