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PREFACE

This guide has been prepared to supplement the Australian Provisional Guide for the
Selection and Design of Asphalt Mixes by guiding users through the selection, design
and application process for Stone Mastic Asphalt mixes.

The Guide introduces additional design concepts which may resulr in mixes slightly
different to those conforming to the Australian Provisional Guide and Australian
Standard AS 2150 - Hot Mix Asphalt. Outcomes of validation of procedures in this
guide will be incorporated in future revisions of the Australian Provisional Guide and
Australian Standards. This Guide is intended to be informative rather than mandatory,
and additional reference may be required to relevant Australian Standards or manuals
and specifications produced by Austroads, AAPA, BCA or individual road aqencies.
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1 INTRODUCTION

The use of Stone Mastic Asphalt (SMA) as a surfacing for heavily trafficked roads is
becoming mote common in Australia and New Zealand. The even surface that can be
obtained using SMA provides comfortable riding characteristics. lts texture gives good
skid resistance with relatively low traffic noise. The strong aggregate skeleton provided
by the coarse aggregate particles gives excellent resistance to permanent deformation
and the rich mastic that fills the voids between those particles, makes it highly durable.

Due to the high binder content, a drainage inhibitor is required to prevent binder
drainage during transport and placing. Modified bitumen can be used to further enhance
the mechanical properties of SMA and, in some clrcumstances, can reduce or eliminate
the need for other drainage inhibitors. The high binder content in SMA mixes also
provides enhanced resistance to fatigue and reflection cracking.

Longer life and enhanced performance can result in SMA being cost effective even
although the high binder content, additional filler and the use of binder drainage
inhibitors may result in costs that are sone2OVo higher than conventional mixes.

The concept behind SMA mix design is that traffic loading is carried by the coarse
aggregate skeleton, and that a mastic (fine aggre gate/filler/binder) is "alcled" to fill
most of the void spaces and ensure durability. In order that the coarse aggregate stone
on stone contact predominates, it is necessary to ensure that intermediate sizes of
aggregate do not hold the coarser particles apart. For this reason, the approach contained
in this guide depends on combining a singte sized coarse aggregate fraction with a
minus 5 mm quarry fraction, without any intermediate fractions (such as l0 rnm or 7
mm in a 14 mm mix).

The applications referred to in this guide are for the use of SMA as wearing course.
Some work has also been done on application of the SMA concept to base mixes but
such materials are not covered in this suide.

SMA Dense Graded Asphalt

Figure 1. comparison of sMA and Dense Graded Asphalt Mixtures
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2 BACKGROUND

SMA first came to prominence in Germany in
to resist wear and damage frorn studded tyres.
enhanced deformation resistance. Since then it
world, although with some variations.

the 1960s as a tough surfacing designed
lt was found that the mix also provided
has spread across Europe and across the

The first significant trials done in Australia were in 1993 and were based on an
interpretation of the original German specifications. The mixes had a high binder
content (> 6.0Vo) which necessitated the use of fibres to inhibit binder drainage during
mixing, transport and placing. These mixes also contained some intermediate fractions
and a proportion of natural sand.

In France and Spain, in addition to SMA, an ultra-thin asphalt variant is used that is a
hybrid between SMA and open graded asphalt. A grading similar to SMA is used to
give good texture but with less fines, less binder and a voids content of 6-l2Vo. Being
permeable, a heavy tack coat or sprayed seal is required to waterproof the underlying
surface. The tack coat also serves to form an integral bond with the surfacing, thui
providing the basis for ultra-thin surfacing where an open graded or coarse gap graded
asphalt may be placed as thin as I.2 times the nominal size. Similar ultra-thin asphalt
surfacing has also been used in Australia but it is generatly considered a uniqu"
application that is separare to the concepts of SMA outlined in this guide.

Some of the SMA work done in Australia has also (largely unintenrionally) resulted in
mixes with field air voids in excess of IO7o. Such mixes have provided excellent texture
and good deformation resistance but it needs to be recognised that the higher
permeability will result in lower durability and a need to consider the permeability of
underlying materials.

In some parts of the USA and Canada, multigrade and polymer modified binders have
been used, together with lower binder contents, to reduce the need for binder drainage
inhibitors.

The development of SMA mixes was based largely on experience in establishing the
grading and proportioning of materials. Recent work has looked more closely at the
packing properties of the aggregates, particularly the void space available in coarse
aggregate. [n Europe this has led to the concept of "Real SMA" based on a self-
supporting stone skeleton of high quality crushed aggregates. A larger gap in the
aggregate grading is achieved by the use of a single sized coarse aggregate, eliminating
intermediate sized coarse aggregates, and controlling the maximum size of the fine
aggregates.

The effectiveness of this approach has been shown successfully in the work of
Maccarrone, Rebbechi and Ky (1997).

The National Centre for Asphalt Technology (NCAT) in the United Srares has
developed a rational procedure for determining the optimum balance of coarse and fine
aggregates, achieving a similar outcome to "Rea[ SMA". The concept behind the
NCAT approach (Brown and Haddock 1997) is that the necessary proportion of fine
aggregate is determined by adding increasing proportions of fine ugg.igui" in a series of
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trial rnixes and identifying the point at whiclr further addition of fine aggregate dilates
(expands) the coarse aggregate skeleton.

The guide provides a choice of design procedures based on standardised mix
cornpositions and an alternative procedure that is an adaptation of the NCAT lnethod.
For most applications, and routine design work, the standard cornpositions should be

adequate r.vhile the detailed procedure is more suited to research applications.

Both design methods result in a coarse textured mix with high binder content. Such

mixes generally require fibre as a binder drainage inlribitor, even with r-nultigrade and

polymer rnodified binders. In open graded asphalt (OGA) work the need for drainage

inhibitors is often avoided by liniiting the maximunt temperature of the mix. SMA
mixes generally require higher mix temperatures to facilitate the required high standards

of compacted density and hence are lnore likety to reqLrire the addition of fibre to inhibit
binder drainage.

Figure 3. SMA on Urban Arterial Road
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3 SELECTION AND USE OF SMA MIXES

3.1 Characteristics of SMA

Important considerations in choosing an asphalt wearing course are the functional
characteristics in relation to the life cycle costs of the pavement. The main functional
surface characteristics are:

. Skid resistance (safety)

o Evenness - maintaining surface profile and ride quality

. Noise level (environmental and driver comfort)

. Durabiliry
o Visibility (safety)

In addition, recyclability is becoming a greater consideration.

The performance of SMA in regard to these functional surface characteristics is outlined
below.

Figure 4. SMA Surface Texture

3. l. I Skid resistance
Skid resistance depends on two principal factors:

o Selection of aggregate type
. Surface texture depth

Coarse aggregate with a PSV or PAFV appropriate to the site should always be used.

Higher PSV/PAFV aggregates resist polishing under traffic and maintain a greater level
of skid resistance. SMA should provide performance equal to or better than
conventional asphalt with the same aggregate in similar locations.

Surface texture is important in both tl-re dispersal of water at the tyrelroad interface and
in the provision of grip through the penetration of tyre rubber into surface depressions.
SMA provides good surface texture, provided that the coarse aggregate structure is not
overfilled with mastic leading to a closing up and loss of texture under traffic.
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Freshly placed SMA mixes have a thicker binder film on the surface than dense graded
asphalt. As with open graded asphalt, this has led to concern regarding lower skid
resistance in the early life of the surfacing. The time taken for surface binder to be worn
from the aggregate will be greater where polymer binder binders are used. Some
balance is provided by the effect of increased macro texture but it still may be necessary
to apply control measures such as speed restrictions (see also 6.2.5).

3.1.2 Evenness / Rutting

ln this context, evenness is considered as the abitity of asphalt to maintain shape after
placing. SMA provides a high degree of resistance to permanent deformation largely
due to its strong aggregate structure.

Laboratory wheel tracking tests show substantial improvement in deformation
resistance without the use of modified binders. Even greater Ievels of deformation
resistance can be obtained when modified binders are used.

3.1.3 Noise

SMA will generally provide a lower noise level compared with dense graded asphalt
due to the "negative texture" created by the void spaces below a smooth plane surface.
The finished appearance is somewhat similar to open graded asphalt although the level
of noise reduction is not quite as great as that achieved by a porous asphalt.

3.1.4 Durability and Resistance to Cracking

SMA was developed to improve resistance to pavement deformation and wear
studded tyres. [t has been shown to be a durable and wear resistant material.
excellent durability of SMA derives from the slow rate of deterioration obtained
the low permeability of the binder-rich masric mortar.

The high binder content also means that stripping, ravelling and cracking (either load
induced fatigue cracking or environmentally induced reflection cracking) are failure
mechanisms that are less likelv to occur.

3.1.5 Visibility

The high surface texture achievable with SMA means that more water can be held
within the surface voids of the material, rather than on top of the surface, resulting in
reduced glare from wet surfaces at night, increased visibility of road markings, and
reduced spray.

3.1.6 Recycling

SMA is readily recycled. However, the use of reclaimed asphalt pavement (RAP) in the
manufacture of SMA is not recommended unless the RAP has been screened into
separate components so that the important grading characteristics and gap between
coarse and fine aggregate can be maintained.

from
The

from

t0
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3.2 Applications and Selection of Nominal Size

Recent development work on SMA mixes in Australia has concentrated on the use of 14
mm nominal size mixes for heavy duty wearing course applications. Some work has
also been done on larger mixes for base applications. Large aggregate mixes for base
applications are not covered by this design guide.

In New Zealand, the focus has been on l0 mm nominal size mixes for improving skid
resistance and reducing noise and water spray in urban areas.

ln Europe, agreat deal of surfacing work is also done with smaller sizes and the use of
both l0 mm and 7 mm nominal size mixes is common. 10 mm mixes have also been
used in Australia and should be satisfactory in most applications with some economy in
terms of the total thickness required.

To date, there is very little experience in Australia with 7 mm and smaller mixes,
although both 7 mm and 5 mm mixes are feasible for lighter traffic applications. The
higher cost of a SMA mix would need to be considered in comparison with potential
improvements in durability and cracking resistance. Economies could be realised in the
ability to obtain good surface texture and good resistance to deformation in a relatively
thin layer.

Some European standards permit SMA to be placed in layers as thin as 2.2 times the
nominal size of mix. For Australian and New Zealand applications, a minimum of
about 2.5 times nominal size is recommended to facilitate the achievement of high
standards of compacted density. Coarse graded mixes, such as SMA, require lateral
confinement for development of maximum shear resistance. It is therefore
recommended that the layer thickness should not be more than about 4 times the
nominal size.

Recommended layer thicknesses for placing SMA are shown in Table 3. t.

Table 3.1 Layer Thicknesses for SMA

Mix Size
(mm)

Compacted Layer Thickness
(mm)

7 18-30

10 25-40

14 35-55

11
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4 MATERIALS

4.1 Coarse Aggregate

Good quality coarse aggregates are required to provide the load carrying capacity of the
mix. In general terms, specifications normally used for other hot mix asphalt mixes,
appropriate to the traffic category, should be adequate for SMA. A higher standard may,
however, need to be applied to shape, as flaky and elongated particles will affect the
adequacy of the stone skeleton structure. A maximum flakiness index of 25 is
recommended.

Polishing characteristics of the aggregate may also be important. Again, limits normally
applicable to the appropriate traffic category should apply.

4.2 Fine Aggregate

The selection of fine aggregate is a balance between stability and workability. For
heavy duty applications, where a high degree of rutting resistance is required, wholly
crushed fines only should be used. The quality of fine aggregates is the same as that for
normal hot mix asphalt.

4.3 Filler

Any good quality filler used in asphalt mixes can be used in SMA although it should be
appreciated that very fine fillers, characterised by high (more than about 457o) voids in
dry compacted filler, will also have a greater stiffening effect on the binder. The
resultant stiffening effect can also assist in increasing deformation resistance of the mix.

4.4 Fibre

Fibres specifically developed as drainage inhibitors in asphalt include cellulose, rock
wool, glass fibre and other mineral and organic sources. The amount of fibre required
will usually vary between 0.37o and 0.57o by mass of the total mix depending on the
particle density and surface area of the fibre. Generally 0.37o is appropriate for cellulose
fibres whereas higher proportions (by mass) are required for denser materials such as
rockwoo[.

Fibres may be supplied in bulk or packaged in plastic fitm that melts on contact with hot
a9gegate. Fibres may be loose or pelletised to improve ease of handling. Some types
of pelletised fibre include a bituminous binder that must be allowed for in mix desien.

4.5 Binder

The mechanical properties of stone mastic arc generally less sensitive to variations in
binder type than other mixes. In Australia Class 320 bitumen is commonly used for
most applications although softer Class 170 bitumen can be used for enhanced
durability for light traffic. [n New Zealand, 60/70 penetrarion grade bitumen is used in
most SMA applications.

Multigrade binders and Polymer Modified Binders (PMBs) can be used to give even
greater deformation resistance if required although the stone mastic structure and high
binder content provides substantially improved deformation resistance, as well as

12
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greatly increased fatigue and reflection cracking resistance, compared to dense graded

mixes.

The increased stiffness of multigrade and PMB binders may also reduce the need for

binder drainage inhibitors, particularly if used in conjunction with lower binder

contents. Generally, the high binder contents of mixes designed in accordance with this

guide make the use of a drainage inhibitor necessary in most cases. The binder drainage

test can be used to confirm the type and amount of drainage binder inhibitor required.

5 DESIGN

5.1 General

The essential characteristics of the SMA concept are the volumetric parameters- The

quality of the mixture is essentially determined by the relationship between the skeleton

voids (voids coarse aggregate), voids mine:i?il aggregate, binder content and air voids.

Two methods of achieving volumetric properties are provided in this guide- The basic

procedure uses uggr"gu=t" gradings and volumetric properties developed from
-xperience, shown in Tables 5.1 and 5'2'

An alternative method for optimising the relative proportions of coarse and fine

ag1regateis given in AppendirA based on an adaptation of the procedures developed at

the Narional Centre foi nspnalt Technology (NCAT), as reported by Brown and

Haddock (lgg7). An evaluafion of the NCAT procedure was undertaken by ARRB

Transport Research (oliver 1998) and forms the basis of the described procedure'

In this guide, three types of voids are referred to:

. conventional air voids in the mixture,

. conventional voids in mineral aggregate (VMA)' and

o voids in coarse aggregate (VCA)'

vMA is essentially the volume of mix which is not occupied by mineral matter (coarse

and fine aggregate and filter) expressed as a percentage of total mix volume'

VCA, by analogy, is the volume of a mix not occupied by the coarse aggtegate'

expressed as a percentage of the total mix volume'

I00xV"*
vMA= 100 --

V 
^it

LOOXV,oo,,"VCA=100-----;;-
v

where vMA = uolJ, in mineral aggtegate (vo)

vcA = voids in coarse (retained on 4.?5 mm sieve) aggtegate (vo)

Y 
^sE 

= volume of total aggregate

V"ou.." = volume of coarse aggregate

V*i* = volume of compacted asphalt mix'

13
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The volume of coarse aggregate is determined as a function of the proportion and bulk
particle density of coarse aggregate in the mix.

Values of VCA for 14 mm nominal size mixes are typically 4l - 46Vo for aggregares
compacted with binder only and no fine aggregate. The NCAT procedure also attempts
to pre-estimate VCA by determining the bulk density of i sample of aggregare
compacted into a large cylinder by dry rodding. At this srage it is not certain that the
results of dry rodding are sufficiently representative of 

-aggregate 
behaviour in a

bituminous mix to be used for mix design purposes. The dry ioaaing technique does,
however, give values of VCA of a similar order.

VCA of SMA meeting the criteria for maxrmum stone to stone content should not
exceed about4TVo.

A schematic- representation of the difference between VCA for coarse aggregate
component only, VCA in the mixture and conventional VMA are shown in Figurl 5.VCA of the aggregate component is a function of the bulk particle density of the
aggregate and the volume occupied after compaction by dry rodding, as in the NCAT
procedure, or gyratory compaction using a small u^ouni 1Z%) of binder for lubrication.

-f-
VCA

I_v-

Air -T
Bitumen VYA

f
Fine
aggregate

Air
Bitumen

Coarse and
fine aggregate
blend

Coarse
aggregate Coarse

a9gregate

rlii

I

) 11

*+i+liir

Figure 5. Voids in Mix

At this stage there is no rational procedure fo.r determining the amount of filler (materialfiner than 75 micron) in the mix. R proposal has been .-ud" fo. optimising the ratio offine aggregate and filler to achieve minimum vMA in the fine aggreg ate/filler mixture.The amount of filler required to achieve that minimum rs generally less than thatrequired to satisfy vMA in the total mixture. continuing to add filler beyond theoptimum VMA in the fine aggregate will decrease the VMA of the total mixture.Experience with SMA mixes ti* rno*n that a frller proportion of around lyvo of theaggregate mixture is required to obtain suitable vMA i.ojo.tion..It should be noted that the recommended design vve values are at least rvo higherthan those customarily used in dense graded urpt utt mixes. The high vMA values areestablished in order to ensure the achievemeni of the hrgh binder contents that arecharacteristic of SMA mixes. This level of binder *""", ir'."qui."a to ensure that thereis sufficient binder remaining to adequately coat and bind the coarse aggregateparticles

14
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after having hlled the voids in the filler and fine aggregate. The resultant binder content

is also up to I7o more than comparable dense graded mixes.

Generally, in Australia, all testing is done in accordance with the procedures contained

in rhe Australian Provisional Guide (APRG Report No l8), including any additional

tests such as binder drainage, wheel tracking, etc. [n New Zealand, the procedures

contained in the BCA Specifrcation for Stone Mastic Asphalt, BCA 9808 should be

used-

Testing for binder drainage is generally done at the mix production temperature using

the method described in Chapter 5 of the Australian Provisional Guide. This test has

been adapted from the German 'Schellenberg' Test and forms the basis for the

recommended binder paste drain-off test to be issued as Austroads Asphalt Test Method
AST 06. A maximum binder drainage of 0.3Vo by mass of the total mix is considered

satisfactory.

The Basket Drainage Test, as described for open graded asphalt in Chapter 4 of the

Guide, may also be used, but only for unmodified binders. It has been found that
modified binders do not readily drain through the holes in the perforated steel plate that
forms the basket and can provide misleading results. An alternative form of basket
drainage test has been developed in the USA that uses a basket manufactured using a
6.3 mm wire sieve cloth. The larger open area might overcome the problems associated
with binder adhering to the perforated steel plate.

5.2 Basic Design Requirements for SMA Mixes

Suggested grading limits for SMA are given in Table 5.1. In the absence of any other
experience, the starting point for mix design can be a grading near the middle of the
range given, ensuring that the critical gap in grading between coarse and hne aggregates
is maintained. Generally this will involve blending a single sized aggregate of the
appropriate nominal size with a proportion of hne aggregate and filler.

Laboratory compaction for volumetric testing is usually carried out using 80 cycles of
gyratory compaction except for particular heavy duty applications where 120 cycles
may be used. Where gyratory compaction is not readily available, mixes may be
compacted using 50 blows of Marshall compaction. Some specifications also set
minimum air voids for refusal density (350 gyratory cycles). Typical design values are
provided in Table 5.2.

Testing should be done over a range of binder contents spanning the recommended
limits.

lf the initial grading does not provide an acceptable voids content at a suitable binder
content, the grading should be modified and the testing repeated. lncreasing the
proportion of fine aggregate and"/or filler should result in a reduction of VMA and air
voids. Decreasing the amount of fine a99regate and./or filler should result in a voids
increase.

Requirements for filler/binder ratio specified for dense graded mixes do not apply to
SMA.

15
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Table 5.1 Typical Grading Requirements for SMA

Table 5.2 Typical Design Properties for SMA

Sieve Size Percentage Passing (by mass)

AS (mm) Size 7 mm Size 10 mm Size 14

19.0

13.2

9.5

6.7

4.75

2.36

1.18

0.600

0.300

0.150

0.075

100

90-100

25-45

15-28

13-24

12-21

10-18

9-14

B-12

100

90-1 00

25-40

18-30

15-28

13-24

12-21

10-18

9-14

8-12

100

90-1 00

30-40

20-30

18-30

15-28

13-24

12-21

10-18

9-14

8-12
Binder content
(%bV mass of total mix) 6.0-7.0 6.0-7.0 5.8-6.8

Mix Size (mm) 7 10 L4

Air Voids (7o) 3.5 - 4.5 3.5 - 4.5 3.5 - 4.5

VMA (Vo) - minimum t9 l8 T7

Binder Draindown (Vo) -
maximum

0.3 0.3 0.3

16
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6 CONSTRUCTION
6.1 Manufacture

6.1.1 General Requirements

SMA can be manufactured in conventional batch and drum mix asphalt plants although
some modification may be required in order to effectively handle fibres and the amount
of added filler. Generally, reclaimed asphalt pavement is not suitable for inclusion in
SMA unless screened and separated into thc grading fractions required for the SMA
mixture.

The performance of SMA is based on a strong gap graded aggregate composition.
Variations in the relative proportion of structural aggregate and the fine aggregate filling
the void spaces in that aggregate skeleton will have an almost linear effect on the voids
in the mixture. Particular care must be exercised to avoid variations in the proportions
of aggregate passing the critical 2.36 to 6.7 mm sieve sizes (depending on nominal size
of mixture). SMA is sensitive to overfilling of the aggregate structure with mastic. If
that occurs, the mastic bears the loading. As an unmodified mastic has almost no
deformation resistance, premature rutting is tikely to follow.

Good grading control and accurate proportioning of aggregates, filler, fibres and
bitumen requires careful calibration of all feed equipment, as well as ensuring that
equipment is capable of operating at the feed rates required. Mixing procedures musr
provide uniform, consistent mixing of materials.

6.1.2 Added Filler

Plants may require rnodification to handle the large proportion of added fitler. Both
filler feeding and weighing systems may need upgrading to handle the larger quantities
and deliver the required amount without restricting production rates.

ln drum rnix plants it is important that the filler is captured by the binder and aggregates
as soon as it is added to the mixture. This is best achieved by introducing filter through
a line that is placed next to the bitumen line so that the filler is coated with bitumen
before it is exposed to high velocity gas flow through the drum. This keeps the filler in
the mixture rather than being lost into the dust collection system.

Where filler rnust be introduced via the belt feed, it should be done by placing the filler
on the belt before any other aggregate component. In this manner, the filler is protected
[o some degree by the coarse aggrcgatc as thc aggrcgatc stream enters the drum,
although the potential loss of filler is much greater using this procedure than that
recommended above.

6.1.3 Fibres

Fibres can generatly be purchased in two forms, loose fibre and pellets. Loose fibre can
be packaged in plastic bags or in bulk.

Pre-weighed plastic bags are often used in batch plant production. The bags are made
from a material that melts readily at mixing temperatures. The appropriate number of
bags can, therefore, be added to the pugmill during each dry mixing cycle. Filter bags

17
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can be elevated to the pugmill platform by conveyor and manually added to each batch.
The process is labour intensive and best suited to relatively low tonnage projects.

An alternative to the use of pre-weighed bags is to blow a metered amount of bulk
material into each batch. Machines specificatly designed for handling and blowing bulk
fibre materials have been developed by some fibre manufacturers. Accurate calibration
and control of density, as well as separation of fibres so that they adequately disperse in
the asphalt mixture, are important features of such machines.

In batch plants the fibres are generally dispersed by adding to the dry aggregates and
dry mixing for a short time (no more than l0 seconds), although some fibre
manufacturers recommend adding fibre at the same time as binder.

The fibre blown system can also be used in drum mix plants. In this method it is
imperative that the fibre line is placed in the drum beside the bitumen line and merged
into a mixing head so that the fibres are captured by the bitumen before being exposed
to the high velocity gases in the drum. If fibre is not properly captured by the binder it
will be lost to the dust collection system.

Pelletised fibres can be used in both batch and drum mixing plants by adding direct to
the pugmill or at the RAP collar of drum mixing plants. Pelletising assists in improving
the ease and accuracy of metering as well as reducing the likelihood of fibres becoming
airborne and carried out by the plant draft. Some pelletised fibres are mixed with a small
amount of bitumen binder that must be allowed for in the overall binder content of the
mix. Bulk pelletised materials are placed in a hopper and metered into either the pugmill
or drum mixer. Appropriate feed calibration is an important step in all fibre addition
systems.

6.I.4 Production Temperatures

Production temperatures will vary with placing conditions and materials being used.

Generally, production temperatures will be in the range of 150-165'C. Higher
temperatures increase the risk of binder drainage and binder drainage effects should be

checked for the maximum production temperatures proposed.

Cellulose fibres can be damaged by high temperature and it is important that they do not

come in contact with aggregates or drum mix gases at a temperature greater than 200oC.
Such restrictions do not apply to mineral fibres such as rockwool and glass fibre.

6.1.5 Mixing Time

The addition of fibres to SMA mixes generally requires an increase in mixing time to
ensure that the fibre is adequately dispersed and the entire product uniformly mixed. [n
batch plants an increase in both dry and wet mix cycles of 5-15 seconds may be

required. In drum mix plants, the bitumen injection line may need to be relocated when
pelletised fibres are used to allow for complete mixing of the pellets before adding
bitumen. Drum mix mixing times may also need to be increased by reducing production
rate or changes to mixing configuration.

In all cases, the effectiveness of mixing should be monitored by visual inspection to
ensure the absence of clumps of fibres or pellets in the mixture and sufficient coating of

18



aggregate particles. If necessary, mixing times should be increased or other changes

made to improve mix uniformity. and wet mixing time increased.

6.I.6 Storage

SMA mixes should not be stored for extended periods of time at elevated temperatures.

This could result in unnecessary and detrimental binder drainage. In most cases, storage

should not exceed 2-3 hours. [n no cases should SMA be stored overnight.

6.I.7 Transportation

Haul times for SMA shoutd be as short as possible. Temperatures should not be raised

arbitrarily to compensate for longer haul time. lncreased temperature plus vibration

from vehicles can result in excessive binder drainage.

The high binder content may cause SMA mixtures to adhere to truck bodies to a greater

extent than conventional asphalt materials. Particular attention must be paid to
cleanliness of truck bodies and proper use of release agents.

6.2 Placing and Compaction

6.2.1 Weather limitations

In order to achieve proper placement and compaction, placing of SMA mixtures in cold
or inclement weather should be avoided. SMA should not be placed at pavement

temperatures below l0'C, and preferably not less than 15"C, particularly where polymer
modified binders are used. The decision to place SMA will also depend on wind
conditions, pavement temperature, thickness being placed and equipment and

procedures to be used in placing and compacting the mix.

6.2.2 Surface Preparation

Preparation of the surface is generally the same as for conventional asphalt mixes.

Loss of shape or depressions in existing pavements should be milled or filled using a

regulating layer and any distressed areas properly repaired. While SMA has shown
superior performance, it cannot be expected to perform as desired when it is used to
cover up existing pavement problems.

All surfaces should be tack coated, prior to placing SMA, using materials and

application rates appropriate to conventional asphalt construction.

6.2.3 Spreading

Normal good practice should be followed. Attention should be paid to such factors as

maintaining a steady forward speed of the paver and constant material flow though the
paver so that a uniform head of material is maintained ahead of the screed with feed

conveyors and augers operating nearly continuously.
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As SMA mixes are stickier and less workable than dense graded mixes, hand work
should be avoided or kept to a minimum.

The difference between the loose layer thickness spread by the paver and the compacted
layer thickness of SMA mixes is generally less itran tnat of dense graded mixes and
must be taken into account in determining and setting paver thickness controls for
spreading.

6-2.4 Compaction

Compaction procedures require some variation to that used for conventional mixes. The
preferred method of compaction of SMA is with heavy, non-vibrating, steel wheel
rollers. As very few asphalt contractors have such compaction equipmJnt, it is often
necessary to use vibrating steel wheel rollers. [n such cases, breakdown rolling should
be done with one or two passes in non-vibrating mode before using one or two vibrating
passes. Care must be taken to avoid drawing binder to the surface of the SMA bt
excessive vibration, and to avoid fracturing of coarse aggre1ate. Generally, only low
frequency vibration should be used. Compaction procedures must be monitored and
modified if required.

Breakdown rolling should begin immediately behind the paver and the roller musr stay
close behind the paver at al[ times. If the rolling operation gets behind, placement
should slow down until the rollers catch up with the paver.

Multi tyred rolling is not recommended for SMA. The primary reason is to avoid
drawing binder to the surface and flushing of binder. Heavy trafficking of freshly placed
SMA, while it is still hot, may also have a similar effect. Pick-up of the binder-rich
SMA mortar can be a further difficulty with multi tyred rollers and traffic on hot
surfaces.

A high standard of fietd compacted density of SMA is desirable for good performance
so that optimisation of compaction procedures is an important element of placing. The
standard of compacted density for SMA mixes should be no less than that adopted for
conventional dense graded mixes.

6.2.5 Opening to Traffic

SMA wearing surfaces should not be opened to traffic until the surface temperature falls
below about 40"C to avoid drawing of the binder to the surface by the initial traffic.

The initial skid resistance of SMA may be relatively low until the binder film is worn
from the surface by the traffic. A technique that has been used in some countries is to
lightly grit the surface with a coarse sand, or small sized (i.e. 5 mm) crushed aggregate,
to assist in wearing the binder from the surface in situations where skid resistance is of
prime importance. Alternatively, speed restrictions may be applied for a short period of
trme.
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APPBNDIX A

supplementary Procedure for vorumetric Design of sMA Based on
Determination of Ditation point

Principle
The concept behind the NCAT approach, as modified by ARRB Transport Research, is
that the necessary proportion of fine aggregate is determined by uOaing increasing
proportions of fine aggregate in a series of trial mixes and identifying the point ut which
further addition of fine aggregate dilates (expands) the coarse aggregate skeleton. A
quantity less than this is then selected and the design procedure moves to the nexr srage.

A method based on calculation of VCA could be used as the dilation point procedure. In
this case it is preferable to determine the bulk density of the mix by mensuration rather
than water immersion. At low proportions of fines, and high air voids, there is free
access of water to the interior of the mix. The lower values for air voids and VCA
determined by water immersion make it much more difficult to estimate the dilation
point.

As calculation of VCA by mensuration is directly proportional to the measured sample
height, a simple procedure based on sample height measurement illustrates the principle
and is described below.

A set mass of coarse aggregate is used for each mix. Different amounts of fine
aggregate are added to successive mixes to give the series 15,20, 25, 30, 40 and 50Vo
fines, each mix having sufficient filler to give LOVo passing the 0.075 mm sieve. The
mixes are manufactured with 6Vo Class 320 bitumen and compacted for 120 cycles. The
height of the piston is measured at the end of the compaction process (or the height of
the sample measured).

Sample height is then plotted against Vo frnes (see Figure Al) and the dilation point is
identified.

Fig. Al Example showing identification of dilation point from sample height graph
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The concept behind the approach is that the amount of coarse aggregate is the same for

each mix. l5Vo fine aggtegate is added to the frrst sample. This should all go into the

voids in the coarse aggregate during the compaction process. The height of the first

sample is, say H mm. 20Vo fines are added to the second sample and, since almost all of
the aggregate goes into the voids in the coarse aggregate, the compacted sample remains

at H mm. The same may occur for the 25Vo sample. Eventually there are insufficient

voids in the coarse aggregate to accommodate further fine material and the coarse

aggregate particles are forced apart. At this point the height of the mix increases above

H mm. Further fine aggregate addition causes further height increases.

In practice, not all of the fine aggregate will go into the voids in the coarse ag$regate

even when there is plenty of void space available. Some will become wedged between

the coarse aggregate particles. Thus the height may increase slightly with increased

fines. However, dilation is identified by a more marked height increase that is sustained

for further fine aggregate increases.

Procedure

Select aggregate fractions (only good quality material), applying the same

restrictions as the basic SMA design method.

Prepare an aggregate btend of coarse and fine fractions and added filler to give

l5To by mass passin g the 4.7 5 mm sieve and l0To by mass passing the 0.075 mm.

Mix with 6.OVo CIass 320 bitumen and add 950 g to a 100 mm Gyropac

compaction mould. Compact for 120 cycles and determine the height of the

specimen (using the Gyropac height measuremenl procedure or by direct

measurement of sample height).

Calculate (by proportion) the mass of material to produce a sample height of 65

mm. Calculate the mass of coarse aggregate in the mix (M g).

Using the same aggregate fractions as in step l, prepare aggregate blends to obtain

L\Vo materiat passing the 0.075 mm sieve and 157o,20Vo,257o,307o,35Vo,40Vo

and 50Vo passing the 4J5 mm sieve. Adjust the total mass of aggregate so that

each blend contains M g ofcoarse aggregate.

Using the procedures in the Provisional Guide, mix each blend wtth 6.07o of Class

320 bitumen and compact triplicate samples in the Gyropac for 120 cycles.

Determine the height of each sample specimen using the Gyropac height

measurement procedure or by direct measurement of sample height.

PIor the sample height against Vo fines and identify the point at which the line

starts to curve upwards. The sample below this has the dilation point fines

percentage-

Determine the saturated surface dry density and the maximum density (Rice's

density) of the (triplicate) dilation point samples. Calculate the mean air void

content.

If the mean air void content is within the range 3.5 - 4.5Vo, accept the composition

as the design mix.

If the mean air void content is less than 3.5Vo, then choose the sample with the

next lowest percentage fines. If this is within the range 3.5 - 4.57o, accept the

composition as the design mix, otherwise proceed to step I l.

5.

6.

7.

8.

9.

10.
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l5

If the mean air void content is greater than 4.5Vo, manufacture two new sets of
specimens that have the same grading, but 6.5vo and,7.}Vo bitumen. Compact the
sample for 120 cycles.

Determine the saturated surface dry density and the maximum density (Rice's
density) of the (triplicate) samples. plot air void content against zo bitumen.
The bitumen content that gives an air void content in the range 3.5 - 4.5Vo is the
design bitumen content. ,.. r
If the air void content of the 'l7o bitumen sample is greater than 45Vo, then a
further triplicate set of samples with the same composition, but an affiitional2Vo
material passing the 0.075 mm sieve are compacted and tested. If the air void
content is within the range 3.5 - 4.5Vo, the mix is accepted.

If the air void content from step 14 is greater than 4.5Vo then a higher Vo frnes
must be used. From the air void plot, identify the lowest Vo frnes wtrictr will allow
4.5vo voids to be achieved (with up to 7vo binder and l2vo filler). prepare
triplicate samples of the new composition with 6.0, 6.5 and 7.0vo bitumen and
compact for 120 cycles. Determine the density of the samples and from air voids
vs the Vo binder plot, select the design binder content.
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