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ogy Program (CPTP) is an inte
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Thin Whitetopping—
the Colorado Experience

INTRODUCTION

“Whitetopping” refers to the use of a concrete overlay to resurface a
distressed asphalt pavement. Conventional whitetopping (conventional
concrete overlay placed directly over an existing asphalt pavement) has
a long history of use, and the practice is well established. However, of
recent origin are whitetopping techniques that depend on a bond be-
tween the concrete resurfacing and the existing asphalt pavement sur-
face (typically milled). These bonded whitetoppings incorporate thin-
ner concrete resurfacing and shorter joint spacing. Two types of bonded
whitetoppings may be used:

e 3Ultrathin whitetopping (UTW)—concrete surface thickness ranging
from 50 to 100 mm (2 to 4 in.) with joint spacing ranging from
0.6to 1.2 m (2 to 4 ft).

¢ aThin whitetopping (TWT)—concrete surface thickness ranging
from 100 to 150 mm (4 to 6 in.) with joint spacing of 1.8 m (6 ft),
as illustrated in Figure 1.
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Figure 1. Thin whitetopping.

Since the early 1990s, the use of bonded whitetoppings has grown sig-
nificantly in the United States as well as in other countries. For specific
applications and service life requirements, well-designed and well-
constructed bonded whitetoppings appear to provide satisfactory per-
formance. The Colorado Department of Transportation (CDOT) started
experimenting with TWT in the 1990s. CDOT has constructed many suc-
cessful TWT projects and has conducted several studies to develop design
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and construction guidelines for TWT. One of these
studies, co-funded under the Concrete Pavement
Technology Program (CPTP), which operates in
the Federal Highway Administration’s (FHWA's)
Infrastructure Office of Pavement Technology,
resulted in a mechanistic-based design procedure
for TWT. This TechBrief provides details of CDOT’s
experience with TWT.

DEVELOPMENT

CDOT’s work with TWT began in June 1990, when
its first whitetopping project was constructed on
State Highway (SH) 68, north of Denver in CDOT’s
Region IV. CDOT was seeking an economical alter-
native to repeated placement of a 50-mm (2-in.)
asphalt concrete (AC) overlay every 8 to 10 years.
Concrete pavements have a history of good per-
formance in Colorado, and the benefits of lower
maintenance and much longer service life—which
translate to fewer traffic disruptions—encouraged
the department to investigate the feasibility of
TWT.

The trial TWT project consisted of two 91-m
(300-ft) test sections placed over an existing AC
pavement: a 90-mm-thick (3.5-in.) section with
2.0 by 2.0 m (6.5 by 6.5 ft) slab panels, and a 125-
mm-thick (5-in.) section with 3.7 by 4.0 m (12
by 13 ft) panels, as shown in Figure 2. No treat-
ment was applied to the existing AC surface prior

Figure 2. The first thin whitetopping project in Colorado, on
SH 68 near Ft. Collins (Ardani 2005).

to placing the concrete overlay, and no dowel or
tie bars were used. After 3 years of service, crack-
ing developed on the 125-mm-thick (5-in.) sec-
tion with the larger panels, but the 90-mm-thick
(3.5-in.) section with the smaller panels performed
well with almost no deterioration (Lowery 2005).
The excellent performance of the 90-mm (3.5-in.)
test section led to further research and eventual
development of the TWT design procedure and
guidelines for large-scale implementation.

Following the successful demonstration on
SH 68, a second experimental project was con-
structed in 1994 to evaluate the effects of milling
and joint spacing on performance of TWT. Four
61-m (200-ft) test sections were constructed on
SH 83 just south of Denver, all with 125-mm (5-in.)
TWT. Two sections were placed after milling, and
the other two without milling. Two different panel
sizes were used: 1.8 by 1.8 m (6 by 6 ft) and 3.0 by
3.6 m (10 by 12 ft). The longitudinal joints in all
test sections were tied to prevent slippage, a les-
son learned from the first project (Ardani 2005).
Additional test sections were constructed in 1996
and 1997 to evaluate the effects of various factors,
including the effects of overlay thickness; AC pave-
ment condition (new versus old); and thickness,
surface preparation, and joint spacing.

In 1997, CDOTinitiated aresearch projecttodevel-
op guidelines for the design and construction of TWT,
including a mechanistic-based thickness-
design procedure. As a part of the study,
11 slabs at 3 different projects were instru-
mented with strain gauges to measure the
structural response of TWT and to deter-
mine the critical load location. The instru-
mented slabs were load tested with 89-kN
(20-kip) single-axle and 180-kN (40-kip)
tandem-axle loads (Figure 3). The mea-
sured pavement responses were used to
calibrate theoretical stresses in develop-
ing the guidelines for thickness design
of TWT (Tarr, Sheehan, and Okamoto
1998). In 2001, a followup study was ini-
tiated in cooperation with FHWA’s CPTP
to validate and revise the original guide-
lines, developed in 1998. Additional field



Figure 3. Load testing an instrumented slab with a 180-
kN (40-kip) tandem axle (Ardani 2005).

testing was conducted on newly constructed and
instrumented TWT pavements. The design pro-
cedure was modified based on the new data and
analysis results, and the revised guidelines were
completed in 2004 (Sheehan, Tarr, and Tayabji
2004).

CDOT GUIDELINES FOR TWT

The CDOT guidelines for design and construction
of TWT are based on the lessons learned over the
years and the research conducted for the devel-
opment of the mechanistic-based thickness design
procedure. Conclusions from the CDOT experi-
ence and research include the following:

¢ 2A good bond between the concrete overlay
and the underlying AC pavement is essential
to obtain good performance.

¢ 2Milling and thorough cleaning of the AC
surface prior to overlaying is recommended
to enhance the bond. Effective bonding due
to milling reduces the concrete stress in the
TWT by about 25 percent.

e 2Concrete does not bond well to a new AC
pavement, milled or not. Thus, TWT is not rec-
ommended on a newly constructed AC surface.

Although the original, 1998 guidelines recom-
mended a minimum AC thickness of 125 mm
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(5 in.) after milling and a minimum sub-
grade modulus of reaction (k-value) of
40 MPa/m (150 psi/in.), the revised 2004
design procedure does not incorporate
limits on minimum AC thickness and
k-value. However, it is generally accept-
ed that AC thickness of at least 75 mm
(3 in.) should be available after the mill-
ing operation. 2

Thickness Design

CDOT has adopted a mechanistic design
procedure for TWT that was developed
based on field load testing and theoreti-
cal analyses (Tarr et al. 1998; Sheehan et
al. 2004). Two types of pavement failure
are considered in the design procedure,
PCC fatigue under joint or corner load-
ing and AC fatigue under joint loading. Based on
extensive finite-element analysis, closed-form re-
gression equations were developed for the calcula-
tion of critical PCC stress and AC strain for the fully
bonded condition. The fatigue damage is calculated
by determining the damage contribution by each
axle-load group for single and tandem axles, or by
using equivalent 80-kN (18-kip) single-axle loads.
The thickness design can be accomplished using a
spreadsheet.

Design Features

Based on field experience and research findings,

CDOT has adopted the following practice for TWT:

e 2Concrete thickness: 100 to 150 mm (4 to
6 in.), depending on truck traffic.

e 2Concrete panel size: 1.8 by 1.8 m (6 by 6 ft).

e 2Concrete strength: similar to conventional
concrete pavement.

e 2Concrete mixture: CDOT Class P concrete
(29 MPa [4,200 psi] at 28 days, 4 to 8 percent
air content, maximum 0.44 w/cm ratio). Lab-
oratory trial mixture must produce 28-day
flexural strength of 4.5 MPa (650 psi).

¢ 2Milling and cleaning AC surface prior to
overlaying.

¢ aDeformed tie bars across the longitudinal joints,
spaced at 900 mm (36 in.).

a

o

o
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¢ 2No dowel bars across transverse joints. 2
e Tied PCC shoulder.?

CDOT typically seals all TWT joints. The ?
majority of TWTs in Colorado are 150 mm @
(6 in.) thick.?

The construction of TWTs involves conventional
concrete materials and equipment. The construc-
tion consists of three main activities:

¢ 2Surface preparation—To promote good
bonding, the existing AC surface is milled
and thoroughly cleaned prior to placing the
overlay. The milling depth is typically 13 to
50 mm (0.5 to 2 in.), depending on the
condition of the existing AC pavement. The
milled AC surface should be swept multiple
times, air-blasted to remove any remaining
debris or dust, and wetted prior to concrete
placement.

e Concrete placement and curing—Conven-
tional concrete mixtures are used for TWT.
High-early-strength mixtures may also be
used, if early opening to traffic is needed.
Concrete placement and curing is no different
for TWT than for conventional concrete pav-
ing. In Colorado, slipform pavers are typically
used, but fixed forms can also be used.

S S

Figure 4. Longitudinal joint sawing (Lowery 2005).

¢ 4Joint sawing and sealing—As with con-
ventional paving, the joints are sawed as
soon as the concrete has gained sufficient
strength to allow sawing without ravel-
ing. Transverse joints are sawed first, using
conventional equipment. A gang of concrete
saws spaced along a guide bar is used to saw
the longitudinal joints (Figure 4). All joints
are sealed following conventional practice.
In Colorado, the standard practice for joint
sealing is to make a single saw cut and to
seal with a silicone sealant (Ardani 2006).
When multiple lanes are paved separately,
it is recommended that transverse joints in
the new lane be sawed first at locations that
match the cracked joints in the previously
placed adjacent lane. This will eliminate the
risk of secondary cracking.

The Colorado TWT projects have also demonstrat-
ed that with proper planning, TWT can be con-
structed with minimal disruption to traffic.

CDOT conducted a detailed life-cycle cost (LCC)
analysis of TWT to determine if TWT could be
justified on the basis of cost (Lowery 2005). The
results showed that the cost of TWT is similar to
a program of periodic AC overlays based on proj-
ect cost alone. Considering only the agency cost,
the LCC of TWT was only 1 percent more
than the AC overlay option. With such
a small difference, the LCCs of the two
options were considered equivalent. The
LCC model assumed that the AC overlay
option would require rehabilitation every
10 years with 50-mm (2-in.) AC, which
has been the experience in Colorado. For
TWT, a 20-year service life was assumed
with one grinding, 10 mm (0.375 in.)
deep, for smoothness. When user costs
are considered, the TWT becomes a more
attractive rehabilitation strategy, owing
to its longer service life and low mainte-
nance requirements. With consideration
of user-delay costs, the LCC of TWT was



11 percent less than the AC overlay op-
tion (Lowery 2005).

CASE STUDIES

SH 121, Wadsworth Boulevard (Sullivan 2005)
This section of SH 121 is a four-lane, di-
vided roadway in an urban area with a
relatively high traffic count. The aver-
age daily traffic (ADT) at the time of the
whitetopping (2001) was 30,000 vehicles
per day (vpd), with a design ADT for the
year 2020 of 40,000 vpd and 3.4 percent
trucks. A major concern of CDOT on this
project was the volume of traffic carried
on the road. TWT helped to minimize traf-
fic interruptions by expediting the con-
struction, as well as by providing a pave-
ment that has a long service life with low
maintenance requirements. Compared to
complete reconstruction, the construction
time was significantly reduced by utilizing
the existing asphalt as a base layer.

The design of the TWT for the Wads-
worth Boulevard project included a
150-mm-thick (6-in.) concrete overlay
and 1.8-m (6-ft) joint spacing in both di-
rections, placed over the existing AC pave-
ment after milling. The project included all
four lanes of a 5.6-km (3.5-mi) stretch of
SH 121, including two major intersections
and many horizontal and vertical curves in
the highway geometry. A total of 130,000
m? (155,400 yd?) of TWT was placed in 67 days. A
fast-track mix that provided a compressive strength
of 17 MPa (2,500 psi) in 24 h was used for intersec-
tion paving. The TWT was constructed full width,
11.5 m (38 ft), over the length of the project. The
intersections were constructed in three separate
24-h closures. Extensive use of public relations
and message boards was a key part of informing
the public of closures, and it resulted in positive
comments on how fast and efficiently the project
was completed. Views of the TWT construction are
shown in Figures 5 and 6.
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6. Cleaning (air blasting) joints prior to applying joint
sealant on SH 121.

SH 83, Parker Road (Allen 2005)

Constructed in 2004, this project involved rehabili-
tation of a 3-km (1.9-mi) section of a six-lane, urban
highway. TWT was selected based on LCC analysis.
The overlay is 150 mm (6 in.) thick, and the joints
were sawed at 6-ft (1.8-m) intervals in both direc-
tions. This section of SH 83 is part of a heavily trav-
eled corridor serving southeast metropolitan Den-
ver, with an ADT of 52,000 vpd. CDOT considered
user costs a high priority and specified 75 working
days for project completion. Project specifications
contained provisions for an early completion incen-
tive of $5,000 per day up to $50,000. The roadway
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Figure 7. Phased construction of thin whitetopping on State

Highway 83 (Allen 2005).

Figure 8. Completed thin whitetopping on SH 83 (Allen 2005).

was returned to its normal six-lane configuration
in 65 working days, and the contractor earned the
entire incentive. A total of 90,100 m? (107,775 yd?)
of TWT was placed.

Construction phasing and traffic control present-
ed a major challenge for this project. Project specifi-
cations required maintaining two lanes of through
traffic in each direction and access to all businesses
and residences throughout construction. To satisfy
these requirements, the project was built in two
major phases, with end crossovers and head-to-

head traffic separated by painted lines
and tubular channelizing devices (Fig-
ure 7). Speeds were reduced to 72 km/
h (45 mi/h) during construction. Ma-
jor intersections were also constructed
in two phases. The specifications al-
lowed full closure of intersections from
7:00 p.m. Friday until 5:30 a.m.
the following Tuesday. High-early-
strength concrete was used to further
reduce the time that intersections were
closed. A view of the completed proj-
ect is shown in Figure 8.

SUMMARY

TWT is a relatively thin concrete over-
lay that is bonded to the underlying
AC pavement. In Colorado, TWT was
developed and is used as a low-main-
tenance, long-life alternative to an AC
overlay for more heavily trafficked
roadways. Since June 1990, CDOT has
constructed numerous test sections
and conducted studies to develop and
refine guidelines for constructing TWT.
The CDOT guidelines for TWT include
lessons learned from extensive field
trials, as well as research findings.

Economic analysis conducted by
CDOT showed that TWT is competi-
tive on project cost alone. With proper
planning, TWT can be constructed with
minimal disruption to traffic. TWT has
been a very successful innovation for
CDOT, and Colorado continues to use
TWT on a competitive basis for rehabilitation of
distressed asphalt pavements.
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