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Evaluation of Portland Cement Concrete as a Rehabilitation 
Option for Overlaying an Existing Asphalt Roadway 

ND 98-01 
 

Objective 

 The objective of this experimental feature is to determine if whitetopping is a 

feasible option for rehabilitation of an asphalt roadway. Whitetopping is the process of 

placing concrete on an existing asphalt roadway.  An advantage of whitetopping is the 

ability to resist rutting and shoving that can cause collection of water on the roadway.  

Whitetopping impedes structural related distresses such as loss of support, pumping, 

faulting and corner breaks when constructed on a strong base.  Another advantage of 

this process is to bridge isolated problems that would be reflected through a flexible 

pavement. 

 The concept behind whitetopping is that when PCC is bonded to an underlying 

layer of asphalt, the two form a composite layer forcing the neutral axis in the slab 

downward.  This would cause more of the concrete to be acting in compression rather 

than tension. 

 Whitetopping has not been a rehabilitation method used by the North Dakota 

Department of Transportation in the past. 

 

Scope 

 In order to determine the effectiveness of whitetopping as possible rehabilitation 

technique, the North Dakota Department of Transportation (NDDOT) elected to set up a 

test section to collect and evaluate performance data on this type of project.  The 

NDDOT has constructed three test sections of 5", 6", and 7" of PCC to be placed over 

an existing asphalt section. 

 The whitetopping sections were part of a larger project NH-2-052(012)244 which 

consisted of a mine and blend, and applying a new layer of hot bituminous pavement 

(HBP).  This particular roadway was chosen because it had good existing soil conditions 

and considerable truck traffic. 

 Each whitetopping test section was approximately 500' in length separated by 

transition sections of 50'. 
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Location 

 The location for this experimental project is north of Jamestown on Highway 52 

between Pingree and Buchanan.  Refer to Figure 1 for project location.  The total 

project length is approximately 7.743 miles long.  The whitetopping test sections and the 

corresponding control section are between Reference Points 249 and 250. 

 

  

Project NH-2-052(012)244 
Research Project ND 98-01 

Figure 1 - Project location.
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Project Historical Information 

 
Construction 

 Project history for the roadway section is shown in Table 1. 

Junction ND 36 South to 4-lane at Buchanan 

Year Construction Depth Width Asphalt Oil 

1948 Grade - 36' - 

1950 Aggregate Base 4.0" 32' - 

1950 Hot Bituminous Pavement 4.0" 22' - 

1966 Shoulder Widening - 48' - 

1966 Bituminous Base Shoulders - 16' SM-K 

1966 Hot Bituminous Leveling Course 1.5" - 5.3" 24' SM-K 

1966 Hot Bituminous Pavement 1.5" 24' 120-150 

1973 Hot Bituminous Pavement 0, 1.1", 1.5" 0, 12', 24' 200-300 

1978 Dugouts 1.0' - 1.5' - 120-150 

1978 Aggregate Base Shoulders 4.0" 18' - 

1978 Hot Bit Pavement 2.5" 24' 120-150 

1990 Maintenance Chip Seal - 24' MC-3000 

1995 Hot Bituminous Pavement Patch 1.5" - 120-150 

Table 1 

Traffic 

 Past and current two-way daily traffic is shown in Table 2. 

Year Pass Trucks Total 
ESAL Annual 
Growth Rate 

Two-way ESALs 

Flexible Rigid 

1998 1,750 550 2,300 2.0% 480 800 

2000 1,920 480 2,400 1.8% 425 700 

2004 1,155 500 1,655 1.8% 445 725 

Table 2 
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Design 

 NDDOT considered several roadways as candidates for a whitetopping test 

section.  US 52 was considered because of its good existing soil conditions, a thick 

section of existing asphalt (approximately 17"), and considerable truck traffic. 

 The roadway in question was experiencing distresses such as longitudinal and 

transverse cracking, rutting (1/8" to 3/8") and shoving pavement, and depressed 

transverse cracks.  This segment of roadway was listed as poor for the ride and the 

international roughness index.  Photo 1 depicts a segment of US 52 with a severely 

depressed longitudinal crack.  One of the rehabilitation options for this roadway was to 

mill the existing asphalt and overlay with new HBP.  However, this option was not 

considered since the existing cracks would eventually reflect through the new 

pavement.  

 

The option of mining and blending the existing asphalt and base together and 

overlaying with HBP was chosen.  First, 9” of asphalt was milled and removed, then, 

aggregate was placed on the remaining roadway structure and blended together to 

achieve a 14" base.  A 5" layer of HBP was placed on the blended base section. 

 
 

Photo 1 - Overview of distressed areas on a segment of US 52. 
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 It was also decided that whitetopping test sections would be constructed by 

milling the existing asphalt and overlaying with PCC.  This option was chosen in part to 

determine if PCC has the ability to control reflective cracking. 

 The experimental feature was designed to consist of milling 5" to 7" of existing 

asphalt and then placing PCC of various thicknesses as follows in Table 3. 

 

Test Section Depth (Inches) 

1 5 

2 6 

3 7 

Table 3 

 The total length of the whitetopping was designed to be approximately 1600 feet.  

A transitional distance of 50 feet was to be placed in between each section.  Figure 2 

shows the sections of the experimental feature. 

 

 The width of the lanes within the experimental feature were originally designed to 

be 13.5' with 4.5' asphalt shoulders, however, they were later changed to 12' wide lanes 

with 6' concrete shoulders.  The longitudinal joint tie bar sizes and spacings are listed in 

Table 4. 

  

Figure 2 - Experimental Sections. 

500’ 500’ 500’ 500’ 

50’ 50’

Section 1 Section 2 Section 3 Control Section 

 

N 
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Pavement Depth Location Bar Size Bar Spacing 

5" Centerline #4 x 2' -0" 2' -6" 

6" Centerline #4 x 2' -0" 2' -10.5" 

7" Centerline #4 x 2' -0" 3' -3" 

5" 12' left and right #2 x 1' -6" 2' -6" 

6" 12' left and right #2 x 1' -6" 2' -10.5" 

7" 12' left and right #3 x 1' -6" 3' -3" 

Table 4 

 

 The transverse joint spacing within the experimental sections were originally 

designed to be 12' for the 5" thick section, 13' for the 6" section, and 14' for the 7" 

section. However, they were later changed as shown in Table 5.  This design approach 

was more in line with the American Concrete Paving Association (ACPA) practices. 

 

PCC Pavement Depth Joint Spacing 

5" 10.0' 

6" 11.5’ 

7" 13.0’ 

Table 5 

 

 Transverse joint saw cut depths were designed for T/4 + 1/4" with the saw cuts to 

be 1/8" wide. 

 Surface preparation for the whitetopping sections was to mill the existing asphalt.  

The milling established the grade-line and crown for the concrete section.  After the 

milling was completed, it was very important that the remaining surface be thoroughly 

cleaned and free of loose particles and dust in order to establish favorable conditions for 

a proper bond between the existing asphalt and the PCC. 
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Construction 

 
Whitetopping Section 

 Construction of the whitetopping test sections began on June 16, 1998.  The 

contractor was Upper Plains Contracting.  The contractor began paving at 

approximately 6:30 a.m.  NDDOT project engineer was James O’Brien of the Valley City 

District.  A research team from the NDDOT visited the site. 

 Photo 2 depicts the surface after the milling was concluded.  Upon further 

examination there appeared to be some loose particles and dust still present on the 

surface.  On the left side of Photo 2 tie bars are visible which are located between the 

impending shoulder and mainline. 

 All of the PCC was batched in Jamestown, North Dakota and transported to the 

site in ready mix trucks. 

 Photo 3 depicts an overview of the finished slab in the northbound lane of section 

1 (5" PCC).  The contractor commented that during the construction of the 5" PCC slab 

he had to lower the tie bars.  This was necessary since the paver was hitting the top 

ends of the bars leaving them sticking out of the slab after the paver passed over them.

Photo 2 - HBP surface after milling was concluded. 
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Photo 4 depicts excess curing compound that was sprayed where the 

southbound lane would be constructed. 

  

Photo 3 - Overview of finished slab in the northbound lane of section 1 
(5" PCC). 

Photo 4 - View of excess curing compound sprayed where the 
southbound lane would be constructed. 
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 The NDDOT personnel were concerned the over-sprayed curing compound 

would hamper the bonding effect between the PCC and the existing asphalt.  The 

contractor agreed to remove the compound from the surface prior to placing the slab.  

The contractor finished all three test sections in the northbound lane by mid to late 

afternoon.  Although precise times were not kept, the placing of the 6" slab required a 

little more time than the 5" slab because of the increase in the volume of PCC.  The 

contractor commented that the job would have progressed at a faster rate if the ready 

mix trucks could have kept up to the paver. 

 On June 25, 1998 the contractor began paving the southbound lane.  A research 

team from the NDDOT again visited the site to monitor and evaluate the construction of 

the other half of the whitetopping test sections.  Photo 5 is an overall view of the paving 

operation in the southbound lane. 

 Photo 6 shows a close-up view of small particles and dust that remained on the 

milled surface that were not blown off prior to paving. 

  

Photo 5 - Paving operation in southbound lane. 
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 Photo 7 depicts an overall view of test section 1.  A representative of the 

Materials and Research Division visited the site a few weeks after construction.  The 

test sections were free of distresses except for a longitudinal crack located in the 

northbound lane near the beginning of test section 1.  Photo 8 depicts a view of this 

distress which spans approximately 40'. 

  

Photo 6 - Small particles found on the HBP prior to paving. 

Photo 7 - Overall view of test section 1. 
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Control Section 

 As previously mentioned the Control Section is composed of a blended base 

overlaid with HBP.  The existing section was first milled to a depth of 9".  After the 

milling operation was completed, 6" of course aggregate was placed on the remaining 

roadway structure and blended together to achieve a blended 14" base.  A 5" layer of 

HBP consisting of 3" of recycled large stone mix topped with 2" of Class 31 was then 

placed on the blended base section.  The project engineer commented that the 

construction phase went well. 

 The performance of this section will be compared to the white topping test 

section. 

  

Photo 8 - Longitudinal crack in test section 1 after construction. 
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Cost 

Table 6 tabulates the following bid items associated with the whitetopping test 

sections. 

Description Units Unit Bid 

5" Non-Reinforced Concrete Pavement Class AE SY $20.40 

6" Non-Reinforced Concrete Pavement Class AE SY $23.25 

7" Non-Reinforced Concrete Pavement Class AE SY $25.70 

Milling Bituminous Pavement Ton $3.60 

Table 6 

 

Table 7 tabulates the following bid items associated with the asphalt control 

section. 

Description Units Unit Bid 

Milling Bituminous Pavement Ton $3.60 

Aggregate Base Course Class 5 Ton $4.85 

Blended Base Course SY $1.17 

Water M Gal $12.00 

MC70 or 250 Liquid Asphalt Gal $0.87 

Blotter Material Class 44 Ton $9.55 

SS1H or CSS1H Emulsified Asphalt Gal $0.87 

Virgin Aggregate Large Stone Mix Ton $5.50 

Recycled Hot Bituminous Pavement-Large Stone Mix Ton $6.70 

120-150 Asphalt Cement Ton $137.00 

Hot Bituminous Pavement QC/QA Class 31 Ton $13.20 

Trimming Base Course SY $0.24 

Table 7 
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Table 8 tabulates the price per square yard of each pavement section.  The unit 

prices listed above were used to tabulate the square yard price.  The prices do not 

reflect items such as contract bonds, flagging, testing, mobilization, etc. 

 

 Blend Base/HBP 5" Whitetopping 6" Whitetopping 7" Whitetopping 

Price/SY $10.11 $21.40 $24.45 $27.10 

Table 8 

  



Evaluation of Portland Cement  
Concrete as a Rehabilitation Option 
for Overlaying an Existing Asphalt Roadway ND 1998 – 01 Final Evaluation Report 

North Dakota Department of Transportation            Materials and Research 14

Evaluation 

 On October 23, 2008 a NDDOT research team traveled to the PCC overlay test 

section to conduct the final evaluation of this project.  This test section is located on 

Highway 52 between RP 249 and 250.  The team consisted of Matt Luger, Kyle Evert, 

Tom Bold, and Andy Mastel of the Materials and Research Division.  The following 

pages describe the findings of this evaluation. 

 

Test Section 1 

 Test Section 1, composed of 5" PCC with 10’ joint spacing on 12" of HBP, 

showed the most signs of distress of all three test sections.   

 During a post construction evaluation of the white topping test section, it was 

discovered that some cracks had begun to form.  In the summer of 1999 the Valley City 

district performed some preventive maintenance on the longitudinal cracks.  This 

process consisted of using a router to saw ½" of PCC adjacent to the cracks, and filling 

the void with the polymer sealant CRAFCO 231.  The Valley City District has since 

resealed the longitudinal cracks with an asphalt binder. 

 The review team located approximately 220 feet of low to medium severity 

longitudinal cracking in this section.  Ten corner breaks were noted, one with low 

severity spalling.   There were also 4 transverse cracks noted.  Some of the transverse 

cracks were located on the same panels that had longitudinal cracks.  This gave the 

concrete a ‘block cracking’ appearance indicating a failure of the underlying asphalt 

and/or subgrade.  This distressed area is shown in Photo 9. Most of the transverse 

joints had light spalling.  The joint sealant was losing contact with portions of the PCC 

panels due to spalling.  The longitudinal joints also had low and medium severity 

spalling.  The areas of medium spalling have been repaired with an asphalt material.  

Photo 10 shows the condition of a typical longitudinal and transverse joints as well as 

areas of spalling and spalling repair. 
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Photo 9 - Longitudinal and Transverse cracks in test section 1  

 

 
Photo 10 – Typical longitudinal and transverse joints. 

 

 Longitudinal and transverse joints along the shoulder are performing well.  The 

shoulders in this section showed no signs of distress other than one transverse crack 

that has extended from the SB lane.  The distresses noted in each evaluation are 

provided in the following table: 
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Section 1 

Evaluation Longitudinal Cracking Transverse Cracking Other distresses 

2001 130 feet in NB lane 0 feet observed Low severity spalling at joints 

2003 
130 feet in NB lane 
10 feet in SB lane 

12 feet in SB lane 
Low severity spalling at joints 

1 corner break 
Block cracking in one location 

2005 
150 feet in NB lane 
40 feet in SB lane 

12 feet in NB lane 
12 feet in SB lane 

Low severity spalling at joints 
4 corner break 

Block cracking in one location 

2008 
180 feet in NB lane 
40 feet in SB lane 

24 feet in NB lane 
24 feet in SB lane 

Low severity spalling of 
transverse joints. 

Medium severity spalling of 
longitudinal joints. 
10 corner breaks. 

Block cracking in one location. 

Table 9 
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Test Section 2 

 Test Section 2 is composed of 6" PCC with 11.5’ joint spacing on 11" of HBP.  

The overall pavement condition is performing well.  Photo 12 below shows an overview 

of test section 2.  

 

 
Photo 12 – Overview of Section 2, 6” PCC overlay 

 

 At the time of evaluation section 2 had some low severity spalling occurring at 

transverse joints and also the centerline longitudinal joints.  There was also 

approximately 15 feet of longitudinal cracking.  Longitudinal and transverse joints along 

the shoulder are performing very well.  The shoulders in this section show no signs of 

distress. The distresses noted in each evaluation are provided in the following table: 

Section 2 
Evaluation Longitudinal Cracking Transverse Cracking Other distresses 

2001 0 feet observed 0 feet observed Low severity spalling at joints 

2003 
0 feet in NB lane 

11.5 feet in SB lane 
0 feet observed Low severity spalling at joints 

2005 
0 feet in NB lane 

11.5 feet in SB lane 
0 feet observed Low severity spalling at joints 

2008 
0 feet in NB lane 
15 feet in SB lane 

0 feet observed Low severity spalling at joints 

Table 10 
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Test Section 3 

 Test Section 3 is composed of 7" PCC overlay with 13’ joint spacing on 10" of 

HBP. The overall pavement performance is satisfactory.  

 The review team located approximately 140 feet of low severity longitudinal 

cracking that occurred in Section 3.  This section had some low severity spalling 

occurring at transverse joints and also the centerline longitudinal joint.  There were also 

four corner breaks in this section which still appeared to be very tight.  There was an 

area of ‘block cracking’ located at the transition of test section 3 and the control section.  

Photos 14, and 15 show a progression of the distresses at this transition from 2003 to 

2008. 

 

 

 

 

 

 

 

 

Photo 14 - Longitudinal crack in test section 3 looking north on 9/18/03. 
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Photo 15 – Block crack in test section 3 looking North on 10/23/08 

 

 

The shoulders in this section show no signs of distress.  The distresses noted in 

each evaluation are provided in the following table: 

 

Section 3 
Evaluation Longitudinal Cracking Transverse Cracking Other distresses 

2001 40 feet in NB lane 0 feet observed 
Low severity spalling at joints 

1 corner break 

2003 
91 feet in NB lane 
13 feet in SB lane 

12 feet in NB lane 
Low severity spalling at joints 

4 corner break 

2005 
130 feet in NB lane 
13 feet in SB lane 

12 feet in NB lane 
Low severity spalling at joints 

4 corner break 

2008 
130 feet in NB lane 
13 feet in SB lane 

12 feet NB lane 
Low severity spalling at joints 

4 corner break 

Table 11 
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Control Section 

 The review team also inspected the asphalt control section located directly south 

of the whitetopping test site.  The section appeared to be in good condition.  Photo 16 

shows the general condition of the control section.  Some bleeding had occurred in the 

north bound lane. 

 

 
Photo 16 - Overview of Control Section looking North 

 

 

 There were also a few isolated patches where the chip seal had been scraped off 

the HBP near an existing approach.  It is believed that this may have been caused by 

farm machinery or some other form of heavy equipment. 

 Four transverse cracks where identified within the control section.  Minor rutting 

has occurred, ranging from 1/16” to 1/8”. Also, a 40 foot longitudinal crack had formed 

along centerline near the field approach.  
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Photo 17 - Transverse Crack in Asphalt Control Section 

 

The distresses noted in each evaluation are provided in the following table: 

Control Section 
Evaluation Longitudinal Cracking Transverse Cracking Other distresses 

2001 0 feet observed 72 feet None noted 

2003 0 feet observed 72 feet 1/16” to 1/8” rutting 

2005 40 feet in SB lane 144 feet 1/16” to 1/8” rutting 

2008 40 feet in SB lane 144 feet 1/16” to 1/8” rutting 

Table 12 
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Ride 

 During the inspection, the review team drove over both the test and control 

sections.  All three experimental sections had fair to poor ride quality.  A possible 

explanation for this distress was the temperature of the roadway combined with the 

effects of a flexible asphalt base. The ride quality was significantly better on the control 

section.   

Falling Weight Deflectometer (FWD) 

 FWD data is summarized in the table below for 2000 through 2008.  Refer to 

Appendix B for graphs. 

FWD Data 

Section Station 
2000 Soil 
Modulus 

(ksi) 

2001 Soil 
Modulus 

(ksi) 

2002 Soil 
Modulus 

(ksi) 

2003 Soil 
Modulus 

(ksi) 

2004 Soil 
Modulus 

(ksi) 

2005 Soil 
Modulus 

(ksi) 

2006 Soil 
Modulus 

(ksi) 

2008 Soil 
Modulus 

(ksi) 

1 

249.3226 13.2 11.0 11.6 10.5 16.5 16.0 13.7 14.1 
249.3276 12.7 11.2 9.6 13.9 17.6 16.0 10.9 11.4 
249.3326 12.1 9.6 9.7 9.6 19.6 14.6 10.5 12.1 
249.3376 13.4 7.6 9.3 9.9 17.2 20.1 8.5 27.3 
249.3426 11.3 8.0 8.9 10.0 14.2 15.9 8.3 10.1 
249.3476 12.7 13.0 9.9 11.7 15.8 19.8 9.9 9.0 
249.3526 13.2 12.9 8.5 10.9 19.0 18.4 7.9 15.1 
249.3576 13.1 12.8 9.4 11.7 10.8 14.6 8.6 9.5 
249.3626 17.5 12.4 10.4 11.3 18.6 14.9 10.6 9.6 

2 

249.3801 15.3 17.7 15.0 21.4 18.5 11.6 19.6 17.7 
249.3850 16.8 15.6 18.5 12.9 19.5 20.2 11.5 19.0 
249.3901 20.9 19.9 12.6 11.3 25.3 10.7 11.6 12.0 
249.3950 14.0 11.7 12.8 18.7 15.8 15.9 13.3 20.5 
249.4000 13.8 17.9 17.4 15.6 18.0 17.3 13.1 20.9 
249.4050 19.6 11.4 11.4 12.3 16.6 20.8 17.9 15.0 
249.4100 15.2 15.2 10.4 13.1 13.6 16.0 11.0 11.9 
249.4151 26.5 16.1 15.6 13.2 18.7 20.2 11.2 27.4 
249.4200 15.0 25.6 14.3 9.5 17.8 17.0 29.1 13.8 

3 

249.4350 20.9 14.7 12.1 19.3 19.2 9.6 13.6 18.5 
249.4400 17.0 25.0 13.1 18.9 17.0 16.6 23.2 13.9 
249.4450 16.4 15.3 15.7 15.5 21.2 17.4 19.5 15.6 
249.4500 24.6 21.5 19.2 24.4 17.5 19.7 12.0 24.3 
249.4550 25.1 19.3 9.4 13.6 11.8 11.1 10.8 12.8 
249.4600 17.4 20.3 15.2 15.7 18.3 9.5 14.9 13.2 
249.4650 18.5 22.5 19.6 21.5 18.9 24.5 17.4 21.8 

Control 

249.4901 10.1 8.7 N/A 11.5 13.2 12.7 10.4 12.1 
249.4950 11.1 9.9 N/A 12.1 15.9 10.2 12.5 11.6 
249.5001 13.7 9.1 N/A 14.5 21.0 12.8 12.9 13.1 
249.5051 15.6 10.7 N/A 15.0 16.7 10.2 12.2 12.4 
249.5101 10.8 12.5 N/A 11.0 14.1 13.2 16.0 16.1 
249.5150 17.0 15.3 N/A 20.7 27.4 13.8 26.9 16.2 
249.5200 18.8 10.4 N/A 24.5 24.2 12.0 17.0 21.4 
249.5253 15.6 15.2 N/A 20.7 20.3 19.8 19.3 17.9 

Table 13 
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Maintenance Costs 

 During their service life, each test section received a crack repair operation that 

included routing of the cracks and sealing with CRAFCO 231.  A few years later the 

cracks were sealed again with an asphalt binder.  Exact costs of these operations are 

unknown.  However, after a discussion with the Valley City District, a reasonable 

estimation of the cost of these operations was determined to be $94.70 per 500 ft for 

each operation.   

 The control section received 1 contract chip seal and 1 additional crack sealing 

operation during its ten year service life.  Again, exact costs of these operations are 

unknown.  However, based on the engineers estimate, it can be assumed that the chip 

seal operation was approximately $100,000 for the 7.7 mile segment from Jct ND 36 to 

Buchanan (this segment includes the control section).  Again, after a discussion with the 

Valley City District, a reasonable approximation for the crack sealing operation was 

$1,000 per mile.   

 Table 14 below shows the approximate 10-year maintenance costs for each 

section per square foot and the total 10-year maintenance costs. 

 

 Control Section 5" Whitetopping 6" Whitetopping 7" Whitetopping 

10-year 
Maintenance 
Costs per SY 

$0.66 $0.09 $0.09 $0.09 

Total 10-year 
Maintenance 

Costs  
$1,324.52 $189.39 $189.39 $189.39 

Table 13 
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Summary 

 Test sections 1 and 3 are showing the most distresses.  The primary distress is 

longitudinal cracking.  Test section 1 had a 40’ longitudinal crack that appeared 

immediately after construction.  The location of this crack is in the same area as the 

distresses shown in photo 1 prior to whitetopping the asphalt.  These distresses 

appeared to have reflected through the whitetopping section.  Test section 2 is 

performing well with only minor distresses.  The ride was fair to poor in all test sections.  

The control section is performing well with minor rutting and four transverse cracks.  

The ride is better on the control section when compared to the test sections.  The 

maintenance costs of the whitetopping sections were considerably less than that of the 

control section.   

 

Recommendation 

 Based on the condition of the roadway, whitetopping appears to be a feasible 

option for rehabilitation of an asphalt roadway.  A concrete overlay of 6” appears to be 

the best performing thickness.  The initial cost of the whitetopping was more than the 

mine and blend, but the maintenance costs where significantly less.  At the end of the 

10-year evaluation, the whitetopping would benefit from CPR, grinding, or other 

maintenance work to improve the ride.  These maintenance operations could add 

additional life to the pavement.   
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