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The specifications of many agencies base the number of rollers 
required on an asphalt paving job on the tons of mix laid per 
hour. Others have shown that thick lifts are easier to compact 
than thin lifts, and thus additional rollers are not needed just 
because the lift is thick, a common condition that produces a 
high rate of laydown in terms of tonnage. Other authorities 
have noted that, if density is to be obtained during rolling, the 
initial rolling, usually called the breakdown rolling, must be 
applied before the mat has cooled below a certain temperature. 
Thin mats cool faster than thick mats; also, thin mats permit 
faster paving speeds than thick mats for a given number of tons 
per hour of production. It appears logical that roller require
ments should ensure that the mat can be rolled before it cools 
too much. The time required to roll a given area of pavement 
with a roller operating at a given speed can be computed. Be
cause the paver operation is continuous, the paver moves 
ahead while the mat just laid is being rolled out. If the paver 
is moving slow enough the roller can keep up, but if the paver 
is moving too fast it will leave the roller behind. A formula 
is presented for mating the paver speed with the roller so that 
the roller can just keep up with the paver. Charts are pre
sented, based on the formula, for applying 2, 3, and 4 passes 
of breakdown rolling with 1, 2, and 3 rollers within time periods 
up to 18 minutes (most mats will have cooled too much by 
then). The findings by others cited in the paper plus the com
putations presented in the paper justify the conclusion that 
roller requirements should be based on paver speeds rather 
than tonnage rates. 

•THE SPECIFICATIONS on hot-mix bituminous pavements used by many agencies call 
for additional rollers when the rate of laydown exceeds a certain number of tons per 
hour. These' requirements may have been justified before thick lifts came into the 
picture but Beagle (1), Minor (2), and others have shown that thick lifts are easier to 
compact than thin lifts. Therefore, thick lifts that produce high rates of laydown do 
not require additional rollers. 

Data reported by Kilpatrick and McQuate (3), Zube (4), and others show that most 
of the density obtained during rolling of hot-mix pavement is produced by the break
down rolling and that breakdown rolling is effective only if applied before the mat has 
cooled below a certain temperature. It appears logical that roller requirements should 
ensure that the mat can be rolled the desired number of passes before it cools. Ex
pressing roller requirements in terms of paver speed will ensure that rolling can be 
accomplished within a given period of time. 

Paper sponsored by Committee on Construction Practices-Flexible Pavement and presented at the 49th 
Annual Meeting. 
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This paper presents theoretical computations that show the dependence of roller 
requirements on area laid per unit of time rather than tonnage per unit of time. The 
case is illustrated in terms of paver speed as "area laid per unit of time." 

PAVER SPEED VERSUS AVAILABLE ROLLING TIME 

The theoretical time required to roll a given length of hot asphalt pavement being 
laid by a paving machine can be computed as follows: 

T 

where 

T = time, min, to roll length, Lr; 
Lr length being rolled, ft; 

LrM + V 
Rs 

M total number of times the roller moves length, Lr, in applying the required 
number of roller passes; 

Rs roller speed, ft/min; and 
V = time, min, spent in reversing the roller. 

(1) 

Normally, the roller moves ahead with each pass; however, in these computations it 
is assumed that the length being rolled, Lr, is rolled out before the roller advances. 
Rolling time is dependent only on the length being rolled, the time spent in reversing 
the roller, and roller speed. Rolling out a length before advancing the roller would 
increase the time between the laydown and application of the first pass of the roller 
but would not increase the rolling time. 

The paver operation is continuous, at least the paving crew tries to keep the paver 
moving continuously, so the paver moves ahead while rolling is being applied. The dis
tance the paver moves ahead while length, Lr, is being rolled out is simply the product 
of the paver speed and the time required to roll out length, Lr. 

Lp = PsT 

where 

Lp length paver moves while length, Lr, is being rolled out, ft; 
Ps = paver speed, ft/min; and 

T = time, min, required to roll out length, Lr. 

(2) 

If Lp is less than Lr, the roller will have time to apply the required number of 
passes and sit idle for a few moments; but if Lp is larger than Lr, the paver will go 
off and leave the roller. The paver and roller can be mated, at least theoretically, by 
setting 

Lr Lp 

Then Eq. 1 becomes 

T PsTM + V 
Rs 

which reduces to 

T = 
VRs 

Rs - PsM 

(3) 

(4) 
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Computation~ of theoretical relationships between paver speed and available rolling. 
time are presented for the conditions listed in subsequent paragraphs. 

Rollez: and Lane Width 

This author has previously reported (5) that the 8- to 10-ton tandem steel roller is 
used more for breakdown rolling than any other roller; therefore, these computations 
are based on the use of an 8- to 10-ton tandem roller. They could be made for any 
other breakdown roller. The normal width of the rolls on the 8- to 10-ton tandem roller 
is 54 in. This means that 3 roll widths are required for any lane width more than 9 ft 
and less than 13. 5 ft. Because this covers the widths used most frequently, these com.,_ 
putations are based on the assumption that 3-roll widths will be required to cover the 
lane being paved. With this assumption, the width of the lane being rolled is not im -
portant, and only one dimension of area, the length, is used in the presentations. 

Roller Passes for Breakdown 

This author has also reported (5) that breakdown rolling required by the various 
agencies ranges from 1 to 7 passes and averages 3. 2. Computations are presented 
here for 2, 3, and 4 passes. A roller pass is defined as one movement of the roller 
past a given spot on the pavement. Because the computations are for a tandem roller, 
this means that each spot will be hit with 2 roller drums. 

Roller Speed 

Most agencies limit the roller speeds to 3 or 4 mph, and a speed of 3. 5 mph is used 
in these computations. This is a speed of 308 ft/min. The effect of speeds of 3 and 4 
mph is illustrated in one case. 

Total Number of Roller Movements 

At first glance it would appear that the total number of movements of the roller would 
be 3 times the required number of passes because 3 drum widths are required to go 
across the lane. This is true for an odd number of passes, but for an even number of 
passes the roller completes the rolling away from the paver and the roller has to dead
head back to start rolling a fresh length. This adds an additional pass. 

Multiple rollers present an interesting problem. The shortest rolling time occurs 
when the rolling is equalized, to the extent possible, among the rollers and no rollers 
have to deadhead back. Rolling patterns were developed where the required number of 
passes over each spot in the lane could be applied with the following total movements 
of the roller making the most movements. Possibly more efficient plans can be developed. 

Passes Over Number of Total Roller 
Each Spot Rollers Movements 

4 1 13 
2 7 
3 5 

3 1 9 
2 5 
3 3 

2 1 7 
2 3 
3 3 

Reversal Time 

The number of reversals the roller must make is always one less than the total 
number of roller movements. In these computations it is assumed that each reversal 
adds 1/6 min to the rolling time. 
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COMPUTATION OF PA VER SPEED VERSUS ROLLING TIME 

The appropriate values for each of the conditions listed can be put into Eq. 4 for 
computation of paver speed versus rolling time. The case for 3 passes over each spot 
with 2 rollers is used for illustration. 

M, total roller movements = 5 
V, reversal time, 4 reversals x 1/s = % = 2/2 min 

Rs, roller speed= 308 ft/min 

T = 2/4 X 308 , T = 
308 - 5Ps 

205.33 T _ 41. 07 
308 - 5Pa ' - 61.6 - Ps 

Inspection of this formula reveals that, when the paver speed reaches 61.6 ft/min, 
T becomes infinity so this sets an ab solute upper limit on paver speed. Also, when the 
paver speed is zero, T = 2/2 min, the time allotted for reversals. 

Figure 1 shows the relationship between paver speed and available rolling time for 
the case being illustrated, 3 passes applied with 2 rollers. The bold curve is for a 
roller speed of 3. 5 mph; the 2 partial curves are for 3 and 4 mph. Combinations of 
paver speeds and rolling times below any one curve will result in conditions where the 
rollers can more than keep up with the paver, but combinations of paver speeds and 
rolling times above a specific curve will result in the paver going off and leaving the 
rollers. For example, assume a rolling time of 5 min and a roller speed of 3. 5 mph. 
At a paver speed of 40 ft/min the paver will move 200 ft while the rollers are applying 
the required 3 passes to each spot in the lane. As noted previously, one roller has to 
apply 5 passes to accomplish this, which requires 4 reversals. The reversals use up 
0.67 min of the rolling time. So the roller has to make 5 passes, each 200 ft long or 
1,000 ft in 4.33 min. At 3.5 mph the roller makes 308 ft/min and in 4.33 min can travel 
1,333 ft, well beyond the amount required. For an example above the curve, consider 
a paver speed of 60 ft/min and a time of 5 min. In 5 min the paver will move 300 ft, 
and the roller will have to roll 1,500 ft in 4.33 min. It cannot do this at 3.5 mph (308 
ft/min x 4.33 = 1,333 ft), and the paver will go off and leave the roller. 

The partial curves for 3 and 4 mph indicate that a change in roller speed of ½ mph 
is about the same as a change in paver speed of from 7 to 8 ft/min. 

Figures 2, 3, and 4 show plots similar to Figure 1 for 4, 3, and 2 passes over each 
spot in the lane at a speed of 3. 5 mph. The scale of paver speeds up to 100 ft/min was 
used to illustrate that even with multiple rollers the curve flattens out indicating a 
maximum paver speed. The scale for rolling time was cut off at 18 min because the 
curves had flattened out at this time, and using a large scale for rolling time gave 
better definition of the curve at short times. It is believed the paver speeds and rolling 
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Figure 1. Maximum paver speed versus available 
rolling time-3 passes over each spot in lane, 2 

breakdown rollers. 
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Figure 2. Maximum paver speed versus available rolling 
time-4 passes over each spot in lane. 
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Figure 3. Maximum paver speed versus available 
rolling time-3 passes over each spot in lane. 
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Figure 5. Maximum paver speed versus mat thickness. 
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Figure 4. Maximum paver speed versus available 
rolling time-2 passes over each spot in lane. 

times shown on the figures cover the range 
of conditions that will be pertinent in ac
tual construction. 

The curves in Figures 2 through 4 show 
fairly dramatically that if the mat is to be 
rolled within a given time period then 
roller requirements are dependent on 
paver speed. For example, in Figure 3, 
if only one breakdown roller is used, the 
roller will fall behind if the paver speed 
exceeds about 30 ft/min. If 2 breakdown 
rollers are used, they can keep up at 
paver speeds in the order of 55 to 60 ft/ 
min, and with 3 rollers, the paver can go 
all out. 

The paver speed for this purpose should 
be considered the average paver speed, 

which would include time spent in short stops because the roller does not normally 
stop when the paver makes a short stop. 

PAVER SPEED-MAT THICKNESS-TONNAGE 

Figure 5 shows the relationship between paver speed and mat thickness for selected 
tonnage rates ranging from 50 to 750 tons per hour presented in the manner suggested 
by Masters (6). Tonnage rates normally range from 50 to about 300 tons per hour for 
one laydown machine. The rate of 750 tons per hour is probably beyond the capacity of 
laydown with a single machine because of logistic problems of getting the mix delivered 
into one machine. 

Figure 5 shows that high paver speeds cannot be maintained for thick lifts. For ex
ample, to place a 4-in. lift a t even 20 fl/m in requires in the order of 350 tons per hour. 
However, high paver speeds can be maintained for thin lifts. For example, 200 tons 
per hour will supply mix for laying a ¾-in. mat at a little better than 60 ft/min. The 
data shown in Figure 5 together with the data previously presented illustrate that thick 
lifts do not require additional rollers to complete compaction before the mat cools. 

CONCLUSION 

The findings presented by others that thick lifts are easier to compact than thin 
lifts, that breakdown rolling produces most of the density, and that breakdown rolling 
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has to be applied before the mat cools to be effective plus the computations presented 
here justify the conclusion that roller requirements should be based on "area laid per 
units of time" such as paver speeds rather than tonnage rates. 
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