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COMPARISON OF THREE COMPACTORS USED IN POTHOLE REPAIR 

Michael A. Snelling and Robert A. Eaton 

INTRODUCTION 

One problem with pothole patching in cold regions is the use of 

unacceptable materials. Usually, patches are made with low quality cold 

patching materials that do not meet State or local performance specifica

tions because most potholes occur during winter and spring months when hot 

mix plants are closed. 

One way to provide high quality materials without paying premium 

prices is to order hot mix asphalt concrete that meets local or State high

way specifications in the fall before the hot mix asphalt plants close . 

This hot mix should be tailgate spread in a layer 6 to 8 in. thick on a 

relatively clean paved area . After the hot mix has cooled, it can be 

broken up with a pavement breaker, or front - end loader, and stockpiled 

under a cover. 

With currently available, relatively inexpensive, portable recycling 

equipment, hot mix asphalt concrete can be supplied year-round . In the 

winter, the equipment can be used to heat this stockpiled asphalt concrete 

above 250°F for pothole patching and in the summer the same equipment can 

be used to keep the asphalt concrete, picked up at the hot mix plant in the 

morning, hot all day and even overnight. It will eliminate most of the 

waste caused by a load of asphalt that has cooled below State or local 

paving or patching specifications by providing a means of reheating and 

allowing the asphalt to be used in an acceptable manner. 

This report is a summary of the results of a compaction study using 

recycled hot mix asphalt concrete conducted during August 1983 inside the 

AT CO building at CRREL in Hanover, New Hampshire. This study compared 

three kinds of compactors for optimum performance, and also considered such 

factors as temperature of the asphalt concrete mix, number of passes, size 

and depth of patches, and the number of lifts to fill the holes. 



Figure 1. Wacker model VPC-16 vibratory plate compactor. 

COMPACTORS USED IN TEST 

The first compactor evaluated was a Wacker VPG-160 vibratory plate 

compactor , which has a plate size of 21 x 24 in. and an overall weight of 

166 lb (Fig . 1). 

The second compactor was a large Wacker 474T vibratory roller (Fig. 

2). It has two steel drum rollers with a water tank reservoir for each 

roller. The gross weight for this self-propelled forward and reverse 

compactor is approximately 2000 lb. 

The last compactor was a Jackson no. 12 lawn roller (Fig . 3). It had 

a single hollow drum which was filled with water. It had a gross weight of 

200 lb. 

The recycling machine used for heating the asphalt concrete was a 

Porta-Patcher model 9286ES (Fig . 4). This machine reheats old or new 

asphalt chunks to a desired temperature. The reheated mix can be placed in 

a pothole and recompacted. The Porta-Patcher is capable of producing 1-1/4 

ton (1 yd 3)/hr of reheated asphalt when large 15- x IS-in. chunks of 

asphalt concrete are used. 
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Figure 2. Wacker model 474T vibratory steel wheel roller. 

_. 

Figure 3. Jackson no . 12 lawn roller. 
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Figure 4 . Porta-Patche r model 9286 ES r ecycl ing machine . 

Figure 5. Smaller ( 18- x 24-in.) t est hol es in fo r eground. 

ASPHALT CONCRETE MIX 

The asphalt concrete mix used in this study was obtained from a local 

asphalt plant and it met State of New Hampshire requirements for 3/8-in. 

bituminous concrete leveling course. The asphalt cement penetration* 

* In accordance with ASTM D5-73 
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dropped from SO to 40 mm af t er passing through the asphalt r ecycl e r, which 

i s conside r ed acceptable. Appendix A con tains the gradation and job mix of 

the asphalt concrete used (Table Ai) . 

Labora t or y tests we r e conducted on the aspha lt concrete mix before and 

af t er go ing through the Porta-Patcher r ecyc ling machine . These t ests were 

conducted to quantify any changes in characteristics of the asphalt , i . e. 

in kinematic viscosi t y and penetration (Table A2): 

TEST PROCEDURE 

Simula t ed potholes wer e made by jackhammering l S- x 24- in . holes t o 

de pths of 3, 6 and 9 in . in an exist i ng pavement inside the test bui lding 

(Fig . 5) . Figure 6 shows 3- x 4- ft x 6-in. holes made to measure differ

ences in compact i on of the larger patches . Also, two 3-in.-thi ck layers 

we r e compac ted in the 3- x 4-ft x 6-in . holes t o measu r e the effect of 

layering on compac tion. 

Figur e 6. Larger (3- x 4-ft) test holes. 
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Figure 7. Coring sample being 
extracted. 

Figure 7 shows a 2-in . -diam core sample being removed from a compacted 

patch (two cores were obtained from each patch). The samples were then 

taken to the asphalt lab where density measurements were made. These 

measurements were then compared to a lab sample of the same material, which 

was prepared in accordance with Military Standard 620A, Section 3.3 (i.e . 

it was heated to 250°F and then put into a heated mold on a compaction 

pedestal, where each side received 50 blows from the compaction hammer). 

The lab control sample was then used to determine the degree of compaction 

from the field tests. Technical Manual 5-822-8, Section 7 . 8 (U.S. Army 

1971) states that all field samples must meet or exceed 98% of the density 

of the l ab sample. The density obtained from the lab sample was 148.1 1b/ 

ft 3. 

On the basis of standard r epair procedures, we arbitrarily chose to 

make six cove rages with the steel wheel compac t or , 20 coverages with the 

vibratory plate compactor and 40 covera ges with the lawn roller for each 

patch. A coverage was defined as one passage of the compactor (in one 

direction) over the hole. In a separate test series, we varied the number 

of coverages to determine whether an increase would be beneficial to 

increasing compaction . 
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Table 1. Effect of temperatu r e on compaction of singl e 3-in. lift (18- x 
24-in . holes) . 

Actual 
Re cyc l ed compaction 

temperature temperature Numbe r of Densit~ % lab 
Compactor (OF) (OF) cove r agest (lb/ft ) density 

Steel wheel 175 160 6 143.1 96.6 
250 250 6 143.1 96.6 
300 210 6 144 .6 97 . 6 

Vibratory pl ate 175 160 20 136 . 5 92 . 2 
250 230 20 144 . 3 97 . 5 
300 225 20 142 . 5 96.2 

Lawn r olle r 175 150 40 132 .4 89 .3 
250 245 40 144 . 5 97 . 6 
300 230 40 142. 5 96 . 2 

t The numbe r of coverages was arbit r ari l y chosen at the beginning of the 
test (see Table 7 for effects of number of coverages) . 

Table 2. Effect of tempera ture on compaction of single 6-in. lift (18- x 
24-in. holes) . 

Actual 
Recycled compaction 

temperature temperature Number of Dens1t~ % lab 
Compactor (OF) ( OF) co ve rages (lb/ft ) density 

Steel wheel 175 170 6 141. 7 95 . 7 
250 250 6 146.9 99 . 2 
300 270 6 145 .9 98 . 5 

Vibratory plate 175 170 20 140.9 95 . 2 
250 230 20 145.6 98.3 
300 250 20 145 .6 98.3 

Lawn roller 175 170 40 133.9 90 .4 
250 255 40 141.0 95.2 
300 285 40 138.7 93 . 7 
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FIELD RESULTS 

All temperatures were measured with a hand-held bi-metallic thermo

meter . Tables 1-3 show that the temperature of the asphalt concrete mix at 

the time of compaction plays a very important part in the compaction 

achieved. The asphalt concrete mix that had been heated up to 300°F in the 

Porta-Patcher recycling machine lost up to 30% of its heat through ambient 

heat loss. This was caused by the r educed rate of production (1 yd 3/hr) 

obtainable when large (up to 15- x 10-in.) chunks of asphalt conc r ete were 

used . Higher production rates can be obtained by using smaller chunks 

(Le. 2 yd 3/hr with 3- x 3-in. pieces). 

At l75 °F, compaction of 98% lab density was not reached for any 

compactor at any thickness of pat ch. 

When recycling at 250° F, we we r e able t o ge t at least 97 . 5% compaction 

with the vibrating steel wheel, lawn r oller, and vibrating plate in the 

single 3-in. lift patch. Over 98% compaction was achieved in the single 

6-in . lift patch with both the vibra ting steel wheel and vibrating plate 

compactors. In the single 9-in . lift patch, over 98% compaction was 

achieved with only the vibrating plate . 

Problems with cooling were experienced when recycling at 300°F in the 

3-in. single lift patches. The steel wheel roller was able to get 97.6% 

compaction in the 3- in. patch even though the mix had cooled . The vibrat

ing plate and lawn r oller were able to obtain 96 . 2% compaction . 

The 6-in . single lift patches using 300°F recycled mix yielded 98 . 5% 

compaction for the steel wheel roller, 98.3% for the vibrating plate and 

93.7% for the lawn r olle r. Use of 300°F r ecyc led material in the 9-in. 

single lift resulted in 96 . 0% for the steel wheel, 95 .9% for the vibrating 

plate, and 9 .1 5% for t he lawn r oller . 

Tables 4 and 5 contain data for s ingle lift thicknesses compacted at 

l75°F and 250°F, r espective ly. As shown in Table 4, 98% compaction could 

not be obtained at l75°F with any of the compactors . 

As shown in Table 5 , the vib r ating steel wheel roller obtained 97.6% 

compaction in the 3-in. single lift, 99 . 2% in the 6-in . single lift, and 

96.8% in the 9-in. single lift. The vibrating plate compactor achieved 

97.5% in the 3-in. single lift patch, 98 .3% in the 6-in. single lift, and 

95.7% in the 9-in . single lift patch. The lawn roller achieved 97 .6% on 
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Table 3 . Effect of t e mp e ra ture on c ompaction of s ingle 9-in. lif t (1 8- x 
24-in. holes) • 

Actual 
Recycled compaction 

temperature temperature Number Density % lab 
Compacto r (OF) (OF) of coverages (lb/ft 3) densi t y 

Steel wheel 175 160 6 139.9 94.5 
250 240 6 143.3 96 . 8 
300 260 6 142.1 96 . 0 

Vibratory plate 175 155 20 137.6 92 . 9 
250 230 20 145 .2 98 .9 
300 250 20 142 .0 95 . 9 

Lawn roller 175 
250 230 40 138 . 2 93.3 
300 270 40 135.5 91.5 

Table 4 . Compar i son of single lift thickness compaction at 175°F (18- x 
24- in. hol es) . 

Lif t thickness Number Densit~ % lab 
Compactor ( i n.) of coverages (lb/ft ) density 

Steel wheel 3 6 143 . 1 96.6 
6 6 141. 7 95 . 7 
9 6 139 . 8 94 . 4 

Vibr ato ry pl ate 3 20 136 . 5 92 .2 
6 20 140.9 95 . 2 
9 20 137 . 6 92 .3 

Lawn r olle r 3 40 132 . 4 89 . 4 
6 40 133 .9 90 .4 
9 

the 3- in. si ngle lif t patch but was unacceptable on the 6- and 9- in. single 

lift patches . 

Table 5 shows that the required 98% compac tion can be achieved in 3-

and 6-in. s i ngle li f t s by using vibrating steel wheel or vibrating plate 

compac t ors , but onl y at the proper temperatu re a t the time of compac t ion 

(250°F). 

Table 6 shows the comparison of a single lift 6-in. patch vs two 

3-in. lifts. When the steel wheel compactor was used on the single 6-in. 
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Table 5 . Compa r ison of s ingle lift thickness compaction at 250°F (18- x 
24- in. holes) . 

Lift thickness Number Density % lab 
Compactor (in. ) of coverages (lb/ft 3) density 

Steel wheel 3 6 144.5 97.6 
6 6 146.9 99.2 
9 6 143 .3 96.8 

Vibratory plate 3 20 144.3 97.5 
6 20 145 . 6 98 . 3 
9 20 142.0 95.9 

Lawn roller 3 40 144.5 97.6 
6 40 141.0 95.2 
9 40 138.2 93.3 

Table 6 . One 6- in. lift vs two 3-in . lifts (3- x 4- ft holes) . 

Number of lif t s 
and thickness Num ber Densi t y % lab 

Compactor (in. ) of cove rages (lb/ft 3) density 

Steel whee l 1-6 6 143 . 5 96 . 9 
2-3 6 147 . 2 99 . 4 

Vibratory plate 1- 6 10 139.9 94 . 5 
1-6 30 142.7 96 . 4 
2- 3 20 142 . 7 96.4 

Lawn roller 2-3 40 141.2 95.4 
1-6 40 136 . 4 92 .1 
1-6 80 139 . 3 94. 1 
1-6 120 138 . 2 93.3 
1-6 160 137.2 92 . 7 

liit,only 96.9% compaction was obtained compared to 99.4% compaction on the 

6- in. patch placed in two lifts. Note that these patches were in a 3- x 

4-ft hole in order to permit layer compaction by putting the compactors 

down into the hole. These densities compare with 99.2% of lab density 

for the single 6-in. patch in the 18 in. x 24 in. hole. An explanation of 

the higher density in the smaller hole is that the smaller ho l e confines 

the mix and gives the compactor resistance to push agains t. Compaction 

with the vibratory plate and lawn roller resulted in higher pa t ch densi ties 

whe n placed in two 3- in. lifts vs the single 6- in. lif t , a lthough 98% of 

l ab density was no t at tained . 
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Table 7. Comp a ri son of numbe r of cove r ages on compact i on (3- x 4-ft x 
6-i n . patch size). All lifts were made at approximately 250°F . 

Lift thickness Number Density % lab 
Compactor (in. ) of coverages (lb/f t 3) density* 

Steel wheel 6 6 143. 5 96 . 9 
6 12 146 . 6 99 . 0 

Vibratory plate 6 10 139 . 9 94 . 5 
6 30 142 . 7 96.4 

Lawn r oller 6 40 136 . 4 92 . 1 
6 80 139.3 94.5 

Table 8. Influence of hole size on compaction at 250°F . 

Lift 
t hickness Number of Temp . Density % lab 

Compactor ( in. ) cove rages ( ° C) Size ( lb / f t 3) densit y 

Steel wheel 6 6 240 A* 143. 5 96 . 9 
6 6 250 Bt 146.9 99.2 

Vibratory plate* 6 30 225 A 142.7 96.4 
6 20 230 B 145 . 6 98 . 3 

Lawn roller 6 40 225 A 136 .4 92 . 1 
6 40 255 B 141. 0 95 . 2 

* 3- x 4-ft 
t 18- x 24-in . 

Table 7 shows the density when the numbe r of coverages was vari ed. By 

doubling the coverages of the stee l wheel vibratory c ompac t or from 6 to 12 

on the single 6-in. lift, dens ity inc r eas ed from 96.9 % t o 99.0%. The 

vibratory plate compaction increased from 94 . 5% at 10 cove rages t o 96.4% at 

30 coverages . The lawn roller densitie s inc reased from 92.1 % a t 40 cover

ages to 94.5% at 80 coverages . These r e sult s show that inc r eases in 

density do indeed occur with increased coverages, and that with minimal 

testing using r eadily available equipment, the number of cove rages at 

specified temperatures can be determined. 

Table 8 shows the influence of hole size on densities obtained. By 

using a single 6-in. lift in the small hole, the vibrating steel wheel 

roller attained 99.2% density. On the larger hole with less confining 

pressure, the density dropped to 96 . 9%. Using the vibrating plate compact-
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or on the large hole r esulted in 96.4% density. When used on the smaller 

hole, density increased to 98.3%. Results using the lawn roller showed the 

same trends, with an increase from 92.1% de nsi ty on the larger hole to 

95.2% for the small hole densi ty. 

CONCLUSIONS 

The recyc ling machine produced acceptable mix, but at a slow rate of 

1-1 /4 ton (1 yd 3) per hour with the l a r ge chunks we chose for this study. 

Larger production rates are possible with this machine. 

The large Wacker Model 474T vibratory r olle r and Wacker Model VPG-160 

vibratory plate compactor performed satisfactorily for the purposes of this 

study. The lawn roller was unaccep t ab l e f or a ttaining the desi red 98% lab 

density. 

Temperat ure of the r ecyc led asphalt conc r e te mix as used in this study 

is critical, with 250°F being the cutoff temperature. It was shown that 

proper compaction (98% of lab density) may not be attained if the mix is 

not compacted promptly after placement a nd is allowed to cool below 250°F. 

Single lifts of 3-, 6- and 9-in. depth were compacted to 98% density 

by using the vibratory plate compactor and mix recycled to at least 250°F 

in 18- x 24-in. holes. In the larger 3- x 4-ft holes, 98% density was 

obtained only with the steel wheel vibratory roller on patches placed in 

two 3-in.-thick lifts. 

The number of coverages influences the densities obtained. By 

doubling coverages of the steel wheel vibratory compactor from 6 to 12, the 

density increased from 96.9 t o 99.0%. This emphasizes the need to run con

trol tests with the equipment, by using the l oca lly available hot asphalt 

concrete mix at tempera tures above 250°F, to det e rmine the number of cover

ages required for various patch sizes and depths. It is we ll worth the 

time and effort to determine proper pothole patching practices with locally 

available materials and equipment. 
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APPENDIX A: ASPHALT CONCRETE PROPERTIES 

Table AI. Job mix formula . 

Mix Type State of N.H . 3/8" leveling Bitumen AC 85-100 

Permissible va riat ions 
Asphalt ± 0.4 
Agg. #4 & larger ± 7.0 
Agg . #10 & small er ± 4.0 
Agg . passing 200 ± 2 .0 
Tempera tur e ±20 . 0 

Materials 

% used 

Sieve 

1- 1 /4 " 

1" 

3/4" 

1/2 " 

3/8" 

#4 

#10 

#20 

#4 0 

11 80 

11200 

Asphalt 

Blend specific gr avity 2.74 -=-=--'----
Percent of L.A . Wea r 25 . 9 

~'--'-"---

Spec . Approved 
r eg . job mix 

100 100 

75-100 78 

55-65 60 

30- 50 43 

14-26 24 

6-14 9 

2-6 4 

6.25- 7 . 25 6 . 7 

13 



Mix 

New Asphalt* Before 
Porta-Patcher 

New Asphalt After 
Porta-Patcher 

Old Asphalt** Before 
Porta-Patcher 

Old Asphalt After 
Porta-Patcher 

Table A2. Lab test results. 

ASTM D-2170 
Kin. Vis. at 275°F 

(cSt) 

338.2 

633.3 

647.9 

751.1 

ASTM D-5 
Penetration a t 77 °F 

100 g at 5 s 

80 

40 

37 

34 

* New asphalt is new mix purchased for this test. 

Pen-Vis 
Number*** 

-0.72 

-0 .57 

- 0 .64 

-0.57 

** Old asphalt is mix that had been purchased 3-4 years ago and had been 
stockpiled since receipt. 

*** Pen-Vis Number: 

PVN = ~- X) ( -1.5) 
(L - M) 

where X log viscosity in centistokes at 275°F for the penetration at 77°F 
of asphalt cement represented by X. 

L log viscosity in centis tokes at 275°F for a PVN of 0.0 for the 
penetration at 77°F of the asphalt cement represented by X. 

M log viscosity in centistokes at 275°F for a PVN of -1.5 for the 
penetration at 77°F of the asphalt cement represented by X. 

NOTE: Only the new asphalt was used in this compaction study. 
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