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ABSTRACT 

Stone mastic (or matrix) asphalt (SMA) use in Europe (spl it mastic in 
Germany) and Japan, based on excellent fr ict ional properti es, plast ic 
deformation resistance, fatigue endurance and durabili ty, formed the basis 
for 1990 and 1991 tec hnology transfer demonstration trials. The thrust of 
thi s SMA work has been to incorporate internati onal experience using local 
aggregates , fi ll ers, engineered asphalt cements and fibres. SMA is a gap­
graded, dense, hot-mi x asphal t with a large proportion of coarse aggregate 
(pass ing 2 mm limited to about 20 percent, all crushed material) and a rich 
asphalt cement/fi ll er mast ic. The coarse aggregate fol·~s a high stabili ty 
structural matrix and t he engineered asphal t cement, f i ne aggregate, fi l ler 
and stabilizat ion additi ve (typically fi bre) form a mastic binding the 
structural matrix together . Pl ant and pl acement tri als of t wo preliminary 
SMA designs incorporating fly ash fi l ler and fibre ind icated no 
transportation, placement or compaction problems, but care must be taken to 
ensure proper mi xing of any fibre added. From this demon strat i on work, 
SMA-modified Marshall mix design procedures have been developed and four 
hi ghway trial sect i ons have been completed in 1991. Quality assurance 
testing ind icated no s ignifi cant problems in meeting SM mix design 
requirements once product ion parameters were established. Monitoring and 
characteri zati on of these SMA pavements are in progress with, for instance, 
very favourabl e rutting resistance and surface texture performance shown. 
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DEVELOPMENT OF STONE MASTIC ASPHALT MIXES FOR ONTARIO USE 

INTRODUCTION 

With the growi ng use of stone ma st ic asphal t (SMA) in Europe and Japan, 
and the obvi ous technology transfer applicab i l ity to Canada in terms of 
both cl imate and pavement performance requirements, an SMA research and 
development team approach wa s used to qui ckl y complete demonst ration SMA 
trial sect ions in December 1990, the first in North America. This initial 
sati sfactory SMA demon stration work was then extended to SMA highway trial 
sect ion s i n June and October 1991 assisted by the Ontario Ministry of 
Transportation (MTO). The use of SMA in Europe and Japan i s based on 
demonstrated excel l ent frictio nal properties, pl astic deformat ion 

• 
(rutt ing) res i stance, fatigue endurance and durability. The thrust of the 
team's SMA work has been to incorporate internat ional SMA design and 
construction exper ience usi ng local ly avai labl e aggregates, fillers, 
engineered asphalt cements and f ibres in conventional hot-mix plants. 

STONE MASTIC ASPHALT (SMA) 

Wh at i s stone mastic asphalt (SMA) and why i s it getting so m~ch attention 
from North American pavement experts [1 -5]? SMA (termed spli t mastic in 
Germany where it has been developed and used for about t wenty years) i s a 
gap-graded, dense (about 3 percent air voids mi x design}, ho t-mix asphalt 
with a large proportion of coarse aggregate (passing 2 mm l imited to about 
20 percent, all aggregate 100 percent crushed) and a r i ch asphalt 
cement /filler ma st i c (about 10 percent minus 75 ~m) [6,7 ] . The coarse 
aggregate, t hrough point- to- poi nt contact as shown schemati call y i n 
Figure 1, forms a high stabi li ty skel eton (structural matrix) with good 
internal friction and aggregate interlock to resi st load-induced shear. A 
typical SMA grading band, compared to conventional hot-mix asphalt (HMA) 
i s given in Figure 2 with further detail s on typi cal SMA aggregates and 
filler ~ompo sit ion s. 

The asphalt cement (typically polymer-modified}, fine aggregate, fi ll er 
and stabi lization additive (if necessary, typi cally about 0.3 percent 
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HOT- MIX ASPHALT (HMA) STONE MAST IC ASPHALT (SMA) 

FIGURE 1. COMPARISON OF 'FLOAT ING' COARSE AGGREGATE IN HMA 
WITH STONE-TO-STONE 'SKEL ETON' IN SMA . 

(The point - to-point contact achieved in the SMA provides internal friction 
t o res i st load- induced shear . Adapted from Report on the 1990 European 
Asphalt Study Tour (EAST) [7] . ) 
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COMPARISON OF TYPICAL DENSE GRAD ED HOT-MIX 
ASPHALT (HMA) AND STONE MASTI C ASPitALT (SMA) 
GRADING BANDS. 

(Coarse aggregate (plus 2 mm) about 70 to 80 percent, fi ne aggregate (2 mm 
to 90 ~) about 12 to 17 percent and filler (minus 90 ~) about 8 to 13 
percent f or SMA. SMA coarse aggregate top s ize typically bet ween 11 and 
16 mm . Adapted from Report on the 1990 European Asphalt Study Tour 
(EAST) [ 7] , ) 
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mineral , glass or cel lulosi c f ibre to prevent asphal t cement runoff) form 

a mast i c bind ing the structura l mat r ix t ogether. The polymer modi f i ed 
asphal t cement content i s typical ly 1.0 t o 1.5 percent greater t han for a 

conventional HMA incorpora t i ng the same aggreg ates. Thi3 ri ch, durabl e 
masti c has a fa r higher f il ler (finer than 90 ~m) to asph alt cement 
content rat io t han the l im i t of 1.2 recommended by t he Federal Highway 
Admini st r ation (FHWA) for conventional dense graded HMA [8 ) . The SMA 's 
high stabi l ity ske l eton must contain al l t he mast i c binder wh ile 

maintaining the point - t o-poi nt contacts (Fi gure 1) essent ial fo r shear 

defo rmat ion (r utti ng) res i stance . SMA i s usuall y des igned t o have an ai r 
voids content of 3 percent. Too much masti c will push the coarse 
aggregat e part i cles apart wi t h a drastic reduct ion in pavement shear 

deformat ion res is t 9nce, whi l e t oo littl e mast ic wil l res ul t in high ai r 

voi ds with redu ced pavemen t durabil ity due to accel erated aging and 
moi sture damage [6 , 7) . Obv iou sly, there i s li t tl e l ati t ude dur ing SMA 
producti on in t he mi x des ign, aggregate gradation , polymer mod i fi ed 
asphalt cement content or f i bre content . 

The SMA t ypi cal mi x desi gn (50 blow Marshall method often used [ 9- 11)) ai r 
voids content of 3 percent provides an in- place air voids content of l ess 

than 6 percent. Stati c stee l -wheel compaction i s generally used primar ily 
to ori ent the coarse aggregate parti cl es at the pavement surface and t here 
i s l i t tl e addi t ional ro l l er densifi cat ion or deformat ion . To avoi d coarse 
aggregate fracture, vibrat ory rolling i s not used in Europe, and to avoid 
poss ibl e masti c surface fl ushing , pneumat i c rolling ·is not used . 
Vibratory rolling wa s used on part of the last SMA tri al, and has been 
used on several trial sect ions in the United States. Since t here i s 
littl e compacti on densi f icat i on of SMA , t he ma sti c must be ri ch in asphalt 
cement (binder ) to achi eve t he low in- pl ace void s essential to durability . 

After placement and compacti on , SMA has a coarse (open) surface texture 
charact eri zed by good coarse agg regate macro- t exture (large, rough 
d epres ~i on s ) t hat provides exce ll ent f r i ctional properti es ( 's kid ' 
res i st ance ) ove r time. However , wi t h t he ri ch masti c involved , there may 

be a peri od of t r affi c act ion required to wear the binder f i lm off the 
coarse aggregate in order to develop mi crotexture. If thi s i s of concern , 
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European experience ind icates an as ph al t cement pre-coated sand or hot 

sand applicat i on can be used t o prov ide enh anced fr i ctional propert ies 
until mi crotexture i s devel oped. 

~ 

By modi fyi ng t he gradation to essential ly a si ngle-s i ze coarse aggregate, 
a free -draining (porou s) asph al t mix (porous as ph al t, PA) can also be 
devel oped for open f ri cti on course applicati ons. Porous asphalt (PA ) mi x 
des igns have been deve l oped by t he team and i t is antici pated that some PA 
trial sections wil l be compl eted in 1992. 

A comparison of SMA and PA propert i es and feat ures with t hose of 
conventional HMA i s gi ven in Tabl e 1, wh ich is based on Nordic experience. 

In summary, SMA has exce l lent wear and f rictional properties, plastic 
deformat i on (rutt ing) res i stance, fat igue endurance, resistance to low 
temperature cracking and durab il ity, al l crit i cal attri butes for surface 
course asphalt pavi ng and hi gh t raff ic density routes . 

SUMMARY OF EUROPEAN AN D JAPANESE EXPERIENCE WI TH SMA 

A rev iew of pract i cal experi ence with SMA in De nmark, Fin land, Germany, 
Netherl ands, No rway, Sweden and Japan [6,7,9, 10 , Wilh . Schatz and Tai sei ] 

indi cated t he fol lowing typi cal feat ures and pract i ces: 

Reasons for Use 

1. high stabi l ity (res i stance to r utt ing) comb ined with good 
durab ili ty (20 to 40 percent l onger li fe t han convent ional 

mixes ) 
2. good res i stance t o studded ti re wear 
3. good f r i ctional propert i es ('s kid' resistance) 
4. t hin surface course use allows rel at ively l ow costs 
5. good placement and compact ion character i sti cs 
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TAB LE 1. RANKI NG OF STONE MASTI C ASPHALT (SMA) AND POROUS 
ASPHALT (PA) COMPARED WITH HOT-MIX ASPHALT (HMA) (a) 

RANK ING COM PARED TO HMA (b) 
PROP ERTY OR FEATURE 

SMA PA 

Shear Res i stance 2 2 

Abrasion Resi stance 2 -~ . 
Durab i lity 2 - 1 ~ 

Load Di str i but ion -~ - 1~ 

Cracki ng Resistance 1 ~ -~ 

Skid Resi st ance 1 1 ~ 

Wate r Spray 0 3 

Light Refl ecti on 1 1~ 

Noise Reducti on 0 3 

Publi c Recogni tion 2 3 

a. Adapted f rom ran ki ng by Nordi c asphalt technolog i st s given 
in Report on t he 1990 European Asphal t Study Tour (EAST) [7]. 

b. Ranking Scale: 0 Equa 1 
1 Better - 1 Worse 
2 Much Bet ter -2 Mu ch Worse. 
3 Very Mu ch Better 
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Reasons for Not Using 

1. cost s 
2. l ack of knowledge with new mix type 

Hot- Mi x Technol ogy 

1. mi x des ign air voids of 3 to 4 percent , typ ical ly 3 percent 
2. Marshall met hod of mi x design (50 blows each face at 135°C) 

someti mes used with design at 3 percent air voids 
3. al l aggregates 100 percent crushed with suitabl e frictional 

propert ies (h igh quality aggregates) 
4 . coarse aggregate content 70 percent 
5. maximum coarse aggregate size of 5 to 20 mm, typi call y 11 

to 16 mm 
6. 

7. 

mortar a. asphalt cement content 
b. f ill er content 
c. f ibre content 

6.5 to 8 percent 
8 to 13 percent 

0.3 to 1.5 percent 
(mineral, gl ass or cel lul os i c f ibre - fibre not 
used in some high polymer loaded mixes) 

asphalt cement a. range of penetration grades - 65, 80 , 
200 

b. polymer modified 80 penetration grade 
seems typical 

Product ion and Pl acement 

1. increased dry mi xi ng ti me to allow for fibre di spers ion 
2. easier to place and compact than convent ional mixes, 

especial ly i n thin lifts 
3. l ess sensit ive to l aying fa ilure 
4. use stat i c st eel -wheel compact ion (avoid vibratory and 

pneumati c compact ion) 
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Mechani ca l Properties 

1. good res i stance to plastic deformation (rutting) from wheel 
tracking tests 

2. st iffness modulu s and fat igue resistance not determined 

Trends 

1. expected to take the place of dense graded asphal tic 
concrete 

2. will be more economic in l ong term because of better 
durability, stab ility, fatig ue resistance and workability. 

Thi s type of information on SMA and the practical advi ce of Taisei and 
Wilh. Schatz were parti cularly helpful to t he team's abil i t y to qui ckly 
compl ete SMA Mars hal l mix des igns and place SMA trial sections. 

IN ITIAL SMA TRIAL SECTIONS 

SMA trial sect ions i ncorporat ing two different nominal maximum coarse 
aggregate s izes - SMA 1 surface course (13 mm) and SMA 2 binder course 
(19 mm) - were placed in December 1990 on Mil ler Avenue, an i ndustri al 
road in Markham (nort heast of Toronto). The pr ime purpose of these first 
t wo trial sect ion s was to de te rmi ne the general appli cability of the SMA 
tec hnology for locally available materia l s , Mar shal l method of mix design, 
production in a convent ional 

pavi ng/compaction equi pment. 
plant in handli ng the f il ler 

hot-mi x batch pl ant and use of standard 
Except for minor log i stical problems at t he 

and fibre addition that were readi ly 
overcome, t he only s ignifi cant product ion probl em was ensuri ng t he proper 
di spersion of the fibre in the SMA mixes . 

The aggregates used in the SMA 1 and SMA 2 mixes were 100 percent crushed, 
quality7 locally available aggregates with the gradations given in Table 2 
(CA 1, CA 2 and FA 1) . SMA mix aggregate and fi l l er compositions were 
selected to give gradat i ons based on typical grading bands (preliminary 
specifications) used in Germany, as summari zed in Tabl e 2. Standard 
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TABLE 2. AGGREGATE GRADATIONS FOR STONE MASTI C ASPHALT {SMA) TRIAL SECTIONS. 

SIEVE 
AGGREGATE OR FILLER, PERCENT PASS ING (a) 

SIZE CA 1 CA 2 CA 3 CA 4 FA 1 FA 2 FA 3 fiLL ER 1 FILLER 2 

26 . 5 nun 100 

19.0 mm 92.8 

16.0 mm 78.1 100 100 100 

13.2 mm 59.8 99.5 97.9 99.9 

9 . 5 nun 32 . 1 75 .6 66.1 67.0 100 100 100 

4.75 mm 2.3 4.2 5.3 4.5 95.5 90 . 7 98 .9 

2.36 mm 1.3 1.2 3.5 0 . 5 66 . 4 63 .8 73 .I 

1.18 mm 1.1 1.1 3 .4 0.4 43.8 50 . 3 46 . 6 

600 1-lffi 0.8 1.0 3.1 0 . 3 31.0 41.6 28.1 100 

300 1-lffi 0 . 7 0 .9 2.2 0.3 21.7 26.4 16.3 98.5 

150 J.1fTl 0.5 0.8 1.7 0.2 15.4 17.2 8.8 94.0 

7 5 J.1fTl 0.4 0.5 1.2 0 . 2 10 .4 9.0 3.0 86 . 7 100 
-~ -- ·~ 

a . Description of Ag~regates and Fi llers (a1 1 aggregates 100 percent crushed) : 

CA 1 
CA 2 
CA 3 
CA 4 
FA 1 
FA 2 
FA 3 
FILLER 1 
FILLER 2 

Limestone Coarse Aggregate 
Traprock Coarse Aggregat e ( 1990) 
Dolomitic Sandstone Coarse Aggregat e 
Traprock Coarse Aggregate (1991) 
Limestone Screenings Fine Aggregat e 
Dolomitic Sandstone Screeni ngs Fine Aggregate 
Limestone Manufactured Sand Fine Aggregate 
Fly Ash Filler 
Ground Dolomite Filler 

I 

I 

I 
I 

i 

, 



Marshall mi x design procedures [11] were followed using 75 blows per face , 

as compared to some European experience with 50 blows per face. At this 
early stage of SMA work there was some concern for potential traffi c 
den sifi cat ion effect s and a higher laboratory compaction effort wa s 
considered to be prudent . The SMA 1 and SMA 2 mixes were de signed at an 
asphalt cement content giving about 3 percent air voids as indicated in 
Table 3. Whil e the designs were done with 60/70 penetrat ion polymer 
(Styrelf~ ) modi f i ed asphalt cement, the late season paving work required 
the use of still available conventional 85/1 00 penetrat ion grade asphalt 
cement. 

The production , placement and compact ion of the SMA 1 and SMA 2 mixes are 
given in Photograp~s 1 to 3, noting that late season paving was involved 
wi th a placement temperature of about 140°C. Extension of the hot-mix 
batch plant dry mixing ti me was required to ensure f ibre di spersion as 
uncoated fibre 'ball s ' were evident in some batche s. Thi s was the only 
signifi cant probl em and it i s clear that fibre addi t ion for SMA mixes 
requires special attention. Typi cal Marshal l compliance and compaction 
te st resul ts for the SMA 1 and SMA 2 mi xes are given in Tabl e 4. 

The general observations on the SMA 1 and SMA 2 t rial sections are as 

follows: 

1. SMA mixes have a rich appearance with the aggregate well coated 
with a thick film of asphal t cement; 

2. SMA mi xes have an open texture but are not segregated; and 
3. un compacted SMA mi xes can be laid in t hinner lifts than HMA and 

have greater re si stance to roller densifi cation. 

RUTTING STUDY 

In order to evaluate the SMA 1 and SMA 2 trial sect ions, a series of 
rutting~ test s were compl et ed on sl abs removed from t he te st sect ions . 
Samples were taken from the centre of the lanes for the SMA 1, SMA 2 and 
existing pavement (control) section s. The slabs were then tested by t he 
Ontario Mini stry of Tran sport ation Bituminous Sect ion (MTO) according to 
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TABLE 3. STONE MASTIC ASPHALT (SMA) MIX PROPORTIONS, GRADATIONS AND PROPERTIES . 

A. SMA MIX PROPORTIONS, PERCENT (a) 

MATERIAL DESCRIPTION (SEE TABLE 2) SMA 1 SMA 2 SMA 3 SMA 4 SMA 5 SMA 6 

CA 1 Limestone Coarse Aggregate 40 .0 

CA 2 Traprock Coarse Aggregate 65.0 25 .0 

CA 3 Dolomitic Sandstone Coarse 
Aggregate 70.0 

CA 4 Traprock Coarse Aggregate 70.0 70 .0 70.0 

FA 1 Limestone Screenings 30.0 30.0 

FA 2 Dolomitic Sandstone 
Screenings 22. 0 

FA 3 Limestone Manufactured Sand 20.0 20.0 20.0 

Filler 1 Fly Ash F i 11 er 5.0 5.0 

Filler 2 Ground Dolomite Filler 8.0 10.0 10.0 10.0 
---------- ---------------------------- - ------ ------- ------- ------- - - -- - -- -----------
Fibre 1 Proprietary Glass Fibre 0.3 0.3 0.3 

Fibre 2 Arbocel® Cellulose Fibre 0.3 

AC 85t!OO Penetration Asphalt 
ement • 6.5 5.5 4.9 

PMA Polymer (StArelf® 60/ 70) 
Modified sphalt Cement 5.3 5.1 5.6 

VES Vestoplast~ 7.0 (b) 
---- -----

a . Fibre and asphalt cement as percent of t otal mi x. 
._ 

b. Vestoplast~ added as percent of asphalt cement. 
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TABLE 3. (Conti nued ) 

B. SMA MIX GRADATIONS , PERCENT PASSING 

PRELIMINARY SPECIFICATION TRIAL SECT IONS 
SIEVE 
SIZE SURFACE SMA BINDER SMA SMA 1 SMA 2 SMA 3 SMA 4 

13 mm 19 mm 

26 . 5 mm 100 100 
19 .0 mm 95-100 97.1 
16 . 0 mm 85-95 100 91.2 100 100 
13.2 mm 100 80- 90 99.7 83.8 98.5 99.9 
9. 5 nun 75-90 55-75 84 . 1 66.7 76.3 76.9 

4 . 75 mm 29-49 30-50 36.4 35.6 31. 7 33 .0 
2. 36 mm 22-34 20-35 25.7 25 . 7 24 . 5 25.0 
1.18 mm 16-28 15- 30 18.9 18.9 21.4 19.6 
600 f..liTl 12-24 12-24 15 .0 14 .9 19.3 15.8 
300 f..liTl 10-22 10- 22 12.0 11.9 15.3 13.4 
150 f..liTl 9-17 10- 18 9.8 9.7 13.0 11.9 

75 f..liTl 7-12 8-13 7.8 7.7 10.8 10.7 

c. SMA MIX PROPERT I ES 

PROPERTY SMA 1 SMA 2 SMA 3 SMA 4 

Bulk Relat ive Dens i ty 2.445 2.424 2. 372 2. 582 

Maximum Relative Density 2.530 2.491 2.471 2.668 

Air Voids, percent 3.4 2.7 4 .0 3.2 

Voids Mineral Aggregate (VMA),percent 19.0 15.6 15.8 15. 1 

Stability , Newtons at 60 "C 9700 13700 8600 7880 

Flow, 0 . 25 mm 25+ 25+ 25+ 23 
~~---

SMA 5 SMA 6 

100 100 
99.9 99.9 
76.9 76.9 
33.0 33.0 
25.0 25.0 
19 .6 19 . 6 
15.8 15.8 
13 .4 13.4 
11. 9 11.9 
10.7 10.7 

SMA 5 SMA 6 

2.574 2.597 

2 . 653 ,... r""'fn 
{. . 0 / 0 

3.0 3.0 

15 .8 14.4 

8140 7170 

25 16 



PHOTOGRAPH 1. PRODU CT ION OF FI RST ONTAR IO STONE MAST IC 
ASPHALT (SMA 1) IN DECEMBER 1990. 

(Conventional hot-mi x bat ch plant wi t h f i l l er in poly-mel t bags deli vered 
by bel t t o weigh hopper jpugmil l ; f ibre in poly-mel t bags added t o 
pugmill wi t h increased dry mix ing t ime. ) 

PHOTOG RAPH 2. PLACING OF STONE MASTIC ASPHALT (SMA 1) IN 
DECEMBER 1990. 

(Convent ional paver and st at ic stee l-wheel compact ion . Ambi ent 
temperatu re abou t 4• c. No probl ems were experienced in pl aci ng and 
compact i ng t he SMA 1 and SMA 2 (Tabl e 3) mi xes . ) 
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TABLE 4. TYPICAL STONE MASTIC ASPHALT {SMA) MARSHALL COMPLIANCE AND 
COMPACTION TEST RESULTS FOR TRIAL SECTIONS. 

(See Table 3 for Design Proportions, Gradations and Properties.) 

• A. SMA MIX GRADATIONS AND ASPHALT CEMENT CONTENTS 

TRIAL SECTIONS 
SIEVE SIZE 

(PERCENT PASSING) SMA 1 SMA 2 SMA 3 SMA 4 SMA 5 SMA 6 
(~C) (AC) (PMA/Fibre) (PMA) (PMA/Fibre) (AC/VES) . 

19.0 rrm 100 
16.0 rrm 100 92.0 100 100 100 
13.2 rrm 99 . 5 79 .8 99.6 99 .4 100 99.7 
9 . 5 rrm 76.8 59.7 71.3 71.6 78 .9 76.5 

4.75 mm 32.0 31.1 28.5 33.8 26.0 26.4 
2.36 mm 24 . 2 21.8 23.0 23.4 18.4 19.8 
1.18 mm 20.2 16.5 20 .3 18.8 15.6 16.2 
600 J1l11 14.9 13.2 18.6 15.8 13.8 14.4 
300 J.liTl 12.2 11.2 15.1 14.0 12.9 13.0 
150 J.liTl 9.7 9.6 12.2 12.7 11.9 11.9 
7 5 J.liTl 7.7 8.1 9.0 10.2 9 .7 9.4 

ASPHALT CEMENT CONT ENT 6.1 5. 2 5.1 4.8 5.3 5.0 
(Percent of Total Mix) 

B. SMA MIX PROPERTIES AND COM PACTION 

PROPERTY SMA 1 SMA 2 SMA 3 SMA 4 SMA 5 SMA 6 

Bulk Relative Density 2.545 2. 437 2.381 2.563 2.496 2.507 
Maximum Relative Density 2.595 2.472 2. 503 2. 695 2.678 2. 683 
Air Voids, percent 1.9 1.4 4.9 4.9 6.8 6 .6 
VMA, fercent 15.9 12.5 15.3 15.5 18.1 17. 5 
Stabi ity, Newtons at 

6o·c 7100 8840 10150 8510 7250 5950 
Flow, 0. 25 mm 22 36 28 15 13 11 

COMPACTION 93 .0 93 . 0 96 .0 95 .0 97 .3 97 . 2 
(Percent of Compliance) 

a. For SMA 3, the gradation, 
aspha lt cement content 
and properties are the 
average of 3 tests, and the 
compaction the average of 
17 tests . 

b. For SMA 4, SMA 5 and SMA 6 
the gradat ion, asphalt 
cement content and 
properties are the average 
of 2 tests, and the 
compaction the average of 
4, 14 and 10 tests, 
respectively. 



PHOTOGRAPH 3. GENERAL APPEARANCE OF SMA 1 ~IIX AFTER PLACEMENT 
AND IN AREA WITH ONE PASS OF STEEL-WH EEL ROLLER. 

(The coarse (open) surface texture of the stone mastic asphalt (SMA) i s 
evident after compaction . SMA is very stabl e wi th low compaction 
densifi cation or deformation .) 

their test procedure "Using a Wheel Tracking Machine for Evaluation of 
Asphalt Rutting" [12 ] . 

The l aboratory rutt ing test i s done at a controll ed temperature of 60°C 
using a rubber tired wheel run along the specimen for 4000 cycl es (8000 
passes ). The fi nal rut profil e i s measured and the average rut depth in 
millimetres i s determined. The temperature i s mainta ined t hroughout t he 
t wo hour test by t he use of a temperature cont rolled water bath and infra­
red lamps . The spec imens are measured across the rut in three places at 
various stages of the rutting cycles and the average rut depth obt ained . 
The rut depth with number of passes for SMA 1, SMA 2 and control tests are 
given in Figure 3. The MTO has t entatively set a maximum allowabl e rut 
depth of 3.5 mm as the standard for rut resi stant mi xes. The test data on 
the t hree sl abs tested indi cate the following values: 
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SMA 1 

SMA 2 
Control 

5. 1 mm 
6.7 mm 

16.8 mm . 

Based on the test data presented in Figure 3, i t woul d appear that there 
was an initi al seating of the SMA 1 and SMA 2 spec imens prior to the true 
rutting occurring under t he wheel loading . Looking at the plots for both 
SMA 1 (surface mi x) and SMA 2 (binder mi x) t here appears to have been a 
seati ng depth of approximately 3 mm. If t hi s initial seat ing i s accounted 
for , the SMA 1 and SMA 2 stone mast ic mixes meet the MTO criteria. The 
seating depth translates into a change in compaction from 93 percent 
(whi ch was ac hi eved in December, Table 4) and 97 percent whi ch wou ld be 
more typical under normal pav ing condi t ions. 

RUT DEPTH 1n mm 
18 -

r-----------, 
16 - SAMP LES 

~ SMA 1 (SURFACE) 

14 - -+- SMA 2 (BINDER) 
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FI~URE 3. 
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RUTT ING TEST RESULTS FOR SMA 1 (SURFACE), SMA 2 
(BINDER) AND HMA (HOT-MIX ASPHALT SURFACE) 
PAV EMENT SAMPLES. 

(Rutting tests compl eted by Ontar io Mi nistry of Transp?r~~~ ion,u s in~ t ~e ir 
wheel tracki ng machine [12] . There appears to be an 1n1t1al seat1ng 
deformation of about 3 mm at 500 passes for SMA 1 and SMA 2.) 
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HIGHWAY 7 TRIAL SECTION 

While the initial trial section indi cated that SMA is somewhat more 
compli cated to produce t han HMA, the SMA 1 and SMA 2 trial~ were 
considered an overall success. The next step in the SMA technology trials 
was to refi ne the Marshall method of SMA mix des ign and compl ete a high 
vo lume heavy traffic hi ghway trial section. With t he assistance of the 
Ontario Ministry of Transportation, this SMA 3 trial section (shoulder and 
driving lanes) was completed in June 1991 on Highway 7 north of Toronto, 
along wi th adjacent dense friction course (D FC ) on the passing l anes as a 
'control'. 

The SMA 3 mix wa s designed at 4 percent air voids based on a 50 blows per 
face Mars hall mix design (about 3 percent air voids for 75 blows per face) 
as t here wa s sti ll a concern with potential overcompaction during rolling 
and heavy traffic densification. Detail s on the materials and mi x design 
used for the SMA 3 trial are given in Tables 2 (CA 3 and FA 2) and 3. 

The placement, compaction and early appearance of the SMA 3 trial sections 
are shown in Photographs 4, 5 and 6 respectively . There was again some 
probl em wi t h glass fibre dispers ion and current development work i s 
focusi ng on other f i bres (cellulosic, for instance), f ibre di spers ion and 
fibre use in hot- mi x drum plants [10] . Typical Marshal l compli ance and 

• compaction tests results for the SMA 3 mix given in Tabl e 4 indi cate no 
probl em in meet ing SMA mix design requirements once production parameters 
are establ i shed . 

The early , and one year, performance of t he SMA 3 trial section on Hig hway 
7 has been excellent as shown in Photographs 7, 8 and 9. There has been 
no significant tighteni ng of the SMA 3 coars( (open) surface texture, 
which ind icates good resistance to heavy traff ic densification. Test 
cores and slabs (Photograph 10) were taken from the trial sect ion for 
stand ard testing and MTO wheel track ing (rutting) tests [12) . The rut 
depth for t he SMA 3 wheel tracking tests (average for two slabs, 60°C, 
4000 cycles) was only 2.6 mm , as compared to 0 mm for t he conventional 
DFC 'contro l ', and lower than t he MTO 's tentat ive maxi mum allowabl e of 
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' PHOTOGRAPH 4. PLACING OF STONE MASTIC ASPHALT (SMA 3) TEST 
SECTION ON HIGHWAY 7 IN JUNE 1991 . 

(Not e the coarse (open) surface texture of SMA 3 on the r ight compared t o 
the convent ional dense fri ct i on course (DFC) in the lower l eft . ) 

PHOTOGRAPH 5. COMPACT ION OF STONE MASTIC ASPHALT (SMA 3) 
TEST SECTION . 

~ (There were no problems in producing (with extended dry mi xi ng ti me), 
placing and compacting the SMA 3 mi x. Static steel -wheel compaction is 
used to avo id potential fract ure of coarse aggregat1~ with vibratory 
compaction and surface fl ushing of mastic with pneumatic compaction . A 
soap so1ution should be used with rol l ers on SMA mi xes contai ning polymer 
modified asphalt cement . ) 
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PHOTOG RAPH 6. APPEARANCE OF STONE MASTIC ASPHALT (SMA 3) 
TEST SECTION AFTER ONE WE EK . 

(Note t~e co~rse (open) surface texture of the SMA 3 shoulder and driving 
lanes 1n the foreground compared to t he conventional dense fr iction 
course (DFC) pass ing lane in the background.) 

PHOTOGRAPH 7. APPEARANCE OF STONE MASTIC ASPHALT (SMA 3) 
TEST SECTION COMPARED TO DENSE FRICTION 
COURSE (DFC) AFTER FIVE WEEKS. 

(The coarse (open) surface texture of the SMA 3 driving lane on t he left 
has been maintained under heavy traffic. There has been some surface 
texture t ightening of the DFC passi ng lane on the right . ) 
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PHOTOGRAPH 8. CLOSE- UP OF STONE MASTI C ASPHALT (SMA 3) 
SURFACE TEXTURE AFTER FIVE WEEKS. 

(The SMA 3 driving l ane surface texture has been maintained with no 
evidence of deformation or mast ic flushing.) 

.. PHOTOGRAPH 9. APPEARANCE OF STONE MAST IC ASPHALT (SMA 3) 
TEST SECTION COMPARED TO DENSE FRICTION 
COURSE (DFC) AFTER ONE YEAR . 

(The SMA 3 dr iving lane surface texture on the left i s still as coarse 
(open) as when placed (Photograph 8) wi t h no evidence of tightening or 
deformation . ) 
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PHOTOGRAPH 10 . TEST SLAB FROM STONE MASTIC ASPHALT (SMA 3) 
TEST SECTION . 

(Note the stone- to- stone skeleton (Figure 1) in the SMA 3 surface course. 
The SMA 3 in thi s area was placed over the cracked existi ng asphalt 
concrete courses . ) 

3.5 mm as the standard for rut resistant mixes. This rutting resistance 
is con sidered to be excellent and provides comparative confirmation of 
this important desirable characteristic of SMA mixes. 

HIGHWAY 404 RAMPS TRIAL SECTIONS 

Three further SMA righway trial sections were completed on ramps to the 
404 Highway (at Regional Hi ghway 16 near Buttonville north of Toronto) in 
October 1991 . Given the satisfactory compaction achieved with the SMA 3 
trial sect ion, apparent lack of traffic densificat ion and current German 
SMA mi x design experience (technical interaction with Wilh. Schatz KG 
Construction - Ottmar Schatz and James Scherocman) , a 'standard' SMA 
Marshall mix design with 50 blows per face at 135°C and des ign air voids 
of 3 percent was adopted for these trial sections . Deta il s on the 
material s and mi x designs used for the SMA 4, SMA 5 and SMA 6 trial 
section s are given in Tables 2 and 3 and can be summari :zed as : 

2-180 



SMA 4 - polymer modi f ied asphalt cement (StyrE!lf® 60/ 70); 
SMA 5 - po lymer modified asphalt cement and Arbocel® cel lul osic 

fibre; and 
SMA 6 - 7 percent Vestoplast® added as percent of asphal t cement 

(85 / 100) . 

The mix des igns (Table 3) were confirmed by Wilh . Schatz with very close 
results . 

The SMA 4, SMA 5 and SMA 6 tria l sect ions were pl aced late i n the 1991 
paving season (October 28, ambient temperature 8 to 11 °C) and t here were 
initial probl ems with low SMA 4 mi x temperatures related to both t he 
relatively low mix .temperature adopted (135°C) for Styre l f® 60/70 and 
signifi cant mi xi ng temperature decrease with filler addition 'cool ing ', 
t ha t re sulted i n some incompl etely melted fill er poly-melt bags. These 
temperature problems were readily rectified and subsequent mix ing , 
placement and compact ion of t he SMA mi xes proceeded satisfactorily. Whil e 
the 135°C may be sati sfactory for Vestoplast® (SMA 6), i t i s clear t hat 
higher temperatures are necessary for polymer modi f ied asphalt cements 
such as Styrelf® 60/70 (about 150°C for SMA 4 and SMA 5) in accordance 
with each suppl ier's recommendations . 

Typical Mar shall compliance and compaction test results for t he mixes in 
Table 4 i ndi cate somewhat hi gh air voids, parti cularly for ~MA 5 and SMA 
6. Cores taken from these trial sections show t hat t he traprock coarse 
aggregate used for the mi xes contained more flat and E!longated particles, 
than during the mix desi gns, whi ch tend to 'bridge' (bulk) in the mix, 
parti cul arly at lower compact ion temperatures . Vibratory compacti on was 
used for some of SMA 6, to gain pl acement experience, wi th no apparent 
improvement in compacti on but some coarse aggregate breakage . 

CURRENT SMA ACTI VITIES 

All seven trial section s are be ing monitored al ong with conventional 
control mi xes, with emphasis on SMA 3, SMA 4, SMA 5 and SMA 6 compared to 
OFC. Thi s will involve both field tes ting (densification, transverse 
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profil e and fr ict i onal propert ies) and laboratory t est ing (wheel tracki ng 
and performance properties characterizat ion) . The team has install ed a 
Notti ngham Asphalt Tester (NAT, Figure 4) which permit s the measurement of 
elastic st iffness (resi lient modul us) using t he repeated load in~i rect 

tension test , re si stance to permanent resist ance usi ng t he un iaxial creep 
and/ or repeated load axial tes t and fatigue endurance using repeated 
t ension loading [13-16]. Th is SMA character i zat ion i s considered cri t ical 
to developing the deformation resi stance, fatig ue endurance and durabi lity 
of SMA mixes, and such full asph al t concrete characterization is also the 
focu s of current Strategi c Highway Research Program Activ ities [15]. As 
the structural matrix of SMA mi xes i s criti ca l to t heir performance, 
vol umetric methods of optimiz ing t he aggregat es sel ect ion are al so bei ng 
investigated [17]. 

FIGURE 4. SCHEMATIC OF NOTTINGHAM ASPHALT TESTER. 
(The Not t ingham Asphalt Tester (NAT) is used ~o me~sure the me~h~n ica l 
properti es of asphalt concrete such as elast1c st1ffness (res1l1 ent 
modulus) and res i stance to permanent deformat ion [16] . ) 
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CONCLUSIONS 

Whil e the Ontario technology transfer of SMA is sti ll in progress with a 
focus on SMA characteri zation, t he trial sect ion result s to date mu st be 
considered a success [18) . Thi s SMA work, in paral lel wi th current United 
States SMA te st sections , shou ld qui ckly provide the techni cal and 
pract ical basi s for regular SMA use in Ontario. 
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