DEPARTMENT OF THE AIR FORCE

HEADQUARTERS AIR FORCE CIVIL ENGINEER SUPPORT AGENCY

JAN 9 2004

FROM: HQ AFCESA/CESC
139 Barnes Drive
Tyndall AFB FL 32403-5319

SUBJECT: Engineering Technical Letter (ETL) 04-8, Stone Matrix Asphalt (SMA)
for Air Force Pavements

1. Purpose. This ETL provides a guide specification for use of SMA in pavement

projects.

2. Application. This ETL is applicable to all Air Force organizations with pavement
maintenance and repair responsibility.

2.1. Authority: Air Force Policy Directive (AFPD) 32-10, Installations and Facilities.
2.2. Effective Date: Immediately.

2.3. Intended Users: Base civil engineers (BCE) responsible for maintenance and
repair of pavements.

2.4. Coordination: Major command (MAJCOM) pavement engineers.

3. Acronyms and Terms:

AASHTO — American Association of State Highway and Transportation Officials
AFPD — Air Force Policy Directive

Al — Asphalt Institute

AMRL — AASHTO Material Reference Laboratory
ASTM — American Society for Testing and Materials
BCE — base civil engineer

C — Celsius

CDT — California Department of Transportation
COE — Corps of Engineers

cu — cubic

ESAL — equivalent single axle load

ETL — Engineering Technical Letter

F — Fahrenheit

FAA — Federal Aviation Administration

FHWA — Federal Highway Administration

ft — feet

APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED



HMA — hot-mix asphalt

HQ AFCESA — Headquarters, Air Force Civil Engineer Support Agency
HQ USAFE — Headquarters, United States Forces in Europe
JMF job mix formula

kg kilograms

kPa kiloPascals

Ibs pounds

m meters

MAJCOM major command

mi milliliters

mm millimeters

mm/km millimeters per kilometer

MP Materials Provisional

MPa megaPascals

MS Manual Series

NATO North Atlantic Treaty Organization
NAVFAC Naval Facilities Engineering Command
PG Performance Graded

PMA polymer modified asphalt

psi pounds per square inch

QA quality assurance

QC quality control

SGC Superpave gyratory compactor

SMA stone matrix asphalt

sq square

UFC Unified Facilities Criteria

UFGS Unified Facilities Guide Specification
us United States

USACE United States Army Corps of Engineers
VCA voids in the coarse aggregate

VMA voids in the mineral aggregate

wpf weighted pay factor

4. Explanation.

4.1. General. SMA has become a popular asphalt mix for surfacing heavy-use roads
and airfields in Europe. As a result of the wide acceptance of SMA in Europe, this ETL
is primarily intended for use at Headquarters, United States Forces in Europe (HQ
USAFE) and North Atlantic Treaty Organization (NATO) bases. However, as SMA
continues to become more accepted worldwide, this ETL has applicability to all Air
Force installations. SMA has been used in Europe for approximately 35 years. It
provides both good rutting resistance and skid resistance. Its high asphalt content
provides a highly durable mixture that tends to be compacted easily and is resistant to
fatigue and reflective cracking. SMA has proven to be cost effective compared to hot-
mix asphalt (HMA) because the thinner layer applications offset the cost of higher
binder and coarse aggregate contents. In addition, a well-designed SMA requires



relatively little maintenance, which can contribute to lower life-cycle costs. SMA
mixtures consist of coarse aggregate, fine aggregate, mineral filler, and asphalt cement,
with or without a modifier. The coarse aggregate content is typically approximately 70
percent (by weight), providing for stone-to-stone contact to provide strength. This high
coarse aggregate content generally results in a mix with a gap gradation. Such a
gradation, coupled with the high asphalt cement content, can cause the asphalt to
“drain” from the mix. To avert that problem, a modifier is often added to stiffen the
asphalt. The modifier may be a polymer and/or fiber (cellulose or mineral). Normally
used in the surface course of pavement construction, SMA has an appearance similar
to an open graded friction course; however, it has a low air voids content, similar to that
of a densely graded HMA.

4.2. Performance. SMA has displayed superior highway performance in Europe and is
rapidly gaining acceptance in the United States (US), with over 2 million tons of SMA
used in the US during the past 5 years. SMA has been placed on the runway at one HQ
USAFE military airfield and has shown excellent performance to date.

4.3. Applications. SMA can be specified in place of HMA in all pavement applications. It
has advantages on runways due to its excellent rutting resistance and skid resistance. It
should be considered for use in other areas whenever rutting or reflective cracking are
design concerns.

4.4. Unified Facilities Guide Specification (UFGS). The guide specification provided as
Attachment 1, Stone Matrix Asphalt (SMA) for Airfield Pavements, will soon be
published as UFGS 02740. Though the specification title refers only to airfield
pavements, the specification covers the requirements for SMA mixes suitable for paving
both heavy duty roadways and airfields.

5. Point of Contact: Recommendations for improvements to this ETL are encouraged
and should be furnished to Mr.Jim Greene, HQ AFCESA/CESC, DSN 523-6334,
commercial (850) 283-6334.

JEFFREY L. LEPTRONE, Colonel, USAF 2 Atch
Director of Technical Support 1. UFGS 02740, Stone Matrix Asphalt
(SMA) for Airfield Pavements
2. Distribution List
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USACE / NAVFAC / AFCESA

UFGS- 02740 (Cct ober 2003)

Preparing Activity: USACE

UNI FI ED FACI LI TIES GUI DE SPEC! FI CATI ON
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USACE / NAVFAC / AFCESA UFGS- 02740 (Cct ober 2003)

Preparing Activity: USACE
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SECTI ON 02740

STONE MATRI X ASPHALT (SMA) FOR Al RFlI ELD PAVEMENTS

10/ 03
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NOTE: This guide specification covers the
requi renents for stone matrix asphalt (SMA) for
both heavy duty roadway and airfield pavenents.

Conment s and suggestions on this guide
specification are wel come and shoul d be directed
to the technical proponent of the specification

A listing of technical proponents, including their
organi zati on desi gnati on and tel ephone nunber, is
on the Internet.

Use of el ectronic conmunication is encouraged.
Thi s gui de specification includes tailoring
options for requirenments of the Federal Aviation
Admi ni stration (FAA) and requirenents of other
agenci es where there are differences in technica
requi renents, contracting nmethods, or term nol ogy.
Sel ection or deselection of a tailoring option

wi Il include or exclude that option in the
section, but editing the resulting section to fit
the project is still required.

khkhkkhkhkhkhkhhkhkhhhkhhhkhhhkhkhhhhhhkhhhhkhhhkhhhkhhhkhhhkhhkhkhhhkhkhdhkhdhhhkhkhkhkkhkrkk *k*x**%x

PART 1

GENERAL

khkhkkhkhkhkhkhhkhkhhhkhhhkhhhhkhhhhhhhhhhkhhhkhhhkhhhkhhhkhhhkhhhhhdhhkhdhhhkhkhk kk krkk *k*x**x

NOTE: Mbdifications nmust be nmade to this guide
specification during conversion to a project
specification in accordance with the NOTES which
are | ocated throughout the docunment. These NOTES
are instructions to the designer, and will not
appear in the project specification

Thi s gui de specification only pertains to the
stone matrix asphalt aspects of the project and
not to any surface preparation requirenents
dealing with aggregate base courses, mlling, or
tack and prinme coats. Surface preparation

requi renents shoul d be covered by either including
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themin this guide specification or by adding
pertinent sections to the project docunents.

This specification utilizes a Quality Assurance
and Quality Control (Q& QC) construction
managenent phil osophy. Quality Assurance refers
to the actions performed by the Governnent or

desi gnated representative Engi neer to assure the
final product neets the job requirenents. Results
of QA testing are the basis for pay. Quality
Control refers to the actions of the Contractor to
noni tor the construction and production processes
and to correct these processes when out of

control. Results of QC testing are reported daily
on the process control charts naintained by the
Contractor. (Quality Control is covered in

par agr aph CONTRACTOR QUALITY CONTROL. Quality
Assurance is covered in paragraph MATER AL
ACCEPTANCE AND PERCENT PAYMENT

khkhkkhkhkhkhkhhkhkhhhkhhhkhkhhkhkhhhkhhhkhhhhhhhkhhhkhhhkhhhkhhhkhhhkhk khdhkhkhdhkrkk krkk *k*x**%x

.1 REFERENCES

khkhkkhkhkhkhkhhkhkhhhkhhhkhhhkhkhhhkhhhkhhhhkhhkhkhhhkhhhkhhhkhhhkhhhkhhkhkhdhkhkhkhkhkk krkk *k*x**%x

NOTE: Issue (date) of references included in
proj ect specifications need not be nore current
than provided by the | atest change (Notice) to
this gui de specification.

khkkhkkhkhkhkhkhhkhkhhkhkhhkhkhhhkhkhhhkhhhkhhhhhhhkhhhkhhhkhhkhkhhkhkhhhkhkhkkhkhdhhhkhkhkrkkhkrkk *k***%x

The publications listed below forma part of this specification to the
extent referenced. The publications are referred to in the text by
basi ¢ desi gnation only.

AMERI CAN SOCI ETY FOR TESTI NG AND MATERI ALS (ASTM

ASTM C 88 (1999a) Soundness of Aggregates by Use of
Sodi um Sul fate or Magnesi um Sul f at e

ASTM C 117 (1995) Materials Finer than 75-m croneter
(No. 200) Sieve in Mneral Aggregates by
Washi ng

ASTM C 127 (2001) Specific Gravity and Absorption of

Coar se Aggregate

ASTM C 128 (2001) Specific Gravity and Absorption of
Fi ne Aggregate

ASTM C 131 (2003) Resistance to Degradation of Small -
Si ze Coarse Aggregate by Abrasion and
I mpact in the Los Angel es Machi ne

ASTM C 136 (2001) Sieve Analysis of Fine and Coarse
Aggr egat es
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ASTM C

ASTM C

ASTM C

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

ASTM D

566

612

1252

75

140

242

946

995

1461

2041

2172

2419

2489

2726

2950

3203

3381

3665

(1997) Total Evaporabl e Misture Content of
Aggregate by Drying

(2000) M neral Fiber and Board Ther ral
I nsul ati on

(1998) Unconpacted Void Content of Fine
Aggregate (as Influenced by Particle
Shape, Surface Texture, and G adi ng)

(1997) Practice for Sanpling Aggregates
(2001) Sanpling Bitum nous Materials

(2000) Mneral Filler for Bitum nous Paving
M xt ur es

(1982; R 1999) Penetration-G aded Asphalt
Cenent for Use in Pavenent Construction

(2002) Mxing Plants for Hot-M xed, Hot-
Laid Bitum nous Paving M xtures

(2001) Moisture or Volatile Distillates in
Bi t um nous Pavi ng M xtures

(2000) Theoretical Mxinmum Specific Gavity
and Density of Bituni nous Paving
M xt ures

(2001) Quantitative Extraction of Bitunmen
from Bi tunmi nous Paving M xtures

(2002) Sand Equival ent Value of Soils and
Fi ne Aggregate

(2002) Degree of Particle Coating of
Bi t um nous- Aggregate M xtures

(2000) Bul k Specific Gavity and Density of
Non- Absor pti ve Conpacted Bituni nous
M xture

(1997) Density of Bitum nous Concrete in
Pl ace by Nucl ear Met hod

(2000) Percent Air Voids in Conpacted Dense
and Open Bitumni nous Paving M xtures

(1999) Viscosity-Gaded Asphalt Cenent for
Use in Pavenent Construction

(2002) Random Sanpling of Construction
Materi al s
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ASTM D 3666 (2002) M ni mum Requi renments for Agencies
Testing and | nspecting Bitum nous Paving
Materi al s

ASTM D 4125 (2000) Asphalt Content of Bitum nous
M xtures by the Nucl ear Met hod

ASTM D 4318 (2000) Liquid Limt, Plastic Lint, and
Plasticity I ndex of Soils

ASTM D 4791 (1999) Flat Particles, Elongated Particles,
or Flat and El ongated Particles in
Coar se Aggregate

ASTM D 5444 (1998) Mechani cal Size Anal ysis of
Extracted Aggregate

ASTM D 5821 (2001) Determ ning the Percentage of
Fractured Particles in Coarse Aggregate

ASTM D 6307 (1999) Asphalt Content of Hot-M x Asphalt
by Ignition Method

ASTM D 6373 (1999) Performance Graded Asphalt Bi nder

ASTM D 6390 (1999) Determ nation of Drai ndown
Characteristics in Unconpacted Asphalt
M xt ures

ASPHALT | NSTI TUTE (Al)

Al M52 (1994) M x Design Methods for Asphalt

Concrete and Ot her Hot-M x Types
AMERI CAN ASSOCI ATI ON OF STATE H GHWAY AND
TRANSPORTATI ON OFFI Cl ALS ( AASHTO)

AASHTO MP8 (2001) Standard Specification for Designing

Stone Matrix Asphalt (SMd)
CALI FORNI A DEPARTMENT OF TRANSPORTATI ON ( CDT)

CDT Test 526 (1978) Operation of California Profil ograph
and Eval uation of Profiles

CDT Test 303 (2000) Standard Met hod of Test for
Centrifuge Kerosene Equival ent and
Approxi mate Bitunen Ratio (ABR)

Atch 1
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CORPS OF ENG NEERS ( COE)

CCE CRD-C 171 (1995) Test Method for Determ ning
Percentage of Crushed Particles in
Aggr egat e

UNI FI ED FACI LI TIES CRI TERI A (UFC)

UFC 3-250-03 (2001) Standard Practice Manual for
Fl exi bl e Pavenent s

UNI FI ED FACI LI TI ES GUI DE SPECI FI CATI ONS ( UFGS)

UFGS 01330 (2002) SUBM TTAL PROCEDURES

.2 DESCRI PTI ON OF WORK

The work shall consist of pavenent courses conposed of mneral aggregate
and asphalt naterial, either using a stabilizer or nodified with or

wi thout a stabilizer, mxed in a central mxing plant and the hot

m xture is placed with an asphalt paver on a prepared course. Stone
matrix asphalt (SMA) m xtures designed and constructed in accordance
with these specifications shall conformto the |ines, grades,

t hi cknesses, and typical cross sections shown on the plans.

.3 SUBM TTALS

khkhkkhkhkhkhkhhkhkhhhkhhhkhhhkhkhhhkhhhhhhhkhhhkhhhkhhhkhhkhkhhhkhhhhhhkhdhhhkhkhkrkk krkk *k***%x

NOTE: Subnittals nust be linmted to those
necessary for adequate quality control. The

i mportance of an itemin the project should be one
of the primary factors in deternmining if a
submttal for the itemshould be required.

I ndicate submittal classification in the blank
space followi ng the nane of the itemrequiring the
submttal by using "G' when the subnittal requires

Governnent approval. Submittals not classified as
"G will show on the subnmittal register as
"Information Only". For submittals requiring

Governnent approval, a code of up to three
characters should be used following the "G'
designation to indicate the approving authority;
codes of "RE" for Resident Engineer approval, "ED'
for Engi neering approval, and "AE" for Architect-

Engi neer approval are recomended.
khkkkkhhkkhkhhkkkhhhkkhhhhkkhhhkhhhkhkhhhkkhhhkhkhhhkkhhhkhkhhhkkhhhkhkhhhkkhhhkhkhhkhkk dhhxkhdhkkxk k,xk,k x*x*x*%

Covernment approval is required for submittals with a "G' designation;
submttals not having a "G' designation are for information only. Wen
used, a designation following the "G' designation identifies the office
that will review the subrmittal for the Governnent. The follow ng shal
be submitted in accordance with UFGS 01330:

Atch 1
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1.

Pl acenment Pl an:

SD- 03 Product Data

Mx Design; G [ ]
Proposed JMF.
Contractor Quality Control; G [___ ]

Quality control plan.

SD- 04 Sanpl es

Asphalt Cenent Binder; | 1, [ ]
20 liters [5 gall ons] sanple for mx design verification.
Aggregates; | 1, [ |

Sufficient materials to produce 90 kg [200 | bs] of blended m xture
for mix design verification.

SD- 06 Test Reports
Aggregates; G | ]
QC Monitoring; [ 1, 1 ]
Aggregate and QC test results.

SD-07 Certificates

Asphalt Cenent Binder; G [ ]
Copies of certified test data.
Testing Laboratory; | 1, | ]

Certification of conpliance.

4 METHOD OF MEASUREMENT

khkkhkkhkhkhkhkhhkhkhhhkhhhkhhhkhkhhhkhhhhhhhhhhkhhhkhhhkhhhkhhhkhhhhkhhhkhdhhkhkhkhkrkk krkk *k*x**%x

NOTE: For unit-price contracts, include first

par agraph and del ete the second paragraph. For

| unp-sum contracts, delete the first paragraph and
i ncl ude the second paragraph. Lunp-sum contracts
shoul d not be used when the job exceeds

1000 netric tons [1000 short tons].

khkhkkhkhkhkhkhhkhkhhhkhhhkhhhkhkhhhhhhhhhhkhhhhhhkhhhkhhhkhhhkhhhhhhkhdhhhkhdhkhkkhkrkk rk***%x

[ The anmount paid for will be the number of [netric] [short] tons of SMA
used in the accepted work. The SMA shall be weighed after mxing, and
no adjustrment will be made for weight of asphalt cenment material

i ncorporated herein.]

[ Measurenent of the quantity of SMA, per [netric] [short] ton placed and
accepted, shall be made for the purposes of assessing the pay factors
stipulated in this section.]

Atch 1
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1

5 BASI S OF PAYMENT

khkkhkkhkhkhkhkhhkhkhhkhkhhhkhhhhkhhhhhhhhhhhhhhhhkhhhkhhhkhhhkhhhhkhkdhkhdhkhkhkhkrkkhkrkk *k*x**%x

NOTE: For unit-price contracts, include first

par agraph and del ete the second paragraph. For

| unp-sum contracts, delete the first paragraph and
i ncl ude the second paragraph. Include
prescriptive unit price based on the

Cover nnment / Engi neer estimate for paynent
adjustnment. Lunp-sum contracts should not be used
when the job exceeds 1000 netric tons [1000 tons].

khkhkkhkhkhkhkhhkhkhhkhkhhhkhhhkhkhhhkhhhkhhhhkhhhkhhkhkhhhkhhhkhhhkhhhhhkdhkhhkhkhkhkrkkhkrkk *k*x**%x

[Quantities of SMA mixture, determ ned as specified above, will be paid
for at respective contract unit prices or at reduced prices adjusted in
accordance w th MATERI AL ACCEPTANCE AND PERCENT PAYMENT. Payment shal
constitute full conpensation for furnishing all materials, equipnent,
plant, and tools; and for all |abor and other incidentals necessary to
conplete work required by this section of the specification.]

[ The nmeasured quantity of SMA will be paid for and included in the | unmp-

sum contract price. |If less than 100 percent paynent is due based on
the pay factors stipulated in paragraph MATERI AL ACCEPTANCE AND PERCENT
PAYMENT, a unit price of | ] per ton shall be used for purposes of

cal cul ati ng the paynment reduction.]

.6 ASPHALT M XI NG PLANT

Plants used for the preparation of SMA shall conformto the requirenents
of ASTM D 995 with the foll ow ng changes:

a. Truck Scales. The asphalt nixture shall be wei ghed on approved
scal es furnished by the Contractor, or on certified public scales at
the Contractor’s expense. Scales shall be inspected and seal ed at
| east annual |y by an approved calibration | aboratory.

b. Testing Facilities. The Contractor shall provide |aboratory
facilities at the plant for the use of the Governnent Engineer’s
acceptance testing and the Contractor’s quality control testing.

c. Inspection of Plant. The Contracting O ficer/Engi neer shall have
access at all tinmes, to all areas of the plant for checki ng adequacy
of equi prment; inspecting operation of the plant; verifying weights,
proportions, and material properties; checking the tenperatures
mai ntai ned in the preparation of the mixtures and for taking
sanples. The Contractor shall provide assistance, as requested, for
t he Governnment Engi neer to procure any desired sanpl es.

d. Storage Bins. The SMA nmixture nay be stored in non-insul ated
storage bins for a period of time not to exceed 1 hour. The SMA
m xture may be stored in insulated storage bins for a period of tine
not exceeding 4 hours. The mix drawn from bins shall neet the same
requi renents as nmix loaded directly into trucks.

Atch 1
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1

7 HAULI NG EQUI PMENT

Trucks used for hauling SMA shall have tight, clean, and snooth neta
beds. To prevent the mixture fromadhering to them the truck beds
shall be lightly coated with a mi ni num anount of paraffin oil, line
solution, or other approved material. Petroleum based products shal

not be used as a rel ease agent. Each truck shall have a suitable cover
to protect the mixture fromadverse weather. Wen necessary to ensure
that the nmixture will be delivered to the site at the specified
tenperature, truck beds shall be insulated or heated, and covers (tarps)
shal | be securely fastened

.8 ASPHALT PAVERS

Asphalt pavers shall be self-propelled, with an activated screed, heated
as necessary, and shall be capable of spreading and fini shing SMA which
will neet the specified thickness, snmoothness, and grade. The paver
shal | have sufficient power to propel itself and the hauling equi pnent

wi t hout adversely affecting the finished surface.

.8.1 Recei vi ng Hopper

The paver shall have a receiving hopper of sufficient capacity to permt
a uni form spreadi ng operation. The hopper shall be equipped with a

di stribution systemto place the mxture uniformy in front of the
screed w thout segregation. The screed shall effectively produce a
finished surface of the required evenness and texture w thout tearing,
shovi ng, or gougi ng the m xture.

.8.2 Automatic [ G ade] [Screed] Controls

khkhkkhkhkhkhkhhkhkhhkhkhhhkhhhhkhhhhhhhhhhhhhhhhkhhhkhhhkhhhkhhhhkhkdhhkhdhkhkhkhkrkkhkrkk rkx*x**%x

NOTE: Sel ect autonatic grade control when the
design requires elevations for the SMA surface.
Most specifications require an overlay thickness
and do not specify actual grades; therefore,
select or delete the information below within the

br acket s.
khhkkhkhkhhhdhhdhdhdhhdhhhhhdhhdhdhhdhdhhhhhdhhddhddhdhdhdhhhkdhkdhddhddhddhddhhdhhkdddrdddxd*x

[ The automatic grade control device shall consist of a control system
capabl e of automatically naintaining the paver screed at the specified
el evation. The control systemshall be automatically actuated from
either a reference line and/or through a system of nechani cal sensors or
sensor-directed nmechani snms or devices which will naintain the paver
screed at a predetermined transverse slope and at the proper elevation
to obtain the required surface. The transverse slope controller shal

be capabl e of maintaining the screed at the desired slope within plus or
mnus 0.1 percent. A transverse slope controller shall not be used to
control grade. The controls shall be capable of working in conjunction
with any of the follow ng attachnents:

a. Ski-type device of not less than 9.14 nmeters [30 feet] in |ength.

b. Taut stringline set to grade.

Atch 1
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c. Short ski or shoe for joint matching.
d. Laser control.]

[ The automatic screed control device shall consist of a control system
capabl e of automatically controlling the elevation of the paver screed
according to the inputs received. The control system shall be
autonmatically actuated froma system of nmechanical sensors or sensor-
di rected nechani sns or devices that will naintain the paver screed at
the proper elevation to obtain the required surface thickness and
snoot hness. The control s shall be capable of working in conjunction
with any of the follow ng attachnents:

a. Ski-type device of not less than 9.14 neters [30 feet] in length.

b. Short ski or shoe for joint matching.]

.9 ROLLERS

Rol l ers shall be in good condition and shall be operated at slow speeds
to avoid displacenent of the SVMA mixture. The nunber, type, and wei ght
of rollers shall be sufficient to conpact the nixture to the required
density. Rollers that cause crushing of the aggregate shall not be
used.

.10  WVAEATHER LI M TATI ONS

khkkhkkhkhkhkhkhhkhkhhhkhhhkhhhhkhhhhhhhhhhhhhkhhhkhhhkhhhkhhkhkhhhhhkdhhhdhhhk khkrkkhkrkk *k*x**%x

NOTE: The tenperature requirenments are included
to avoid problenms with the Contractor achieving
density because the nix cools too fast. Wivers
to these requirenents, for isolated incidences

during production, are applicable if the density

requi renents are still net.
kkhkkkhkhkkhkhhkkkhhhkkhhhhkhhhkkhhhhkhhhkkhhhhkhhhkhhhkhkhhkhkkhhhkhkhhhkkhdhhkhkhhhkk dhxkdhkkk k,xk*k,x***%

The SMA shall not be placed upon a wet surface or when the surface
tenperature of the underlying course is less than 7 degrees C

[45 degrees F]. The tenperature requirenments nmay be wai ved by the
Contracting O ficer/Engineer, if requested; however, all other
requi renents, including conpaction, shall be net.

PART 2 PRODUCTS

2.

1  AGCREGATES

Aggr egates shall consist of crushed stone, crushed gravel, screenings,
and mineral filler, as required. The portion of material retained on
the 4.75 nm|[No. 4 sieve] is coarse aggregate. The portion of materia
passing the 4.75 mm[No. 4 sieve] and retained on the 0.075 nm[No. 200
sieve] is fine aggregate. The portion passing the 0.075 nm[No. 200
sieve] is defined as mineral filler. Al aggregate test results and
sanpl es shall be submitted to the Contracting Oficer/Engi neer at | east
14 days prior to start of construction.
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2.

1.1 Coar se Aggregate

khkkhkkhkhkhkhkhhkhkhhkhkhhhkhhhhkhhhhhhhhhhhhhhhhkhhhkhhhkhhhkhhhhkhkdhkhdhkhkhkhkrkkhkrkk *k*x**%x

NOTE: The requirenment for nagnesiumsul fate
(requirenent b., below) may be deleted in climates
where freeze-thaw does not occur. However, in

t hese areas where freeze-thaw does not occur

requi renent b., should remain if experience has
shown that this test separates good performng

aggregates from bad perform ng aggregates.
khkkkkhkhkkkhkhhkkkhhhkkhhhhkkhhhkkhhhhkhhhkkhhhhkhhhkhhhhkhhhkkhdhhkhkhhhkkddhhkhkdhhhkk dhxkhkdhkkkdd,xk,kk x**x*%

Coarse aggregate shall consist of sound, tough, durable particles, free
fromfilnms of material that woul d prevent thorough coating and bondi ng

with the asphalt material and free fromorganic matter and ot her

del eterious substances. The coarse aggregate particles shall neet the

foll owi ng requirenents:

a. The percentage of |oss shall not be greater than 30 percent after
500 revol utions when tested in accordance with ASTM C 131

b. The percentage of loss shall not be greater than 18 percent after
five cycles when tested in accordance with ASTM C 88 usi ng nmagnesi um
sul f ate.

c. One-hundred percent by weight of coarse aggregate shall have at
| east two fractured faces when tested in accordance with ASTM
D 5821. At least 90 percent by wei ght of coarse aggregate shal
have at | east two or nore fractured faces when tested in accordance
with COE CRD-C 171. Fractured faces shall be produced by crushing.

d. The particle shape shall be essentially cubical and the aggregate
shall not contain nore than 20 percent, by weight, of flat and
el ongated particles (3:1 ratio of maximumto mninun) and no nore
than 5 percent, by weight, of flat and elongated particles (5:1
rati o of maxi mumto m ni mun) when tested in accordance wth
ASTM D 4791

e. The maxi mum absorption shall not be greater than 2 percent when
tested in accordance with ASTM C 127.

. 1.2 Fi ne Aggregate

khkkhkkhkhkhkhkhhkhkhhkhkhhhkhhhkhkhhhhhhhhhkhkhhhhhhkhhhkhhkhkhhhkhhhhhhkhdhkhkhkhkrkkhkrkk *k*x**%x

NOTE: The lower limt for unconpacted void
content (requirement c., below) should be set at
45 for fine aggregate angularity unless |oca
experiences indicate that a | ower val ue can be
used. There are some aggregates which have a good
per formance record and have an unconpacted voi d
content less than 45. 1In no case should the limt

be set |ess than 43.
khhkkhkhkhhhdhhdhhdhdhhdhhhhhdhhdhdhhdhhdhhhhhdhhddhddhdhdhdhhhdhddhddhddhddhddhhdhhddddddddxd*x

Fi ne aggregate shall consist of clean, sound, tough, durable particles.
The aggregate particles shall be free fromcoatings of clay, silt, or
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any objectionable material and shall contain no clay balls. The fine
aggregate particles shall neet the follow ng requirenents:

a. The fine aggregate portion of the blended aggregate shall be
100 percent crushed nanufactured fines.

b. The individual fine aggregate sources shall have a sand equi val ent
val ue greater than 45 when tested in accordance with ASTM D 2419.

c. The fine aggregate portion of the bl ended aggregate shall have an
unconpacted void content greater than 45.0 percent when tested in
accordance with ASTM C 1252 Met hod A

d. Aggregate shall be non-plastic, with a Liquid Limt of 25 percent
maxi mum when tested in accordance with ASTM 4318.

e. The naxi mum absorption shall not be greater than 2 percent when
tested in accordance with ASTM C 128.

.1.3 M neral Filler

M neral filler shall be non-plastic naterial neeting the requirenents of
ASTM D 242.

.1.4 Aggregate G adation

khkkhkkhkhkhkhkhhkhkhhkhkhhhkhhhhkhhhkhhhkhhhkhkhhhhhhkhhhkhhhkhhhkhhhhkhkhkhdhkhkhkhkrkkhkrkk krkkx**%x

General ly, the layer thickness should be at |east
37 mm [ 1.5 inches].

khkhkkhkhkhkhkhhkhkhhhkhhhkhhhkhkhhhhhhhhhhkhhhhhhkhhhkhhhkhhkhkhhhhhkhkhdhkhkhkhkrkk krkk *k*x**%x

The conbi ned aggregate gradation shall conformto gradations specified
in Table 1, when tested in accordance with ASTM C 136 and ASTM C 117,
and shall not vary fromthe lowlinit on one sieve to the high limt on
t he adj acent sieve or vice versa, but grade uniformy fromcoarse to
fine.
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Table 1. Aggregate G adations

Per cent Passi ng

Si eve Size, nm by Mass
25.0 ---
19.0 100
12.5 85-100

9.5 65- 75
4.7 32-42
2.36 25-32
1.18 19-24
0. 60 12-18
0. 30 10- 17
0. 15 9-15
0. 075 8-13

Table 1. Aggregate G adations

Per cent Passi ng

Si eve Size, inch by Mass
1 - -
34 100
1/2 85- 100
3/8 65- 75
No. 4 32-42
No. 8 25-32
No. 16 19-24
No. 30 12-18
No. 50 10- 17
No. 100 9-15
No. 200 8-13

2.1.5 Stabilizer

The stabilizer can be cellulose or nmneral fibers. Requirenents and
test procedures are outlined in Tables 2 and 3.

2.2 ASPHALT CEMENT Bl NDER

khkhkkhkhkhkhkhhhkhhkhkhhhkhhhhkhhhhhhkhhhhhhhhhhkhhhkhhhkhhhkhhhkhkdhhkhdhhhkhkhkrkkhkrkk *k*x**%x

NOTE: Perfornmance Graded (PG asphalt binders
shoul d be specified wherever available. The same
grade PG bi nder used by the | ocal highway agency
in the area should be considered as the base grade
for the project (e.g., the grade typically
specified in that specific |ocation for dense
graded nmi xes on hi ghways w th design ESALs | ess
than 10 nmillion). The exception would be that
grades with a | ow tenperature hi gher than PG XX-22
shoul d not be used (e.g. PG XX-16 or PG XX-10),

unl ess the Engi neer has had successful experience
wi th them

khkkhkkhkhkhkhkhhkhkhhhkhhhkhkhhkhkhhhkhhhhhhhhhhhhhkhhhkhhhkhhhkhhhhhhhkhdhhkhdhkhkhdhkrkk krkk **x*%
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Table 2. Cellul ose Fibers Quality Requirenents

Properties Requi r enent

Si eve Anal ysis

Met hod A
Al pi ne Sieve' Anal ysis
Fi ber length 6 M [0.25 in.] (nmax.)
Passi ng 150 micron [No. 100] sieve 70 percent (+ 10 percent)
Met hod B
Mesh Screen? Anal ysis
Fi ber length 6 M [0.25 in.] (nmax.)
Passi ng 850 micron [No. 20] sieve 85 percent (+ 10 percent)
425 nicron [No. 40] sieve 65 percent (+ 10 percent)
106 micron [No. 140] sieve 30 percent (+ 10 percent)
Ash Content?® 18 percent (+ 5 percent) non-
vol atil es
pH* 7.5 (£ 1.0)
G| Absorption® 5.0 (+ 1.0) (times fiber weight)
Moi sture Content® < 5 percent (by weight)

This test is perforned using an Alpine Air Jet Sieve (Type 200 LS). A
representative 5-gramsanple of fiber is sieved for 14 minutes at a
control l ed vacuum of 75 kPa (11 psi). The portion remaining on the
screen i s wei ghed.

2This test is perfornmed using standard 850, 425, 250, 180, 150,

106-m cron (No. 20, 40, 60, 80, 100, 140) sieves, nylon brushes, and a
shaker. A representative 10-gram sanple of fiber is sieved using a
shaker and two nyl on brushes on each screen. The anpunt retained on each
sieve is weighed and the percentage passing cal cul ated. The
repeatability of this nmethod is suspect and needs to be verified.

°A representative 2-3 gramsanple of fiber is placed in a tared crucible
and heat ed between 595 degrees and 650 degrees C (1100 degrees and

1200 degrees F) for not |less than 2 hours. The crucible and ash are
cooled in a desiccator and rewei ghed.

“Five grans of fiber is added to 100 m of distilled water, stirred, and
let sit for 30 mnutes. The pHis determned with a probe calibrated
with pH 7.0 buffer.

SFive grans of fiber is accurately wei ghed and suspended in an excess of
mneral spirits for not less than 5 mnutes to ensure total saturation.

It is then placed in a screen nmesh strainer (approximtely 0.5 square
mllimeter hole size) and shaken on a wist-action shaker for 10 mi nutes
(approximately 31-3/4 mm[1-1/4 inch] notion at 240 shakes/minute). The
shaken mass is then transferred wi thout touching, to a tared container
and wei ghed. Results are reported as the anount (nunber of tines its own
weight) the fibers are able to absorb

®Ten granms of fiber is weighed and placed in a 121 degree C
(250 degrees F) forced-air oven for 2 hours. The sanple is then
rewei ghed i nmmedi ately upon renoval fromthe oven.
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Table 3. Mneral Fibers Quality Requirenments

Properties Requi r enent

Si eve Anal ysis

Fi ber |ength! 6 Mm [.25 in.] nmax. nean test val ue
Thi ckness? 5 m[0.0002 in.] nax. nean test val ue
Shot cont ent 3

250 micron [No. 60] sieve 95 percent passing (mn.)
63 micron [No. 230] sieve 65 percent passing (mn.)

The fiber length is deternmined according to the Baur MNett
fractionation.

2The fiber dianeter is determned by measuring at |east 200 fibers in a
phase contract m croscope.

3Shot content is a measure of non-fibrous material. The shot content is
determ ned on vibrating sieves. Two sieves, No. 60 and No. 230, are
typically utilized; for additional infornmation see ASTM C 612.

khkhkkhkkhkhkhkhhkhkhhhkhhhkhhhkhhhhhhhhdhhhhhkhkhhhkhhhkhhhkhhhhhhhhhhkhdhhkhkhkhkhkkhkrkkhkrkk **x*%

Note: Typically, rutting is not a problemon
airport runways. However, at airports with a

hi story of stacking on ends of runways and taxiway
areas, rutting has accrued due to the sl ow speed
of | oading on the pavenent. |If there has been
rutting on the project or it is anticipated that
stacking may accrue during the design life of the
project, then the follow ng grade "bunping" should
be applied for the top 125 mm[5 inches] of paving
in the end of runway and taxiway areas: for
aircraft tire pressure between 0.7 and 1.4 MPa

[ 100 and 200 psi], increase the high tenperature
one grade; for aircraft tire pressure greater than
1.4 MPa [200 psi], increase the high tenperature
two grades. Each grade adjustnent is 6 degrees C.
Pol ymer nodified asphalt, PMA, has been shown to
performvery well in these areas. The |ow
tenperature grade should renmain the sane. The
Engi neer may | ower the |ow tenperature grade to
conply with the reconmendati ons of the FHWA' s
software program "LTPPBind," if it is believed to
be appropri ate.

khkhkkhkhkhkhkhhhkhhhkhhhkhhhhkhhhhhhhhhhkhhhhhhkhhhkhhhkhhhkhhhhkhkhkhdhkhkhkhkrkkhkrkk rkk**%x

Asphalt cenent binder shall conformto [ASTM D 3381 Table 2, Viscosity
Grade | 11 [ASTM D 6373 Performance Grade (PG | 11

[ASTM D 946 Penetration Grade [ ]]. Test data indicating grade
certification shall be provided by the supplier at the tinme of delivery
of each load to the nix plant. Copies of these certifications shall be
submitted to the Contracting O ficer/Engineer. The supplier is defined
as the last source of any nodification to the binder. The Contractor

O ficer/Engi neer may sanple and test the binder at the mx plant at any
time before or during mix production. Sanples for this verification
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testing shall be obtained by the Contractor in accordance with ASTM

D 140 and in the presence of the Contracting Oficer/Engineer. These
sanpl es shall be furnished to the Contracting Oficer/Engineer for the
verification testing, which shall be at no cost to the Contractor.

.3 M X DESI GN

The Contractor shall develop the mix design. The asphalt m x shall be
conposed of a mi xture of coarse and fine aggregate, nmineral filler, a
stabilizer, if required, and asphalt material. The aggregate fractions
shal |l be sized, handled in separate size groups, and conbined in such
proportions that the resulting nixture neets the gradi ng requirenents of
the job mix formula (JMF). No SMA for paynent shall be produced until a
JMF has been approved. The SMA shall be designed using procedures
contained in Al M5-2 and the criteria shown in Table 4 or by procedures
contai ned in AASHTO MP8. The aggregate quality requirenments given in
this specification shall be used instead of those given in AASHTO MP8.
The aggregate passing on the 9.50 mm [3/8 inch] sieve and retained on
the 4.75 nm|[No. 4] sieve, as deterni ned by CDT Test 303, shall have a
retai ned surface area of 95 percent. When the retained coating area is
| ess than 95 percent, the aggregate stripping tendencies shall be
countered by the use of hydrated line or by treating the bitumen with an
approved antistripping agent as furnished by the Contractor. The

hydrated lime will be considered as mneral filler and will be
considered in the gradation requirenents. The anount of hydrated line
or antistripping agent added to the bitumen will be determ ned during
devel opnent of the JMF and will be sufficient to produce a retained
coating area greater than 95 percent. Use of additional antistripping
agent may be directed during the progress of work, if necessary. [If an

anti-strip agent is required, it shall be provided by the Contractor at
no additional cost. Sufficient materials to produce 90 kg [200 pounds]
of bl ended mixture shall be provided to the Contracting O ficer/Engi neer
for verification of mx design at |east 14 days prior to construction of
test section.

. 3.1 JMF Requi renents

khkkhkkhkhkhkhkhhkhkhhkhkhhhkhhhkhkhhhhhhhhhkhhhhhhhkhhhkhhhkhhhkhhhhhhkhdhhhkhkhkrkk krkk krkkx**x

NOTE: In Table 4, use a 50-bl ow (conpactive
effort) Marshall Mx for all SMA pavenents.

khkkhkkhkhkhkhkhhkhkhhhkhhkhkhhhkhkhhhhhhhhhhkhhhkhhkhkhhhkhhhkhhhkhhhhhkhhkhdhhhkhkhkrkk krkk *kk**%x
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Table 4. SMA Mx Design Criteria

Test Property 50 Bl ow M x
Stability, newtons mnimum 5400*
Air voids, percent 3.0-4.0
Percent Voids in mneral aggregate (m ninum 17.0?
Ret ai ned Coating Area, m ninmum percent 95
Drai ndown, percent (maxinmun 0.3 (1 hour reading)?

This is a minimumrequirenent. The average during construction shall be
significantly higher than this nunber to ensure conpliance with the
speci fications.

2Cal cul ate VMA in accordance with Al M5-2, based on ASTM D 2726 bul k
specific gravity for the aggregate.

3 Cal cul ate Drai ndown in accordance with ASTM D 6390 determi nation of
drai ndown characteristics in unconpacted asphalt nixtures.

Table 4. SMA Mx Design Criteria

Test Property 50 Bl ow M x
Stability, pounds m ninmm 1200!
Air voids, percent 3.0-4.0
Percent Voids in mneral aggregate (m ninum 17.0?
Ret ai ned Coating Area, m ninmum percent 95
Dr ai ndown, percent (maxinmun 0.3 (1 hour reading)?

This is a minimumrequirenent. The average during construction shall be
significantly higher than this nunber to ensure conpliance with the
speci fications.

2Cal cul ate VMA in accordance with Al M5-2, based on ASTM D 2726 bul k
specific gravity for the aggregate.

3 Cal cul ate Drai ndown in accordance with ASTM D 6390 determi nation of
drai ndown characteristics in unconpacted asphalt nixtures.

The job mix formula shall be submitted in witing by the Contractor for
approval at |east 14 days prior to the start of the test section and
shall include as a m ni mum

khkhkkhkhkhkhkhhkhkhhhkhhkhkhhhhkhhhhhhhhhkhhhhhhhkhhhkhhhkhhhhhhhhdhkhdhkhkhkhkrkk krkk *k*x**x

NOTE: If the JMF is designed according to Al
M5-2, delete elenents, t, u, and v, as given
below. If the JMF is designed according to AASHTO

MP8, delete elenent j, as given bel ow
khkkkkhkhkkhkhhkkkhhhkhhhhkhhhkkhhhhkhhhkkhhhhkhhhkhhhhkdhhhkkhhhkhkdhhhkkhdhhkhkhhhkkddhxkhkdhkkk,d,xk,k,x***%
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a. Percent passing each sieve size.

b. Percent of asphalt cenent.

c. Percent of each aggregate and mineral filler to be used.

d. Asphalt viscosity grade, penetration grade, or performance grade.
e. Type and ampount of stabilizer, if required.

f. Laboratory m xing tenperature.

g. Lab conpaction tenperature.

h. Tenperature-viscosity relationship of the asphalt cenent.

i. Plot of the conbined gradation on the 0.45 power gradation chart,
stating the nom nal maxi num si ze.

j. Gaphical plots of stability, flow, air voids, voids in the minera
aggregate, and unit wei ght versus asphalt content as shown in Al
MB- 2.

k. Specific gravity and absorption of each aggregate.

|. Percent natural sand.

m Percent particles with one and two or nore fractured faces (in
coarse aggregate).

n. Fine aggregate angularity.

0. Percent flat or elongated particles (in coarse aggregate).

p. Retained Coating Area.

g. Antistrip agent (if required) and anount.

r. List of all nodifiers and anount.

s. Percent draindown of mxture.

t. Dry-rodded-in-the coarse aggregate (VCApc) .

u. Voids-in-the coarse aggregate mxture (VCAux) .

v. Nunmber of revolutions of SGC conpactor

. 3.2 Adj ustments to JMF

The JMF for each mixture shall be in effect until a newformula is
approved in witing by the Contracting Oficer. Should a change in
sources of any materials be nmade, a new ni x design shall be perforned

and a new JMF approved before the new naterial is used. The Contractor
will be allowed to adjust the JMF within the imts specified belowin

Atch 1
(19 of 40)



Table 5 to optimize mx volunetric properties. |If adjustnments are
needed that exceed these linmts, a new nix design shall be devel oped.
Tol erances gi ven above may pernit the aggregate grading to be outside
the limts shown in Table 1; this is acceptable.

Table 5. Job M x Tol erances

Mat eri al Tol erance, Plus or M nus
Aggregate passing 4.75 mmor |arger sieves 3 percent
Aggr egat e passing 2.36, 1.18, 0.60, O0.30, 2 percent
0.15, and 0.075 mm si eves
Asphalt cement 0. 25 percent
Tenperature of m xing 14 degrees C

Table 5. Job M x Tol erances

Mat eri al Tol erance, Plus or M nus
Aggregate passing No. 4 or |arger sieves 3 percent
Aggr egat e passing Nos. 8, 30, 50, 100, and 2 percent
200 si eves
Asphalt cement 0. 25 percent
Tenperature of m xing 25 degrees F

PART 3 EXECUTI ON
3.1 PREPARATI ON OF ASPHALT BI NDER MATERI AL

A continuous supply of the asphalt cenent material shall be supplied to
the mixer at a uniformtenperature. The nethod of heating shall avoid

| ocal overheating of the asphalt cenent material. The tenperature of
unnodi fi ed asphalts shall be no nore than [160 degrees C][ 325 degrees F]
when added to the aggregates. Modified asphalts shall be no nore than
[174 degrees C] [350 degrees F] when added to the aggregates.

3.2 PREPARATI ON OF M NERAL AGGREGATE

The aggregate for the nixture shall be heated and dried prior to mxing.
No danage shall occur to the aggregates due to the maxi numtenperature
and rate of heating used. The tenperature of the aggregate and mi nera
filler shall not exceed [175 degrees C][350 degrees F] when the asphalt
cenent is added. The tenperature shall not be lower than is required to
obtain conplete coating and uniformdistribution on the aggregate
particles and to provide a mixture of satisfactory workability.
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3.3 PREPARATI ON OF STONE MATRI X ASPHALT M XTURE

The aggregates, stabilizer (if used), and the asphalt cenent shall be
wei ghed or netered and introduced into the mixer in the anount specified
by the JM-. The conbined naterials shall be mixed until the aggregate
and stabilizer obtain a uniformcoating of asphalt binder and are

t horoughly distributed throughout the m xture. Wt nmixing time shall be
the shortest tinme that will produce a satisfactory nixture, but not |ess
than 25 seconds for batch plants. The wet mixing time for all plants
shal |l be established by the Contractor, based on the procedure for
determ ning the percentage of coated particles described in ASTM D 2489,
for each individual plant and for each type of aggregate used. The wet
mxing time will be set to achieve a mninmum of 95 percent coated
particles. The noisture content of all SMA upon discharge fromthe

pl ant shall not exceed 0.5 percent by total weight of mxture as
nmeasured by ASTM D 1461

3.4 PREPARATI ON OF THE UNDERLYI NG SURFACE

khkkhkkhkhkhkhkhhkhkhhhkhhhkhhhkhkhhhkhhhhhhhkhhhhhhkhhhkhhhkhhhkhhhhhkhkhdhkhkhkhkrkkhkrkk *kx***%x

NOTE: |If the underlying surface to be paved is an
unbound granul ar |layer, a prinme coat should be
applied, especially if this layer will be exposed

to weat her for an extended period of tinme prior to
covering with an asphalt mixture. Benefits
derived froma prine coat include an additiona
weat her proofi ng of the base, inproving the bond
bet ween t he base and SMA, and preventing the base
fromshifting under construction equi pnent. |If
the prime coat requirenent is not a separate pay
itemand is waived fromthis contact, an
adjustnment to the contract price should be nade.
Environnental laws in certain states nmay not all ow
prime coats to be applied.

If the underlying surface to be paved is an

exi sting asphalt or concrete |layer, a tack coat
shoul d al ways be used to ensure an adequate bond
bet ween | ayers.

Tack and prinme coat requirements will need to be
covered in the contract docunments. Quidance on
the use and application of prine coats is

contai ned in UFC 3-250-03 “Standard Practice

M ”
Manual for Fl exi bl e Pavenents.
khhkkhkhkhhhdhhdhhdhdhhdhhhhhdhhdhdhdhdhhhhhdhhdhdhdhdhhdhdhhkdhhkddhddhddhddhddhhdhhddrddddddd*x

| mredi ately before placing the SMA, the underlying course shall be
cl eaned of dust and debris. A [prinme coat] [and/or] [tack coat] shal
be applied in accordance with the contract specifications.

3.5  TEST SECTI ON
Before full production, the Contractor shall place a test section for

each JMF used. The contractor shall construct a mninmumtest section of
[75 - 150 neters] [250 - 500 feet] long and two paver passes w de placed
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in tw lanes, with a longitudinal cold joint. The test section shall be
of the sanme depth as the course which it represents. The underlying
grade or pavenment structure, upon which the test section is to be
constructed, shall be the same as the remai nder of the course
represented by the test section. The equiprment used in construction of
the test section shall be the sane equi pnent to be used on the remai nder
of the course represented by the test section. The test section shal

be placed as part of the project pavenment as approved by the Contracting
O ficer/Engi neer.

.5.1 Sanpling and Testing for Test Section

khkkhkkhkhkhkhkhhkhkhhhkhhhkhhhkhkhhhkhhhkhhhhkhhhhhhkhhhkhhhkhhkhkhhhkhkhkhdhhhkhkkhkrkkhkrkk *kkx**%x

NOTE: Sel ect the wordi ng according to nethod used
for design (either Al M5-2 or AASHTO MP8) and
delete the wording for the mixture design nethod
not used.

Table 6 applies only to the test section. The
limts in Tables 7, 8, and 9, apply to a nunber of
tests run froma lot. This is why the limts
listed in Table 6 are different fromthose |listed
in Tables 7, 8, and 9.

Sel ect the appropriate VMA requirenment to match

the sel ected gradation
khkhkhkhhhkhhkhkhhhhdhhhkhhkhhhdhdhdhhkhkhkhhhdhdhdhhkhhkhhhdhddhdhkhkhkhhhdhdddkhhkdhhdhdd dkhkhkdxkk*,*,*%%

One random sanpl e shall be taken at the plant, triplicate specinens
conpacted, and tested for [density, stability, flow, and |aboratory air
voids]. A [portion of the sane] sanple shall be tested for aggregate
gradation and asphalt content. Four randomy sel ected cores shall be
taken fromthe finished pavenent mat, and four fromthe |ongitudi na
joint, and tested for density. Random sanpling shall be in accordance
with procedures contained in ASTM D 3665. The test results shall be
within the tol erances shown in Table 6 for work to continue. |If al
test results nmeet the specified requirenments, the test section shal
remain as part of the project pavenent. |If test results exceed the
tol erances shown, the test section shall be renoved and replaced at no
cost to the Governnent and another test section shall be constructed.
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Table 6. Test Section Requirenents for Material

Property

and M xture Proportions

Specification Limt

Aggr egat e Gradati on-Percent Passing
(I'ndividual Test Result)

4.75 nm and | ar ger

2.36, 0.60, and 0.30 nm

0.075 nm
Asphalt Content, Percent (Individual Test
Resul t)

Laboratory Air Voids, Percent (Average of 3
speci mens)

VMA, Percent (Average of 3 specinens)
Stability, newtons (Average of 3 specinens)

Mat Density, Percent of Maxi num Theoreti cal
Density (Average of 4 Random Cores)

Joint Density, Percent of Maxi mum Theoreti cal
Density (Average of 4 Random Cor es)

Table 6. Test Section Requirenents for Material

Property

JMF pl us
JMF pl us
JMF pl us

JVMF pl us

JMF pl us

17.0 mini
5400 mi ni

94. 0 mini

or
or
of

or

or

m nus
m nus
m nus

m nus

m nus

mum

mum

mum

92.0 m ni num

N o 0

1.0

and M xture Proportions

Specification Limt

Aggregat e Gradati on-Percent Passing
(I'ndividual Test Result)

No. 4 and | arger

No. 8, No. 30, and No. 50

No. 200
Asphalt Content, Percent (Individual Test
Resul t)

Laboratory Air Voids, Percent (Average of 3
speci mens)

VMA, Percent (Average of 3 specinens)
Stability, pounds (Average of 3 specinens)

Mat Density, Percent of Maxi num Theoreti cal
Density (Average of 4 Random Cores)

Joint Density, Percent of Maxi mum Theoreti cal
Density (Average of 4 Random Cor es)
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3.5.2 Addi ti onal Test Sections

If the initial test section should prove to be unacceptable, the
necessary adjustnments to the JMF, plant operation, placing procedures,
and/or rolling procedures shall be nade. A second test section shal
then be placed. Additional test sections, as required, shall be
constructed and eval uated for conformance to the specifications. Ful
production shall not begin until an acceptable section has been
constructed and accept ed.

.6 TESTI NG LABORATORY

The | aboratory used to develop the JM- and for Governnent acceptance
testing shall neet the requirenents of ASTM D 3666. A certification
stating that it nmeets these requirements or clearly listing al
deficiencies shall be signed by the nanager of the |aboratory and
submtted to the Contracting Officer prior to the start of construction
The certification shall contain as a m nimum

a. Qualifications of personnel: |aboratory manager, supervising
techni ci an, and testing technicians.

b. A listing of equipnment to be used in devel oping the job mx.
c. A copy of the laboratory's quality control system

d. Evidence of participation in the AASHTO Materials Reference
Laboratory (AVRL) program

.7 TRANSPORTI NG AND PLACI NG

7.1 Transporting

khkkhkkhkhkhkhkhhkhkhhkhkhhhkhhhkhkhhhkhhhkhhhhhhhhhhkhhhkhhhkhhkhkhhhhkhhkhdhkhk dhkrkkhkrkk *k***%x

NOTE: A material transfer vehicle has been shown

to provide a pavenent with inproved snoot hness and
| ess segregation. A material transfer vehicle is

recomended when doi ng runway construction

Renove | ast sentence if material transfer vehicle

is not used.
khhkkhkhkhhkhdhhdhdhdhhdhhhhhdhhdhdhdhdhhhdhhdhhdhdhdhdhdhdhhkdhhkddhddddhddhddhhdhhddddddddxd*x

The SMA shall be transported fromthe mxing plant to the site in clean
tight vehicles. Deliveries shall be scheduled so that placing and
conpacting of mixture is uniformw th m ni mum stopping and starting of
the paver. Adequate artificial lighting shall be provided for night

pl acements. Hauling over freshly placed material will not be permtted
until the nmaterial has been conpacted as specified, and allowed to coo
to 60 degrees C [140 degrees F]. To deliver mx to the paver, the
Contractor shall use a material transfer vehicle which shall be operated
to produce continuous forward notion of the paver.

7.2 Pl aci ng

The mi x shall be placed and conpacted at a tenperature suitable for
obt ai ni ng density, surface snoothness, and other specified requirenents.
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Upon arrival, the mixture shall be placed to the full width by an
asphalt paver; it shall be struck off in a uniformlayer of such depth
that, when the work is conpleted, it shall have the required thickness
and conformto the grade and contour indicated. The speed of the paver
shall be regulated to elimnate pulling and tearing of the asphalt mat.
Unl ess ot herwi se pernitted, placenment of the mixture shall begin al ong
the centerline of a crowned section or on the high side of areas with a
one-way slope. The nixture shall be placed in consecutive adjacent
strips having a minimumw dth of 3 nmeters [10 feet]. The I ongitudina
joint of the SMA course shall be offset fromthe longitudinal joint in
the course imedi ately bel ow by at [east 300 nm[1 foot]; however, the
joint in the surface course shall be at the centerline of the pavenent.
Transverse joints in the SVMA course shall be offset by at least 3 neters
[10 feet] fromtransverse joints in the previous course. Transverse
joints in adjacent |anes shall be offset a mnimmof 3 neters

[10 feet]. On isolated areas where irregularities or unavoi dabl e

obst acl es nake the use of nechani cal spreading and finishing equi pnent

i mpractical, the mxture may be spread and |l uted by hand tools.

.8  COWPACTI ON OF M XTURE

After placing, the nmixture shall be thoroughly and uniformy conpacted
by rolling with steel-wheel rollers. Pneurmatic rollers will not be used
to conmpact SMA. The surface shall be conpacted as soon as possible

wi t hout causi ng di spl acenent, cracking or shoving. The sequence of
rolling operations and the type of rollers used (with the exception
noted) shall be at the discretion of the Contractor, with the exception
that the Contractor shall not apply nore than three passes with a
vibratory roller in the vibrating node. The speed of the roller shall

at all tinmes, be sufficiently slowto avoid displacenment of the hot

m xture and be effective in conpaction. Any displacenment occurring as a
result of reversing the direction of the roller, or fromany other

cause, shall be corrected at once. Sufficient rollers shall be

furni shed to handle the output of the plant. Rolling shall continue
until the surface is of uniformtexture, true to grade and cross
section, and the required field density is obtained. To prevent
adhesion of the mixture to the roller, the wheels shall be kept properly
noi st ened, but excessive water will not be permitted. 1In areas not
accessible to the roller, the mxture shall be thoroughly conpacted with
hand tanpers. Any mixture that becones | oose and broken, mixed with
dirt, contains check-cracking, or is in any way defective shall be
renoved full depth, replaced with fresh hot nixture and inmedi ately
conpacted to conformto the surrounding area. This work shall be done
at the Contractor’s expense. Skin patching will not be all owed.

.9 JANTS

The formation of joints shall be made ensuring a conti nuous bond between
the courses and to obtain the required density. Al joints shall have
the sane texture as other sections of the course and neet the

requi renents for snoothness and grade.

.9.1 Transverse Joints

The roller shall not pass over the unprotected end of the freshly laid
m xture, except when necessary to forma transverse joint. Wen
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necessary to forma transverse joint, it shall be nmade by neans of

pl aci ng a bul khead or by tapering the course. The tapered edge shall be
cut back to its full depth and width on a straight |ine to expose a
vertical face prior to placing the adjacent |ane. The cutback nateria
shall be renoved fromthe project. |In both nmethods, all contact
surfaces shall be given a light tack coat of asphalt nmaterial before

pl aci ng any fresh m xture agai nst the joint.

.9.2 Longi tudi nal Joints

Longitudinal joints that are irregular, damaged, unconpacted, cold (Iless
than 80 degrees C [175 degrees F] at the tine of placing the adjacent

[ ane), or otherw se defective, shall be cut back a mininumof 50 mm

[2 inches] fromthe edge with a cutting wheel to expose a clean, sound
vertical surface for the full depth of the course. Al cutback nmateria
shal |l be renoved fromthe project. Al contact surfaces shall be given
a light tack coat of asphalt material prior to placing any fresh mxture
against the joint. The Contractor will be allowed to use an alternate
nmethod if it can be denonstrated that density, snoothness, and texture
can be net.

.10 CONTRACTOR QUALI TY CONTROL

khkkhkkhkhkhkhkhhkhkhhkhkhhhkhhhkhhhhkhhhhhhhhhhhhhkhhhkhhkhkhhhkhhhhhkkhkhdhkhkhkhkrkkhkrkk *k*x**%x

NOTE: The Contractor nmay be able to neet the
specified quality control requirements with

i n-house capability or may have to hire a materia
testing firmto provide the required quality

control testing.
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.10.1 Ceneral Quality Control Requirenents
The Contractor shall devel op an approved Quality Control Plan. SMA for
paynment shall not be produced until the quality control plan has been
approved. The plan shall address all el enents which affect the quality
of the pavenent including, but not linmted to:

a. Mx Design.

b. Aggregate G ading.

c. Quality of Materials.

d. Stockpile Managenent.

e. Proportioning.

f. Mxing and Transportation

g. Mxture Volunetric

h. Misture Content of M xtures.

i. Placing and Fini shing.
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j. Joints.

k. Conpaction.

. Surface Snoot hness.
3.10.2 Testing Laboratory

The Contractor shall provide a fully equi pped asphalt |aboratory |ocated
at the plant or job site. The effective working area of the |aboratory
shall be a m nimum of 14 square neters [150 square feet] with a ceiling
hei ght of not less than 2.3 neters [7.5 feet]. Lighting shall be
adequate to illuminate all working areas. It shall be equipped with
heating and air conditioning units to maintain a tenperature of

[24 degrees C plus or minus 2.3 degrees C] [75 degrees F plus or ninus
5 degrees F]. Laboratory facilities shall be kept clean and al

equi prent shall be maintained in proper working condition. The
Contracting Oficer/ Engineer shall be pernmtted unrestricted access to
i nspect the Contractor’s laboratory facility, to witness quality contro
activities, and to performany check testing desired. The Contracting
Oficer will advise the Contractor in witing of any noted deficiencies
concerning the I aboratory facility, equipnent, supplies, or testing
personnel and procedures. \Wen the deficiencies are serious enough to
adversely affect test results, the incorporation of the materials into
the work shall be suspended i mediately and will not be pernmitted to
resune until the deficiencies are corrected.

3.10.3 Quality Control Testing

The Contractor shall performall quality control tests applicable to
these specifications as set forth in the Quality Control Program The
testing programshall include, but shall not be limted to, tests for
the control of asphalt content, aggregate gradation, tenperatures,
aggregate noisture, noisture in the asphalt nixture, |aboratory air
voids, stability, flow, in-place density, grade and snoothness. A
Quality Control Testing Plan shall be devel oped as part of the Quality
Control Program

3.10.3.1 Asphalt Cont ent

A mnimmof two test to determine asphalt content will be perforned per
lot (a lot is defined in paragraph MATERI AL ACCEPTANCE AND PERCENT
PAYMENT) by one of the followi ng nethods: extraction nethod in
accordance with ASTM D 2172, Method A or B, the ignition nethod in
accordance with the ASTM D 6307, or the nuclear nethod in accordance
with ASTM D 4125, provided the nuclear gauge is calibrated for the
specific mix being used. For the extraction nethod, the weight of ash,
as described in ASTM D 2172, shall be deternmined as part of the first
extraction test perforned at the begi nning of plant production; and as
part of every tenth extraction test perforned thereafter, for the
duration of plant production. The |ast weight of ash val ue obtained
shall be used in the calculation of the asphalt content for the nixture.
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3.10.3.2 G adation

Aggr egate gradations shall be determined a mininmmof twi ce per lot from
nmechani cal anal ysis of recovered aggregate in accordance wth

ASTM D 5444. \Wen asphalt content is determi ned by the nuclear nethod,
aggregate gradation shall be determined fromhot bin sanples on batch
plants, or fromthe cold feed on drumm x plants. For batch plants,
aggregates shall be tested in accordance with ASTM C 136 usi ng act ual
batch wei ghts to determ ne the conbi ned aggregate gradation of the

m xture. Al sanples will be taken in accordance with ASTM D 75.

3.10.3.3 Tenper at ures

Tenperatures shall be checked at |east four tinmes per lot, at necessary
| ocations, to determine the tenperature at the dryer, the asphalt cenent
in the storage tank, the asphalt m xture at the plant, and the asphalt
m xture at the job site.

3.10.3.4  Aggregate Misture

The noi sture content of aggregate used for production shall be
determ ned a mni num of once per lot in accordance with ASTM C 566.

3.10.3.5 Moi sture Content of M xture

The noi sture content of the mixture shall be determ ned at |east once
per lot in accordance with ASTM D 1461 or an approved alternate
procedur e.

3.10.3.6 Laboratory Air Voids, Marshall Stability and Fl ow

khkhkkhkhkhkhkhhkhkhhkhkhhhkhhhhkhhhkhhhkhhhhkhhhhhhkhhhkhhhkhhhkhhhhhhkhdhkhkhkhkrkkhkrkk *k*x**%x

NOTE: If the JMF was designed accordi ng to AASHTO
MP8, delete the requirenents for stability and

flow.
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M xtures sanples shall be taken at |east four tines per [ot and
conpacted i nto speci nens, using 50 bl ows per side with the Marshall
hamer as described in UFC 3-250-03. After conpaction, the |aboratory
air voids of each specinen shall be determned, as well as the Marshall
stability and fl ow

3.10.3.7 I n-Place Density

The Contractor shall conduct any necessary testing to ensure the
specified density is achieved. A nuclear gauge nay be used to nonitor
paverment density in accordance with ASTM D 2950.

3.10.3.8 Grade and Snoot hness
The Contractor shall conduct the necessary checks to ensure the grade

and snoot hness requirenents are nmet in accordance wi th paragraph
MATERI AL ACCEPTANCE AND PERCENT PAYMENT.
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3.10.3.9 Additional Testing

Any additional testing, which the Contractor deens necessary to contro
the process, may be performed at the Contractor’s option.

3.10.3.10 QC Monitoring

The Contractor shall submit all QC test results to the Contracting
Oficer on a daily basis as the tests are perforned. The Contracting
Oficer reserves the right to nonitor any of the Contractor’s quality
control testing and to performduplicate testing as a check to the
Contractor’s quality control testing.

3.10. 4 Sanpl i ng

When directed by the Contracting Officer, the Contractor shall sanple
and test any material which appears inconsistent with simlar nateria
bei ng produced, unless such material is voluntarily renmoved and repl aced
or deficiencies corrected by the Contractor. Al sanpling shall be in
accordance with standard procedures specified.

3.10.5 Control Charts

khkhkkhkhkhkhkhhkhkhhhkhhhkhhhhkhhhhhkhhhhkhhhhhhkhhhkhhhkhhhkhhhkhhkhkd khkhkhkrkkhkrkk *k*x**%x

NOTE: If the JMF was designed according to AASHTO
MP8, delete the requirenents for plotting

stability and fl ow
khkhkhkhhhkhkhkhkhhhhdhhhkhhkhhhdhdhdhkhkhkhkhhhdhdhdhhkhhkhhhdhdhdhkhkhhkhhhdhdddkhhkhhhdhdd dkhkhkdxdkdx**%%

For process control, the Contractor shall establish and maintain |inear
control charts on both individual sanples and the running average of

| ast four sanples for the paranmeters listed in Table 7, as a mini num
These control charts shall be posted as directed by the Contracting
Oficer and shall be kept current at all tines. The control charts
shall identify the project nunber, the test paraneter being plotted, the
i ndi vi dual sanple nunbers, the Action and Suspension Limts listed in
Table 7 applicable to the test paraneter being plotted, and the
Contractor’s test results. Target values fromthe JM- shall al so be
shown on the control charts as indicators of central tendency for the
cunul ative percent passing, asphalt content, and | aboratory air voids
parameters. Wen the test results exceed either applicable Action
Limt, the Contractor shall take imrediate steps to bring the process
back in control. Wen the test results exceed either applicable
Suspension Linmit, the Contractor shall halt production until the problem
is solved. The Contractor shall use the control charts as part of the
process control systemfor identifying trends so that potential problens
can be corrected before they occur. Decisions concerning m X

nodi ficati ons shall be nade based on analysis of the results provided in
the control charts. The Quality Control Plan shall indicate the
appropriate action, which shall be taken to bring the process into
control when certain paraneters exceed their Action Limts.
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Tabl e 7.
Pl otted on | ndivi dua

Paraneter to be Plotted

4.75 mm si eve, Cunul ative
Percent Passing, deviation from
JMF target; plus or mnus val ues

0.6 nm si eve, Cumul ative Percent
Passi ng, deviation fromJM
target; plus or mnus val ues

0. 075 mm si eve, Cumnul ative

Percent Passing, deviation from
JMF target; plus or mnus val ues
Stability, newtons (nninmm
Asphalt content, percent
deviation from JM target; plus
or mnus val ue

Laboratory Air Voids, percent

deviation from JMF target val ue

In-place Mat Density, percent of
maxi mum t heoretical density

I n-place Joint Density,
of maxi mum t heoreti cal

per cent
density

Action and Suspension Linmits for the Paraneters to be
and Runni ng Average Contro

Charts

Runni ng Aver age of

I ndi vi dual Sanpl es Last Four Sanpl es
Action Suspension Action Suspensi on
Limt Limt Limt Li mt

6 8 4 5

4 6 3 4

1.4 2.0 1.1 1.5

5780 5340 6230 5780

0.4 0.5 0.2 0.3

No specific action and suspension limts

set since this paraneter
paynent

det er mi ne percent

is used to

No specific action and suspension limts

set since this paraneter
paynent

det er mi ne percent

is used to

No specific action and suspension limts

set since this paraneter
paynent

det er mi ne percent
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Tabl e 7.
Pl otted on | ndivi dua

Paraneter to be Plotted

No. 4 sieve, Cunul ative Percent
Passi ng, deviation fromJM
target; plus or mnus val ues

No. 30 sieve, Cumul ative Percent
Passi ng, deviation fromJM
target; plus or mnus val ues

No. 200 sieve, Cunul ative

Percent Passing, deviation from
JMF target; plus or mnus val ues
Stability, pounds (m ninun
Asphalt content, percent
deviation from JM target; plus
or mnus val ue

Laboratory Air Voids, percent

deviation from JMF target val ue

In-place Mat Density, percent of
maxi mum t heoretical density

I n-place Joint Density,
of maxi mum t heoreti cal

per cent
density

3.11

Action and Suspension Linmits for the Paraneters to be
and Runni ng Average Contro

Charts

Runni ng Aver age of

I ndi vi dual Sanpl es Last Four Sanpl es
Action Suspension Action Suspensi on
Limt Limt Limt Li mt

6 8 4 5

4 6 3 4

1.4 2.0 1.1 1.5

1300 1200 1400 1300

0.4 0.5 0.2 0.3

No specific action and suspension limts

set since this paraneter
paynent

det er mi ne percent

is used to

No specific action and suspension limts

set since this paraneter
paynent

det er mi ne percent

is used to

No specific action and suspension limts

set since this paraneter
paynent

det er mi ne percent

MATERI AL ACCEPTANCE AND PERCENT PAYMENT

is used to

khkkhkkhkhkhkhkhhkhkhhhkhhhkhhhhkhhhkhhhkhhhhkhhkhhhkhkhhhkhhhkhhhkhhhkhkhkkhhkhdhkhkhkkhkrkkhkrkk *k*x**%x

NOTE: It

is highly recormended to keep the

Covernment’s QA testing separate and distinct from

the Contractor’s QC testing.
i n-house testing capability to

recogni zed t hat

However ,

is

provide the QA testing required by this section

will

not al ways be avail abl e;
reconmended t hat an i ndependent

inthis case, it is
materia

testing

conpany be hired to provide the QA testing for the

proj ect.

[ ong-term performance is very snal
cost of the construction,

t he overall

The cost of this testing to assure good
relative to
and

especially conpared to the cost of a pavenent

failure.
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Al t hough not recomended, this guide specification
may be nodified to require the Contractor to hire
an i ndependent naterial-testing |laboratory to
performthe QA testing listed in this section

The results would need to be forwarded daily to
the Contracting Officer as the basis for
acceptance and pay. This should only be done if
there is no way of hiring an i ndependent testing

| aboratory to performthe QA testing.

The QA testing programincludes material tests to
determ ne | aboratory air voids and in-place
density, which are needed to detern ne percent
paynment. The project engi neer nay choose to have
additi onal tests conducted by the QA test agency
to nonitor aggregate gradation, asphalt content,
Marshal | stability, and flow These tests would
serve as a check to the Contractor’s QC testing.
Marshal | stability and fl ow coul d be done at

m ni mal cost since the speci nens have to be nade
anyway for laboratory air void deternination

This additional testing, if conducted, is not

i ncluded as part of this specification since the
paranmeters are not used as a basis of pay.

khkhkkhkhkhkhkhhkhkhhhkhhhkhhhhkhhhhhhkhhhhkhhhkhhhkhhhkhhhkhhkhkhhhkhkhkhhkhd khkhkhk kk krkk *k*x**%x

The Governnent’'s quality assurance (QA) programfor this project,
specified below, will be separate and distinct fromthe Contractor’s
quality control (QC) program specified above. Testing for acceptability
of work will be perforned by the Governnent or by an independent

| aboratory hired by the Contracting O ficer/Engi neer, except for

snoot hness testing which shall be perforned by the Contractor.

Acceptance of the plant produced mx and in-place requirements will be
on alot to lot basis. A standard lot for all requirenents will be
equal to 2000 netric tons [2000 short tons]. \ere appropriate,
adjustnent in paynent for individual lots of hot-mix asphalt will be

nmade based on in-place density, |aboratory air voids, grade and

snoot hness in accordance with the foll owi ng paragraphs. G ade and
surface snoot hness determinations will be nade on the ot as a whole.
Exceptions or adjustnents to this will be nade in situations where the
mx within one lot is placed as part of both the internmedi ate and
surface courses, thus grade and snoot hness neasurenents for the entire

| ot cannot be nmade. 1In order to evaluate |aboratory air voids and
in-place (field) density, each lot will be divided into four equa
subl ot s.

11,1 Per cent Paynment

When a lot of material fails to nmeet the specification requirenents for
100 percent pay as outlined in the follow ng paragraphs, that |ot shal
be renoved and replaced, or accepted at a reduced price which will be
conputed by nultiplying the unit price by the ot pay factor. The |ot
pay factor is determ ned by taking the | owest conmputed pay factor based
on either laboratory air voids, in-place density, grade or snpothness
(each di scussed below). Pay factors based on different criteria (i.e.
| aboratory air voids and in-place density) of the sane ot will not be
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mul tiplied together to get a lower lot pay factor. At the end of the

project, an average of all lot pay factors will be calculated. |If this
average | ot pay factor exceeds 95.0 percent, then the percent paynent
for the entire project will be 100 percent of the unit bid price. |If

the average lot pay factor is less than 95.0 percent, then each ot will
be paid for at the unit price multiplied by that lot's pay factor. For
any lots which are less than [2000 netric tons] [2000 pound tons], a
wei ghted | ot pay factor will be used to calculate the average |ot pay
factor.

11,2 Subl ot Sanpl i ng

One random mi xture sanple for determ ning | aboratory air voids,
theoretical maxi mumdensity, and for any additional testing the

Contracting Oficer desires, will be taken froma | oaded truck
delivering mxture to each sublot, or other appropriate |ocation for
each sublot. Al sanples will be selected randomy, using conmonly

recogni zed met hods of assuring randommess conformng to ASTM D 3665 and
enpl oyi ng tabl es of random nunbers or conputer programs. Laboratory air
voids will be deternmined fromthree | aboratory conpacted speci nens of
each subl ot sanple in accordance with UFC 3-250-03. The specinens wll
be conpacted within 2 hours of the tinme the nmixture was | oaded into
trucks at the asphalt plant. Sanples will not be reheated prior to
conpaction and insulated containers will be used as necessary to

mai ntai n the tenperature.

.11.3 Additional Sanpling and Testing

The Contracting O ficer/Engi neer reserves the right to direct additiona
sanpl es and tests for any area which appears to deviate fromthe

specification requirenents. The cost of any additional testing will be
paid for by the Governnment. Testing in these areas will be in addition
to the lot testing, and the requirenents for these areas will be the

sane as those for a lot.
.11.4 Laboratory Air Voids

Laboratory air voids will be calculated in accordance with ASTM D 3203
by determi ning the Marshall density of each |ab conpacted speci men using
ASTM D 2726 and determ ning the theoretical maxi mumdensity of every

ot her subl ot sanple using ASTM D 2041. Laboratory air void cal cul ations
for each sublot will use the |atest theoretical maxi numdensity val ues
obt ai ned, for either that sublot or the previous sublot. The nean

absol ute deviation of the four-laboratory air void contents (one from
each sublot) fromthe JMF air void content will be evaluated and a pay
factor determined fromTable 8 Al laboratory air void tests will be
conpl eted and reported within 24 hours after conpletion of construction
of each lot.
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Table 8. Pay Factor Based on Laboratory Air Voids

Mean Absol ute Deviation of Lab Air Voids fromJWM Pay Factor, percent

0.60 or less 100
0.61 — 0.80 98
0.81 - 1.00 95
1.01 - 1.20 90
Above 1.20 0 (reject)

3.11.5 Mean Absol ute Devi ati on

An exanpl e of the conmputation of mean absol ute deviation for |aboratory
air voids is as follows: Assune that the |aboratory air voids are
determ ned from4 random sanples of a |ot (where 3 specinens were
conpacted from each sanple). The average |aboratory air voids for each
subl ot sanple are determined to be 3.5, 3.0, 4.0, and 3.7. Assune that
the target air voids fromthe JMF is 4.0. The mean absol ute deviation
is then:

Mean Absol ute Deviation = (3.5 — 4.0/ + [3.0 — 4.0] + 4.0 — 4.0] +
3.7 - 4.0)/4 = (0.5 + 1.0+ 0.0+ 0.3)/4 =(1.8/4=0.45

The nean absol ute deviation for |aboratory air voids is determ ned to be
0.45. It can be seen from T Table 9 that that lot’s pay factor based on
| aboratory air voids is 100 percent.

3.11.6 I n-place Density

3.11.6.1 Ceneral Density Requirenents

For determining in-place density, one randomcore will be taken by the
CGovernment Engi neer fromthe mat (interior of the lane) of each sublot,
and one randomcore will be taken fromthe joint (inmediately over
joint) of each sublot. Each randomcore will be full thickness of the

| ayer being placed. Wen the randomcore is less than 25 mm (1 inch)
thick, it will not be included in the analysis. |In this case, another
random core will be taken. After air-drying to a constant weight, cores
obtained fromthe nmat and fromthe joints will be used for in-place

density determ nation.
3.11.6.2 Mat and Joint Densities

The average in-place mat and joint densities are expressed as a
percentage of the average nmaxi mumtheoretical density for the lot. The
maxi mum t heoretical density for each lot will be determ ned as the
average maxi num theoretical density of the four random sanples. The
average i n-place nmat density and joint density for a lot are determ ned
and conpared with Table 9 to calculate a single pay factor per |ot based
on in-place density, as described below First, a pay factor for both
mat density and joint density are determined from Table 9. The area
associated with the joint is then deternmined and will be considered to
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be [3 nmeters] [10 feet] wide tines the I ength of conpleted | ongitudina
construction joint in the lot. This area will not exceed the total | ot
size. The length of joint to be considered will be that |ength where a
new | ane has been placed agai nst an adj acent |ane of SMA pavenent,

ei ther an adjacent freshly paved | ane or one paved at any tinme
previously. The area associated with the joint is expressed as a
percentage of the total lot area. A weighted pay factor for the joint
is determ ned based on this percentage (see exanple below). The pay
factor for mat density and the wei ghted pay factor for joint density are
conpared and the | owest selected. This selected pay factor is the pay
factor based on density for the lot. Wen the maxi mumtheoretica
density on both sides of a longitudinal joint is different, the average
of these two densities will be used as the naxi mumtheoretical density
needed to cal cul ate the percent joint density. Al density results for
alot will be conpleted and reported within 24 hours after the
construction of that |ot.

Table 9. Pay Factor Based on In-Place Density

Average Mat Density Pay Fact or, Average Joint Density
(4 Cores) Per cent (4 Cores)

94.0 100.0 92.0, up 101.0
93.9 100.0 91.9

93.8 or 98.1 99.9 91.8
93.7 99.8 91.7

93.6 or 98.2 99.6 91.6
93.5 99.4 91.5

93.4 or 98.3 99.1 91.4
93.3 98.7 91.3

93.2 or 98.4 98.3 91.2
93.1 97.8 91.1

93.0 or 98.5 97.3 90.0
92.9 96.3 90.9

92.8 or 98.6 94.1 90.8
92.7 92.2 90.7

92.6 or 98.7 90.3 90.6
92.5 87.9 90.5

92.4 or 98.8 85.7 90.4
92.3 83.3 90.3

92.2 or 98.9 80.6 90.2
92.1 78.0 90.1

92.0 or 99.0 75.0 90.0

bel ow 92. 0, above 101.0 0.0 (reject) bel ow 90. 0, above 101.0

3.11.6.3 Pay Factor Based on In-place Density

An exanpl e of the conputation of a pay factor (in inch-pound units only)
based on in-place density, is as follows: Assune the follow ng test
results for field density nmade on the lot: (1) Average nat density =
93.2 percent (of maxi mumtheoretical density), (2) Average joint

density = 91.0 percent (of naxi numtheoretical density), (3) Total area
of lot = 30,000 square feet, (4) Length of conpleted | ongitudina
construction joint = 2000 feet.
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a. Step 1. Determnine pay factor based on nat density and on joint
density, using Table 9:

Mat density of 93.2 percent = 98.3 pay factor
Joint density of 91.0 percent = 97.3 pay factor

b. Step 2: Deternmine ratio of joint area (length of |ongitudinal joint
x 10 ft) to mat area (total paved area in the lot): Miltiply the
| ength of conpleted |ongitudinal construction joint by the specified
10 ft width and divide by the mat area (total paved area in the
lot).

(2000 ft x 10 ft)/30000 sq ft = 0.6667 ratio of joint area to mat
area (ratio)

c. Step 3: Wighted pay factor (wpf) for joint is determi ned as
i ndi cated bel ow.

wpf = joint pay factor + (100 — joint pay factor) (1 — ratio) wpf =
97.3 + (100-97.3) (1-0.6667) = 98.2 percent

d. Step 4. Conpare weighted pay factor for joint density to pay factor
for mat density and select the snaller

Pay factor for nat density: 98.3 percent. Wighted pay factor for
joint density: 98.2 percent

Select the snaller of the two values as pay factor based on density:
98. 2 percent

11,7 G ade

khkhkkhkhkhkhkhhkhkhhkhkhhhkhhhkhhhhhhhkhhhhhhhkhhhkhhhkhhkhkhhkhkhhhkhdhkhdhhhkhkhkrkkhkrkk *k*x**%x

NOTE: The grade and surface snoot hness

requi renents specified below are for the fina
wearing surface only. |If there is a requirenent
to test and control the grade and snoot hness for
the internedi ate courses, i.e., when the

i nternedi ate courses will be exposed to traffic,
slight nodifications to this specification will be

required.
kkhkkkhhkkhkhhkkkhhhkkhhhhkkhhhkkhhhhkhhhkkhhhhkhhhkkhhhhkhhhkkhhhkhkhhhkhdhhkhkhhkk dhxkhkdhkk,dxk,k kx*x**%

The final wearing surface of pavenent shall conformto the el evations
and cross sections shown and shall vary not nmore than [9 mm[0. 03 foot]
for runways or [15 mm[0.05 foot] for taxiways and aprons fromthe plan
grade established and approved at site of work. Finished surfaces at
juncture with other pavenents shall coincide with finished surfaces of
abutting pavenents. Deviation fromthe plan elevation will not be
permitted in areas of pavenents where closer conformance with planned
el evation is required for the proper functioning of drai nage and ot her
appurtenant structures involved. The final wearing surface of the
paverment will be tested for confornance with specified plan grade

requi renents. The grade will be determined by running lines of levels
at intervals of [7.6 neters][25 feet], or less, longitudinally and
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transversely, to deternine the elevation of the conpleted pavenent
surface. Wthin 5 working days after the conpletion of a particular |ot
incorporating the final wearing surface, the Contracting Oficer wll
informthe Contractor in witing, of the results of the grade-
conformance tests. Wen nore than 5 percent of all neasurenents nade
within a lot are outside the [9 or 15 mM][0.03 or 0.05 foot] tol erance,
the pay factor based on grade for that lot will be 95 percent. |In areas
where the grade exceeds the tolerance by nore than 50 percent, the
Contractor shall renove the surface Iift full depth; the Contractor
shall then replace the lift with SMA to neet specification requirenents,
at no additional cost to the Governnent. Dianond grinding nay be used
to renmove high spots to neet grade requirenments. Skin patching for
correcting low areas or planing or mlling for correcting high areas
will not be permtted.

3.11.8 Sur f ace Snoot hness

khkhkkhkhkhkhkhhkhkhhkhkhhkhkhhhkhkhhhkhhhhhhhhhhhhhkhhhkhhhkhhhkhhhhkhkhkhkkhhhkhkhkrkk krkk *k*x**%x

NOTE: Edit these paragraphs as appropriate to the
project. It is desired to restrict surface

snoot hness testing and eval uation to either
strai ght edge nmethod or profil ograph nmethod. Retain
the one and delete the other; otherwise, retain both
as a Contractor’s option. GCenerally, designer
shoul d require use of the profilograph nmethod. If
the profil ograph nethod is allowed, and there are
areas with dinmensions |ess than 60 neters (200 feet)
in any direction, part of the straightedge nethod
nmust be retained for these short runs.

khkkhkkhkhkhkhkhhkhkhhkhkhhhkhhhhhhhhhhhhhhkhhhkhhhkhhhkhhhkhhhkhhhkhhkhkhkdhhkhkhkhkrkkhkrkk *k*x**%x

The Contractor shall use [one] [both] of the followi ng methods to test
and eval uate surface snoothness of the pavenent. Al testing shall be
performed in the presence of the Contracting Oficer/Engineer. Detailed
notes of the results of the testing shall be kept and a copy furnished
to the CGovernment Engi neer imediately after each day’'s testing. The
profil ograph nmethod shall be used for all |ongitudinal and transverse
testing, except where the runs would be | ess than [60 neters] [200 feet]
in length and the ends where the strai ghtedge shall be used. Were
drawi ngs show required deviations froma plane surface (crowns, drainage
inlets, etc.), the surface shall be finished to neet the approval of the
Contracting Oficer/Engineer.

3.11.8.1 Snoot hness Requi renent s

a. Straightedge Testing: The finished surfaces of the pavenents shal
have no abrupt change of [3 nmm] [1/8 inch] or nore, and al
pavenents shall be within the tolerances specified in Table 10 when
checked with an approved [4-neter] [12-foot] straightedge.
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Tabl e 10. Straightedge Surface Snoot hness—Pavenent s

Pavenent Category Direction of Testing Tol erance, mm
Runways and taxi ways Longi t udi nal 3
Transver se 6
Cali bration hardstands and Longi t udi nal 3
conpass swi ngi ng bases Transver se 3
Al other airfield and Longi t udi nal 6
hel i copter paved areas Transver se 6

Tabl e 10. Strai ghtedge Surface Snoot hness—Pavenent s

Paverment Category Direction of Testing Tol erance, inches
Runways and taxi ways Longi t udi nal 1/8
Transver se 1/ 4
Cali bration hardstands and Longi t udi nal 1/8
conpass swi ngi ng bases Transver se 1/8
Al other airfield and Longi t udi nal 1/4
hel i copter paved areas Transver se 1/ 4

b. Profilograph Testing: The finished surfaces of the pavenents shal
have no abrupt change of [3 nmm] [1/8 inch] or nore, and all pavenent
shall have a Profile Index not greater than specified in Table 11
when testing with an approved California-type profilograph. If the
extent of the pavenment in either direction is |ess than [60 neters]
[200 feet], that direction shall be tested by the strai ghtedge
nmet hod and shall neet requirenents specified above.

3.11.8.2 Testing Met hod

After the final rolling, but not later than 24 hours after

pl acenent, the surface of the pavenment in each entire |ot shall be
tested by the Contractor in such a nanner as to reveal all surface
irregularities exceeding the tol erances specified above. Separate
testing of individual sub lots is not required. |If any pavenent
areas are ground, these areas shall be retested inmmediately after
grinding. The entire area of the pavenent shall be tested in both a

 ongi tudi nal and a transverse direction on parallel lines. The
transverse lines shall be [4.5 meters] [15 feet] or less apart, as
directed. The longitudinal lines shall be at the centerline of each

paving lane for lines less than [6.1 neters] [20 feet] and at the
third points for lanes [6.1 neters] [20 feet] or greater. O her
areas having obvi ous devi ations shall also be tested. Longitudina
testing lines shall be continuous across all joints.

a. Straightedge Testing. The straightedge shall be held in contact
with the surface and noved ahead one-half the length of the
strai ghtedge for each successive neasurenent. The anount of surface
irregularity shall be determined by placing the freestanding
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(unl evel ed) strai ghtedge on the pavenent surface and allowing it to
rest upon the two hi ghest spots covered by its I ength, and neasuring
t he maxi mum gap between the strai ghtedge and the pavenent surface in
the area between these two high points.

Table 11. Profil ograph Surface Snoot hness—Pavenents

Maxi mum Speci fi ed
Profil e | ndex

Pavenent Category Direction of Testing (mm km
Runways Longi t udi nal 110
Transver se 140
Taxi ways Longi t udi nal 140
Transver se (Use Strai ghtedge)
Cali bration hardstands and (Use Strai ghtedge)
conpass swi ngi ng bases
Al other airfield and Longi t udi nal 140
hel i copter paved areas Transver se 140
Table 11. Profil ograph Surface Snoot hness—Pavenents
Maxi mum Speci fi ed
Profile I ndex
Pavenent Cat egory Direction of Testing (i nches/nile)
Runways Longi t udi nal 7
Transver se 9
Taxi ways Longi t udi nal 9
Transver se (Use Strai ghtedge)
Cali bration hardstands and (Use Strai ghtedge)
conpass swi ngi ng bases
Al other airfield and Longi t udi nal 9
hel i copter paved areas Transver se 9
b. Profilograph Testing. Profilograph testing shall be perforned using

approved equi pnment and procedures described in CDT Test 526. The
equi prent shall utilize electronic recording and automatic
conputerized reduction of data to indicate “nust-grind” bunps and
the Profile Index for the pavenent. The *bl anki ng band” shall be
[5 M [0.2 inches] wide and the “bunp tenplate” shall span [25 mij
[1inch] with an offset of [10 nm] [0.4 inch]. The profilograph
shal | be operated by an approved, factory-trained operator on the
al i gnments specified above. A copy of the reduced tapes shall be
furnished to the Government at the end of each day’'s testing.
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3.11.8.3 Paynment Adjustnent for Snoot hness

a.

Strai ght edge Testing. Location and deviation from straightedge for
all measurenents shall be recorded. Wen between 5.0 and

10. 0 percent of all neasurenents nmade within a | ot exceed the

tol erance specified in paragraph Snmoot hness Requirenents above,
after any reduction of high spots or renoval and replacenent, the
conputed pay factor for that | ot based on surface snoot hness, will
be 95 percent. Wen nore than 10.0 percent of all neasurenents

exceed the tol erance, the conputed pay factor will be 90 percent.
When between 15.0 and 20.0 percent of all neasurenents exceed the
tol erance, the conputed pay factor will be 75 percent. Wen

20.0 percent or nmore of the nmeasurenents exceed the tol erance, the
| ot shall be renpved and replaced at no additional cost to the
Gover nnent - Omer. Regardl ess of the above, any snall individua
area with surface deviation which exceeds the tol erance gi ven above
by nore than 50 percent, shall be corrected by dianond grinding to
neet the specification requirements above or shall be renoved and
repl aced at no additional cost to the Governnent.

Profil ograph Testing. Location and data fromall profil ograph
nmeasurenents shall be recorded. Wen the Profile Index of a |ot
exceeds the tol erance specified in paragraph Shoot hness Requirenents
above by [16 mmkn] [1.0 inch/mle], but less than [32 nmm knj

[2.0 inches/nile], after any reduction of high spots or renoval and
repl acenent, the conputed pay factor for that |ot based on surface
snoot hness will be 95 percent. Wen the Profile |Index exceeds the
tolerance by [32 mmkm [2.0 inches/mile], but less than [47 nml knj
[3.0 inches/mile], the conputed pay factor will be 90 percent. When
the Profile Index exceeds the tolerance by [47 mmkn] [3.0 inches/
mle], but less than [63 mikn] [4.0 inches/nile], the conputed pay
factor will be 75 percent. Wen the Profile Index exceeds the
tolerance by [63 nmmkm [4.0 inches/nmile] or nore, the lot shall be
renoved and replaced at no additional cost to the Government- Oaner.
Regardl ess of the above, any small individual area with surface

devi ati on whi ch exceeds the tol erance given above by nore than

[79 mikn] [5.0 inches/mle] or nore, shall be corrected by grinding
to neet the specification requirenments above or shall be renobved and
repl aced at no additional cost to the Governnent-Omer.

Bunps. (“Must Gind” Areas). Any bunps (“rmust grind” areas) shown
on the profilograph trace which exceed [10 nm] [0.4 inch] in height
shal | be reduced by dianond grinding until they do not exceed

[7.5 mm [0.3 inch] when retested. Such grinding shall be tapered
in all directions to provide snooth transitions to areas not
requiring grinding. The following will not be permitted: (1) skin
patching for correcting |ow areas, (2) planing or milling for
correcting high areas. At the Contractor’s option, pavenment areas,
i ncluding ground areas, may be rechecked with the profilograph in
order to record a |lower Profile Index.

End of Section --
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