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Appendbc C - Glossary 
break and seat-A fractured slab technique used in the rehabilitation of jointed reinford concrete pavement that minimizes slab 
action by fractudng the FCC layer into smaller segments. This reduction in slab length (and de-bonding &om the reinforcement stecl) 
minimizes reflective cracking in new kiMA overlays. 

m c k  and seat-A fractured slab technique used in the rehabilitation of PCC pavements that minimizes slab action in a jb ted  
concrete pavement by fracturing the FCC layer into smaller segments. This reduction in shh length minimizes reflective cracking in 
new HMA overlays. 

draindown-The portion of the mixture (lines and AC) that separates and flows downward through the mimintore. 

dmbiUty-The property of the asphalt pavement that represents its abiity to resist disintegration by weathering and traffic. 

fatigue (alligator) c r a ~ I n t e r c o n n e c t e d  cracks forming a sedes of small blocks resembling an alligator's skin, and caused by 
excessive deflection of the surface over unstable subgrade or lower courses of the pavement. 

ton-depth HM.4-A pavement shucture that is designed and constructed so that all cmses above the subgrade me asphalt concrete. 

g~~textiIe-Woyenor non-woven synthetic fabrics that act as a separating layer in the pavement structure. The fabric's purpose is to 
provide a banier to prevent soil contamhation in drainage layers. 

Hot Mix Asphalt @MA)--fIighquality, thomughly controlled hot mixture of AC (binder) and high quality =gate, which can be 
compacted into a unifoan mas. 

FIMA pavemen&Pavements consisting of a d a c e  course of HMA over supporting courses such as HMA bases, crushed stone, 
slag, gravel, or soil. 

Hot Mix Asphalt (HMA) overlay-One or more courses of HMA over an existing pavement. 

:milhg-The grinding and removal of layers of aspbalt materials from pavements by a sex-propelled unit having a cutting drum 
equipped with carbide-tipped tools. 

open-graded-Porous HMA mixes with interconnected voids and high permeabiity. See open-graded friction course (OGFC and 
Asphalt Tteated Permeable Base). 

open-graded friction coarse (OGFCl-A pavement surface come that consists of a high-void, asphalt plant mix that permits rapid 
drainage of rainwater through the course and out the shoulder. The mixture is characterbd by a large percentage of one-siwl coase 
aggregate. This course reduces hydroplaning and provides a skid-resistant pavement surface wirh significant noise reduction. 

performaurn based spedfication-Speciiies the qualities of the end product and enables the contractor to determine how these are 
to be met. 

polished aggregate-Aggregate particles in a pavement surface that have been worn smooth by traffic. 

polymer modified Psphalt binder--Conventional AC to which materials have been added to improve performance. 

prime coat-An application of asphalt primer to an unbound surface. The prime coat penetrates or is mixed into the s d c e  of the 
base and pings the voids, hardens the top, and helps bind itto the overlying asphalt came. 

reeIaimed asphalt pavement (RAP)-%xcavated asphalt pavement that has been pulvebd, usually by milling, and is used like an 
aggregate in the recyclmg of asphalt pavements. 

reflection cracks-Cracks in the asphalt overlays that reflect the mckpattem in the pavement swcture betow it. 

mbblizath-TLK pulverization of a PCC pavement into d e r  particles, creating a sound, structural base that will be compatible 
with an asphalt overlay while eliminating reflection cracking. 

Rdtlag--Depressed chsmel in the wheelpath of a Hh4A pavement 

palhg-The breaking or chipping of pavement at joints, cracks, or edges, usually resulting in fragments with feathered edges. 

Stone MatrhAsphalt (SMA&A premium gap-graded HMA requiring high quality materials. Cubical low abrasion crushed stone 
and manufactured sands are recommended Manufactured sands, mineral fillers and additives (fibers and/or polymers) make a stiff 
matrix that is important to the mtting resistance of these mixes. 

tack wat-A relatively thin application of asphalt bider applied to an existing HMA ar FCC surface at a prescribed rate. Asphalt 
emuision dilutad with water is the preferred type. II is used to form a bond bemeen an existing surPace and the overlying course. 

traded way-The madway portion which does not include the shoulders. 
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Foreword 

The H&A Pavement Mix T p  Selection Guide pmvides &igm%s with methods for 
sel&thg appropriate mix types while considering factors such as traffic, environment, 
subsurface pavement sttuchwe, existing pavement condition and p r e p d o n ,  and 
economics. The pavement mix types targeted are Open-Graded Friction Courses 
(OGFC), Stone Ma& Asphalt (SMA), and fine- and comegraded dense mixes. 
The Guide combines the selection criteria for these different pavement mix types into 
one document. 

To develop this document,  on was obtained from a combination of literahne 
reviews, current State DOTAwal government practices, and from an expert task group 
(ETG) of pavement experts, knowledgeable in the HMA industry, from private and 
public organizations. The experts represented different geographical areas of the 
cormtry and were jointly selected fer their expertise and perspectives in the topic of 
pavement mix types by theFederal Higbway Administration (FHWA) and the National 
Asphalt Pavement Assoeiatien (NAPA). The gronp identified the pertinent pavement 
mix type selection details during a technical workshop held in April 2000 at the NAPA 
offices in Lanharn, Maryland. 

This docuinen~consists of guidelines formaxmaxb&hgthe effectiveness of SMA, O W ,  
fine- and coarse-graded dense mixes to ensure the success of each. This Guide is not 
intended to cover every situation that wilI be encountered. However, its purpose is to 
provide a valuable reference tool to both pavement designers and held personnel. It 
represents a joint product by FT-WA and NAPA. 

Appendix B - Materials 
aggegak$--hard, inert materiab used in graded s k  ( h e  to coarse). Materials considered aggregates include rock, gravel, min- 
er& crushed stone, slag, sand, rock dust, and fly ash. Aggregates may be used alone for unbound sub-layers or as part of the EMA 
pavement layers. 

gravel-formed from the breakdown of natnralmck. Gravel partifiles (4.75 mmto 150mm) are found in existing or ancient 
waterways, ipldthe particles ar2 usually smooth and rounded by wear as the marerial is moved along by the action of water. 
Gsavel may be Fmshed prior to use in RMA. 
rroshed gmvel-processednatural gravel. Cmshedgraxel can be used meeessfhlly in pavement consmtiou with little or 
no screening as long as product satisfies specifleation requirements. 

awhed stone--qnanied rack pmceased to make it suitable fm HMA pavement use. Latge stones are cmshed resulting in 
fracbaed patticle faces. The c~~hdiistoneis sized by screening, and the dust resulting from tbe crushing can be removed by 
washing. 

maautoetwed 8rultk-the finer material (minus 4.75mm) from the aushmg of stone or gravel. It is typically unwashed 
with a b o r e  mat& p a s s i  the 0.075 mm sieve &an natural sands. 

natmal md--composed of the final residue of the dWoration of naW rocks. Sand deposits may contain sit€ and clay 
particles in different quantities. These sand deposits may require washing prior to use in HMA. 
reclaimed mstenials (fmmdry sands, rooting S b h g b ,  &&-waste and by-product mate&& for use in secondary 
applications such as HMA pavements. By-product matetiah include slags, foundry sands, and mofig ahinglm. Slag is a 
by-product of metallugical processing. Blast furnace slag h m t h ~  processing of steel is the most commonly used slag for 
HMA consmetion. Foundry sands are clean. uniformly size& high quality silica sgnd or lake sand bonded to form molds 
for iron, steel, copper, aluminum, and brass metal castings. Foundry sand may be used as a substitute for the aggregate in 
HMA. Rooting shingles, primarily fmn factory waste, have been successfally used in HMA. The materials used in roofing 
shingles (asphalt, sand, mineral finer, and fibers) are commonly used in HMA. These by-product materials do not represent 
the entire population of materials that can be used in HMA construction applimriom 

ci&imed asphalt pavement (RAP)--material removed from a pavement for reuse in new pavements. Can be applied to 
any project, which requires rehabilitationormajormomtmction. However, theHMA in place has to be evaluated to ensure 
its acceptability for recycling. For example, RAP is not desirable if the aggregate does not meet specified requirementsfor 
the new HMA. Additidy,  no sdditive shouldbe used in a HMA mix i£W add'itke precludes tbe HMA mix *om bein$ 
recycled in the funue. 

synth- aggregate ~ghtwight, expaded days, shales,sfstes)-produced by altering the physical and chemical char- 
acteristics of c-ertain minerals. Included in this categov are lightweight aggnrgates. expanded clays, shales, and slates. 

binders-The asphalt bin& is either an asphalt cement (AC) or a modified AC, wbich acts as a biding agent ta glue aggregate 
particles into a cohesive MS. There are several grades of ACs (bind&) that are available commercially. Performance-bwd speci- 
Bcations are most commonly used to classify asphalt binders into different grade,s in the United States. 

w grade-PerfonnanceGraded (PG) biders are becoming the standard for many a- of the country. The PG binder is 
the Superpave binder specification. which is performance-based. Binaers are seleeted on the basis of climate and traftic in 
which they are to be used. Tbc PG binders are defined by a term such as PG 58-28. The first number, 58 is the high 
temperatwe grade. This signifies that the binder has adequate physical properties up to at lemt 58 'C. This temperature 
corresponds with the high pavement temperature in the climate in which the binder is expected to me.  s ' iar ly ,  the 
woad number (-%I is the-low temperatare grade and signifies that the bider has adequate physical properties in pave- 
ments down to at least -28 'C. The W apbalt binder specification differs h m  other asphalt specitieatiom in that the tests 
used measure physical proparties that can be directly related to field performance. (Specification Reference - AASHTO 
publicBtionMP1, Specification for Petformapce Graded Binder) 

HMA PAVEMENT MIX TYPE SELECTION GUIDE 21 

nntisrtrlp add&ve-Added to mixme or bider to impmwe tbe resistance of HMA to moisnue damage. 



EXAMPLE 4: A pavement evaluation has determined that a 50 mrn (2") overlay is required for a medium traffic 
roadway with 9.5 mm (318") ruttlng. The existing roadway is 150 rnrn (6") of HMA over granular 
base (15 years since last rehab). Surface shows signs of stripping. 

State 1 

First mill about 25 mm (1") to remove ruts and stripping surface 

Second choose a 9.5 or 12.5 mm dense, fine-graded HMA for a 
thick surface course. 

layer. 

75 mm (3") 

State 2 
f I, First mill 37.5 mm (I-l/2") to remove ruts and stripped top layer 

l' Next, a 12.5 or 9.5 mm dense-graded HMA is selected for a 37.5 mm (1-1i2") 
thick surface course. 

Finally, use a 19.0 mm dense-graded HMA for the remaining 50 mrn (2") as  a 
binder course. 
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Introduction 

Etalckground 
Our nation's roadway system is critical to our 

economy. Hot Mix Asphalt (HMA) pavements consti- 
tute a large part of our nation's surfaced mads. HMA 
pavements serve in a multitude of traffic and environ- 
mental conditions, demanding that the materials and 
design meet spwific engineering requirements. HMA 
pavement mix types include Open-Graded Friction 
Courses (OGFC), Stone Matrix Asphalt (SMA), and 
fine- and coarse graded dense mixes. 
IiMA pavement mixtures are expected to perform 

over extended periods of time under a variety of traffic 
and environmental conditions. Specialized mixes have 
been developed to meet particular needs. An example 
of this is the OGFC, which is designed to improve t ic-  
tion and minimize splash and spray from pavement 
while decreasing noise levels. 

There is recognition in the transportation field that 
even as the future emphasis in HMA mixture design is 
on Superpave, attention must be given to better guid- 
ance on mixes designed to meet specific needs. HMA 
industry organizations have idenfified that while many 
of these pavement mix types have been used success- 
fuIly in certainapplications, some have also been placed 
in applications inappropriate for the mix type, such as 
placing an OGFC as an interlayer. 

Additionally, HMA contractors have expressed con- 
cerns regarding state and local agencies incorporating 
high quality aggregates in their HMA mix type selec- 
tion for both high volume and low volume trafEc use, 
resulting in the unnecessary increase of construction 
costs in some cases. Furthermore, with the reductions 
in staff and retirement of experienced pavement spe- 
cialists frommany government agencies, there is a need 
to provide guidance to those responsible for designing 
and specifying the applications of HMA mix types. 

A subsequent Federal Highway Administration 
(FHWA) headquarters inquiry to several states justified 
this need for reference guidelines addressing a variety 

of HMA mix types. Approximately 83 percent of the 
FHWA Statesfl)ivision officesrespondiig to the inquiry 
agreed that guidelines on pavement mix type selection 
would be beneficial. Among the examples provided for 
this need were: 
9 Addressing how the sub-surface pavement structure 

may affect the performance of the surface mix type; 
Use of a surface mix with poor performance history; 
and 
Poor pavemen$ placement techniques related to thc 
mix type being used. 

The RlMd Pawmat Mix Type Selection Guide pro- 
vides designers with methods for selecting appropriate 
mix types while considering factors such as traffic, en- 
vironment, subsurface pavement structure, existing 
pavement condition and preparation, and economics. The 
pavement mix types targeted are OGFC, SMA, and fine- 
and coarse-graded dense mixes. Thii Guide combines 
the selection criteria for these different pavement mix 
types into one document. 

To develop this document, information was obtained 
from a combination of literature reviews, current State 
DOTflocal government practices, and from a group of 
pavement experts, knowledgeable in the HMA indus- 
try, from private and public organizations. The e x p  
represented diierent geographical areas of the country 
and were jointly selected for their expertise and perspec- 
tives on the topic of pavement mix types by FHWA and 
theNational Asphalt Pavement Association (NAPA). The 
gmup identified the pertinent pavement mix type selec- 
tion details during a technical workshop held in April 
2000 at the NAPA offices in Lanham, Maryland. 

This document consists of guidelines for maximiz- 
ing the effectiveness of SMA, OGFC, and fine- and 
coarse-graded dense mixes to ensure the success of each. 
This Guide is not intended to cover every situation that 
will be encountered. However, its purpose is to provide 
a valuable reference tool to both pavement designers 
and field personnel. It represents a joint product by 
FHWA and NAPA. 
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hvment  layers &d 
Traffic Levels 

This section defines the purpose of each pavement 
layer and defines traffic levels. Subsequent sections 
dicuss the selection process for specific HMA mix type 
applications, the recommended surface preparation, the 
benefits of each HMA mix type, and examples of the 
mix selection process for each HMA mix type. 

Flexible pavements maintain contact with and dis- 
tribute loads to the prepared roadbed. Flexible pave- 
mmts consist of layds) formed by one or more lifts of 
HMA andlor aggregate base placed above the prepared 
roadbed sail called the subgrade. The subgrade is the 
foundation layer, which consists of the existing soil or 
borrow material compacted to a specified density. 

The pavement lay= are generally divided into a 
surface come, infermediate or binder course, and a 
base course. The surface, binder, and base courses are 
typically different in composition and are placed in 
separate construction operations. The pavement layers 
for two common methods, full depth Htvl.4 and HMA 
over aggregate base, of HMA construction are shown 
in Figure 1. 
Surface Layer 

The surface layer normally contains the highest qual- 
ity materials. It provides c h a m c ~ t i c s  such as fric- 

tion, smoothness, noise control, rut and shoving resis- 
tance, and drainage. In addition, it serves to prevent the 
entrance of excessive quantities of surface water into the 
underlying HMA Layers, bases, and subgrade. This top 
structural layer of material can also be overlaid with a 
highly drainable OGFC and may be referred to as a wear- 
ing course. 
intermediate Layer 

The intermediate layer, sometimes called binder 
course, consists of one or more lifts of structural HMA 
placed below the surface layer. Its purpose is to dis- 
tribute tr&c loads so that stresses transmitted to the 
pavement foundation will not result in permanent de- 
formation of that layer. Additionally, it facilitates the 
construction of the surface layer. It may or may not be 
used, depending upon the application as explainedin the 
Mix Types section of this document (see page 5). 

Base Layer 
The base layer consists of one or more HMA lifts 

located at the bottom of the structural HMA layer or an 
aggtegate base or s t a b W  base. Its major function is 
to provide the principal support of the pavement struc- 
ture. It should contain durable aggregates, which would 
not be damaged by moisture or frost action. 

Lweilng Course 
The levelmg course, as referenced in this document, 

is a thin layer of HMA used in rehabilitation to conect 
minor variations in the longitudinal and transverse pro- 
file of the pavement prior to placement of other pave- 
ment layers. 

FIGURE 1: Pavement Layws 
~ . -~ - .---2 - uz ~: - ~ ~ -- - - ..- ~ - 

HMA S u k e  Course HMA Swfece Course 

HMA Intermediate1 HMA lntemdiate/ 
Binder Course Binder Course 

1 HMA Base Course Aggregate Base Course 

Prepared Subgrade Prspared Subgrad 
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EXAMPLE 3: A 200 mm (8") structural overlay is required for rehabilltatlon of what is becoming a high volume 
urban highway. The exlsting condition is 10 percent low-medium alligator, 12.5 mm (lRu) rut. 
The pavement was constructed with no rehabilitation 10 years ago. Existing structure is 
100 mm (4") HMA over 300 mm (12") aggregate base. 

state 1 
First, mill 25 to 37.5 mm (1" to 1-112) to remove ruts and surface layer. 

Second, choose a 9.5 mm SMA as the surface course for resistance to rutting. 
The mix will be placed 37.5 mm (1.5") thick.The mix includes modified asphalt 
binder and fibers. 

The remaining 200 mm (8") of pavement will consist of multiple layers of 19.0 
or 25.0 mm dense coarse-graded mixes. 

1 

State 2 
First, mill 25 to 37.5 mm (I" to 1-112") to remove rutting and top layer. 

For the surface course, choose a 12.5 mm densbgraded HMA or SMA if heavy 
trucks are present.The mix will be 37.5 mm (1.5") thick. Mixes will use a polymer 
modified asphalt binder. 

Finaliy, the remaining 200 mm (8") of pavement will be placed using a 19mm 
dense graded HMA placed in four 50 mm (2") thick lifts to allow traffic to keep 
using roadway during construction [maximum allowable drop-off 50 mm (2'71. 

HMA PAVEMENT MIX TYPE SELECTION GUIDE I S  



EXAMPLE 2: A structural evaluatlon for a new low volume rural mad requires 100 mm (4") of HMA. 

State 1 

Step 1: First a surface layer using a 9.5 or 12.5 mm dense, fine-graded mlx 
is selected. The thickness for the 9.5 mm and 12.5 mm mixes would be 
25 mm (1 ") and 37.5 mm (1.5")), respectively 

Step 2: Finally, the remaining thickness [75.0 mm (3) or 62.5 mm (2.5")] 
would use a 12.5 mm dense fine-graded mix. 

State 2 .-___ Step 1: First a 9.5 or 12.5 mm dense, fine-graded HMA is selected for 
the surface course. This mix will be placed 37.5 mm (1.5) thick. 

/ 
Step 2: Rnally the remainder of pavement, 62.5 mm (2.5"), will use a 
19.5 mm dense flne-graded. 

Note: All mixes use unmodified asphalt binder. 
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Traffic 
The number of traffic loads musf be estimated to es- 

tablish the required thickness and HMA mix types used 
in a pavement strocture. Tmck or heavy equipment load- 
ing on a HMA structure is the main factor affecting the 
design and performance of an HMA pavement. The 
American Association of State Highway and Trampor- 
tation Officials (AASHTO) Road Test showed that the 
damaging effect of vehicle loads can be expressed by a 
number of 18-kip equivalent single axle loads (ESAL). 

For the purposes of this document, traffic is dehed 
according to the 20 year ESAL levels shown in Table I. 

- a , - -  

Figure Zpresents the expert task groups' (ETG) rela- 
tive ranking of which mix types are most appropriate 
for various layers based on general traffic categories. 
The figure can be used to select general mix types for 
further evaluation. Traffic levels are defined in Tnble I. 
The ETG's recommendations for mix types based on 
their location in the pavement structure and traffic lev- 
els are presented in Figuw 3. Recommended minimum 
lift thicknesses are provided. Minimum lift thicknesses 
are essential in obtaining the required densities for these 
mix types. Subsequent sections discuss the purpose of 
each layer, and discuss the benefits of each mix type. 

Determining AppropHate Mix Types 
The following presents the steps normally fbUowed 

to determine appropriate mix types for specific appli- 
cations: 

TABLE 1: Traffk Level Deftnitlons 

1. Determine total thickness of HMA required. 
New Construction: Conduct a structural design in 
accordance with established procedures. 
Rehabilitation: Perform a pavement and structural 
design evaluation. 

2. Determine the types of mixtures appropriate for the 
surface course based on trafEc and cost. 
(a) Begin with Figure 2. Identrfy the general traac 

category for your pavement. For a low traffic level, 
the ETG recommends only dense-graded mixes. 
For a moderate traffic level, dense-graded mixes 
again are the most highly recommended. How- 
ever, you may want to consider a SMAor OGFC, 
especially as you approach the high traffic level. 
For high traffic levels, all mix types are appropri- 
ate. See subsequent sections in this Guide for a 
more complete description of eachmix's benefits. 

@) Second, determine what aggregate size to use for 
a mix. The main consideration for this is traffic 
loading. The higher the traffic loads, the more you 
should consider using a largernominalmaximum 
size aggregate mix. 

(c) Third, consider appearance. Mixes with larger ag- 
gregates often have a coarser surface texture and 
may be more susceptible to segregation. There- 
fore, for a city street, you may want touse a finer 
mix such as a 9.5- or 12.5-mm dense-graded mix, 
while a 19.0-mm mix may be most appmpriate 
for an industrial area. However, never substitute 
performance for appearance. 
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crr alI lama must be b u & t  to the same level. 

- 
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Appendix A - Examples 

The following examples present two states' selection of appropriate mix types for four different scenarios: 

EXAMPLE 1: A structural evaluation for a new pavement on a hlgh volume, urban highway 
with heavy truck traffic requireg a total thickness of 300 mm (12") of HMA. 

State 1 

Step 1: A 9.5 mm SMA surface is selected for its durability and resistance 
to rutting from the heavy traffic.The mix will be placed 25 mm (1 ") thick. 
The mix would include modified asphalt binder and fibers. 

Step 2: A 19.0 mm dense coarse graded mix with modified binder is 
selected for its resistance to rutting for the intermediate course. The mhc 
will be ptaced in two l i i  75 mm (3") thiok each, for a total depth of 
150 mm (67. 

Step 3: The remaining 125 mm (5) of the structural section will use two 
lifts of a 19.0 mm dense, coarse-graded mix with an unmodified binder as 
a HMA base course. An unmodified binder is used for this layer since 
temperatures and compressive stresses that influence rutting are lower 
than upper layers. 

State 2 

.step 1: A 9.5 mm OGFC is selected for friction and splash and spray 
reduction. This mix will be placed 19.0 mm (314") thick and will use a 
polymer modified asphalt binder. Note, this mix is not used for low speeds 
and where cross roads are present. Also note that this mix is added to 
the thickness of the structural section since it is not considered a 

1 \ structural layer. 

A 9.5 mm SMA structural surface is selected for its durability and 
resistance to rutting from the heavy traffic. The mix will be placed 
37.5 mm (1 1/2") thick. The mix would include modified asphalt binder 
and fibers. 

\ Step 2 A 19.0 mm dense-graded mix is selected for its resistance to 
rutfing for the intermediate course. It is left up to the contractor whether 
to use a fine- or coarse-graded mix. The total thickness is 100 mm (4) 
which may be placed in one or two lifts at the descretion of the contractor. 

Step 3: The remaining 162.5 mm (6.5) of the structural section will use 
two lifts of a 25.0 rnm dense, fine- or coarse-graded mix as an HMA 
base course. 
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3. Subtract the thickness of the surface course from 
the total thickness, and determine what mix or 
mixes are appropriate for intermediate andlor base 
courses. ( S e e  Figure 2 and Figure 3) 

4. Continue to subtract intermediatehase course mixes 
from total thickness until mixes and layer thick- 

I 
ness have been selected for the required pavement I 
section. 

An example of the mix selection process is shown in 
Figure 4 for two pavements thatrequire 150 mm (6") of 
HMA each. One pavement is a downtown city street in 
a shopping district with moderate t r d c .  The other is 
for an industrial area with moderate traffic but a higher 
percentage of truck traffic. Other examples of the mix 
selection process are given in Appendix A. 

FIGURE 

Cores showlng different mixes for dmrent layers. 

3: Recommended MlxTLpes for Surface, Intermediate and Base Courses 
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M U m Q  M&WectlOnIExm@e 

- [ STEP 1 : Determine Total~ThIda%ees: 

Mix Types Sublayer Conditions 
Figure 7 shows the range of the recommended mini- ~ e w  Construction 

mum lift thicknesses for the different open-graded 
mixes. 

OGFC 9.5 mm and 12.5 mm 

Tabk 9 presents which mixes are appropriate for dif- Moderate and High TmDc - Place mix type on prop- 

ferent layers and for what purpose you may use the mix. erly prepared HMA base or binder course. 

ATB 12.5 mm and 19.0 mm 

t p r o p  M cw S ~ E E ~  is w- r ed as pact of a downtown red&bpm@ 
project. Perlormance and appearance 
both important. 
The total thickness of HMA required f o r m  

% pmiect is 150 mm (G").Traffic loadino is - TABLE 9: Appropriate Layers and Purpose 
of Opengraded Mlxes 

Use mix cype only as the lowest course in an HM.4 
pavement for drainage. Place on properly prepared 
base or subgrade. Use of geotextile or filter layer to 
prevent contamination by soil is recommended. 

Rehabilitation 
OGFC 9.5 mm and 12.5 mm 

~ 2 ~ : . ~ , t o ~ i q ~ . m  
FsgW 3, a dens. fheqraded (WQ) is the mosl 
hiiWr9cQmmemletlmix~lorthistraffic 
h I .Wh ie  W may.b.W~!.n*Is.situ@n. 
t h e M c l e n r e l m s y r i o f w t h e t h e a  
expenw, :f@J *.rnpe-dl 
h.l)%serea h h i h r  &g&m~. A 9.5,mm 
QFQ ;ob:W~,p@$dlf&r~peetrmc~, 
me mkwl! !x.~:37-5.m.mw 

Prokc4 6: Refening to ngWe 2 end fen 
F ~ r e 3 , a H m i x I y p e a a m ~  
appropriate for mi baffic. Becaosetrefflc 
speeds am law, OGFC is not mmidered. 
~stana,tonNnglsamajorcollcemdue 
t o a h i g h ~ d t n i d ( s , h r e k i r e a  
lamerstonemkmavbeusediwths~ 

Place mix type only on sound pavement smcture. 
Existing surface should have little or no cracking. 
Struchual deficiencies must be repairedprior to place- 
ment and cracks sealed. Best if placed on crack free 
surface. If ruts are present, use leveling come or mill. 

dense idaw graded mix is selected fo'm 
h. The mix MI be placad 37.5 mm hi&. 

-Vr;,;' . . ., I%-mmmM Minimum Lift T h i ~ k n w ~ . , . R a n m  tM Q~lr-graded MIxes 
STEP 3: Determine Intermedb9te Coum MixType and Thidae88 I 

12.5 mm E G ,  g7.5 mm, mfck 
19.0 mm DCG&? mm%t& 

19.OmmDFGandDCOcanbohbeplacedat 
a b o u t 1 / 2 t h a W r s m a R A n g ~ A 1 9 . 0  
mm DCG is seWeU because of ruttino con- 

4: D.bn.h* Bau Coumf# EUkType.@ndTnkk~, 
7 !a$ mmmbP"6,,$@&:.~ y 125 ~ R J  WG, 37.5 rnm think I 

!%BtMh Dc"a,:2 Imj 
e;m m a ,  each m 19.0 

9.5 Surface 12.5 Surface 12.5 ATPB 19.0 ATPB 

I Mix Type, mm I 
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MIX TYPE: 

Open-Graded Mixes 

Open-graded mixes are designed to be permeable to 
water, which differentiates them frorn dense-graded and 
SMA mixtures that are relatively impermeable. The9e 
nktttmes use only cntshed stone or, in some. cases, 
crushed gravel with a small percentage of mannfktured 
sands. The use of modified asphalts and possibly fibers 
is hlghly recommended for surface mixtures. This in- 
creasesthe amount ofasphalt that- be used with these 
mixes, improving their dwability and paformaace. 

Thrm tyaes of open-graded mixes are used in the 
United Statm: Open Graded Friction Courses (OCrFC), 
Porous Enropean Mixes (PEW, and Asphalt Treated 
PemeabbBases (ATPB). OGFC and PEM are used for 
surface or wearing courses only. 

Surface Courses 
The following signiiicant &fferences exist between 

PEM and OGFCP: 
1. Air voids of OOFC tend to be lower than PEM (15 

percent vs. 18 percent to 22 pea t ] .  
2, All European agencies spec* minimum air voids, 

whereas few U,S. agencies do. 
3. European gradations generally allow for more gap- 

graded mixtores, but not &ways. 
4. European agencies we d f i e d  biers almost ex- 

clusively. 
5. U.S. agencies are shifting toward modified binders. 
6. Aggregate standards are higher in Europe. 
7. The higher ait void contents specified in European 

mktwes require hard aggregates with aminimal ten- 
dency to break or degrade during comtruction. 

As pvioosly stated, both OGFC and PEM are used 
as surface mixtures only. They reduce r;@.a&spray ftom 
tires in wet weather and typically result in a smoother 
surface than dense-graded HMA. Both m more expen- 
sivepertonthan dense-graded HMA, but the unit weight 
afthe mix in-place is lower, wkch partially offsets this 
higher cost. Both mixtures shouid only be usedonhigh- 
or mediommt&ic volume roadways with posted high 
speeds only. Higher speed traffic help to keep the pores 
from clogging. 

In freezing climates, OGFC and P W  mixtures re- 
qnire a different approach far winter maintenance. The 

open pore structure causes these mixes to cool faster 
and therefore freeze sooner than less permeable mix- 
tures. Sand should not be mixed with deicing materials 
since the sand will plug the pores and decrease the ef- 
fectiveness of these mixtures. These surfaces also re- 
quire more frequent application of deicing materials 
although at a decreased rate each time. 

Asphalt Treated Permeable Base 
ATPB is used only below dense-graded HMA, 

SMA, or PCC to quickly remove water from below the 
pavement surface. A subdrain system is required when 
using ATPB. 

Materials 
Table 8 provides general guidelines for materials used 

in open-graded mixtures. See Appendix A for a more 
complete description of materials. 

Mlx Design 
Mix design for open-graded mixes i s  less s m ~ w  

than for de~l~e-pded or SMAmixtures. The main com- 
ponents of OGFC design arc 

Selection of materials; 
Gradation; 
Compaction and void determination; and 
Binder draindown evaluation. 

The National Centet for Asphalt Technology (NCAT) 
Report 99-3, Design of New-Generation Open Graded 
Friction Courses, provides arecommended mix design 
procedure for OGFQ. 
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General Recommendations 
for Surface Preparation 

Perfom structutal design in accordance with estab- 
lished procedures such as AASHTO' or the Asphalt 
instimtez (4. 

Subgrade and untreated basas must be properly com- 
pacted to provide a firm, uniform working surface. Do 
not attempt to place HMA over materials that yield, 
such as soft soils. A tack coat is applied at the interface 
between HMA layers. Pr prime coat may be applied be- 
tweenHMA and aggregate base layers. A seal coat may 
be used for the surface (top) layer. 

Rehabilitation 
Performing pavement preservation will extend a 

pavement's useful life; however, even with pavement 
preservation, disintegration will occur over time and 
q u i r e  rehabilitation. A commonrehabilitation method 
is to provide necessary repairs to the existing pavement, 
then overlay it with a new structural-wearing surface. 
This method is discrrssed in the following paragraphs. 

HMA 
Thin Overlay [ S  60 mm f2")] Functional 

Place a thin overlay only on sound pavements with 
little or no cracking. Any structural dismsses such as 
alligator cracking or potholes should be cut out and 
patched prior to overlay. 

If mtting of 12.5 mrn (112") or more is present, con- 
sider removing and replacing the layers responsible for 
rutting. For ruts less than 1/2 inch, other remedies such 
as milling, leveling, etc. may be warranted. 

For pavements with poor ride quality, milling or 
leveling should be considered prior to overlay. Clean 
and tack existing d a c e  prior to placing overlay. Crack 
fi lhg may be considered for kansverse cracks more 
&a 9.5 mm (318") wide. Crack filling is different than 
crack sealing in the preparation given to the crack be- 
f m  treatment. Crack filling is applied on mere worn 
pavements with wider, more random cracking. 

Structural Overlay 
Perform structutal overlay designin accordance with 

established procedures such as AASRTO' or AP, tak- 
ing into account the condition of the existing pavement. 
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Sttuctural distresses mch as fatigue @,&gator) crack- 
ing or potholes should be cut out and )ptthed prior 
to overlay. 

Iflutting of 12.5 mm (112") ormore exists, consider- 
ation should be given to removing a9d replacing layers 
responsible for mtting. For rough or rutted pavements, 
pmfile milling should be considered as a means to im- 
prove the final smoothness and density. 

PCC 
In many rehabilitation cases, slab fracming is rec- 

ommended on P o h d  Cement Concrete (PC€) pave- 
ments as a method of reducing or preventing reflec- 
tion cracking. 

The thermal- or moisture-indud movement of the 
PCC slab beneath the asphalt concrete often causes re- 
flection cracking. By reducing the effective slab length, 
this movement can be minimized. This rehabilitation 
can be applied on pavements exhibiting significant 
spalhg, cracking, or patching. It can also be used as an 
eeanomical way of salvaging deteriorated pavements 
from complete reconstruction. 

Concrete slab fracturing includes cracking and seat- 
ing, breaking and seating, and rubblization. AU these 
methods offset reflection cracking by reducing the ef- 
fective slab length of PCC pavements. The choice of 
method is depndent on the type of PCC pavement and 
subgrade support. For more information on slab frao 
Ming, refePto UAPApublicationnumk IS- 117, Guide- 
lines for Use of HMA Overlay to Rehabilitate PCC 
Pavements4. No matter which technique is used, soft 
a r m  must be repaired prior to overlay. 

Drainage playa an integral role in pavement design. 
G o d  drainage enhances pavement d d I l i Q .  In order 
to identify problem areas, it is essential that drainage 
be evaluated prior to pavement placement. Dtainage pro- 
visions should be made in areas where water can col- 
lect. 

Drainage is categorized into two types: sutface and 
subsurface. The removal of surface water from the trav- 
eled way and shoulders is termed surface drainage. 
Measures to facilitate surface drainage include the mad- 
way crown, side slopes, longitud'i ditches, and cul- 
verts. Subsurface drainage pertains to the control of 
g m d  water and is animportant consideaation in pave- 
ment design. Subsurface drainage serves several pur- 
poses, such as corSdhg Seepage io cuts and lowering 
the ground warn table in areas where the water level 
lies near the surface of the ground. 



Mix Deslgn for Mix Qpes 
A mix design should be required for every mix. The 

mix design will typicany include material proportions 
and chatacteristios as well as select mixme properties 
(vohmetrics, strength tests, etc.). There are three com- 
mon procedures for designing HMA mixtoEes. These 
are Marsh& Hveem (ATpnblication MS-23, and most 
recently Superpave (AT publication SP-29.m these mix 
design pmc&ues can be used to design qualiiy mix- 
tures. References for appropriate. mix design procedures 
are-providedforeachmixtype. 

MIX TYPE: 

A dense-graded mix is a well-graded (even disnibu- 
tion of aggregate particles from coarse to fine), dense 
HMA mixture consisting of aggregates and asphalt 

binder. Properly designed and constructed mixtures are 
relatively impermeable. 

Nominal Maadmum Size (NMS): For the purposes 
of consistency, all dense graded mixes in this docu- 
ment are designated by the nominal maximum ag- 
gregate size of the aggregate in the mix. This is de- 
fined in the Superpave mix design system as, "one 
sieve size larger than the fkt sieve to retain more than 
10 percent." 
P i e -  and Coarse-Graded Mixes: Dense-graded 
mixes can further be classified as either fine-graded 
or coarse-graded. Simply put, fine-graded mixes have 
more fine sand size particles than coarse-graded 
mixes. Table 2 can be used to define whether amix is 
coarse or fine-&. The relative advantaees of the " - 0  

mixes are presented in Table 3. 

Dense-graded mixes are considered the workhorse 
of HMA since they may be used effectively in all pave- 
ment layers, for all tr&c conditions. 

TABLE 3: Advantages of Fine- and Coarse Dense-graded Mixtures 

lifts (c 25 mm (IU) NMS; 
~ ~ 

Mix Types FIGURE 6: Recommended Minimum Lift 
Thickness Ranges for SMA 

Figure 6 shows the ranee of the recommended mini- 
mumVlift thicknesses for the different SMA mixes. 

Table 7presents which mixes are appropriate for dif- 
ferent layers and for what purpose you may use the mix. 
Because SMA is mostly used for surface courses, choice 
in mix is almost always based on lift thickness. 

Sublayer Condltlons - All Mixes 
New Construction 

Moderate andHigh tr@c -Place mix type on prop 
erly prepared HMA base or binder course. 

Rehabilitation 
Place mix type only on sound pavement structure. 
The existing surface should have littIe or no crack- 
ing. Structural deficiencies must be repaired prior to 
placement. 

12.5 rnrn 12.5 mm 
SUPERPAVE SMA 

The difference in aggregate stiucture betmeen dense-gtaded 
and SMA is shown in these care samples. 



Stone Matrix Asphalt (SMA) Mixes 1 
- - 

SMA is a gap-graded HMA that maximizes rutting 
resistance and durability with a stable stone-on-stone 
skeleton held together by a rich mixture of AC, filler, 
and stabilizing agents such as fibers and/or asphalimodi- 
fiers. SMA was developed in Europe to resist rutting 
(permanent deformation) and studded tire wear. 

SMA is often considered a premium mix because of 
higher initial costs due to increased asphalt contents and 
the use of moze durable aggregates. However, this higher 
initial cost may be more than offset by improved per- 
formance for medium and high uaffk loading situations. 
In addition to improved durability, fatigue, and rutting 
resistance, other reported benefits include improved wet 
weather friction, due to a coarser surface texture, and 
lower tire noise. Reflective aacking in a SMA mixture 
is often not as severe as dense-graded mixtures since 
cracks have less tendency to spal17. 

Purpose 
As previously mentioned, the primary purpose of 

SMA mixes is improved rut resistance and durability. 
Therefore, these mixes are almost exclusively used for 
surface courses on high volume interstates and U.S. 
highways. Special cases such as heavy, slow-moving ve- 
hicles may warrant the use of SMA for intermediate and 
base layers. One state, Georgia, commonly nses SMAs 
as a surface mix with an OGFC as a wearing surface. 

Materials for SMA 
SMA is a premium mix requiring high quality ma- 

terials. Cubical, low abrasion, cmshedstone and manu- 
factured sands are recommended because the mixture 
gains most of its strength from the stone-on-stone ag- 
gregate skeleton. Aggregates should have 100 percent of 
the particles with one or more fractured faces. Natural 
sands should not be used. Aggregates should also have 
high polish values to retain good skid resistance where 
SMA is the final surface. 

The matrix of sand, asphalt, mineral filler, and addi- 
tives is also important to performance. Manufactured 
sands, mineral fiUers, and additives (fibers andfor poly- 
mers) make a stiff matrix that is important to the mtting 
resistance of these mixes. Mineral fillers and additives 
also reduce the amount of asphalt drain down in the mix 
during construction, increasing the amount of asphalt 
used in the mix, improving its durability. 

Table 6 provides general guidelines for materials used 
in SMA mixtures. See Appendix A for a complete de- 
scription of materials. 

Mix Design 
Marshall and Superpave compaction procedures can 

be used to design SMA mixtures. For information on 
designing SMA mixtures, refer to the National Coop- 
erative Highway Research Program (NCHRP) Report 
425, Designing Stone Matrix Asphalt Mixtures for Rut- 
Resistant Pavements. 

Layer 1 Material / Medium Traffic / High Traffic 

Surface and 
Intermediate/Binder 
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A dense-graded mix may be used to fulfill any or all 
of the fonowing pavement designers' needs: 
Structnrai - This is the primary purpose of dense- 
gradedmixes and is primadly a function ofthe thick- 
ness of the layer. However, select materials may im- 
prove the stcuctural value of mixes. 
Metion -This is an impxtant consideration for sur- 
face courses. Friction is a function of aggregate and 
mix properties. 
Leveling - This mix may be used in thin or thick 
layers to fill depressions in roadways. 
Patching - The mixtore should meet the same re- 
quirements as if used for new construction. 

TABLE 4: M&er$ts lor Densegraded Mtxhtnts 

termedlate 
hder 

Materials 
Table 4 provides general guidelines for materials used 

in dense-graded mixtures. See Appendir B for a more 
complete description of materials. 

Mlx Design 
Dense-graded mixes may be designed using Marshall, 

Hveem, and Superpave procedures. For further infar- 
mation on Marshall and Hveem mix design procedures, 
refer to the AI's publication MS-2, Mix Design Meth- 
ods for Asphalt Concrete and Other Hot-Mix ms. For 
information on designing mixes using the Superpave 
system, refer to the ATs publication SP-2, Superpave 



Mix Design. The Superpave system is recommended and/or skid need to be improved, you could possibly 
for designing dense-graded HMA. use a 4.75 mm (No. 4 sieve), 9.5 mm (3/8"), or 12.5 

mm (112") mix. 
M ~ X  vpes 

Fipurp 5 shows the range of the recommended mini- Sublayer Conditions - - m-- - - - . - " 
mum lift thicknesses for different dense-mded mixes. Therecommended sublayer conditions prior to place- - 

Table 5 presents which mixes are appropriate for dif- ment of the different mix types are showion the facing 
ferent layers and the purpose of each mix. For example, page. The reader should also refer to the section on 
if your analysis shows that you do not need strudaml General Recommendations for Su$ace Preparation 
improvement, and there is little or no clacking, but ride (see page 7). 

FIGURE 5: Recommended Minimum LMt Thickness Ranges tor Dense-graded Mixss 
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10 HMA PAVEMENT MIXTYPE SELECTION GUIDE 

New Construction Sublayer 

4.75 mm 
All traffic -Place mix type only on properly pre- 
pared HMA surface. See general recommendations 
for surface preparation. 

9 5  mm 
Lav rrafic - The mix type may be placed on aprop 
erly prepared aggregate or treated base or HMA 
base. When placed on non-HMA base, it is recom- 
mended that the mix be placed in two lifts for im- 
proved smoothness. 
Moderate and high trafic - Placemix type on pmp- 
erly prepared HMA base or binder course. 

12.5 mm 
Low trajjc - Mix type may be placed on properly 
prepared aggregate or treated base (1 or 2 lifts) or 
HMA base. When placed in a single lift over aggre- 
gate base, the final smoothness may not be as good 
as that placed over an RMA base. 
Moderate and high traffis - Place mix type on prop 
erly prepared HMA base or bider course. 

19.0 mm 
Low traflc -Mix type may be placed on properly 
prepared aggregate or treated base (1 or 2 lifts) or 
HMA base. When placed in a single lift over aggre- 
gate base, the final smoothness may not be as good 
as that placed over HMA base. 
Moderate and high trajjc -In most cases, this mix 
will beused as a binder or base course where it should 
be placed on a properly prepared subgrade, aggre- 
gate, or treated base. 

25.0 mm and 375 mm 
Follow general recommendations for surface prepa- 
ration. 

A con, sample d25.0 mm shows a dmegradsd mix. 
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Rehabilltation Sublayer 

4.75 mm 
Place mix type only on sound pavement structure. 
Existing surface should have little or no cracking or 
rutting. Structural deficiencies must be repaired prior 
to placement. Follow general recommendation for 
thin overlay surface preparation. 

9.5 mm 
Place mix type only on sound pavement structure. 
Existing surface should have little or no cracking. 
Structural deficiencies must be repaired prior to place- 
ment. 

125 mm 
Place mix type only on sound pavement structure. 
Existing surface should have little or no cracking. 
Structural deficiencies must berepairedprior to place- 
ment. 

19.0 mm 
When used for surface, place mix type only on sound 
pavement structure. Existing surface should have liale 
or no cracking. Structural deficiencies must be re- 
paired prior to placement. Mix type can be used as a 
base orbider course for rehabiitation of asphalt and 
PCC pavement. Follow general recommendations for 
surface preparation. 

25.0 mm and 37.5 mm 
Follow general recommendations for d a c e  prepti- 
ration. 

Samples of 9.5 and 12.5 mm dens-graded mks. 


