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Purpose and Need 
 Rehabilitation techniques and methods are being considered by highway agencies as our roadway system ages.  One technique is whitetopping.  This technique 
involves the application of a thin lift of portland cement concrete (PCC) over an existing asphalt roadway. 
 The use of PCC as an overlay material may have some advantages such as control of reflective cracking and rutting.  PCC, however, is brittle in nature and has a 
tendency to crack in tension.  Plastic shrinkage cracks can form before the concrete hardens as well as the formation of stress cracks after hardening. 
 The whitetopping concept is based on the belief that when the PCC is bonded to the underlying asphalt the two layers behave as one composite layer.  The bonding 
of the two pavement layers into one composite layer should force the neutral axis in the PCC slab downward.  This will tend to cause the PCC to act more in compression 
and reduce the tensile stresses placed on the PCC. 
 To improve PCC properties the addition of reinforcing fibers are sometimes added to attempt to create a more ductile failure mechanism, to increase toughness, and 
to prevent the formation of large cracks. 

Objective 
 The objective of this study is to determine if a thin lift of PCC, reinforced with polyolefin fibers, can serve as an alternative to a conventional bituminous overlay of 
existing asphalt pavement. 

Scope 
 Items that will be monitored and evaluated on the whitetopping experimental section will include:  What are the distresses in the pavement, what is the overall 
pavement condition, have the fibers affected the ride of the PCC section, do the fibers show an ability to control reflective cracking, comparison of performance of the 
fiber reinforced PCC section to adjacent bituminous overlay sections.  The evaluation period for this study will be approximately five years with evaluations annually. 

The project is located on the crossroad at the Steele interchange on Interstate 94 which is near reference point 193. 

Summary 
 The cracks in the polyolefin fiber concrete mix have increased drastically in severity since the last review. It appears some maintenance may be required in the three 
25' sections to prevent any further breakups and improve the overall ride. It was apparent to the review team that in general, as the joint spacing increases, the 
performance of the concrete decreases. Joint spaces of less than 15' were performing at a satisfactory level.  However, panels with joint spacing of greater than 15' 
showed several signs of cracking, faulting, and spalling. 
 There was also a noticeable difference in performance between the NB and SB lane. This is thought to be a result of different lane thickness. The NB lane with a 4.5" 
section of PCC seems to be performing much better in all panels less than 25' in length. Other than the three 25' panels, the NB lane has experienced almost no 
distresses while the SB lane has experienced cracking, faulting, and moderate spalling. 
 The subgrade modulus also seemed to have an impact on how the roadway was performing. It seemed that most of the distresses found before construction were 
concentrated in the same location as the 25' panels. Upon collecting FWD data it was discovered that this area had some of the lowest soil moduli in the entire test 
section. The field team believes that subgrade problems should be repaired prior to constructing a whitetopping project 
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Whitetopping an Existing Asphalt 

Pavement with Polyolefin 

Fiber Enriched PCC 

ND 97-01 

Objective 

Rehabilitationtechniques and methods are being considered by highway agencies as 

our roadway system ages. One technique is whitetopping. This technique involves the 

applicationof a thin lift of portland cement concrete (PCC) over an existing asphalt roadway. 

The use of PCC as an overlay material may have some advantages such as control of 

reflective cracking and rutting. PCC, however, is brittle in nature and has a tendency to crack in 

tension.  Plastic shrinkage cracks can form before the concrete hardens as well as the 

formationof stress cracks after hardening. 

The whitetopping concept is based on the belief that when the PCC is bonded to the 

underlying asphalt the two layers behave as one composite layer. The bonding of the two 

pavement layers into one composite layer should force the neutral axis in the PCC slab 

downward. This will tend to cause the PCC to act more in compression and reduce the tensile 

stresses placed on the PCC. 

To improve PCC properties the addition of reinforcing fibers are sometimes added to 

attemptto create a more ductile failure mechanism, to increase toughness, and to prevent the 

formationof large cracks. 

The 3M corporation has created a new fiber material which it calls the Polyolefin Fiber 

System. The Polyolefin Fiber System is comprised of 2" polyolefin macrofiber bundles as 

shown in photo 1 on the following page. 3M believes polyolefin fibers are unique in that, even 

with high volumes added, they are easily dispersed into the PCC mix and also offer non-

corrosive properties. 
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Photo 1. View of the Polyolefin Fiber System 

The objective of this study is to determine if a thin lift of PCC, reinforced with polyolefin 

fibers, can serve as an alternative to a conventional bituminous overlay of existing asphalt 

pavement. 
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Scope 

The North Dakota Department of Transportation (NDDOT) has constructed an 

experimentalwhitetopping project. The project consists of milling existing asphalt material 

from the roadway and replacing it with a thin lift of polyolefin fiber enriched PCC. The 

whitetopping section has various joint spacings throughout and is equipped with longitudinal 

as well as transverse joints. 

Items that will be monitored and evaluated on the whitetopping experimental section will 

include: 

-What are the distresses in the pavement. 

-What is the overall pavement condition. 

-Have the fibers affected the ride of the PCC section. 

-Do the fibers show an ability to control reflective cracking. 

-Comparison of performance of the fiber reinforced PCC section to 

adjacent bituminous overlay sections. 

The evaluation period for this study will be approximately five years. 
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LOCATION 
The experimental coating system has been 

incorporated into North Dakota project IM-1-094(017)156. 

The bridge selected for this system is bridge number 94-

160.649L which is the westbound Haycreek separation 

structure on Interstate 94 located between reference 

markers 160 and 161 within the city limits of Bismarck, 

North Dakota as shown in Appendix A. The control 

structure is bridge number 160.649R which is the 

eastbound Haycreek separation structure on Interstate 94.  Photo 1 is an overview of the bridge 

location. 

Photo 1: View of the site looking west. 
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Traffic 

Table 2 depicts the two way traffic estimates on the Steele Interchange. No updated 

traffic information was available for this latest evaluation. 

Year Pass Trucks Total 30th ESALs 

MAX HR Flex Rigid 

1996 1,410 190 1,600 160 150 250 

1998 1,510 190 1,700 170 150 250 

2001 (SB) 774 204 978 100 155 245 

2001 (NB) 832 173 1,005 105 130 210 
Table 2 

Design 

Experimentaltest sectiondesign 

The design of the whitetopping section involved determining the: 

1. Proper thickness. 

2. Amount of polyolefin fibers to include in the mix. 

3. Number of joints to include and the spacings of the joints. 

4. Locations for the placement of longitudinal joints if used. 

5. Thicknesses at the end of the test section to complement the asphalt roadway 

adjacent to it. 

6. Optimum location that experiences moderate to heavy traffic coupled with turning traffic 

as well as a range of traffic speeds. 

The section of roadway selected for the whitetopping test section was experiencing a 

combinationof transverse and longitudinal cracking with only minor rutting. Core data showed 

approximately 6-3/4" to 7" of asphalt material was present on the roadway over 5" of 

aggregate base. 
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With the known depth of the asphalt material it was possible to mill off 3", add the 

thickness of the whitetopping, and still retain 3" to 4" of asphalt material for use as a base. This 

was a significant factor in the design since it is very advantageous to complement the 

whitetopping with a sound asphalt base whenever possible. 

It was determined that a thickness of 3-1/2" of fiber enriched concrete would replace 

approximately 3" of milled asphalt material for the whitetopping test section. It was also 

determined that, based on the manufacture's recommendations, the two-inch 3M Polyolefin 

fibers would be blended with the PCC at a rate of 25 lbs per cubic yard (approximately 2.0% by 

volume). 

Early in the design stage the spacing of the joints ranged from 15' to 30'. A range of 6' to 

25' was later agreed upon. Materials and Research hopes to gather, from the various joint 

spacings, some insight as to what length joints can be successfully placed on a thin lift 

whitetopping project. 

It was decided that the transverse and longitudinal joints be sawed to a depth of 1/4 the 

thickness of the fiber reinforced concrete slab + 1/4" and not be sealed. Therefore, the sawed 

joints will be approximately 1-1/8" deep, 1/8" wide. 

The proposed length of the whitetopping test section will be 255' which includes an 

additional15' wedged shaped section at the north end of the test section. This thickened edge 

sectionis designed to carry additional stresses transferred between the interface of the PCC 

and bituminous pavement lying adjacent and to the north of the test section. Experimental 

sections done in other states have experienced distresses in the first slab adjacent to the 

asphalt pavement. This transition section, as shown in Figure 1, will increase to a thickness of 

approximately 5-1/2" at the interface. 
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5 1/2" AsphaltConcrete 

3 1/2" 15' 

Sta 1081+65 Sta 1081+50 

Figure 1 

Laboratory Testing 

In addition to the design of the experimental section mentioned above, Materials and 

Researchconducted several tests in the laboratory to determine if the addition of Polyolefin 

Fibers would alter the properties and work ability of PCC. It was decided that cylinders and 

beams would be tested for compression and flexural strength respectively. Other tests such as 

slump and air tests would also be performed on both mixes. 

Materials and Research also conducted moisture and specific gravity tests of the 

course and fine aggregate. The results are shown in Appendix B. All of the laboratory tests 

were conducted in the central laboratory located at the Materials and Research Division of The 

North Dakota Department of Transportation (NDDOT). 

After the various tests on the aggregate were conducted, the results were entered into a 

mixdesign computer program. The initial lab mix design called for approximately 5.5 gallons of 

water per sack of cement, however, during the initial trials the slump was too high and the air 

content was too low. After several trials it was determined that approximately 4.5 gallons of 

water per sack of cement would be used to achieve the proper mix design. Air entrainment was 

also added to the mix. 

The proportions for one cubic yard of concrete is shown in table 3. The actual 
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lab mix design used for all of the tests is shown in Appendix C. 

PROPORTIONS FOR CUBIC YARD OF CONCRETE 

Material 
UnitOf Measurement Quantity 

Of Unit 

Cement Lbs 677 

Sand Lbs 1,191 

Rock Lbs 1,751 

Water Liter 111.8 

AirEntrainment Liter 0.27 
Table 3 

The Polyolefin fibers were blended with the PCC at a rate of 25 lbs per cubic yard. It was 

also determined beforehand that the fibers would be introduced into the PCC after it was 

allowed to mix for three minutes and sit for an additional two minutes. The fibers would then be 

allowed to revolve with the PCC until they appear to be dispersed through the mix. 

Laboratory Results 

The results of the beam and cylinders breaks for both the control mix and the fiber 

reinforced mix is shown below in the tables 4 and 5 respectively. The results are shown in 

pounds per square inch (psi). Since two cylinders were tested on each occasion only an 

average of the two will be shown here. The PCC cylinder records for both the cylinders and 

beams are included in Appendix D. 

RESULTS OF THE FLEXURAL STRENGTHS OVER VARIOUS AGES 

Type of Beam 1 Day 3 Day 7 Day 28 Day 

PlainPCC (psi) 285 483 561 723 

Fiber-reinforced PCC (psi) 405 526 578 699 
Table 4. 
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RESULTS OF THE COMPRESSION STRENGTHS OVER VARIOUS AGES 

Type of Cylinder 1 Day 3 Day 7 Day 28 Day 

PlainPCC (psi) 2534 3965 4853 6491 

Fiber-reinforced PCC (psi) 2550 3689 4702 5988 
Table 5 

During the course of batching and casting beams and cylinders, it became evident that 

the addition of fibers into plain PCC had altered its workability. The fiber-reinforced PCC 

tended to become stiffer, sometimes awkward, and required more energy to handle. The 

fibers made it a little more difficult to finish the PCC. The slump was perhaps the most 

significant change in the behavior of the PCC. With the addition of fibers into the PCC the 

slump registered consistently lower than the slump of the plain PCC mix. The slump averaged 

about 2.8 inches less during the course of the batching phase. 

Adding fibers required at least two more minutes of mixing in order for the fibers to 

become dispersed within the PCC mix. 

Whenit became time to break the cylinders and beams, the strengths (compression or 

flexural) were within close proximity to each other. 

Materials and Research also conducted air tests on both types of PCC. The 

percentage of air in the control mix was 3.5% as opposed to 4.1% in the fiber enriched mix. 

This was consistent with previous research which indicated that the difference in air 

percentage between plain PCC and PCC enriched with polyolefin fibers is not significant. 

The 25 pounds of polyolefin fibers added to one cubic yard of concrete did not affect the 

strength of the PCC, however, the fibers appeared to hold the cracks together. This became 

especially true as the PCC aged. 
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Construction 

In the following pages a condensed version of the construction stage of the project will 

be presented. On May 15, 1997, Materials and Research visited the project site where the 

whitetopping test section was to be placed. 

Photo 2 depicts an overview of the existing roadway before construction began. A 

surveywas conducted during this visit to determine how many distresses were present, 

including any longitudinal and transverse cracking. The stationing of each distress was also 

recorded. This information may be useful in determining if the PCC overlay will control 

reflective cracking. 

Photo 2. An overview of the existing roadway, prior to milling, where the 
whitetopping section is now located (looking south). 

Ernie's Concrete Construction was the sub-contractor for the installation of the 

whitetopping test section. The project engineer was Doug Fercho. Acting engineer for the first 

half of the project in Doug's absence was Bernard Southam. The engineer submitted a copy of 

the mix design. A copy is located in Appendix E. 
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OnJune 3, 1997, Materials and Research arrived on the site about 8:30 a.m. The 

contractor had completed the milling process in the North Bound (NB) lane and was in the 

process of placing the first load of fiber PCC. It was determined that the fibers would be 

introduced into the batch after all of the components required to produce PCC were added. 

The fibers were then allowed to disperse into the batch while the PCC was in the revolution 

stage. It was also determined that at least one point, during the revolution stage, the mixer 

would reverse motion to allow any fiber bundles stuck on the fins to dislodge and become 

dispersed.The contractor used a movable screed similar to one normally used for bridge 

decks to finish the fiber rich PCC. 

Photo 3 shows the consistency of the fiber PCC as it is discharged from the mixing 

truck. 

Photo 3. A view of the polyolefin fiber PCC as it is discharged from the 
mixing truck. 
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Photo 4. Shows the use of pitchforks to spread the fiber reinforced 
concrete. 

Photo 4 the shows the contractor’s use of pitchforks to move and place the fiber rich PCC 

because of the decreased workability of the material. Photo 5 depicts a view of the joints being 

cut by the Soft-Cut procedure. This procedure is a slightly different procedure than that of the 

traditionalsaw cutting. 

Photo 5. A view of the joints being sawed by the soft-cut procedure 
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One advantage of the soft cut is the ability to start cutting several hours sooner. Time is a 

criticalfactor in this type of sawing operation. 

All of the joints, longitudinal and transverse, were sawed approximately 1-1/8" deep 

and 1/8" wide and were not sealed. After construction was finished in the NB lane, traffic was 

opened within three days. During the next few days the contractor prepared the South Bound 

(SB)lane for construction and began pouring fiber PCC on June 18, 1997. During the sawing 

ofjoints on the SB lane, the joints appeared to have less spalling. The contractor began sawing 

the SB lane side approximately six hours after the initial PCC was placed. 

Overall the actual construction of the Whitetopping section went moderately well. Early 

inthe construction of the NB lane, the contractor suffered a break down with one of the caster 

wheels on the mechanical screeder. 

During the June 18, 1997 visit, Materials and Research was able to evaluate the NB 

lane. The fiber PCC in the NB lane had been done approximately two weeks prior to the 

pouring of the SB lane. Most of the joints had relieved except for some of the shorter ones. 

There were no visible cracks emerging in the slab except for one corner crack. 

During the course of construction there were some deviations from the original design 

ofthe Whitetopping section. One of the alterations was the joint spacings. Table 6 shows the 

arrangement of the joint spacings after construction. The numbers are rounded off to the 

nearest foot for the sake of simplicity. The section was measured to be approximately 230' in 

length.  The total length includes the two 15' thickened edge sections on each end. 

‡North 

25' 25' 25' 15' 15' 15' 20' 10' 20' 10' 10' 15' 6' 7' 6' 6' 

Table 6 
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Another deviation was the placing of two previously mentioned thickened edge 

sections rather than one which the plans called for. The extra thickened edge section was 

constructed adjacent to the crossroad structure on the south side of the project. This condition 

mayinfluence cracking in addition to the joints present. 

Still another deviation from the original design was the slab thicknesses. As was 

previously mentioned during the milling operation the contractor ran out of asphalt on the outer 

edge of part of the NB lane. As a result previously milled material was put back in place. 

However, not enough was replaced prior to the placing of the fiber PCC. A decision was made 

inthe field to pour the fiber PCC at a lessened slope of 0.011'/1', instead of a slope of 0.021'/1' 

as originally called for in the plans. This was done to achieve a thicker slab of PCC to make up 

for the lost asphalt near the edge. 

The original plan called for an overall slab thickness of 3-1/2". Not knowing exactly what 

the depth of the PCC slab was in both lanes, Materials and Research conducted coring 

operations in several areas of the whitetopping section. Cores were taken in areas that would 

notbe influenced by the two thickened edge sections located on both ends. 

In the SB lane the average recorded depth of fiber PCC is approximately 3.5" with 

approximately 4.0" of remaining asphalt underneath. In the NB lane the average recorded 

depth of fiber concrete is approximately 4.5" with approximately 2.5" of remaining asphalt 

underneath. 

Unfortunately, with more than one depth of fiber PCC recorded it will make it more 

difficult to evaluate because of the added variability. To make sound judgements on whether 

3.5" of fiber PCC is acceptable or not as a whitetopping option requires that the test section 

placed be in close proximately to the actual design. Since the SB lane was constructed more to 

the original design and intent of the study it will obviously be the lane more closely watched. The 

NB lane may be evaluated on the merits that it possesses 4.5" of fiber PCC, however, the 

asphalt base is approximately 1.5" thinner than the SB lane and may have an effect on its 

performance. 

A copy of the NDDOT Plans and Specifications are provided in Appendix F. 
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Evaluation 

OnAugust 8, 2001 a three member NDDOT research team traveled to the whitetopping 

site at the Steele interchange to conduct the third evaluation of the fiber reinforce PCC overlay. 

The team consisted of Mike Marquart, Bryon Fuchs, and John Wolf all from Materials and 

Research. The following pages will describe the findings of this evaluation. 

During earlier evaluations of this project several distresses were detected. It was 

determined that most of these distresses occurred in the 25' panels, particularly along the first 

two joints from the North end. Distresses consisted of multiple cracks emanating outward with 

the highest concentration of secondary cracks near the intersection of the longitudinal and 

transverse joints. 

Photo 6. View of North side of project 
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Cracks similar to map cracking have broken the PCC into several 1 to 2 square foot blocks. 

Photo 7 shows an example of this type of cracking. These breakups were experiencing severe 

spalling and some PCC had become dislodged despite the efforts of the polyolefin fibers to 

hold it in place. It appeared that several weathering cycles and heavy traffic had broken the 

bonds between the fibers and PCC at this joint. 

Photo 7. Map cracking occurring at the first joint on the north side of the 
project. 
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Since the last 

evaluationin 1998 the 

distresses have moved 

progressively outward and 

increased in severity. 

Photo 8 shows a picture of 

the first joint in the 25' 

panels in 1998. 

Photo 9 shows that 

same joint in 2001. This 

joint located between the 

first two 25' panels 

seemed to be performing very poorly. 

The second joint 

from the North side of the 

project also was 

experiencing some 

transverse and secondary 

cracking along the joint. 

Like the first joint, our most 

recent field review showed 

thatmost of the cracks 

have increased in their 

levelof severity. The 
Photo 9. Shows the same joint as in photo 8, but in 2001. 

number of cracks had also 

increased,and spalling along cracks and joints has occurred. 

Photo 8. Shows the 1st joint on the north side of the project in 1998. 
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Photos 10 and 11 show this joint in 1998 and 2001 respectively. 

It appeared that in 

general, the South side of 

the test section was 

performing much better 

thanthe North side. This 

maybe a result of the 

smaller joint spaces and a 

generally stronger 

subgrade found on the 

south side of the project. 

FWD data gathered in 
Photo 10. Shows the 2nd joint on the north side of the project in 

2000 and 2001 also shows 1998. 

thatthe subgrade strength 

belowthe 25' panels was 

slightly lower than the rest 

ofthe test section. 

The FWD also 

appeared to show a 

decrease of nearly 1400 

psi in the soil modulus 

beneath the entire test 

sectionfrom 2000 to 

2001.The average 
Photo 11. A view of the second joint in 2001.modulus changed from 

7000 psi in 2000 to 5600 psi in 2001. This weakening subgrade seems to be having some 

effect on the performance of the PCC overlay. The SB lane had a particularly low soil modulus in 

the 
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 first 40 feet of the test section. This was were some of the more severe cracks were occurring. 

The FWD data from 2000 and 2001 can be found in Appendix G. 

Previous evaluations also discovered longitudinal settlement at midpanel of the South 

Bound lane. This led the field team to believe that the previously mentioned distresses were 

caused,in part, as a result of a weak subgrade. 

Severalother joints in the SB lane have also experienced faulting ranging from 1/8" to 

1/2". The joints in the NB lane did not show any signs of faulting. Photo number 12 shows 

faulting that has occurred at one of the SB lane joints. 

Photo 12. Faulting that has occurred in the SB lane 

Knowing that the NB and SB lanes were each constructed to different specifications, 

the field team attempted to draw a conclusion about the performance of each design. The SB 

lane was constructed using an overlay of 3.5" PCC on 4" of existing asphalt. The NB lane 

however was constructed using a 4.5" PCC overlay and only 2.5" of asphalt. Excluding the first 

two 25' panels, the NB lane is performing very well when compared to the SB lane. The NB lane 

experienced only a fraction of the transverse and longitudinal cracks that were found in the SB 

lane,and all cracks in the NB lane were still tightly bonded due to the reinforced fibers. 
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The polyolefin fibers did seem to be helping to control cracks from widening. Most of the 

cracks found in the shorter panels were still tight and seemed to be bonded by the fibers. The 

fibers also helped secure some of the PCC that had broken off of the wider panels, but several 

pieces had already become dislodged. 

The field team also inspected the fibers effect on the widening of the joints. It appears 

thatmost of the fibers were broken and no longer tied to the adjoining panels. Some joint 

spaces, like the one shown in photo 13 have widened to over 3/4". 

Photo 13. Fibers have broken after joint widening has occurred 
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The PCC test section seemed to show very few signs of reflective cracking. The 

distresses at the first joint on the north side of the project and two low severity longitudinal 

cracks seemed to be the only signs of reflective cracking coinciding with distress cracks found 

inthe asphalt prior to construction. 

The field review team also performed a brief inspection of the asphalt control section 

adjacent to the PCC test site. The asphalt appeared to be performing much better than the fiber 

reinforced PCC section. Other than two transverse cracks that had formed, the section 

seemed to be performing very well. 

During the evaluation, the team also evaluated the ride of both the fiber reinforced PCC 

and the asphalt control section. The cracking and faulting in the SB lane of the PCC test section 

did have a noticeable affect on the ride. The NB lane did ride somewhat smoother, but neither 

lane performed as well as the asphalt control section. 
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Summary 

The cracks in the polyolefin fiber concrete mix have increased drastically in severity 

since the last review. It appears some maintenance may be required in the three 25' sections to 

prevent any further breakups and improve the overall ride. It was apparent to the review team 

thatin general, as the joint spacing increases, the performance of the concrete decreases. 

Joint spaces of less than 15' were performing at a satisfactory level. However, panels with joint 

spacing of greater than 15' showed several signs of cracking, faulting, and spalling. 

There was also a noticeable difference in performance between the NB and SB lane. 

This is thought to be a result of different lane thicknesses. The NB lane with a 4.5" section of 

PCC seems to be performing much better in all panels less than 25' in length. Other than the 

three 25' panels, the NB lane has experienced almost no distresses while the SB lane has 

experienced cracking, faulting, and moderate spalling. 

The subgrade modulus also seemed to have an impact on how the roadway was 

performing.It seemed that most of the distresses found before construction were concentrated 

inthe same location as the 25' panels. Upon collecting FWD data it was discovered that this 

area had some of the lowest soil moduli in the entire test section. The field team believes that 

subgrade problems should be repaired prior to constructing a whitetopping project. 
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