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The purpose of this study was to determine whether breaking a concrete 
pavement prior to being overlaid would result in any reduction in the amoW1t 
of crack reflectance. This report describes the design, construction, and 
performance of a typical widening and resurfacing project, on a portion of 
which a 59-ton roller was used to crack the old concrete slab prior to con
struction. This process was found to significantly reduce some types of 
cracking and is recommended for future projects of this nature. 

•MANY OF THE 18- to 20-ft concrete pavements constructed a number of years ago 
have required rehabilitation due to deterioration of the concrete and inadequate width 
to satisfactorily serve present-day traffic. This has usually been accomplished by 
placing a widening strip on one or both sides of the pavement to increase the width to 
24 ft, placing a thin bituminous leveling course directly over the old concrete, and sur
facing the entire width with 3 in. of bituminous material. This method has proved to be 
quite satisfactory in that it provides a smoother, wider pavement. However, it has 
been foWld that usually within a short period of time the transverse joints and center
line joint of the old pavement and the joint between the old pavement and the widening 
strip reflect through the bituminous overlay, and ultimately slab movements cause re
currence of general roughness. Maintenance costs go up, and the serviceability of the 
surface is reduced. 

In the past, one solution has been to provide lifts of granular material over rough, 
old pavements before placing the bituminous surface. The added thickness retarded 
the reflectance of cracks and roughness; and, when thick enough, lifts actually elim
inated most of the effects of the old pavement. However, this type of construction was 
costly because of the large quantities of granular material needed and because of the 
additional grade widening usually required. It also might be considered extravagant, 
in that the full potential of the old pavement as a base course was not utilized and be
cause it consumed such large volumes of good base aggregate-an undesirable feature 
in any case, but especially so in areas of gravel scarcity. 

The use of a heavy roller to crack the old concrete pavement and to seat it on the 
subgrade in an attempt to reduce crack reflection was tried experimentally in Minnesota 
in 1959. The project was located on T. H. 212 between Bird Island and Stewart (CS 6511 
and CS 6512). The 1931 concrete pavement, like a number of the older pavements in 
Minnesota, had warped panels, cracks, and faulted joints to the extent that the riding 
qualities had become somewhat objectionable, especially for trucks. The project was 
a typical widening and resurfacing project, in which the bituminous mixtures were placed 
directly on and adjacent to the old concrete pavement. The subgrade soil was predom
inantly clay loam. 

The experiment was limited to a section approximately 1 ½ miles in length located 
about a mile west of Stewart. This section was rolled with a 59-ton roller to break the 
old pavement. The rolling produced 1,868 new transverse cracks in the 2 lanes. In
cluding joints and old cracks, there were nearly 3,000 transverse openings. In other 
words, after rolling there was a transverse crack or joint about every 5 ft in each lane. 
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The hot-mixed bituminous mixtures for the surfacing over the old slab on most of 
this project consisted of a 1½-in. leveling course, a 1½-in. binder course and a 1½-in. 
wearing course. However, on the section where the old slab was cracked by the roller, 
3 different thicknesses of leveling course or bituminous base were used, making the 
total bituminous thickness 5, 6, and 9 in. The 2-ft widening strip placed on each side 
of the old slab had 6 in. of bituminous stabilized base, a total of 9 in. of bituminous 
material, throughout the entire project. 

In addition to the 3 test sections in the rolled section, which correspond to the varia -
tion in the thickness of the overlay, 3 control sections were selected in the unrolled 
portion for comparison purposes. 

The average daily traffic on the test sections in 1962 was 1,930vehiclesincluding320 
(17 percent) trucks. 

Evaluation of the various test sections was based on periodic condition surveys, 
roughometer measurements, and rut depth determinations. 

This final report covers observations and measu1·ements made dur ing construction 
and the 5½-year period that followed. Preliminary results were r epor ted by Velz 
(!., ~_). 

THE OLD PAVEMENT 

The old concrete pavement constructed in 1931 was 20 ft wide, 9 in. thick at the edges, 
and tapered to 7 in. thick 4 ft from the edges, a typical 9-7-9 cross section. Panels 
were generally 40 ft 4 in. long, with every other jointbeing an expansion joi nt. The l-in. 
expansion joints had ¾-in. dowels with steel sockets on one end. The dummy-type con
traction joints had ¾-in. dowels that wer e g1·eased on one end. Slab reinfor cement con
s ist ed of two o/a-in. bars along each edge, one o/s-in. bar along each side of the center
line, one ¾-in. bar along each side of the joints, and ½ -in. by 4-ft tie bars across the 
centerline. The pavement design details are shown in Figure 1. 

In several small portions of the project, the panels were only 20 ft in length. Some 
of these shorter panels occurred in both the rolled and comparison sections. 

Just prior to reconstruction in April 1959, the Minnesota (BPR-type ) roughometer 
showed the old pavement to have an aver age roughness of 138 in./mile, with 163 in. 
being the roughest miles recorded and 121 in. being the smoothest. This roughness, 
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Figure 1. Old pavement design details. 
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combined with the warped panels, caused 
very unsatisfactory riding qualities on a 
considerable length of the project. 

PAVEMENT BREAKER-ROLLING 

The pavement breaker-rolling was 
performed July 23 and 24, 1959, on the 
1 ½-mile experimental section near the 
east end of this project, Station 950 to 
Station 1025. The Special Provisions re
quired that each 10-ft lane be covered by 
10 passes of a 59-ton roller having 4 
wheels on 1 transverse axle and tire air 
pressure of 90 psi. These provisions 
were followed, except that 20 passes of the 
roller were made in the westbound lane 
between Station 949 and Station 964+13, 
and with the further exception that the 
rolling was extended beyond Station 1025 
to an entrance at Station 1029 to facilitate 
turning the roller around. 

Tire Contact Pressure 

• 

Figure 2. Roller-tractor combination. 

The roller was a Bros Compactor loaded to 118,000 lb (59 tons) and fitted with four 
18.00 X 25, 24-ply, diamond-tread tires inflated to 90-psi air pressure. The rolling 
width, measured from outside to outside of tire contact, was 8 ft 8 in. An International 
TD-24 tractor was used to pull the roller at a speed of 2 to 3 mph and did an excellent 
job of controlling it at all times. The roller-tractor combination is shown in Figure 2. 

To measure the tire contact areas, a length of 30-in, wide paper was placed across 
a clean portion of pavement slab, and the roller was pulled forward until the tires were 
on the paper. Then, by using pressurized cans, paint was sprayed completely around 
the contact periphery of each tire. When the roller was moved ahead, the 4 contact 
areas were outlined on the paper as shown in Figure 3. Later, these areas were mea -
sured as follows: 

Tire 

Left outside 
Left inside 
Right inside 
Right outside 

Total 

Gross Contact Area (sq in.) 

354.3 
344. 7 
3 84. 8 (noticeably larger) 
329.3 (noticeably smaller) 

1,413.1 

Figure 3. Tire contact areas of 59-ton pavement breaker-roller. 



TABLE 1 

VERTICAL MOVEMENTS MEASURED AT EXPANSION AND 
CONTRACTION JOINTS 

At Centerline (ft) At Left Edge (ft) 
Station Joint Type 

Panel 1 Panel 2 Panel 1 Panel 2 

959+00 Expansion 0 .015 0.030 0 .025 0.030 
959+41 Contraction 0.010 0.030 0.025 0.025 
959+82 Expansion 0.030 0.015 0 .040 0.020 
960+22 Contraction 0.020 0.025 0 .025 0.010 

By using this total area, the average contact pressure was computed as 83. 5 psi. 

Vertical Slab Movements 
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From visual observations, it was noted that there was considerable variation in slab 
movement at joints from panel to panel and place to place. It seemed that when the 
roller passed the slab ends moved more at expansion joints than at contraction joints. 
This seemed logical considering that some aggregate interlock was still effective in 
resisting vertical movement at the contraction joints. However, measurements taken 
at 4 joints (2 expansion and 2 contraction) indicated that the vertical movements were 
not significantly larger at the expansion joints (Table 1). 

Cracking 

Visible cracking of the pavement slab did not occur until after several passes of the 
roller. When they first occurred, cracks were extremely fine and difficult to observe. 
As rolling progressed, the top edges spalled slightly, and the cracks became more vis
ible. It was also observed that traffic caused a similar spalling of the cracks. Much 
of this spalling was very minute, being just enough to show whitish dots along the path 
of the crack, although a few spalls ultimately were an inch or more in diameter. Prac
tically all cracks, new and old, were transverse cracks with the exception of some di
agonal cracks in frost-heave areas. 

Prior to rolling, there were 368 cracks in the left (westbound) lane and 339 cracks 
in the right (eastbound) lane in the experimental sections. Rolling caused 933 and 935 
new cracks in the respective lanes. When 420 half-width joints were added to the cracks, 
there was a total of 2,995 openings in the 2 lanes. Converting these figures to cracks 
or openings per station, the following comparisons can be made: 

Cracks or Openings 

Old cracks per station 

Left Lane Right Lane Both Lanes 

New cracks per station 
Total 

Openings per station ( including joints) 
Average spacing between openings (ft) 

4.7 
11. 9 
16.6 
19.3 

5.2 

4.3 
11. 9 
16.2 
18. 9 

5.3 

9.0 
23.8 
32.8 
38.2 

Between Station 949+00 and Station 964+13, 10 roller passes were made in the right 
lane and 20 passes in the left lane. The difference in cracking in the 2 lanes was as 
follows: 

Cracks or Openings 

Old cracks 
New cracks 

Total 
Openings (including joints) 

Old cracks per station 
New cracks per station 

Total 
Openings per station (including joints) 

Left Lane 

77 
207 
284 
322 

5. 1 
ll.1 
18,8 
21.3 

Right Lane 

67 
18..4. 
251 
289 

4,4 
1..2....2 
16.6 
19.1 
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The 20 passes in the left lane caused only 23 more new cracks than the 10 passes in 
the right lane. This small increase in cracking indicates that, for this project, 10 
passes of the roller were sufficient to develop the optimum amount of cracking. 

On this project, the standard joint spacing was approximately 40 ft. However, there 
was a 580-ft section in the rolled areas that had a joint spacing of 20 ft. A comparison 
of cracking can be made between the sections using these 2 joint spacings as follows: 

Cracks in Both Lanes 
Cracks or Openings 

20-Ft Panels 40- Ft Panels 

Old cracks per station 
New cracks per station 

Total 
Openings per station (including joints) 

10.9 
22.2 
33.1 
42.8 

8.9 
24.0 
32. 9 
37.9 

Rolling produced slightly more cracks per station in the section with 40-ft panels 
than in the section with 20-ft panels. However, there were slightly more old cracks in 
the section with 20-ft panels. Combining the new and old cracks, the section with 20-ft 
panels had slightly more total cracks per station after rolling. When the joints are 
added, the section with 20-ft panels averaged 4. 9 more openings per station than the 
section with 40-ft panels. 

Permanent Slab Deflections and Roughness 

Roughometer readings before and after rolling showed a slight decrease in average 
roughness in the westbound lane and no change in the eastbound lane. The westbound 
lane averaged 160 in./mile in April prior to rolling and 154 in./mile in July after roll
ing. The eastbound lane averaged 154 in./mile at both times. 

Profiles were taken 8 ft right and left of the centerline on the old concrete pavement 
at 3 locations before and after the pavement breaker-rolling. 

Stations 950 to 955-There were only minor changes in the profile of the old pave
ment. At most places, rolling depressed the old slab 0. 01 to 0. 06 ft. No measureable 
change in elevation was noted in the remainder of this section, except for a few places 
where the slab was 0.01 to 0. 04 ft higher after rolling. 

Stations 980 to 990-Throughout most of this section, the profile after rolling was 
within 0. 02 ft of the original profile. Generally, the rolling depressed the slab, but not 
at all places. The old pavement was depressed more than 0. 02 ft only in isolated areas. 

Stations 1010 to 1025-Rolling caused a lowering of the pavement of 0. 02 to O. 05 ft 
throughout most of this section. However, there were areas of little or no change and 
areas where the slab was slightly higher after rolling. At one point, at a crack, the 
slab was depressed 0. 13 ft. This was the maximum permanent deflection caused by 
rolling as measured by the profiles. 

PROJECT DESIGN 

The standard resurfacing section for the project consisted of a l½-in. average level
ing course, a 1 ½-in. binder course, and a 1 ½-in. wea1·ing course over the old concrete 
pavement. This section was varied in the rolled experimental portion of the project to 
provide for a 2-in. average leveling course, a 3-in. minimum bituminous base, and a 
6-in. minimum bituminous base as alternates to the 11/z-in. average leveling course on 
the standard section. The design thickness for the various sections are given in Table 
2. A layout of the project indicating the locations of the various experimental sections 
and 3 control sections in the unrolled area selected for comparison purposes is shown 
in Figure 4. 

The 2-ft widening section on each side of the old concrete pavement was uniform 
throughout the project and consisted of 11 in. of Class 4 subbase and 6 in. of Class 4A 
base stabilized with asphalt emulsion (SS-1). Typical cross sections of the various 
sections are shown in Figure 5. 



TABLE 2 

DESIGN THICKNESSES 

Thickness (in.) 

- --, 

Station 

Unrolled sections 

Stations 9 50 to 97 5 

Stations 975 to 1000 

Stations 1000 to 1025 

a Average. 
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Figure 4 . Project layout. 

PERFORMANCE OF THE PROJECT 
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The performance of the bituminous resurfaced sections was evaluated and compared 
in several ways. Crack surveys were made before and after rolling and 10 times since 
resurfacing. Profiles were taken before and after rolling, after completion of the sur
facing, and in February 1960 to show the effects of frost heaves. Detailed cross sec
tions of the bituminous surface were taken several times to detect rutting in the wheel 
tracks. Roughometer measurements were made annually. 

Several comparison sections were selected, with which the performance of the ex
perimental sections could be compared and evaluated. Control section 1 (Stations 120 
to 130) was one of the roughest portions of the old pavement. Control section 2 (Sta
tions 800 to 810) was an area of typical roughness. Control section 3 (Stations 925 to 
950) was adjacent to the beginning of the rolled sections. Originally the section from 
Station 1025 to Station 1033 (adjacent to the end of the rolled sections) had been selected 
as a control section but was abandoned because rolling was extended to Station 1029. 

The information on cracking, profiles, and roughness before and after rolling has 
already been discussed. These data will not be repeated here, but it must be pointed 
out that the condition of the pavement after rolling was the condition that influenced the 
performance of the surfacing in the experimental sections. 

The major types of cracking discussed in this report include (a) transverse joint 
reflection expressed as a percentage of the joints in the old slab; (b) centerline joint 
reflection expressed as a percentage of the centerline joint length in the old slab; (c) 
longitudinal widening cracking expressed as a percentage of the maximum possible 
length of pavement widening (200 ft/station); and (d) transverse cracking extending into 
the widening expressed as a percentage of the joints in the old slab. 

The crack survey data have been reduced to curved line graphs for the purpose of 
showing the general trends of crack progression with age. This required the striking 
of averages to establish certain portions of the curves, particularly at the early ages. 
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Figure 5. Typical resurfaced cross sections. 

However, the curves have been drawn to fit as many points as possible, and generally 
the points of the curves at 5½ years (when the last survey was taken) coincide with the 
survey data. 

Transverse Joint Reflection 

In control section 1, 98 percent of the transverse joints reflected through the overlay 
almost immediately after construction. The joint reflection in the other 2 control sec
tions also began almost immediately but progressed at a much slower rate. However, 
after 2 years, the amount of reflection in these 2 sections was almost as great as in 
control section 1. These general trends in joint reflection are shown in Figure 6. 

Reflection of the transverse joints began approximately 2 months after construction 
in the 5- and 6-in. rolled overlay sections and 6 months after construction in the 9-in. 
overlay section. An indication of the effect of rolling on joint reflectance can be seen 
by comparing the r olled section having a 5-in. overlay with the control sections, which 
have a 4½-in. overlay. At the end of 5½ years, 70 percent of the joints in the rolled 
section with a 5-in. overlay had reflected as compared to 97 percent in the unrolled sec
tions. The amount of transverse joint reflection in the 6- and 9-in. overlay sections 
was slightly less than in the 5-in. overlay section indicating that this type of reflectance 
was affected somewhat by the thickness of the overlay, but not as much as by rolling. 
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Figure 6. Increase in transverse joint reflection. 

Centerline Joint Reflection 

In control section 1 the centerline joint began reflecting through the overlay shortly 
after construction, as shown in Figure 7. The amount of crack reflection increased to 
96 percent in 3 years. In the other 5 sections, only a small amount of centerline joint 
reflectance took place within the first year following construction. However, cracking 
increased considerably within the next 6 months. 

Figure 7 shows that the amount of reflection of the centerline joint was reduced more 
by increasing the overlay thicknes s than by rolling the old pavement. At 5½ years after 
construction, 99 percent of the length of the centerline joint in the control sections 
(4½-in. overlay) had reflected. The rolled section with the 5-in. overlay had reflected 
over 95 percent of its length, a reduction of 4 percent from the control sections. The 
centerline joint of the rolled sections with 6- and 9-in. overlays reflected 83 and 73 percent 
respectively. 
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Figure 7. Increase in centerline joint reflection. 
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Longitudinal Widening Cracking 

The amount of reflection of the longitudinal joint between the bituminous widening 
and the old concrete pavement varied considerably among the separate sections. This 
type of cracking started shortly after construction in control section 1, 6 months after 
construction in control section 3 and in the rolled section with the 5-in. overlay, and 1 
year after construction in control section 2. 

The data indicate that the amount of longitudinal cracking was reduced by the com -
bination of rolling the old pavement and increasing the thickness of the overlay. The 
average amount of longitudinal widening joint reflection of the 3 control sections was 
48 percent. The amount of reflection in the rolled section with the 5-in. overlay, which 
is similar in thickness to the control sections, was 19 percent, which is a 60 percent 
reduction. Very little cracking of this type occurred in the rolled section with the 6-in. 
overlay and almost none in the rolled section with the 9-in. overlay. 

Figure 8 shows the progression of widening joint cracking for all sections. 

Transverse Joints Extending Into the Widening 

Transverse joints that extended into the widening began to appear in the 3 control 
sections and in the rolled section with a 6-in. overlay within a few months after 
construction, but they were not observed in the other 2 rolled sections until about a 
year later. The crack growth is shown in Figure 9. 

In the 3 control sections, 84 percent of the transverse joints extended into the widen
ing. The rolled section of similar thickness (section 6) had 57 percent transverse joint 
extension; this is a reduction of 32 percent. The 6-in. rolled section had 12 percent 
more joints that extended into the widening than the 5-in. rolled section and the 9-in. 
rolled section had 3 percent fewer. This indicates that the reduction in this type of 
cracking in the experimental sections was caused by rolling the old pavement rather 
than by increasing the thickness of the overlay. 

Miscellaneous Transverse Cracking 

Some transverse cracks were found, both in the overlay and in the widening, other 
than those considered under the 4 major types of cracking. These included cracks re
flected from old cracks in the concrete pavement, cracks reflected from roller-breaker 
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Figure 9. Increase in transverse joints extending into widening. 

TABLE 3 

ROUGHOMETER MEASUREMENTS 

Roughness (in ./mile) 

Section 
Oct. April Nov. Feb. April May April May 
1959 1960 1960 1961 1962 1963 1964 1965 

Project avg 56 60 55 58 64 64 74 72 
l (control) 54 59 54 57 64 60 66 64 
2 (control) 49 57 54 52 65 63 75 70 
3 (control) 51 60 53 57 60 56 75 71 
4 (6 in., rolled) 52 57 54 57 63 57 61 61 
5 (9 in., rolled) 50 55 49 50 63 55 59 56 
6 (5 In ., rolled) 50 56 54 57 65 61 67 64 

cracks, and cracks that were completely new. However, the amount of these cracks in 
both the overlay (22 ft/ station in the rolled sections and 14 ft/station in the unrolled 
sections) and the widening (less than 5 ft/station in both the rolled and unrolled sec
tions) was very small in relation to the total amount of cracking. 

Roughness 

Roughness measurements were made 8 times between the completion of the project 
in 1959 and May 1965 and are given in Table 3. The measurements were made with the 
Minnesota roughometer, which is similar to the BPR road roughness recorder. 

After construction in 1959, the project averaged 56 in/mile. The roughness values 
appear erratic when compared chronologically; however, these variations may at least 
in part be attributed to seasonal changes. For this reason the most valid comparisons 
would be between measurements made at the same time of the year, such as April in 
1960, 1962, and 1964. 

The project average increased by 4 in./mile between April 1960 and April 1962 and 
by 10 in./mile from April 1962 to April 1964. A slight reduction was noted from April 
1964 to May 1965, but this could be a seasonal change. The average roughness of the 
control sections was about the same as the project average each time measurements 
were taken. The roughness of the rolled sections was somewhat lower than the rough
ness of the project average and the control sections and also seemed to be increasing 
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at a slower rate. A decrease in roughness was also noted as the thickness of the over
lay increased. 

Rutting 

Cross-sectional measurements on the bituminous surface were made on 8 occasions 
since construction to determine the distortion in the wheel tracks. These measure
ments were made at 3 locations in each section (except section 3) by using a leveled 
straightedge and a scale. 

No rutting occurred in control section 1. No rutting was present in control section 
2 in April 1960, but slight rutting was observed in July 1960 in the eastbound lane at 
Station 802; and by October 1960, there was shallow rutting (less than O. 25 in.) in both 
lanes at each of the 3 locations. There had been no noticeable change in the depth of 
rutting as of the October 1964 survey. 

No rutting was present in any of the rolled sections in July 1960. By October 1960, 
shallow rutting (0. 25 in.) had occurred at all 3 locations in the section with the 5-in. 
overlay. By September 1961, this rutting had increased somewhat. Slight rutting was 
found at 2 locations in the section with the 6-in. overlay in October 1960 and at the third 
location in September 1961. Later surveys indicated that no noticeable change in rut 
depth occurred at any of the 3 locations. No rutting occurred in the section with the 
9-in. overlay. 

COST COMPARISON 

Construction costs of the various sections were computed on the basis of job average 
data. All items pertaining to construction from shoulder to shoulder, including the ex
cavation for the widening, were taken into account. Items such as culvert extensions, 
subgrade treatments, sodding, and seeding were not included. On this basis the cost 
of the standard (control) section was $38,340 per mile. The costs of the other s ections 
were increasingly greater as the thickness of the bituminous mixtures was increased 
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as follows: 5-in. overlay, $39,908; 6-in. overlay, $40,427; and 9-in. overlay, $45,001. 
The costs of these latter sections included $271. 44 per mile for the pavement breaker
rolling. 

Based on these construction costs, the standard section was the most economical. 
However, a valid cost comparison should include an item for maintenance. The major 
maintenance required on this project was crack-filling. No records were kept of this 
work, so the following figures are theoretical estimates only. The crack-filling ma
terials currently used are normally effective in sealing cracks for no more than 1 winter 
in Minnesota. Therefore, it is usually desirable to fill them annually, although this is 
not usually accomplished. The present cost of crack-filling operations, including ma -
terials, equipment, and labor, is approximately 10 cents/linear ft. By using these cri
teria, construction plus estimated maintenance (crack-filling) costs were computed for 
each section and expressed as a percentage of the costs of the control sections as shown 
in Figure 10. The values at zero years are the relative construction costs. These cost 
ratios were extended to 15 years inasmuch as this approximates the service life of this 
type of overlay. Figure 10 shows that, approximately 5 years after construction, the 
additional construction costs of the 5- and 6-in. rolled sections are offset by a sav
ings in maintenance costs, the latter being the more economical. The additional con
struction costs of the 9-in. rolled section would not be recovered for approximately 10 
years. It appears that, even if the service life of the overlays was considerably longer 
than the estimated 15 years, the 6-in. rolled section would still be more economical than 
the 9-in. rolled section. 

An analysis of Figures 6 through 9 indicates that pavement breaker-rolling reduced 
the various types of crack reflection by approximately the following amounts: transverse 
joint reflectance, 25 percent; centerline joint reflectance, 0 percent; longitudinal widen
ing cracking, 45 percent; and transverse joints extending into the widening, 25 percent. 
On this basis, the relative construction plus estimated maintenance (crack-filling) costs 
of a 4½-in. rolled section was also computed and is shown in Figure 10. A comparison 
between these costs and those of the 4½-in. unrolled secti0n indicates that the cost of 
pavement breaker -rolling is recovered within 2 years as a savings in estimated main -
tenance costs. After 6 to 7 years, the total costs of this section would exceed those of 
the 6-in. rolled section, which, based on the assumptions mentioned earlier in this sec
tion of the report, was the most economical. 

DISCUSSION AND RECOMMENDATIONS 

On this project, most types of crack reflectance were significantly reduced by pave
ment breaker-rolling. This resulted in only a slight increase in initial costs and an 
overall savings when estimated maintenance costs are included. It also produced a 
smoother, more maintenance-free surface. 

Pavement breaker-rolling was done on a portion of another widening and resurfacing 
project on T. H. 12 between Howard Lake and Montrose. This project was identical to 
that on T. H. 212 except that the thickness of the overlay was uniformly 3 in. plus a thin 
leveling course. The 10 passes of the 59-ton roller produced no visible cracking, and 
observations indicated no apparent reduction in crack reflectance. 

The difference in results between the project on T. H. 212 and the project on T. H. 12 
was probably due to the difference in the condition of the old slab. It seems that a slab 
will break more easily if it has a great deal of vertical misalignment at the joints and 
probably voids beneath the slab. It is possible that additional rolling may have caused 
cracking on the T. H. 12 project. 

Even though it appears that pavement breaker-rolling will not always produce the 
same results as found on the T. H. 212 project, the cost of this operation is so small 
in comparison with possible savings in maintenance cost that its use on all projects 
involving the widening and bituminous resurfacing of old concrete pavements is recom
mended. On overlay projects in which no widening sections or bituminous shoulders 
are placed, it is questionable whether the use of a pavement breaker-roller could be 
economically justified because the only savings in maintenance cost would be due to a 
possible reduction in transverse joint reflectance. However, consideration should be 
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given to the fact that other types of benefits, such as a smoother roadway, might be 
derived. 

From this study it was concluded that the most economical design is a 6-in. rolled 
section. This was based on the assumption that cracks are filled when needed, which 
is usually annually. However, during 1967, a new type of hot-pour elastic-type con
crete joint filler (MHD Spec. 3 723) was used for sealing cracks on several high-type 
bituminous pavements. Sufficient time has not elapsed to evaluate this material, but 
supposedly it will perform better than the material previously used. If the crack
.filling in erval could be extended to 3 years or more, a 4½-in. rolled section might be 
more economical than a 6-in. rolled section. 

SUMMARY OF FINDINGS 

The performance of the various sections was observed for a period of 5½ years follow
ing construction. The more important findings from the analysis of the data obtained 
during this period are as follows: 

1. Ten passes of the 59-ton roller provided optimum cracking on this project. An 
additional 10 passes increased the number of cracks only slightly. 

2. Pavement breaker-rolling reduced the amount of transverse joint reflection 
through the overlay by approximately 25 percent. Increasing the thickness of the hot
mixed bituminous overlay from 5 to 9 in. reduced the amount of this type of crack re
flectance only slightly. 

3. The amount of reflected transverse cracking other than joint reflection was very 
minor in both the rolled and unrolled sections. 

4. Increasing the thickness of the overlay from 5 to 9 in. reduced the length of cen
terline joint reflectance approximately 20 percent. Pavement breaker-rolling caused 
no reduction in the amount of this type of cracking. 

5. The amount of reflection of the longitudinal joint between the slab and the widen
ing was reduced by a combination of pavement breaker-rolling and increasing the thick
ness of overlay. The amount of this type of cracking was reduced by approximatelf 60 
percent when the slab was rolled and the thickness of the overlay increased from 4 ½ to 
5 in. 

6. The amount of transverse cracking that extended into the widening was reduced 
approximately 25 percent by pavement breaker-rolling. The amount of this type of 
cracking was not reduced by increasing the thickness of overlay. 

7. During the 5½-year period in which observations were made, the roughness of 
the rolled sections was generally lower than the roughness of the project average and 
the control sections, which were quite similar. Roughness also decreased as the thick
ness of the overlay increased. 

8. Little or no rutting (dishing in wheel track) occurred in any of the rolled or com -
parison sections. 

9. The cost of pavement breaker-rolling was $271.44 per mile, or 0. 71 percent of 
the construction costs ($38,340 per mile) for the standard (4½-in. unrolled) section. 

10. After 5 years of service, the total cost per mile (construction plus crack-filling) 
of the standard section was greater than that of the 5- and 6-in. rolled section. 

CONCLUSIONS 

Based on the performance of this project, the following conclusions can be drawn: 

1. Pavement breaker-rolling significantly reduces the amount of transverse joint 
reflection, longitudinal widening joint reflection, and transverse cracking that extends 
into the widening. 

2. Increasing the thickness of hot-mixed overlay from 4½ to 9 in. reduces the amount 
of centerline joint reflection and longitudinal widening joint reflection. 

3. Roughness can be reduced both by pavement breaker-rolling and by increasing 
the thickness of overlay. 

4. The cost of pavement breaker-rolling is a very small percentage of the total con
struction cost and is undoubtedly offset by savings in crack-filling costs within a short 
period of time. 
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5. The additional cost of increasing the thickness of the overlay from 4½ to 9 in. 
would probably be offset by savings in crack-filling costs. Based on crack-sealing 
practices currently used in Minnesota, the most economical overlay design seems to 
be a 6-in. rolled section. 
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