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INTROlDIJCTION 

This report is a compilatiom of completed and soon to be completed asphalt ru1)ber studiies undertaken by 
the Minnesota Department of Transportation (MN/I)OT). The goals of each stuldy vary with the manner in 
which the asphalt-rubber was utilized. Aslphalt-rubber has lbeen uti1i;ced in hopes of liimiting reflective 
cracking by means of a stress absorbing membrane or a stress absorbing mc:iunlt~rane interlayer. Ursing as- 
phalt-rubber in a dense graded bituminous mixture was also attempted with cthe intent lo limit reflective 
cracking while also resisting stripping due to greater film thickness on the aggregate and greater impex- 
meability to water. The Plus-Ride(TM) system of nising granular rubber and ;a gap graded aggregate in a 
plant-mixed bituminous surface was employed in hopes of creating a $,elf-dlexcing pavement. Thc results 
from these test projects vary from site to site but ovcxall the Departmenl remaim cautiously optimistic that 
asphalt-rubber can be an effective tool in pavemenl iniaintenance and reconstinction. 

STRESS AIBSORBNING MEMBRANES 

A stress absorbing membrane (SAM) is a chip sealcoat consisting of (an asplralt rubber tack coat with a 
cover aggregate. The asphalt rubber is said to provide better aggregate retention while flexing with the 
stresses from the underlying pavement and thus limit cracking. Two s i ~ ~ l h  projects have been constructed 
in Minnesota, one on T.H. 163 near the city of Roche:;te:r and a second om Xemcs Avenue in the city of Min- 
neapolis. 

S A M  Project One- TH 63  near Rochester. 

This SAM test section was constructed in the spring of 19’79 as part of a project to evaluate a number of 
ideas to limit reflective cracks. Other types of construction included wrre asphalt-rubber stress absorbing 
membrane interlayers, full coverage paving fabric, carbon black asphalt atidikivc:,, sulfur-extended asphalt, 
and three different penetraition grades of asphalt cement (85/100, 120/150, 200/.300). A final report on this 
project is available (1). 

The inplace structure was a 25 year old, 3 inch thick plant mixed bituminous surface which was badly 
cracked throughout. The base consisted of 6 inche:., af crushed rock on 12 inrclhes of select granular; the 
soil in the area is sand to plastic sandy-loam. Traffic at the time of coii~struction was 8000 ADT. 

The typical or ‘‘control’’ treatment for this area was a 1 inch MN/DOT 5,pecificaition 23331 Icvelling course 
followed by a plant-mixed 3/4 inch 2361 spec. (high type, 100% crushed, 3/8” minus) wearing surface. 
The 1 inch levelling was idso applied prior to the application of the , S A M .  Tibe asphalt-rubber for this 
project, formulated by Sahuaro Inc. of Phoenix, Arilzona, consisted of ’75% 1120/150 pen asphalt amd 25% 
crumb rubber plus extendex oil. The asphalt-rubber w a  applied at a the specified rate of 0-55 gail/sq yd. 
The aggregate employed was a single size U/2” miinus crushed New Ulnn quartzite chipi. (MN/DOT spec 
3127, FA-4; see appendix for gradation). The aggre,g;ate was pre-coated with 0.5% by weight 120/150 pen 
AC and spread at a rate of 42 lbs/sq yd. 

Evaluation of these sections consisted priitrrarily of friction measurements and uack  counts. MN/DOT util- 
izes the Locked-wheel Pavement Friction Test (ASI’IM E-274) at 40 niph to dctermine friction numbers. 
Both the control and the SAM section exhibited acceptable friction nurnbcrs throughout the seven year 
evaluation period, with the control section yielding slightly lhiglier results. ]Boil h sectionis rhowed similar 
amounts of cracking. “The Asphalt-Rubber seal coat. is performing effectivc:lly as a wearing cour,se when 
compared to the adjacent ;!361 wearing course”(1). At this time the SAM[ i:; ]providing a somewhiit better 
surface than the standard wear mixture. 



Unit cost for the two trealments, based 011 2978 piices with asphalt costing Sh5.00 per tan, were as fol- 
lows: 

1. Stress Absorbing Membrane $1.48 pr,r saltlitre yard 

2. Control (3/4” 236I *) $0.94 per :Iqlliire yard 

Minimum thickness of 2361 wear course has siiice been change to 1 inch. * 

SAM Project Two- Xerxes Avenue in Minneapolis 

This project was undertaken by Hennepin County in September of 1985 with some directilon and input from 
MN/DOT personnel. This roadway is an urban section with curb and giiitter which had a non-uniform sur- 
face due to cracking and patching. A section using Fitandlard Minnesota seal coat methods was constructed 
as part of this project. The: standard seal coat consisted of a coat of CRS-2 cicnulsion applied at a rate of 
0.26 gal/sq yd covered with a 1/2” minus single sized crushed granite covc:ir aggregate (MN/DOT spec 
3127, FA-3 see appendix for gradation) spread at 0.25 lbs/ sq ycl. 

Crafco International Surfacing Inc. of Chandler, Aiiizona was the asph,alt-rubber supplier with the Coun- 
ty providing all other equipment, manpower and mate:rials. This project was paut of a circuit of a number 
of states in which Crafco intended to construct pilot projects. In h i s  rell;ard, Rheire was a set time frame for 
their forces to set up, construct the section and move on. Unfortunatelly this limited time Iframe included 
several rainy days which led to using aggregate with a high peircentage of rmoisture. Two sections using 
the asphalt rubber binder and the same aggregate as, the emulsion sealcsat were constructed. The asphalt- 
rubber binder was applied at a rate of 0.55 gal/sq 3rd and the chips at 42.5 I ldsq yd on the first section. 
The second section included asphalt rubber at a ratc.: of 0.40 gal/sq yti ,amtl chiipe at a rate of 31 lba/sq yd. 

Both asphalt-rubber sections suffered extensive loss of aggregate. Too much rock dust 011 the chips and 
too high moisture content have been Ideniified as the likely causes for the faillure. The CIRS-2 emulsion 
section performed satisfact orily. Lock-wheeled friclion tests were run ;at 30 mph one month after construc- 
tion. All sections yielded acceptable friction number results with (he n:mulsiom sections being somewhat 
higher. The surfaces were evaluated using the procedure in NCHINP 10-9 “BBiluminous Pavement Seal Coat 
Programming Procedures and Guidelines, Surface Condition Rating Syslein.” (6)) The ratings, reflect a slight 
rating increase in the surface characteristics for the emulsion sealed aireis andl also denote the fadlure of 
the asphalt-rubber sections. The unit cost ffor the as,phalt-rubber for this 1proj~:ct was $2.31/ gal; other unit 
costs were not readily available since all other materials and equipimenl were supplied1 in-house by the 
County. 

SUMMARY, STRESS ABSORBING MEMBRANE!5 

Of the two projects constructed, one can bie considered a success, the otlher a failure. The difference be- 
tween failure and success appears to have been the aggregate. A iresiliienit surface: comparable to a hot-mix 
wear course was the result when a precoated chip was used. If the wet aggregate used on the Xerxes Avenue 
project had been precoated the degradatiom which occ:urred may have been avoided. The cost for sprecoat- 
ing, 1978 prices, was $0.01 per square yardl. 

This information seems to lead to a strong argument for precoating chips for stress absoxbing membranes. 
It should also be recalled that the weather coupled with the limited time frame allowed for construction 
led to the use of the questionable aggregate. These: types of problems escalade. the gene:ral uneasiness of 
specifying construction methods which can be furnilshed only by suppliiexs frcm outside of the state. 

It appears that, when properly placed, there is a niche foir stress absorbing membranes somewhere lbetween 
a hot-mix overlay and an emulsion chip seal. While: used in limited amounts on rural roaids by the Depart- 
ment of Transportation, emulsion seals are lprevalenit at the mnnicipal avid connnty level. Many of these seal 



coats are being placed on sections where traffic iinay require ;a morc resiliir.:~xt surface: such as the one 
demonstrated on T.H. 63 near Rochester. 

STRESS ABSORIBING MIEMBRAHE INXEI%ILAKIEI%S 

A stress absorbing membrane interlayer (S.AM1) is a stress absorbing membr;ixiie which is overlayed with 
bituminous. The intent is lo reduce reflective cracking by cushioning or dissipating the stiresses lrom the 
underlying pavement before they are transferred to the new overlay. .A dotal of eight interlayer test sec- 
tions on three projects have been placed over bituminous and Portland ce:ment concrete and coveired with 
a variety of overlay schemes. While none: of the slecticnns eliminated reflective cracking, most have ex- 
hibited a reduction in cracking vs. control sections placed on the same project. 

SAM1 Project One- T.H. 63 near Rochester 

As was previously mentioned this project was constructed in hopes of evaluating several reflective crack 
reduction strategies. A more complete discussion OF the project and inplace: structure can lbe fountd under 
SAM-Project One. 

The same formula of asphailt-rubber used on the SAM section of this pmject V V B S  employed on the SAMIs. 
The cross-sections constructed are showri below. 

Figure 1. T.H. 63 Test Sections 

Application rates for the SAM1 materials were; 0.55 gd/!iq yd of issphdt--rubt)ak and 44 1Wsq yd of crushed 
limestone. (MN/DOT spec 3127, FA-3) The: interlayer appeared to be quite tendler during construcl.ion and 
some damage was caused by the paver as the wearing course was placed. 

The amount of cracking 011 the test sections was documented duiring the study. The study found tlhat “the 
asphalt-rubber interlayer’!; (SAMI’s) were somewhat effective in reducing uelflective cracking. The test 
section with one and one-half inch wearing course over the S A M 1  was scrmewhat more effective than the 
test section with three-quarters inch wearing surface.’’ (1) 

The costs for the project were as follows; 

1. Interlayer with 3/4” 2331 wear course 

2. Interlayer with 1.5” 2361 wear coiixse 

3. Control, 3/4” 2361 wear course 

4. Control, 1.5” 2331 wear course 

$ 2.30 per square yard 

$ 2.22’ p:r square yard 

$ 0.941 per square yard 

$ 0.86 p:r square yard 
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SAMI Project Two-T.H. 10 from Hawlcy to Detroit Lakes 

This project contained several strategies flor reflective crack reduction in bituminous overlays on Portland 
cement concrete (BCC). Along with the SPJUI, sectiions entailing sawing relacf joints into the 39’4’” panels, 
full coverage fabric and slrip fabric placeld on the j0int.c were tested. 7Yhc existing 8 inch thick PCC pave- 
ment was 22 years old andl exhibiting seve:re “D’ cracking. The lypicall o.crerllny cross -section, constructed 
in 1980, is shown below. 

The stress absorbing membrane interlayer was placed at three dCffererit depths in the overlay: directly on 
the inplace concrete, on the first inch of the bituminous overlay and after the first three inches of hot mix 
had been placed. In all cases the SAMI consisted1 of an application of 0.60 gaX/sq yd asphalt-rubber and 
20-35 lbs/sq yd crushed rock. Two minor probleniis were experienced during construction The first en- 
tailed the loss of aggregate from the con!iIrgction traffic and pickup of the asphalt-rubber. ‘This was easi- 
ly dealt with by spreading small amounts (of hot mix on the effected arcas. T a m  heavy of an application of 
asphalt rubber in a limited area (175 f t  in length) created the second prciblern. When the overlay wals placed 
on this area instability developed. The ovtxlay and SAM1 was iremovcd from this area and replaced, ex- 
cluding the SAMI. Careful application of the asphalt-rubber alleviated this problem. 

The evaluation of this project consisted of monitoring the amount of transverse cracks. The number of 
cracks per mile was assessed with partial (U4, 1/2, :3/4, etc.) combined I.0 provide a single unit of measure; 
full-width transverse cracks. 

TYPFS OF CO NSTRl JCTION 

SAMI over 1” bituminous overlay 

SAM1 over existing PCC 

5 saw cuts/panel 

Control section-No saw cuts 

SAMI over 3” of bituminous 

Petrornat over 3” of bituminous cPver1,ay 

Control section-2 saw cutdpanel 132 

133 

171 

Petromat over 1” of bituminous over1,ay 

Strip fabric over existing PCC pavement - - - . 1 _ 1 .  

CRACK COUNT DATA, 11984 (Fci~ur years afteir comltruiction) 
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Costs for this project were as follows: 

Sawing concrete pavement, 5 cuts per- panel $14,'VYi1.62 /mile 

Sawing concrete pavement, 2 cuts per panel $ 5,909.40 /rude 

Full width Petromat with AC tack $13,65'7'.60 /mile 

Asphalt-rubber S A M ] [  $21,81'1'.48 /mile 

SAM1 Project Three - T.H. 19 from T.H. 168 to Retllwood Falls 

This project was constructed in 1983 as a follow up on the two previous projects. The cross-sections for 
the various test sections are shown below,. 

Test Section 1 Test $iec:tion 2 

I S l f l l  MI CONCFIETEITIGHl BLlDIN6 
;OINTICRRCK YifALMIT REfLACED 

Test: Ei8ee,lticon 4 

Figure! 3. T.H,, 19 Test  Sections 

Prior to the construction of the S M I ,  tlhc existing concrete pavement was cracked.. The asphalt-rubber 
was applied at a rate of .60 gal/sq yd; the crushed aggregate was spread a!; a rate of 25 to 30 lIbs/sq yd. The 
presence of reflective cracks was noted shortly aftax the binder course was placed on Test Section 2 (the 
thinnest section). 
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This project was monitored with the Mays Meter to ;issess the smoothness 01' the roadway. Results from 
these tests show no significant difference between Bhe sections constructed. Criick counts were also taken 
periodically. "The four inch asphalt concrete overlay (T.S. 1,3,4) had significantly less reflective crack- 
ing than did the three inch asphalt concrete overlay with an asphalt--rubber initerlayer. The: asphalt-rub- 
ber interlayer (T.S. 3,4) has not significantly reduced the amount of reflective cracking when compared to 
the test section with no aslphalt-rubber interlayer (T.S. I).'' (3) 

The cost per mile for the SAM1 inplace Wiis $24,7510. 

SUMMARY, STRESS ABSORBING MEMBRANE 1"IERLAYER.S 

A SAMI has been proven to be relativelly simple ito construct. Only aninor problems were experienced 
during construction and each was easily remedied. 

The Stress Absorbing Membrane Interlayers on these jobs did not elimiinaite rr:flective cracking. Om two of 
the three projects a reduction in cracking was apparent, with the third p j e c t  showing little or no benefit. 

A cost benefit analysis is difficult to make, since the payback of reducing cracking is not easily given a 
value. Due to the variability in techniques., a maintenance cost per hiead loot of crack is not available. 
Precise information of the severity of craclks in the SAM1 and non-SAM1 sedisns  is not available. Unless 
there were significant differences in severity, even though the amount of cr;nclking is reduced, a SAMI' s 
ability to extend an over1a:y's life span is arguable. 

DIE NSE G RA I)E I) A S  PH[A LT-RUB B E R C 01 IVC RETE 

One project employing asphalt rubber as tlhe binder in a dense graded inmix was constructed in 1984. Final 
analysis of this project is presently underway, only preliminary infoirmatioii~ ffrom this final analysis is 
presented. A construction report is availaib1,e. (4) 'The asphalt-rubber was supplied through a supplemen- 
tal agreement by Arizona Rdining Company of Phoenix, Arizona. The cross sections constructed arle shown 
be1 ow. 

.T - 
1,o' 
1.5' 
22' 
23' 

DENSE GRADED ASPHALl RUBBER SECT1 "JS 

FjI 
OVERLAY 

1 20iO' 

I ASPHIALT RUBBER \NEAR I CC>N\IENTIONAL WEAR 

AS P HIA LT R U B B E FI I3 I N D E R 
[-------I 

CXIlW\! E NT I ONA L B I N C) E R 

Figure 4. T.IH. 7 Test Sections 
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The asphalt-rubber used on this project conrsisted of 80% 120/150 pen aviphdt cement and 20% crumb rub- 
ber. No changes in the standard gradations (see appcndix) were made, hovrevtx a separate trial mix design 
for the asphalt-rubber binder was employd No special construction teclhniquies or equipment were needed 
beyond the asphalt-rubber blending unit. 

Complete results for this project are not yet available. A recent crack coiuint revealed no difference in  crack- 
ing between the A-R overlay section and the comventional overlay aieal. Within the areas of complete 
reconstruction, the section with both A-R wear and binder displays less cracking than the other sections 
on the project. 

SUMMARY, DENSE GRA.DED ASP€€AL,T-RUEiI3F3?. CONCWTTE 

For this test project, the average cost per ton for the A-IR courses was $50.58. POI the conventional material 
the average price per ton was $23.27. With these casts in mind aind the llinnited results achiwed, no future 
sections of dense graded A--R mix are plannied unless further evaluation!; reveal1 more specific benefits with 
direct applications (rut resistance, cost efffective stmpping reduction or cohesioxi enhancement, etc.). 

PLUS-R’IDE (TM) 

Two sections using the Plus-Ride system were constructed in 1084. Plas;-Ridle is created by removing a 
portion of the finer material in a regular dense graded aggregate and rc.plaeiing it  with ground scrap rub- 
ber. The mixture is employed as a plant-mixed bituminous wearing sur,face with the hop!; of enhancing 
skid resistance, deterring reflective cracking and creating a self tle--icing pavenrent. An interim/construc- 
tion report is available for this project (5); a final report is presently being prepared. 

PLUS-RIDE Project One-T.H. 61 near Forest Lake, Mn,. 

This section was paved un’der cold and wet conditions. The material smuibseqnrently ravelled shortly after 
placement and was removed. 

PLUS-RIDE Project Two-Interstate 94 near Collegr:ville, Mn. 

Construction difficulties were not experienaed on this project. However, docuxnented observation by main- 
tenance personnel have not revealed significant de-icing benefits. IPrdiminary investigations h,ave not 
revealed enhanced friction resistance or otlher attribiitcs; final evaluations are underway. 

SUMMARY. PLUS-RIDE 

The cost information for the two projects is as follows; 

Project One IF’roj t:c:l. Two 

Conventional 

Plus Ride 

S 25.18 !$ 19.95 

$ 52.60 !$ 41 .xi0 

To date, the Plus-]Ride pavement has not shown benjefits which offset the above: costs. 

REIPORT CONCLUSIONS: 

In general, these projects have shown some benefits iin terms of reducing cracking and proviiding a pave- 
ment equal to conventional methods. These benefits to the pavement have been ‘limited and difficult to as- 
sess. Therefore, implementing asphalt-rubbier technology at the given costs, wiith the possible exception 
of SAMs, without factoring in environmental concerns (see DISCUSSION) 11s not foreseeable. 
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S71\EsS ABSORI3ING MI-XBRANE- 

One of the projects constructed created a iresilient surface with good friction numbers at a 
reasonable cost when compared to a hot mix overlay. The second project experienced loss of ag- 
gregate probably due to the moisture content and/or the amount of  dust (9n the chips If madle readi- 
ly available and placed properly this material may prove cosl competitive for certain conditions. 

STRESS ABSOREiING MFMBFUNE INTERLAYER-- 

While relatively easy to construct, the studies have shown that B !$AM1 will not eliminate but can 
decrease the amount of cracking in a bituminous overlay. The benefit of decreasing cracking is 
difficult to assess; these benefits do, not appear to justify the c(xt:; iiacurred on the test projects. 

DENSE GRADED AR MIX- 

The asphalt-rubber and conventimal overlays experienced mi equal amount of cracking. When 
used in a completely reconstructed pavement, the section with asphalt rubber in the binder and 
wear courses exhibited less cracking than thie other sections on tlhe prqiect. Unless findings from 
further analysis yield significant results, t hi: 100% increase in price over Conventional mixtures 
does not appear to be justified 

PLUS-FUDE- 

When properly constructed, the Plus-.Ride system, while perfforrninig equally as well as the adjacent 
conventional material, has not shown beneficial characteristics eqlual to the increase in cost. 

DISCCfSSION 

Environmental Coinsideratiicnn~//Futlare of Asphr;ili-Riiibber 

To this point the presented information has lbeen lim,ite:d to the technical/paving aspects of asphalt rubbe:. 
Of course asphalt rubber utilizes a difficult to dispose of material; waste tires. Until recently this has been 
a benefit which also was difficult to assess. I[ncreasing concern about landfillling waste materials has created 
conditions where coordination for projects iincluding funds is being miidk: available. The relative effective- 
ness of this co-ordlination for asphalt-rublber can be described in termis of the fcillowing diagram, “Bridge 
to Implementing Asphalt-Rubber Products.” 

BRIDGE TO 1MPL.EHENTINlG 
ASPHAL T-RUBBE:R PROOUC‘TS 

Figure 5. Bridge to Iniplementing Asphalt-Rwlbber Products 

The “bridge” is presently dlivided into two fairly solid units at each age:ncy end with a limited amount of 
connection at the middle. The Pollution Control-W,aste Tire Management Ihi l  is very ffamiliar with the 



extent and location of the waste tires in Mirinesota as well as who in the state is presently processing these 
tires. Most of the ]processed tires are being used as tire derived fuel (a process with environmental implica- 
tions of its own), as light--weight fills in bw-volume-road swamlp crnwiings or shipped out of ljtate for 
processing. The Department of Transportation has a good understaniding of the ways asphalt rubber can be 
utilized and the benefits to1 the pavement. The high costs incurred on these projects presented were due in 
part to the crumb rubber being shipped i n  from out-of--state, the rela!bve s i x  and nature of the projects 
(small test sections) and the asphalt-rubbex producers mobilizatiion co,sts for such small quantities. 

Presently the Department of Transportation and the: Pollution Control--Wlaste Tire Management Unit are 
conducting preliminary discussions on Ithe feasibility of using asphalt-rubber a:; a means to improve pave- 
ment performance and assist the waste tire abaternent program. The axunorrnt of resources each agency is 
able to commit and relativle benefits to each agency must be determintd. Also the concern of earmarking 
money which will be used for a proprietary system must be addressed. Howevor, the gap in the “Bridge” 
which needs the most attention is between the tire processor and the: alphalt--~nbber producers. It is an un- 
deniable requirement that resources put towards W i M e  tire applicatiorins abate the tire dumps within the 
county or state which is funding the efforts,. Therefore, the link behvecn tire processors anti asphalt rub- 
ber producers must be established to utilize local waste tires. 

One use of waste tires which has elinninateldl this gap betweeen tire processor and application is the light 
weight fill. The Minnesota Department of Natural lllesources has experimented with whole tire mats and 
tire chunks as a material to replace corduroly logs in logging road c:mb;inlkments over swamp.  This tech- 
nology is spreading to other roadway projects. The PCA has embarked cm E L  study to develope design stand- 
ards and to ensure that there are no enviromental hazards from tllis concept. 

Employing waste tires as light weight fill is a simple and cost competivr; alpplication which may use a sig- 
nificant amounts of local tires. Asphalt-rab’ber technologies could alscb become: an implementable system 
once it is apparent that local waste tires cam be employed to improve pavement performance while also 
satisfying other tire abatement and highway agency’s concerns. 
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APPENDIX - MN/DQT S;PECXE’ICATIBM 3 127 
Fine Aggregaite for Bituminous Seal Coal. 

Total Percent Passing 

Sieve Size 

1 inch 
314 incli 
112 inch 
318 inch 
No. 4 
No. 8 
No. 16 

iao 100 
100 100 
iao 90-100 
85- lo0 40-70 
10-30 0- 31 5 
0-10 0-5 
0-5 .- 
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