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FOREWORD 

The purpose of this study is to evaluate a rubber modified plant-mixed bituminous sur­
face mixture. This mixture was produced using the patented process called "Plus Ride™" 
"Plus Ride™" is advertised as having unique de-icing properties, is durable and has the 
ability to reduce reflective and thermal cracking. 

This study is part of the FHWA Demonstration Project No.3 "Asphalt Additives", and 
financed jointly by the U.S. Department of Transportation, Federal Highway Administration, 
and the Minnesota Department of Transportation. 

The authors wish to acknowledge the contribution of Districts 3 and 9 Construction and 
Materials personnel, and the Office of Materials Engineering for laboratory work and recom­
mendations; Roger Olson, Research Operations Engineer; and Jerry Teig, Research Assistant. 

The contents of this report reflect the views of the authors who are responsible for the 
facts and the accuracy of the data presented. The contents do not necessarily reflect the offi­
cial views or policy of Mn/ DOT or the Federal Highway Administration. This report does 
not constitute a standard specification or regulation. 
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I. INTRODUCTION 

A. Background 

One of the Mn/DOT priorities 1s to reduce the amount of chemicals used for ice and 
snow control without reducing the level of service. Alternative methods are needed to 
control the accumulation of ice on the roadway surface. 

"Plus Ride TM " is a rubber modified plant mixed bituminous wearing course that is 

advertised as having unique de-icing ability. This product was developed in Sweden and is 
patented in the United States. The license to sell this product is held by All Seasons Sur­

facing Corporation of Bellevue, Washington. Rubber ground from old tires is used to replace 
some of the fine aggregate material in the bituminous mixture. This mixture is advertised 

to have elastic deformation under wheel loadings that will cause the ice layer to crack. 
Wind created by passing vehicles is reported to clear the surface. 

The rubber additive is also advertised to enhance skid resistance because of the pro­
truding rubber particles and stone-rich surface. 

In addition, the rubber modified mixture is advertised to reduce reflective and thermal 
cracking in bituminous overlays. 

Two construction projects were selected as sites for the evaluation of the rubber modi­
fied bituminous mixture, "Plus Ride ™ ". Both projects were constructed during the month 
of September, 1984. Figure 1 shows the general location of both projects. 

FIGURE 1. PROJECT LOCATIONS 
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The first project constructed was located on T.H. 61 at the south limits of the city of 
Forest Lake. Figure 2 is a layout of this test section. 

This highway is a four-lane divided roadway with a two-way average daily traffic volume 
of 9,300 based on the 1982 Traffic Flow Map. The construction project number is S.P. 
8207-4 7 and the project consisted primarily of a bituminous surface overlay on an exist­
ing bituminous surface which overlays an old pee pavement. 

T .. H. 1 

FOREST LAKE 

TH 97 EAST 

- PLUS RIDE MIXTURE 

~CONVENTIONAL MIXTURE 

TH 97 WEST 

fl II ·~ 
~ 

FIGURE 2 T.H. 61 PROJECT LOCATION 
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The second project constructed was located on Interstate 94 between the cities of St. 
Augusta and Albany. This· four-lane divided highway has a two-way average daily traffic 
of 10,700 with 17 percent being truck traffic. The construction project number is S.P. 
7380-178 and the project consisted of milling the existing bituminous surface to the depth 
of approximately 2-3/4 inches and bituminous resurfacing. Figure 3 shows the location of 
the test section. 

CR 159 

9 

TO AVON 
TO ST CLOUD 

STJOHN'S 

UNIVERSITY 

- CONVENTIONAL MIXTURE 

- PLUS RIDE MIXTURE 

FIGURE 3 PROJECT LOCATION 

Both "Plus Ride TM" test sections were approximately 0.7 of a mile in length. The T.H. 
61 test section is located on the southbound roadway between mile post 159.2 and 159.9. 
The Interstate 94 test section is located on the eastbound roadway between mile posts 
155.65 and 156.35. 

B. Objective 

The objective of this special study is to evaluate the rubber modified plant mixed bit­
uminous surface mixture "Plus Ride TM " based on its success in reducing the amount of 

chemicals needed for ice control and its ability to reduce reflective and thermal pavement 
cracking. 
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II. PRECONSTRUCTION EVALUATION 

A. lVIa terials 

The rubber modified asphalt concrete wearing course is a combination of ( 1) granulated 
rubber from old tires added as part of the aggregate; (2) a gap graded mineral aggregate with 
mineral filler added when needed, and (3) asphalt cement (120/150 penetration). 

The mixture design calls for the rubber particles to be three percent (by weight) of the 
total mixture. The gradation requirements are given in Table 1. 

Percent 
Sieve Size Passing by Weight 

1/4" 100 
No.4 76- 100 
No.10 28- 42 
No. 20 16 - 24 

TABLE 1 Granulated Rubber Requirements 

The aggregate must be sound, durable particles of gravel and sand, crushed stone and 
sand, or combinations thereof. Mn/DOT specifications require that fifteen percent of the 
aggregate particles be oversize and crushed to meet the gradation requirements. The grada­
tion requirements are given in Table 2. 

Percent 
Sieve Size Passing by Weight 

5/8" 100 
3/8" 60- 80 

No.4 30- 40* 
No.10 20- 32* 
No. 30 13- 25 
No. 200 8 - 12 

*Maximum of 10% of the sample can be 
retained between the No.4 and No. 10 
Sieve. 

TABLE 2 Aggregate Gradation Requirements 

The bituminous material for mixture was required to be within the range of 7.5 to 9.0 
percent by weight of mixture and was a 120/150 penetration asphalt cement. The material 
for tack coat was an Emulsified Asphalt, Cationic (CSS-1h). 

-4-



B. Laboratory Testing 

Trial mixes were made up from samples submitted by the contractor. Gradation tests 

were conducted on the rubber and aggregate materials. These materials were proportioned 
and mixed with various amounts of asphalt cement in order to establish a single percentage 
of aggregate passing each sieve size and the recommended percent asphalt cement for the 

Job Mix formula. 

Mix design specifications were recommended by All Seasons Surfacing Corp and are 
given in the Appendix of this report. The general procedure for mixture preparation was as 
follows: 

1. Mix the aggregate and mineral filler m the proportions required to meet gradation 

specifications. 

2. Heat aggregate to 3200 F. and Marshall hammers to 300 - 3200 F. 

3. Spray molds and hammers with silicon lubricant. 

4. Mix hot aggregate and rubber (at ambient temperature) for 15 seconds. 

5. Add asphalt cement and mix until aggregate particles are thoroughly coated (approxi­

mately 2 minutes). 

6. Reheat mixture to 3200 F. and retain that temperature for one hour. 

7. Select portions of mixture using standard procedures for Rice voids (ASTM D2041) 

and Marshall (modified) compaction testing. 

8. For Marshall compaction tests, use paper to prevent mixture from sticking to ham­
mer; after compaction, weight sample to prevent expansion. Extrude Marshall sample 

while slightly warm. 

Recommendations for the job-mix formula on both projects is shown in Table 3. Results 
of the granulated rubber gradations are shown in Table 4. 
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JOB MIX FORMULA 

! 

Aggregate Asphalt Granulated Density 

Cement Rubber Results 

Location Sieve Formula Working Range % % (lbsfcu. ft.) 
Size %Passing %Passing : 

T.H. 94 5/8 100 100- 100 7.5 + .3 3.0 + .15 Maximum ! 

Theoretical 
! 

S.P. 7380-178 3/8 78 70- 80 By Weight By Weight 146 
I 

Collegeville No. 4 36 30- 40 Marshall 
Density I 

No. 10 29 25 - 32 143.4 

~ 
' 

No. 30 21 l 7 - 25 Target 

Density 
No. 200 9* 8 - 11 138.7 to 143.1 

T.H. 61 5/8 100 100- 100 7.8 + .3 3.0 + .15 Maximum 
Theoretical 

S.P. 8207-47 3/8 76 70- 80 By Weight By Weight ] 45.1 

Forest Lake No. 4 32 30- 38 Marshall 

No. 10 26 22- 30 142.4 
No. 30 20 16 - 24 Target 

Density 

No. 200 8 - 12 137.9- 142.2 
~- - -

* 5% Mineral Filler Added 

TABLE 3- TriaL Mix Results 



TRIAL MIX TEST RESULTS 

Percent Passing Required Percent 
Sieve Size by Weight Passing by Weight 

1/4" 100 100 
No.4 99 7 6 - 100 
No. 10 37 28- 42 
No. 20 19 16 - 24 

TABLE 4 Granulated Rubber Gradation Results 

The mix design criteria for percent air voids is a range of three to four percent. The 

recommended air voids is three percent. To determine the required asphalt cement content 
and obtain the correct amount of air voids, several trial mixtures were made. It was ex­
pected that as the asphalt cement content was increased, the air voids content would de­

crease. The test results show that the percent air voids varied between 1.4 and 2.3 and did 
not follow the expected trend. Graphs of the test results are shown in Figure 4. 

3 3 
T.H. 61 I. 94 

9 6 9 

% ASPH.Al T CEMENT 

% AIR VOIDS VS % ASPH.Al T CEMENT 

Figure 4- Graph% Air Voids vs.% Asphalt Cement 
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The percent asphalt cement recommended for use was established after consultation 

with All Seasons Surfacing Corporation. It \'Vas anticipated that some adjustments to the 

asphalt cement content would be necessary, depending on plant placement and or problems. 

All Seasons Surfacing Corporation's representative was on both projects at the time of con­

struction to recommend changes in the mixture, if needed. 

Tests were conducted to determine the resilient modulus of the ~larshall compacted 
specimens. The diametral testing method was used. The testing vvas done on a repeated 

loading triaxle machine manufactured by Materials Test System (MTS). At room tempera­

ture, the resilient modulus value was found to be between 126,000 and 188,000 psi. Typical 

conventional bituminous mixtures tested with the same procedure show a general range of 

resilient modulus values between 250,000 and 600,000 psi and some samples with higher 

values. 

III. CONSTRUCTION 

Both test sections were completed during September 1984. The T.H. 61 project was 

constructed first with the T .H. 94 project following. 

The construction specifications were the same for both projects and are included in the 

Appendix of this report. 

Typical sections of the two test sections are shown in Figure 5. The T .H. 61 test section 

is an overlay on an existing bituminous overlay on a pee concrete pavement. The thickness 
of the rubber modified asphalt mixture ("Plus Ride TM ") is one and one-quarter inches 

(1-1/4") on T.H. 61, which was placed over a one-inch (1") leveling course. The con­

struction of the T.H. 94 test section consisted of milling the existing bituminous pavement 

to a depth of two and three-quarters inches (2-3/4") and then resurfacing with one and one­

half inches (1-1/2") of asphalt concrete leveling course and one and one-half inches (1-1/2") 

of rubber modified asphalt mixture ("Plus Ride ™ "). 

A. Plant Operations 

Dryer drum asphalt mixing plants were used on both projects. The granulated rubber 

material was added to the mixture at the center of the drum where salvaged materials are 

commonly added. 

Granulated rubber was delivered in 60 pound bags and added to the storage bin by 

hand. The rubber was then carried by conveyor belt to the dryer drum. Figure 6 shows this 
operation. 
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Figure 6 - Loading Granulated Rubber Bin 

Calibration of both plants was done by running the conveyor belt that feeds the rubber 

material for a specific time period. The amount of rubber delivered by the belt was then 

weighed and the rate per hour computed. The rates per hour of asphalt cement and aggre­

gate were then adjusted to fit the rate per hour of rubber material. This procedure was 

necessary as the plant equipment is not capable of measuring the granulated rubber material 
within the specified tolerances. 
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T.II. 61 GRANULATED RUBBER DATA 
.. 

Before Mixing Extracted from Mixture 
Gradation 

Date 9/10 9/22 9/26 9/22 9/22 9/26 9/26 Requirements 

Sieve 
% Passing by Weight 

Average 
%Passing by Weight 

Average %Passing 
Size of Test of Test by Weight 

1 /4" 100 100 100 100 100 100 100 100 100 100 
No.4 97 99 98 98 97 91 97 96 95 76- 100 

No. 10 40 38 36 38 35 17 28 25 26 28-42 

No. 20 22 18 19 20 ] 5 5 10 8 9.5 16- 24 
~------- -· - -- - -------- -- -- -- --- -- ··-·-- -- ---- ----- ----- -- ·-- - ------· 

' f-'. 
f-' 

T.ll.l-94 GRANULATED RUBBER DATA 

Date 9/25 9/28 9/29 9/29 

1 /4" 100 100 100 100 100 100 100 

No.4 97 98 98 98 98 98 7 5 - 100 

No. 10 34 33 % 34 32 32 28 - 42 

No. 20 17 18 20 18 12 12 16-24 
-----·--- ·--- ______ _, ___________ -- ---- -··-·-----·- ---- --· -- -- --- -··· --·---·····---~---··-·--

... L ....... ----·-----

TABLE 5 -Gradation Test Results 



Samples of the granulated rubber material were graded before the rubber v\'aS added 

to the mixture. After mixing, samples of the mixture were submitted to the :\In/DOT 
Central Laboratory for testing. The granulated rubber, aggregate and asphalt cement were 

separated by Colorado vacuum extraction procedures. The results of the rubber gradation 

and percent asphalt cement are shown in Tables 5 and 6, respectively. Table 6 also shows 

the percent asphalt cement based on spot checks at the asphalt plant during production. 

These test results indicate that some of the fine rubber particles may have been lost during 

production. It is not known if the loss of rubber material vvas due to the production process, 

absorption into the asphalt cement, or the testing procedures. 

% Granular Rubber %Asphalt Cement 
(3% Recommended) 

Date Project 
Spot Check Extracted Recom. Spot Check Extract. 

9-22-84: T.H. 61 7.8 7.5 
3.5 

7.7 
4.1 8.2 
3.4 8.7 

<7.8> 
9-26-84 T.H. 61 2.8 7.9 

3.2 8.0 
') ., 
"'.I 7.7 
2.4 7.9 

9-29-84 T.H. 94 8.0 7 .9 
8.2 8.3 
8.0 8.1 

2.1 6.5 
<8.0> 

Note: <Daily Plant Production Average> 

TABLE 6 Asphalt Cement Test Results 

During production at both plants, a visual note was made of stack emissions. At both 

locations there was no noticeable change in stack emission while producing the rubber 

modified mixture when compared to producing other standard mixtures. 

B. Placement and Compaction 

The same paving equipment was used to place the rubber modified mixture as paved 

the conventional mixture. The equipment used on each project is listed in Table 7. 
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Project 
Equipment 

T.H. 61 Forest Lake T.H. 94 Collegeville 

Paver Blaw Know PF 500 Blaw Knox PH-18H 
Rollers 8-10 ton Dynapac CC-42 12-ton Vibratory RayGo Ranger 

Case Vibromax Model W752 8-10 ton Vibratory Bros J\Iodel VJ\I-268 

TABLE 7 Construction Equipment 

Some of the paving equipment is shown in Figures 7 and 8. 

Figure 7- T.H. 94 Paving Operation 

Prior to placing the rubber modified mixture on the roadway, a heavy tack coat was 
applied to the underlying surface. An asphalt emulsion CSS-1h (cationic) was used on both 
projects. The specifications required that the tack coat be applied at a rate of between 0.06 
and 0.08 gallons per square yard in terms of residual asphalt. 
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Placement of the rubber modified mixture was similar to placing conventional mixtures, 
except the mixture placement temperatures are considerably higher than the conventional 
mixtures. Table 8 lists rubber modified mixture temperature taken at the asphalt plant and 

on the roadway behind the paving equipment. 

Figure 8- T.H. 94 Rolling Operation 

Mixture Temperature F. 

Project T.H. 61 Forest Lake T .H. 94 Collegeville 

Date Plant Roadwav Plant Roadwav 

9-22 305 270 
285 

310 290 
295 

9-26 300 285 
330 280 

9-29 330 305 
320 
322 315 

TABLE 8 Mixture Temperature Record 
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Compactive effort consisted of rolling the mixture with vibratory steel drum rollers. 

An attempt was made to compact the mixture as soon as possible after laydown. On both 
projects roller pickup was a problem. Soap was used in the water that was sprayed on the 

steel drums to reduce the pickup problem. Whereas the addition of soap vvas helpful, it 

did not completely solve the pickup problem of the mixture adhering to the drum. 

Mixture temperature during compaction varied between the two projects. The dif­

ference was mainly due to the adverse weather conditions on September 22 (T .H. 61 Pro­

ject) and the favorable weather conditions on September 26 (T.H. 61 project) and Sep­

tember 29 (T.H. 94 project). 

Density of the compacted mixture was measured using nuclear density tests. The nuclear 

testing device used was the Troxler Model 2401 and it is shown in Figure 9. The control 

strip method was used to compare with the specified density. 

Figure 9 -Nuclear Test Device 
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The results of density tests from nuclear measurements and roadway core samples is 
shown in Table 9. 

Date 

9-22-84 

T.H. 61 

9-26-84 

T.H. 61 

9-29-84 

T.H. 94 

Density (lbs/cu. ft.) 

Nuclear Tests Roadway Core 

Control 
Strip 

SB Pass-
ing Lane 
725+00 to 
728+00 

137.0 
137.0 
139.3 
135.3 
131.8 
131.8 
137.8 
135.0 
137.8 
135.5 

(Average 
135.4) 

140.0 
139.8 
141.5 
141.5 
141.5 
140.8 
139.0 
144.5 
142.5 
140.5 

(Average 
141.2) 

Station 
1590+00 
to 1593+00 

144.5 
143.2 
144.8 
143.5 
144.5 
141.8 
141.0 
141.5 
145.0 
142.0 

(Average 
143.2 

Quality Samples 

Checks 

SB Pass-
ing Lane 
697+00 to 
730+80 

140.5@ Sta. 726+70 
133.0 (compares to 138.5 
131.0 nuclear test) 
135.5 136.8@ Sta. 725+50 
135.2 (compares to 132.8 
136.2 nuclear test) 

(Average 
134.2) 

137.0 

139.0 
135.3 
137.5 

140.5 
(Average 

137.86) 

Station 
1590+00 
to 1628+00 

138.8 142.0@ Sta.1620+00 
138.0 (3' Rt.) 
135.5 139.2@ Sta.1622+00 
137.2 (6' Lt.) 
137.0 136.8@ Sta. 725+50 

(Compares to 132.8 
nuclear test) 

(Average 
137 .3) 

TABLE 9 Density Test Results 
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Comparison to i\laximum 
Theoretical Density 

Maximum Theoretical 
Density Value from Lab 
is 145.1. 

-----

Range of Field Density 
corrected for thickness 
135.0 to 140.2 

-----

Range % Air Voids 
3.4 to 7.0 

Range of Field Density 
corrected for thickness 
139.3 to 143.0 

-----

Range % Air Voids 
1.5 to 4.0 

Maximum Theoretical 
Density Value from 
Lab- 146.0 

-----

Range of Field Density 
corrected for thickness 
141.0 to 142.8 

-----
Range % Air Voids 
2.2 to 3.4 



The density test results show that the nuclear test values are lower than the values 
obtained from roadway core samples. This indicates a need for a correction factor on the 
Plus Ride™ Mixture. Field cores show that this correction is as much as 4 pounds per cubic 
foot. The pavement system is multi-layered (wearing and leveling course) at various densities 

with the thin top layer of Plus Ride™ having the highest density. 

The core samples were also tested for their resilient modulus values (Diametral i\ilethod) 
and the results were similar to the values determined during trial mix testing. The resilient 
modulus values varied from 114,000 to 121,000 psi. 

C. Construction Problems 

Construction problems fell into three categories: weather, plant control, and compac­
tion. 

On the T.H. 61 project, the weather conditions played a major role in the end product 
constructed on the first day of construction. The construction was stopped twice because of 
rain showers and was then cancelled because of continued rain. Approximately 123 tons of 
rubber-modified asphalt mixture had to be wasted. The mixture that was placed lost 
temperature rapidly and compaction was difficult. A portion of the compacted mixture was 
not bonded to the lower layer and shortly af~er being subjected to traffic, the debonded 
area increased in size. Some raveling occurred in the rain damaged areas. A section of the 
first day's paving (1,224 linear feet, 12 feet wide) was removed and replaced with con­
ventional mixture to avoid maintenance problems during the upcoming winter. 

The second day's paving on the T.H. 61 project, which finished that test section, was 

paved under good weather conditions. The weather on the T .H. 94 project was fair and 
sunny, which provided favorable paving conditions. 

Asphalt plant production problems were noted on the first project, but not on the 
second. Both plants were calibrated in the same way and computer controlled. The per­

cent rubber varied widely at the T.H. 61 site, but was consistent at the T.H. 94 project. 
The reason for the variation at the T .H. 61 plant was not determined. 

Both projects experienced production problems in producing the gap-graded aggregate 

required for the rubber-modified asphalt mixture. There may be some benefit in producing 
two different stockpiles of aggregate, with one pile containing the material larger than the 
specified gap size, and the other pile containing material smaller than the gap size. 

Compaction problems were similar on both projects, the major problems being roller 
pickup and low densities. Any delay in rolling added to the density problems, and rolling 
the very hot rubber-modified mixture seems to contribute to the roller pickup problem. 
Two large steel rollers were able to compact the mixture, but if either roller stopped to add 
water, refuel, or had mechanical problems, serious problems in terms of low densities could 
result. The use of three rollers may be justified. A minor problem of the tack coat bubbling 
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through the surface was noted on the T.H. 94 project. A very few spots approximately five 
inches in diameter, bubbled through the surface course at the start of the day's paving opera­
tion. This was due to tack material accumulating on the wheels of the paver and then drop­
ping clumps of this material on the pavement surface. The application of the tack coat was 
reduced to the minimum rate of 0.06 gal/ sy; no other tack problems were noted. 

IV. POST CONSTRUCTION EVALUATION 

Within one year after the test sections were constructed, friction, roughness, noise and 
deflection measurements were taken on both projects. These measurements have been 
repeated as necessary to assess the long term performance of them at erial. Also included in 
the long term analysis are crack counts and rut depth measurements. 

Unfortunately the section placed on T.H. 61 continued to ravel and was almost complete­
ly :removed and :replaced in 1985. The area remaining on T.H. 61 was too small for further 
evaluation. 

A. Friction Tests 

The Locked-wheel Pavement Friction Test (ASTM E-274) at 40 mph was employed to 
determine the friction number for the sections. Testing was done shortly after construction 
(10/ 84), four to six weeks later (11/ 84), and fiv.e years after completion in 1989. 

The test results show that the rubber-modified sections had relatively low friction num­
bers immediately after construction when compared to the conventional mix. After four to 
six weeks the section on T.H. 61 showed only a slight improvement in friction number, after 
the same time period the T.H. 94 section improved to a point of having only a slightly lower 
friction number than the conventional mix. This difference in friction number improvement 
may be attributable to the higher volume of traffic on T.H. 94. 

The final set of friction data taken only on the existing section on T.H. 94 found the rub­
ber-modified driving lane to have slightly better friction numbers than the conventional 
driving lane. However, the conventional mixture passing lane yielded slightly higher num­
bers than the rubber-modified passing lane. The data from the skid testing is shown Table 
10. 
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RUBBER MODIFIED ASPHALT MIXTURE 

LOCATION T.H. 61 FOREST LAKE T.H. 94 COLLEGEVILLE 

Date 
Driving Lane ~ing Lane Driving Lane Passing Lane 

·Hi Low Avg Hi Low Avg Hi Low Avg Hi Low Avg 

10/84 25.0 17.3 21.1 28.7 22.8 26.3 28.0 20.3 23.3 29.9 25.1 27.9 

11/84 29.3 17.0 23.2 26.2 32.1 28.6 38.5 22.9 32.1 41.5 32.2 37.3 
10/89 41.6 34.2 37.9 54.1 52.6 53.3 

CONVENTIONAL ASPHALT MIXTURE- CONTROL SECTIONS 
10/ 84 39.5 34.3 37.1 
11/84 34.6 30.9 32.8~ 29.3 33.2 41.7 38.2 40.1 
10/89 38.6 30.3 33.9 57.0 55.5 56.1 

TABLE 10 Friction Test Results 

B. Surface Roughness 

The Mays Meter was utilized to obtain serviceability ratings of the surface roughness on 
both projects. The tes~s were conducted only in the driving lane. An adjacent section of con­
ventional mixture was measured as well as the rubber modified asphalt mixture. Due to the 
removal of the section on T.H. 61, a full set of data is available only for the T.H. 94. 

The rubber modified asphalt mixture has a slightly lower serviceability rating (more 
rough) on both projects. However, because both projects are an overlay of existing pave­
ments, the ratings are affected by the smoothness of the surface covered. The T.H. 94 exist­
ing surface has been milled smooth prior to overlay, and is a better indicator of the difference 
in surface roughness. The results of the Mays Meter measurements (PSR) are given in Table 
11. 

T.H.61 T.H.94 
Plus Ride Conventional Plus Ride Conventional 

1984 3.1 3.5 3.8 4.0 
1985 3.3 3.5 3.7 3.7 
1988 - - 3.4 3.5 

TABLE 11 Roughness Measurements 

C. Deflection Tests 

Deflection measurements were taken before and after the Plus Ride overlays were placed. 
The Model 8000 Dynatest Falling Weight Deflectometer (FWD) was used to gather this infor­
mation. The deflection at the center of the load was compared on both the rubber modified 
mixture and the conventional mixture. The applied load was between 9,000 and 10,000 
pounds. 
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The measurements indicated little difference between the before and after overlay deflec­
tions. There was also no significant difference between the deflection on the rubber modified 
mixture and the conventional mixture. These similar deflection results in both cases are not 
surprising when one considers the type of construction on the projects. The projects were 
overlay type construction, therefore the majority of the pavement structure was left intact 
and only a relatively thin lift of material was added. Also, the thickness of the Plus Ride layer 

was relatively small when comp.ared to the overall thickness of the pavements. 

D. Tire Noise Tests 

The Noise Unit of Mn/ DOT conducted test on the amount of tire noise generated from 
the rubber modified asphalt mixture surface versus the conventional asphalt mixture surface 
on both projects. Both surfaces were approximately one month old at the time of the first test­
ing. Annual testing was performed each year from 1984 through 1988. The results from this 

testing indicate that there is no significant difference in terms of tire noise between the two 

test sections. 

E. Crack Survey 

The number and location of existing cracks were recorded in both the conventional and 
rubber modified asphalt mixture test sections prior to the new overlay. The initial crack sur­
veys for both test areas were taken in January of 1985. Due to the ravelling and subsequent 
milling and replacement of the materials placed on T.H. 6l.project no further cracksurveys 

were taken (see G. Condition Survey). Cracks were monitored in the T.H. 94 project 
throughout the study. The results are shown below in Table 12. 

Original Jan. 85 May 85 Oct. 86 Aug. 87 Jan. 89 
Number of 
Transverse No. % No. % No. % No. % No. % 

Cracks Orig Orig Orig Orig Orig 
T.H. 61 
Conv. 35.5 13.3 37 - - - -

Plus Ride 28.0 13.0 46 - - - -
T.H.94 

Conv. 19.3 9.3 48 16.8 87 17.3 90 17.3 90 18.3 95 

Plus Ride 12.5 5.0 42 10.0 83 10.0 83 10.0 83 10.0 83 

TABLE 12 Transverse Crack Reflectance 

On the T.H. 61 project the sections were performing equally poor. Unfortunately, due to 
the limited data, it is hard to draw any conclusions from this project. 
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On the T.H. 94 project over 80% of the cracks reflected after only one winter. Therefore, 
in terms of limiting reflective cracking, both sections performed unsatisfactorily. The slight 
but continued increase in cracking on the conventional surface is probably attributable to the 
poorer condition of the original pavement in that area. 

F. De-Icing Observations 

Observations by the maintenance personnel in charge of snow and ice control for the Plus 
Ride sections revealed no significant de-icing benefits. The Plus Ride surface is darker in 
color than the conventional material and may absorb heat quicker during partly cloudy or 
clear sky conditions. Any de-icing benefits noted were attributed to this factor. 

The rubber modified mix was p~rported to be less rigid and thus flex under traffic. This 
flexing would, in turn, remove ice build up. It should be noted that FWD deflection measure­
ments did not indicate a notable difference between the Plus Ride and conventional sections. 

G. Condition Survey 

As was previously mentioned, the rubber-modified section on T.H. 61 in Forest Lake 
ravelled extensively and was subsequently removed one year after construction. It is felt that 
the ravelling was. caused primarily by the poor weather during construction and was further 
aggravated by the characteristics of the rubber-modified mix. The ravelling is shown in 
figures 11 and 12. 

The T.H. 94 test section at Collegeville is performing satisfactorily. The rubber modified 
material's surface texture is more open than the control due to the loss of some of the rubber 
particles. This loss of rubber gives the surface a rough ravelled appearance, however the rub­
ber modified material is stable and generally intact. Rut measurements obtained with a South 
Dakota road profiler showed no significant difference in the amount of rutting between the 
majority of the test and control sections. A portion of the rubber-modified section which was 

shaded by an overpass did exhibit less rutting than other areas on the project. 
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FIGURE 10 RA VELUN G OF PLUS RIDE MIXTIJRE, T.H. 61 

FIGURE 11 RA YELLING OF PLUS RIDE MIXTURE, T.H. 61 
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V. COST 

The cost of rubber modified mixture was higher on the T.H. 61 project as compared to 
the cost on the T.H. 94 project. Some of the possible reasons for the difference in cost include 

the following: 

1. Dollar amount of the contract. 
2. T.H. 94 being a rural project and T.H. 61 being an urban project. 
3. Haul distance from the asphalt plant to the jobsite. 
4. Unfamiliarity with the experimental mixture. 
5. Small quantity of experimental mixture in comparison to the quantity of convention­

al mixture. 

Table 13 lists the cost of the rubber modified asphalt mixture on each project and some 

variables that affect the cost on each project. 

Project T.H. 61 Forest Lake T.H. 94 Collegeville 

Total Contract Amount $635,544.30 $1,972,898.51 

Approx. Haul Distance 24 miles 2 miles 

Bid Price/ Ton 
Rubber Modified Mixture $38.60 $26.00 

Bid Price/ Ton 
Conventional Mixture $14.50 $6.30 

Bid Price/ Ton 

Asphalt Cement $175.00 $195.00 

Total Cost/ Ton 
Rubber Modified Mix * $52.60 $41.60 

Total Cost/ Ton 
Conventional Mix ** $25.18 $19.95 

Additional Cost/ Ton 
Rubber Modified Mix $27.42 $21.65 

*Based on 8% asphalt content 

**Based on 6.1% and 7.0%, respectively 

TABLE 13 Cost Data 
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VI. SUMMARY OF FINDINGS 

The data collected to date provide the following findings: 

1. The mix design procedures have not been developed to the point where optimum 
percent asphalt cement can be determined. Adjustment to the percent asphalt cement 

was necessary on both projects based on field observations. 

2. The rubber modified mixture is more susceptible than conventional mixtures to com­
paction problems when adverse weather or equipment problems occur. However 
with adequate equipment and favorable weather conditions, the rubber modified as­
phalt mixture placement is similar to the conventional mixture placement. 

3. Both the rubber modified and conventional sections exhibit acceptable friction num­
bers. In comparison, the rubber modified mixture has slightly lower friction numbers 
than the conventional mixture used on these projects. 

4. The rubber modified mixture is slightly rougher when compared to the convention­

al mixture based on ride meter (Mays) measurements. 

5. Deflection data indicate that the amount of surface deflection in the rubber modified 
asphalt wearing course is not significantly different than the conventional wearing 
mixture when tested with the Falling Weight Deflectometer. 

6. There is no significant difference in tire noise level on the surface of conventional and 
rubber modified mixtures. 

7. The rubber modified mixture does not eliminate or significantly retard transverse 
reflective cracks. 

8. No significant de-icing benefits have been observed on the rubber modified test sec­
tion. 

9. One test section ravelled severely and was removed. The second test section, al­
though its surface is somewhat more ragged than the control mixture, is performing 
equal to the control mixture. 
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VII. CONCLUSIONS AND RECOMMENDATIONS 

A. The rubber modified material tested was over twice the cost per ton of conventional mix­
ture, exhibited some construction difficulties and has not displayed any significant 

benefits to the pavement. Under these considerations, construction of further sections is 

not recommended. 

B. When constructed properly, the rubber modified material can perform equally as well as 

a conventional material. If considered only as a means of utilizing waste tires, further 

construction and investigation may be warranted. Present economic and waste tire abate­

ment circumstances do not deem further construction with this patented product neces­

sary. At this time, continued observation of the in place test section and comparison to 
the costs involved should be sufficient. 

C. If further sections of the rubber modified material are constructed the following should 

be included in the special provisions to address some of the construction difficulties: 

1. Three 8-10 ton steel rollers should be required on a project when placing the rubber 

modified asphalt mixture. 

2. The rubber modified asphalt mixture utilizing five-eighths inch (5/ 8") maximum 

size aggregate should have a minimum compacted thickness of one and one-half in­

ches (1 1/ 2"). 
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APPENDIX 
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PLUSRIDE™ ASPHALT MIX DESIGN PROCEDURE 

GENERAL 

PlusRide TM asphalt is a resilient/ elastic mixture. The conventional properties of stability 
and flow DO NOT APPLY for the mix design. THE OBJECTIVE of the design is to determine 
the gradation of aggregates, asphalt and rubber that yields a mix having: 

1) A LOW VOID CONTENT in the compacted mix. The voids should be in the range of 
2-4%, with 3% being the normal design content. 

2) A RICH ASPHALT /FILLER RATIO. Asphalt and filler are used to fill voids. The MIX 
MUST HAVE a rich asphalt content to insure a workable mixture and durable pave­
ment. 

3) A high coarse aggregate content, gap graded to provide space for the rubber granules 
in the compacted mixture, to form a dense, durable and stable mixture. 

PREPARATION OF TEST SPECIMENS 

Aggregates-Determine stockpile gradation and select a grading well within the grada­
tion specification band. Adjust the gap grading in the following range: 

Passing 1 I 4" sieve retained No. 10 sieve- 12% maximum or less or 

Passing No.4 sieve retained No. 10 sieve -10% maximum or less 

Asphalt-(Range of 7.5% to 9.0%/Wt. of total mix) Select the paving grade asphalt 
generally used in the project area. A guide for selecting the trial contents is the rule of thumb 
that PlusRide ™ asphalt requires at least 1 1/2% to 2% more asphalt than a conventional mix­
ture os similar size and type aggregates. 

Rubber-(3%/Wt. of total mix) Obtain a sample of rubber granules from the approved 
rubber supplier for the project. Obtain the average rubber gradation from the supplier 
and/or perform a sieve analysis on a representative amount of the rubber (i.e. 60 pound bag 
full). 

Because of segregation and often times, production by a combination of granulated 
whole tires and tire buffings, small samples for mix design purposes are provided in coarse 
and fine components. Sieve each component for recombining to match the rubber supplier's 
gradation. 
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PREPARATION OF MIXTURES 

* 

* 

* 

Combine the aggregate fractions for the selected gradation and quantity desired. As an 
example, the weight of aggregate for a 1200 gram specimen is calculated as follows: 

SAMPLE WT. 
8% AC/Wt. of Mix 
3% Rubber/Wt. of Mix 
AGGREGATE WT. + 
Mineral Filler (if REQ'D) 

Heat the aggregates and asphalt in a 320°F. oven. 

1200 GRAMS 
-96 GRAMS 
-36 GRAMS 

1068 GRAMS 

Combine the rubber fractions to match the rubber supplier's gradation and a weight 
equal to 3% of the specimen weight (i.e. 36 grams for a 1200 gram specimen). 

Place the heated aggregates and rubber granules in the mixing bowl and dry mix for 15 
seconds. Add the desired amount of asphalt and wet mix for the standard mixing time. 
Put the mixture in a pan or suitable container and place in the oven. Raise the tempera­
ture to 320°F. and hold·for 1 hour. 

Note: Because a rich asphalt/filler (minus 200 mesh) ratio is an important objective of 
the mix design, it is suggested to begin the design by making three or more specimens 
with various ratios. An example is three specimens with an asphalt/filler content of 
7.5/11.0, 8.0/10.0 and 8.5/9.0. The specimens can then be examined to determine the best 
ratio. 

PREPARATION OF MOLD AND HAMMER 

* 

* 

Use clean specimen mold assemblies and compaction hammer. Grease the interior of the 
molds with a high temperature grease such as Dow Corning high vacuum grease. Place 
the molds and base plates in the 320°F. oven. Heat the hammer face on a hot plate to a 
temperature of 300°-320°F. 

Filter papers stick to the specimens and should not be used, unless some method is avail­
able for removal, such as a knife and high temperature flame. Alternatives to filter paper 
are release paper or a greased manila paper. The specimens can be made without paper, 
and if so, the base plates and hammer face should also be greased. 
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COMPACTION OF SPECIMENS 

* 

* 

* 

Marshall Compaction Assembly-Remove the 1200 gram batch from the oven (after 1 
hour) and compact immediately. Apply 50 blows each side with a Marshall hammer as­
sembly. 

Kneading Compactor Assembly-Remove the 1200 gram batch from the oven (after 1 
hour) and place the mix in the pre-heated molds. Using a compaction pressure of 250 
psi, immediately apply 20 blows with the spacer and 150 blows without the spacer. Fol­
lowing compaction, place the specimen and mold in the press and level off with a 1,000 
psi load. 

To prevent expansion of the compacted specimen, immediately remove the base plate 
and set it over a 3 7 /8" diameter x 1" thick wood plug. Place another wood plug on top 

of the specimen and weight with at least five pounds (a stack of three old briquettes is 
sufficient). 

Allow the weighted specimens to cool to 120°-140°F. and remove from the molds. If they 
are allowed to sit in the molds overnight or longer, ease of removal can be increased by 
first putting them in a 320°F. oven for five minutes. 

DETERMINATION OF VOID CONTENT 

* 

* 

The theoretical maximum specific gravity may be determined by several methods; the 
Rice method being the most common. If the theoretical maximum specific gravity is cal­
culated, use a value of 1.19 for the specific gravity of the rubber. 

After the specimens have cooled to room temperature, determine the bulk specific 
gravity and calculate the percent air voids. If the percent of air voids is too high, increase 
the amount of asphalt and filler and I or adjust the aggregate gradation and prepare 
another set of trial mixtures. Once a satisfactory air void content has been attained, it is 
often helpful to saw the specimens in half for examination to aid verification and selec­
tion of the job mix asphalt content. 
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FIELD TESTING 

* On large projects, construction of a test section two days in advance of paving is recom­
mended. The proper compaction equipment and rolling pattern can then be determined. 
If a nuclear densometer is used for compaction control, pavement cores at the same loca­
tion should be taken to verify the nuclear densometer readings. The core can be sawn in 
half for visual observation. 

The test section also provides and opportunity to obtain aggregate and I or mixture 
samples for verification of specification plant production. Asphalt extraction can be ac­
complished with standard methods, however, the time required is usually lengthened. 
When an aggregate sieve analysis is made of the extracted mixture, it is not necessary to 
remove the rubber, because the small percent of rubber content does not significantly 
change the results. If extraction of the rubber is desired, use a solution with a heavy 
specific gravity to facilitate separation and flotation of the rubber to the surface where it 
can be removed with a fine mesh sieve. However, a loss of 0.3 to 0.5% is normal. It is best 
to verify the proper rubber percentage at the cold feed. 

RNL:7 /14/83 

This information is protected by Patents and Patents Pending. 

@ 1983 by All Seasons Surfacing Corporation 

(206) 454-3830 

Revised 12-31-83 
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Minnesota Department of Transportation 
Supplemental Specification For 

0341 (Rubber Modified) Plant Mixed Bituminous Surface 

0341.1 Description 

April 16, 1984 

This work shall consist of furnishing and placing a rubber modified asphalt concrete 
wearing course in accordance to Mn/DOT Specification 2341 except as modified herein. The 
Contractor is hereby advised that the following specification is based on a patented process 
for Plus Ride 12 licensed by: 

All Seasons Surfacing Corporation 
2231 -116th Avenue N.E. Suite 2 
Bellevue, Washington 98004-3015 

(206) 454-3830 

0341.2 Job-Mix Formula 

The Contractor shall submit in writing this proposed job-mix formula and representative 
samples to the Engineer no less than twenty-one (21) days before production of the rubber 
modified bituminous mixture begins. The job-mix formula shall have a percent of air voids 
within the range of three percent plus or minus one percent (3 ± 1/2%). 

The Contractor shall submit an aggregate sample (300 pounds), a one (1) gallon sample 
of the proposed asphalt cement, ten (10) pounds of the granulated rubber meeting the 
specified requirements and 25 pounds of mineral filler to the Department Bituminous En­
gineer. All samples must be of those materials to be used in production of the·mixture. 

The final job-mix formula will be established by the Engineer, based upon the samples 
submitted and laboratory design procedures. 

Should a change in the source of materials be necessary, a new job-mix formula will be 
established in the same manner as described above. 

The job-mix formula shall be established by specifying: 

1. The percentage of aggregate passing each specified sieve, based on the dry weight of 
the aggregate. 

2. The percentage of bituminous material to be added, based on the total weight of the 
mixture. 
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3. The granulated rubber percentage shall be three percent (3%), based on the total 
weight of the mixture. 

Once established, all mixture furnished for the project shall conform to the approved job­
mix formula within the following tolerance (plus or minus). 

Aggregate Gradation 

0341.3 Materials 

Sieve Size 

No. 4 and larger sieves 
No. 10 and No. 30 
No. 200 
Gap Grading Percent 
Rubber Percent 
Asphalt Cement Percent 

A. Granulated Rubber 

Tolerance 
Percent Passing 

6 
4 
2 

4 

0.15 
0.3 

The granulated rubber shall be ground only from whole passenger or truck tires. Heavy 
equipment tires shall not be used. It shall be cubical or thread-shaped and individual rub­
ber particles, irrespective of diameter, shall not be greater in length than 5/16 inch. 

The granulated rubber shall conform to the following gradation: 

Sieve Size 

1/4" 
No.4 
No.IO 
No. 20 

Percent 
Passing by Weight 

100 
76-100 

28-42 
16-24 

The rubber granulator (Processor) shall furnish a written certification of compliance with 
the foregoing specifications. In addition, samples of the rubber will be taken in the field at 
the rate of one sample for each delivery or one sample for each twenty (20) tons of rubber, 
whichever is greater. A dry sieve analysis shall be performed to ensure that the rubber 
granules meet gradation requirements prior to the production of the asphalt mixture. 
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B. Aggregate 

Aggregates shall be in accordance with Mn/DOT Specification for Graded Aggregate for 
Bituminous Mixtures No. 3139 except 3139.2 B Gradation shall be modified as follows: 

Sieve Size Percent Passing 

5/8" 100 

3/8" 60-80 
No.4 30-40 

No. 10 20-32 
No. 30 13-25 
No. 200 8~12 

The aggregate shall be gap graded so that no more than 10% of the total sample that is 
passing the number four (4) sieve shall be retained on the number ten (10) sieve. Passing No. 
4 sieve and retained No. 10 sieve-10% maximum). 

C. Mineral Filler 

The addition of mineral filler may be needed to meet the aggregate requirement for per­
cent passing the 200 sieve. No direct compensation will be made for the addition of mineral 
filler to the mixture. 

D. Bituminous Material 

The asphalt content shall be within the range of 7.5 to 9.0 percent by total weight of the 
mixture. The actual asphalt content within the specified range shall be determined by the En­
gineer. 

0341.4 Construction Requirements 

A. Bituminous Mixing Plants 

1. Requirements for Batch Plants: 

The amount of granulated rubber shall be determined by weighing on springless 
dial scales, or by a method which uniformly feeds the mixer within the specified 

tolerance and approved by the Engineer. 

Bags of granulated rubber may be used for proportioning provided the batch size 
is adjusted to use whole bags of rubber. No partial bags will be allowed. 
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2. Requirements for Drum Mixing Plants: 

Granulated rubber introduced into the mixer shall be drawn from storage bins 
by a continuous mechanical feeder which will uniformly feed the mixer within 
the specified tolerances. 

The continuous feed system shall have a ready means of accurately calibrating 
the system. 

Satisfactory means shall be provided to have a positive interlocking control be­
tween the flow of the granulated rubber and aggregate. 

The plant shall be equipped with a heat shield or other means to prevent the open 
flame from coming in contact with the granulated rubber. 

B. Mixing 

The Contractor shall prepare a work plan describing his planned procedures for mixing 
and placing the mixture. The plans shall include such details as the method of introducing 
rubber granules into the mixture, mixing times, temperatures and equipment. No mixing of 
the material will be allowed until the Engineer has approved the work plan in writing. 

Standard mixing procedures shall apply except that for batch plants the aggregate and 
granulated rubber shall be combined and mixed thoroughly for 15 seconds minimum, prior 
to introducing the bituminous material. The mixture of bituminous material, aggregate and 
rubber granulate shall be mixed for an additional 25 seconds minimum or until a uniform 
distribution of all materials and thorough coating of the aggregate and rubber granulate par­
ticles with bituminous material is achieved. 

The completed mixture shall conform to the job-mix formula within the allowable grada­
tion tolerances. If the aggregate gradation is within the tolerance limits, but out of the 
specification limits shown for a particular sieve on two (2) consecutive samples, a plant 
and/ or aggregate adjustment must be made to bring the gradation within the specified 
limits. 

The temperature of mixing shall be as follows: 

Bituminous Material 
Aggregate 

350°F. Maximum 
325°F. to 375°F. 

The temperature of the mixture at discharge shall be between 325° F. and 360° F. for batch 
plants and 275° F. to 325° F. for drum mixer plants. 
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C. Treatment of the Surface 

Cl Tack Coat 

The tack coat shall be applied at a uniform rate of 0.06 to 0.08 gallons per square yard of 
residual asphalt. The tack coat will be done in accordance with the provisions of 2357. 

D. Hauling, Spreading and Finishing 

The truck for hauling bituminous mixtures shall be equipped with a cover of canvas or 
other suitable material to prevent rapid cooling of the mixture. The mixture shall be covered 
when directed by the Engineer. 

The mixture shall be placed at a temperature of not less than 300°F. when produced in a 
batch plant and not less than 270°F. when produced in a drum mixer as measured in the un­
compacted mat directly behind the paving machine. 

The mixture shall not be placed on any wet surface or when the pavement temperature 
is less than 45°F. 

E. Compacting Operations 

Compaction shall be obtained by the Control Strip method. 

Breakdown compaction shall be accomplished using a 10-12 ton vibrating or static steel 
roller. 

The proper rolling procedure shall be established with the control strip to determine the 
equipment and number of coverages necessary to obtain a target density of 95 to 98% of max­
imum theoretical density. 

0341.5 Method of Measurement 

The rubber modified bituminous mixture will be measured by weight, with no deduc­
tions being made for the bituminous materials incorporated therein. 
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