Evaluation of the Use of Expanded Aggregate to Increase
Voids in the Mineral Aggregate in Hot Mix Asphalt

N. Berry Hall

ABSTRACT. Proper Voidsy in the Mineral Aggregate (VMA) s tihe magor
criteria for produscing o long-lasting duwable asphalt mivtures. VMA
highly dependent on aggregate gradation, sihape, and s face tewtnre.
Increasing the percentage of Reclaimed Asphalt Produet (RAP) added to-
an asphalt min decreases min cost bt redunces VMA values: The
objective of Hiis shudy Ly to- evaluate the wse of expanded aggregate ay o
souree of aggregote o increase VMA in low-VMA miney to- allow for
more RAP resulting in o lessy expensive mix

INTRODUCTION. The specifications and procedures addressed are based on North Carolina
specifications. Other agencies may have slightly different specifications and terminology. A
complete list of NCDOT test procedures is located in the Appendix. These procedures are based
on AASHTO and ASTM test procedures.

Most Hot Mix Asphalt (HMA), by weight, is composed of aggregates and asphalt cement.
Typically this is 93% to 96% aggregate and 4% to 7% asphalt cement. Asphalt cement is the
“hot melt glue” that binds the aggregate particles together. Consequently, in SUPERPAVE
(Superior Performing Asphalt Pavements) terminology the asphalt cement is called “binder.”
Prior to SUPERPAVE, the Marshal Mix Design System designated the intermediate mix as
“binder.”

HMA by volume is composed of aggregates, binder and air voids. The binder by itself will not
support a load; it is a visco-€lastic material and expands with heat. HMA is designed so that the
aggregate structure supports the load with some air voids for the binder to expand into on hot
days so that the aggregate structure continues to support the load. During a North Carolina




summer, pavement temperatures exceed 150° F. Most North Carolina mixes are designed at
4% air voids. The North Carolina terminology for air voids is Voids in the Total Mix (VTM).

The text book definition of VMA is: “the volume of void space (air pockets) between the
aggregate particles of a compacted mix that includes both the VTM and the volume of the
effective asphalt content expressed as a percentage of the total volume of the compacted mix.”
In layman’s terms, this means the percent of air voids in a compacted mix if the binder could be
removed and all of the aggregate magically remain in place as pictured in the following
illustration.
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{Note: For simplification the volume of absorbed asphalt is not shown.)

VMA IS THE MOST IMPORTANT CRITERIA IN HMA. VMA is a durability specification. From the
above illustration, binder can be removed to increase air voids. However, binder removal may
result in not enough “glue” to properly bind the aggregate particles together. This will result in
a mix that will ravel, crack, and prematurely fail. Therefore, there is a minimum VMA
specification for the various mix types. There is no maximum VMA requirement, but the
percent of voids filled with asphalt (VFA) requirement indirectly determines a maximum VMA
value and maximum binder content. VFA is defined as the percentage of VMA that is filled
with binder excluding absorbed binder. For example, a compacted mix by volume may have
aggregate representing 84% of the volume, binder 12% of the volume and 4% VTM. In this
example, VFA would be 75%: (100 * (16% VMA — 4% VTM)/ 16% VMA)).




North Carolina volumetric requirements for VMA, VTM, and VFA for various mixes are listed in
the following table.

TABLE 610-3
) SUPERPAVE MiX DESIGN CRITERIA
Mix Desigr: Binder Compaction Levels | Max. Rut Volumetric Propertics
Type ESALs™ - PG . G @ Depth VMA VTM VFA HGrum
millions Grade Ny Nyes (mm) % Min. % Min.-Max. @Ny
S4.75A <] 64-22 6 50 11.5 16.0 4.0- 6,0 65 - 80 £91.5
5F9.5A <03 64 -22 6 11.5 16.0 3.0-5.0 70 - 80 <915
$9.58 0.3-3 64 - 22 7 65 9.5 15.5 3.0-5.0 65 - Bf) <90.5
59.5C 3-30 70- 22 7 75 6.5 15,5 3.0-50 65-78 < 90.5
S9.5D > 30 76-22 8 100 4.5 15.5 3.0-5.0 65-78 < 90,0
$12.5C 3-30 70 - 22 7 75 6.5 14.5 3.0-5.0 65 -78 < 90.5
$12.5D > 30 76- 22 8 100 4.5 14.5 3.0-50 &5 - 78 £90.0
119,08 <3 64 -22 7 65 - 13,5 30-5.0 65-78 % 90.5
119.0C 3-30 64 - 22 7 75 - 13,5 3.0-50 65 - 78 % 90.0
119.00 > 30 70-22 8 100 135 3.0-50 6% -78 % 90.0
825.08 <3 64 - 22 7 65 . 12.5 3.0-50 65-78 £ 90.5
825.0C >3 64 - 22 7 75 12.5 3.0-50 65-78 = 90.0
Design Parameter Design Criteria
All Mix Dust to Binder Ratio (Pyor, / Pp.) 06-14"
Types Tensile Strength Ratio (TSR} 85% Min.~"

A. Based on 20 year design traffic

Volumetric Properties based on specimens compacted to Ny, as modified by the Department,
TSR for Type $4.75A & B25.0X mixes is 80% minimum.

NCDOT-T-283 (No Freeze-Thaw cyele required).

Dust to Binder Ratio (Pygs / Pre) for Type $4.75A 05 L0~ 2.0

mone

VMA is affected by aggregate gradation, aggregate shape, and aggregate surface texture. At
most locations, aggregate shape and texture are a given and cannot be changed. Therefore,
gradation is used to adjust VMA to the mandated volumetric properties for a given mix.

Below is a table of SUPERPAVE aggregate gradation criteria for North Carolina. Following the
table is a gradation chart with the sieve sizes raised to the 0.45 power. The control points for a
19mm intermediate mix are plotted along with the theoretical maximum density line (TMDL).




TABLE 610-2
SUPERPAVE AGGREGATE GRADATION CRITERIA
_{Percent Passing Control Points)
Mix Type {Nominal Max. Aggregate Size)
s:i?e';d(:i) 4.75 mm 9.5 mm" 12.5 mm* 19,0 mm 25.0 mm

o Min Mox Min | Mox Min Max Min Max Min ax

50.6 . . N - - - - .

37.5 - . - - . - - . 100 -
250 . - - , : 100 90.0 100
19.0 - - - - 100 . 90.0 100 - 90.0

12.5 10,0 - 100 . 90.0 100 40.0 - -

9.50 95.0 100.0 90.0 100 - 90.0 - - . -

a7s 90.0 100.0 . 90,0 - - - - .
2.36 - 32.0° 57.0" 8.0 58.0 23.0 49.0 19.0 45,0

1.18 300 50.0 - . - . - - . N
0.075 6.0 12.0 4.0 8.0 4.0 8.0 3.0 8.0 3.0 7.0

A.  For the final surface layer of the specified mix type, use @ mix design with an aggregate blend gradation ahove the maximum

density fine on the 2.36 mm and larger steves,
B. For Type SF9.5A, the percent passing the 2.36 mm sieve shall be a minimum of 60% and a maximum of 70%.
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A gradation that closely follows the TMDL generally gives a low VMA. In other words, the TMDL
could be thought of as the minimum VMA line. This results in a less durable mix that is
sensitive to minor binder content variations. To increase VMA, various aggregate types are
blended in varying proportions to result in a gradation that departs from the TMDL. The
resultant gradations can be located on the fine side (above) the TMDL or the coarse side
(below) of the TMDL.

It is a mix design technician’s job to develop an economical mix that the asphalt plant can
produce and the paving crew can place (compact) to receive 100% pay. Mixes designed with
the gradation on the coarse side of the TMDL are much more difficult to compact than mixes
designed on the fine side. For this reason, coarse mixes are mostly avoided. Low VMA mixes,
designed near the TMDL should also be avoided. The reduced binder film thickness makes
them prone to segregate. At proper placement and compaction temperatures, the binder acts
as a lubricant to aid the compaction effort. Lower VMA mixes with lower binder contents make
the compactive effort more difficult.

Proper compaction is critical in improving durability and extending pavement service life. A
recent study conducted by the New Jersey Department of Transportation suggested that a 1%
increase of in-place density resulted in a 10% increase in pavement service life.

Unfortunately, some aggregate sources have aggregate properties that fit together very tightly
resulting is low VMA mixes no matter what gradation is used. The task for a mix design
technician is to locate a source that builds VMA in these instances.

QUALITY OF AGGREGATES. Two types of aggregate properties are specified to obtain a high
quality asphalt mix: Source Properties and Consensus Properties. Source properties,
determined on individual aggregates, are specified by local agencies. These include Toughness
(LA abrasion, AASHTO T 96), Soundness (AASHTO T 104), and Deleterious Materials (AASHTO T
112). Consensus Properties, determined on the aggregate blend in the mix, are more of a
national specification. These include Coarse Aggregate Angularity (ASTM D 5821), Fine
Aggregate Angularity (AASHTO T 304), Flat and Elongated Particles (ASTM D 4791), and Clay
Content (Sand Equivalent AASHTO T 176). A detailed explanation of these properties is
included in the Appendix.




ECOMONICS. Reclaimed Asphalt Pavement (RAP) is the most recycled product in the United
States. It is extremely valuable in reducing the raw material cost of HMA. It is mostly obtained
from milling existing roadways, airports and parking lots but can also come from dig outs and
asphalt plant waste. Assume it is composed of 95% aggregate and 5% asphalt cement. Also
assume conventional aggregates are priced at $20 per ton and asphalt cement is priced at $400
per ton. Based on these assumptions, RAP would have a value of $39 (95% of $20 plus 5% of
$400).

In North Carolina, RAP milled from the roadway becomes property of the contractor. Itis
hauled back to the asphalt plant to be crushed and sized into a usable product that can be
recycled back into the HMA. Assume this processing and handling cost is $10. This $10 product
can be substituted for some of the $39 product in the HMA which will reduce the overall cost of
the mix. Consequently, most mixes produced in North Carolina contain RAP in order to reduce
mix cost. Unfortunately milling and processing RAP increases the minus 200 (.075mm) sieve
material which in turn reduces VMA values.

Some approved aggregate sources have aggregates that fit together tightly resulting in low
VMA values. This limits the amount of RAP the mix will accept and still meet specifications. At
one source, a 19mm mix utilized 20% RAP, 3.9% new binder (with an additional 0.8% binder
coming from the RAP), and 76.1% new aggregate. VMA was 14.4% which was 0.9% above the
minimum requirement. The HMA production process usually reduces lab VMA values by 0.5%
or more. The design technician should target VMA values 1.0% to 1.5% above required
minimums at design to account for VMA drop during the production process. Based on the
above pricing, the material cost of this mix would be $32.82. With a mix with no RAP, the raw
material cost would be $37.86 with the same 4.7% binder content. A mix design form for this
mix is included in the Appendix.

A trial 19mm design from this same location resulted in 25% RAP, 3.6% new binder (with an
additional 1.0% binder contributed by the RAP), and 71.4% new conventional aggregate.
However VMA was 14.0%, only 0.5% above the minimum, and Gmm @ Nini was 0.4% above the
maximum allowed. To correct Gmm @ Nini, a coarser blend would have to be used which would
result in even lower VMA values. Had this been a viable mix, the raw material mix price would
have been $31.18. A mix design form for this mix is included in the Appendix.

A 19mm mix was then designed using 5% expanded fine aggregate. This aggregate meets the
Source and Consensus Properties listed above. The gradation, fine aggregate angularity, and
sand equivalent values are documented in the Appendix. Assume this aggregate is priced at




$45 per ton. The blend consisted of 35% fractionated RAP, 3.1% new binder (with an additional
1.2% binder contributed by the RAP), and 56.9% new conventional aggregate. This blend
resulted in 15.0% VMA. The raw material mix cost was $29.43. A complete mix design form is
included in the Appendix.

To date, this expanded aggregate has been used successfully at 4 separate locations in the
Charlotte, NC area. It has been used in both HMA and Warm Mix applications in surface,
intermediate, and base mixes on commercial and NCDOT projects.

CONCLUSION. Proper VMA is critical for the in-service performance of a pavement. However,
some aggregate sources produce low VMA values resulting in lower binder contents which may
not provide adequate durability of the HMA. The addition of RAP lowers raw material mix
costs, but it also lowers VMA values. The use of a small amount of expanded fine aggregate
increases VMA allowing the introduction of a higher percentage of RAP into the mix resulting in
a less expensive and more durable mix.
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7.6 TEST PROCEDURES - GENERAL

All test procedures utilized by the Department are generally in accordance with AASHTO or ASTM standards. Any
modifications to these procedures are ¢overed in detail in the following sections. Other test procedures may be used by
the Contractor provided they are preapproved by the Department. Whenever specified tests apply to either or both the

Contractor and/or Department, the same standard test procedures will be followed by each.

Procedure No. Title Page No.
NCDOT-T-11 Materials Finer Than 75 pm (No. 200) Sieve in Mineral Aggregates by Washing , 7-27
NCDOT-T-27 Sieve Analysis of Fine and Coarse Aggregates 7-28

NCDOT-T-255 Moisture Content of Aggregate by Drying 7-30
NCDOT-T-30 Sieve Analysis of Recovered Aggregate 7-31

NCDOT-T-308 Asphalt Binder Content of Asphalt Mix by the Ignition Method 7-33

NCDOT-T-312 Superpave Gyratory Compactor Field Test Procedure 7-37

NCDOT-T-209 Maximum Specific Gravity (émm) of Asphalt Mix — Rice Method 7-40

L . .

NCDOT-D-6857 | Maximum Specific Gravity (Gp,,) of Asphalt Mix — Vacuum Sealing Method 7-42

NCDOT-T-166 Bulk Specific Gravity of Compacted Asphalt Mix — SSD Method 7-44

NCDOT-T-331 Bulk Specific Gravity of Compacted Asphalt Mix — Vacuum Sealing Method 7-46

NCDOT-T-283 Tensile Strength Ratio (TSR) Test 7-48

NCDOT-T-305 Draindown Characteristics of Uncompacted Asphalt Mix 7-53

7-26




2.5.3  Evaluating the Quality of Aggregates

(a) Aggregate Gradation
To specify aggregate gradation, the 0.45 power gradation chart is used with control limits to specify

the mix gradation limits and to develop a design aggregate structure. A design aggregate structure must
pass between the control points. The maximum density gradation is drawh from the 100 percent passing
the maximum aggregate size through the origin. Maximum aggregate size is defined as one size larger than
the nominal maximum aggregate size. Nominal maximum size is defined as one size larger that the first
sieve size to retain more than 10 percent. The design aggregate structure approach ensures that the
aggregate will develop a strong, stone skeleton to enhance resistance to permanent deformation while
achieving sufficient void space (VMA) for mixture durability. Standard sizes of coarse and fine aggregate are
shown in Table 1005-1 of the Standard Specifications (See Table 1005-1 at the end of this Section). Other
requirements for aggregates for asphalt pavements can be found in Section 1012 of the Specifications.

Selecting an aggregate material for use in an asphalt pavement depends upon the availability, cost,
and quality of the material, as well as the type of construction that is intended. Mineral aggregates play a
key role in asphalt mix performance. Two types of aggregate properties are specified: source properties and
consensus properties.

(b) Source Properties .
Source properties are those which are often used to qualify local sources of aggregate. These tests

must be completed prior to allowing the use of any particular aggregate in an asphalt mix. These properties
are determined on the individual components rather than the aggregate blend. The source properties are:

(1) Toughness: Toughness is the percent loss of materials from an aggregate blend during the
Los Angeles Abrasion test. The procedure is stated in AASHTO T 96, “Resistance to
Abrasion of Small Size Coarse Aggregate by Use of the Los Angeles Machine.” This test
estimates the resistance of coarse aggregate to abrasion and mechanical degradation
during handling, construction, and in-service performance.

(2) Soundness: Soundness is the percent loss of materials from an aggregate blend during the
sodium sulfate soundness test. The procedure is stated in AASHTO T 104, “Soundness of
Aggregate by Use of Sodium Sulfate or Magnhesium Sulfate.” This test estimates the
resistance of aggregate to weathering while in-service. 1t can be performed on both coarse
and fine aggregate.

(3) Deleterious_Materials: Deleterious materials are defined as the weight percentage of
contaminants such as shale, wood, mica, and coal in the blended aggregate. This property
is measured by AASHTO T 112, “Clay Lumps and Friable Particles in Aggregates.” It can be
performed on coarse and fine aggregate.

(c) Consensus Properties )

Once the aggregate sources have been selected and the source properties approved for use in
asphalt mixes, an aggregate blend will be determined. The aggregate blend will consist of the percentages
needed to meet the Job Mix Formula. Once the blend is determined, the following consensus properties will
. be analyzed to determine if the blend conforms to NCDOT requirements.

2-9
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Consensus properties are those properties which are critical in achieving high performance asphalt

pavement. These properties are determined on the gggregate blend rather than individual components.
They are:

(1)

(3)

{4)

Coarse Aggregate Angularity (Fractured Faces): This property ensures a high degree of
aggregate internal friction and rutting resistance. It is defined as the percent by weight of
aggregates larger than 4.75 mm with one or more fractured faces. Coarse aggregate
angularity is to be determined in accordance with ASTM D 5821. The Specifications include
the minimum requirements for coarse aggregate angularity for each mix type.

Fine Aggregate Angularity: This property ensures a high degree of fine aggregate internal
friction and rutting resistance. It is defined as the percent air voids present in loosely
compacted aggregates smaller than 2.36 mm. Higher void contents mean more fractured
faces. The test procedure used to measure this property is AASHTO T 304 (Method A).
The Specifications include the minimum requirements for fine aggregate angularity
(uncompacted void content) for each mix type.

Flat and Elongated Particles: This characteristic is the percentage by weight of coarse
aggregates that have a ratio of maximum to minimum dimension greater than a specified
value. Elongated particles are undesirable because they have a tendency to break during
construction and under traffic. The test procedure used is ASTM D 4791 (Section 8.4), “Flat
and Elongated Particles in Coarse Aggregate” and it is performed on coarse aggregate
larger than 4.75 mm sieve. The Specifications state that the maximum allowed Flat and
Elongated Particles is 10% by weight at a 5:1 ratio for all mix types except S 4.75A, SF 9.5A,
and S 9.5B.

Clay Content (Sand Equivalent): Clay content is the percentage of clay material contained
in the aggregate fraction that is finer than a 4.75 mm sieve. It is measured by AASHTO T
176, “Plastic Fines in Graded Aggregates and Soils by Use of the Sand Equivalent Test.” The
sand equivalent value is computed as a ratio of the sand to clay height readings expressed
as a percentage. The Specifications include the minimum sand equivalent requirements for
each mix type.

TABLE 1012-1
AGGREGATE CONSENSUS PROPERTIES"
comse | pire, | e T e
Mix Type Aggregate geree R Equivalent & .
Angularity® Angularity % Minimum 5: 1 Ratio
g ¥ % Minimum ’ % Maximum
Test Method ASTM D5821 | AASHTO T304 | AASHTOT 176 ASTM D4791
S4.75A;
SF9.5A; $9.5B s/ 40 40
119.0B; B25.0B 75/ - 40 40 10
§9.5C; §12.5C;
119.0C; B25.0C 95/90 45 45 10
$9.5D; S12.5D;
119.0D 100/ 100 45 50 10
OGAFC 100/ 100 45 45 10
UBWC 100/ 85 45 45 10

A. Requirements apply to the design aggregate blend.

B. 95/90 denotes that 95% of the coarse aggregate has one fractured face and 90% has 2 or more fractured faces.
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REPORT ON SUPERPAVE MIX DESIGN

Blythe Construction, Inc,

P. O. Box 31635
Charlotte, NC 28231

ME&T FORM 601 (SP)

e,

Bt

)

\TE SUBMITTED: 5/12/2007 DATE APPROVED: o5 ~7/-o77
IOJECTNO.: BINDER* NZ\&YO -Eitgo Wilmington AT15 PG 64-22
JUNTY: ADDITIVE: ARR-MAZ Ad-Here 6500 LOF (.5 %)
INTRACTOR: Biythe Construction Inc. Vilcan Materials Cabarrus CA186 # 67 Stone
ANT & NO.: Blythe Concord AS53 Vulcan Materials Cabarrus CA186 78-i Stone
:SIGNED BY: George K Bennett SDT-50372 Vulcan Materials Cabarrus FA339 Washed Scrgs.
'ECIFICATION: RI19.0C Intermediate Mix Caralina Sand Rowan FA 353 Asphalt Sand
RATIONS: 8/100/160 150 mm 143 °C
!AFFIC LEVEL: 3.0t030.0 Million ESALs o
NDER SPECIFIC GRAVITY: 1.034 Blythe Constr. Concord AS63 Baghouse Fines
IMPACTOR TYPE: Pine Blythe Constr. Concord AS53 Fine RAP
GRADATION OF MATERIALS USED
\TERIAL 57-Stone Wi BgHsFines Rap BLEND CONTROL
RCENT (MD) e AL Pl 08 2000, 100.0 POINTS
RCENT (JMF) 27.0 20.0 100.0
wes(mm) 50.0 100.0 100.0 100.0 100
37.5 100.0 100.0 100.0 100
25.0 100.0 100.0 100.0 100 100.0
19.0 90.0 100.0 100.0 97 90.0 -100.0
12.5 48.0 100.0 98.0 86 < 90.0
9.5 29.7 100.0 86.0 77
4.75 7.1 100.0 65.0 56
2.36 3.2 100.0 52.0 44 23.0-49.0
"" 1.18 2.0 100.0 42.0 35
v 0.600 1.5 100.0 33.0 26
B 0.300 1.0 100.0 22.0 16
0.150 1.0 99.0 14.0 8
0.075 0.9 96.4 9.1 5.4 3.0-8.0
.Furn. Corr.Factor
3. Bulk Dry S.G. 2.776 2,751 2.792 2.598 2.789 2.804 2.763
Agg. Effective 5.G.: 2.794
3. Apparent S.G. | 2825 | 2,796 { 2827 | 2633 | | 2.828 2844 | 2.805
Opt. Pb Mix Properties at N design
Asphalt Binder-Total Mix 4.7 4.2 4.7 5.2 57 % RAP / % Virgin: 20/80
b @ Ndes (or Nmax) #DIV/o! 2.456 2482 2.500 2.519 Pb in RAP: 4.2
X. Specific Gravity(Gmm) 2.587 2.608 2.587 2,567 2.547 Pb from RAP: 0.8
Joids-Total Mix (VTM) #DIV/0! 5.8 4.1 2.6 1.1 Pb Absorption: 0.4
Solids-Total Mix #DIV/0! 94.2 958 97.4 98.9 % ASH:
ffective Binder Content (Pbe) 4.3 3.8 4.3 4.8 5.3 TSR % Retained : 92.3
3t'o Phe Ratic {P0.075/Pbe) 1.26 1.42 1.26 1.13 1.02 ignition Furn, Calibr.:
Volume of Effsctive Pb #DIV/0! 9.0 10.3 11.6 12.9 Pb (Design): % é%
Solids by Vol. of Agg. Only #D1iV/0} 85.2 85.6 85.8 86.0 Rice Specific Gravity: v )
Joids in Mineral Agg. (VMA) #DIVI0! 14.8 14.4 14.2 14.0 Lab Specific Gravity: Z.
Joids Filled w/Binder (VFA) #DIV/0! 60.8 71.5 81.7 92.1 Percent Air Voids: O
Smm @ Nint 8 #DIV/0l | - 88.0 89.8 90.8 92.0 tPercent VIMA: %
3mm @ Ndes 100 #DIV/IO! 94.2 96.0 97.4 98.9 Percent VFA:
3mm @ Nmax 160 #DIVI0L DUST/AC Ratio: L 2
MMENTS: Uncomp. Void Cont.* % Gmm @ Nini 2 53
Sand Equivalent: 74.4 % Gmm @ Nmax. —
SIGNED BY: George K Benn C. Agg. Angularity 100 /100 §Pi ADDED: 3, 2
SDT—S@‘A——,M . Agg. Angularity:> 46.5 b from RAP: L,
PROVAL: & L e . S 7)), |Fiat & Elongated: 5.6 IPbTOTAL: o, 7

y 7/ |
20 % RAP Mw Desial




M&T 60t (SP) 31672013
Blythe Construction Inc.
P.0. Box 31635
Charlotte, NC 28231

M & T 601 FORM, REPORT ON SUPERPAVE METHOD OF AN ASPHALT MIX DESIGN

DATE SUBMITTED: DATE APPROVED: s MDE:

MIX DESIGN INFORMATION T MATERIALS USED
PROJECT NO.: BINDER: Assoc. Asphalt Charlotte - ATH1 PG 64-22 1.034
COUNTY: Cabarrus Co. ADDITIVE: ARR-MAZ Ad-Here 6500 LOF (0.5 %)
CONTRACTOR: Biythe Construction, Inc. Vulcan Materials Company Concord - Cabbarus Quarry - CA186 #8687 Stone
PLANT & CERT. NO.: Concord - Poplar Tent Rd. #2 - AS53 Vulcan Materials Company Concord - Cabbarus Quarry - CA186 #78M Stone
DESIGNED BY: Chad M. Baitley SDT-3380 Vulcan Materials Company Concord - Cabbarus Quarry - FA339 Wshd. Scrngs.
SPECIFICATION: "RI19.0D Carofina Stalite Corp. Gold Hill - Light Weight - FA445 Wshd. Scrngs. D
MIXTURE TYPE: Intermediate Mix Carolina Sand Grant's Creek - FA465 Sand
GYRATIONS (Nini/ Ndes): ~ 8/100 ’
COMPACTION TEMP (°C): 152 °C

[MOLD DIAMETER: 150 mm Blythe Construction, Inc. Concord - Poplar Tent Rd. #2 - AS53 Baghouse Fines
COMPACTOR TYPE: Pine Blythe Construction, Inc. Concord - Poplar Tent Rd. #2 - AS53 +4.75 RAP
TRAFFIC LEVEL: > 30.0 Million ESALS Blythe Construction, Inc. Concord - Poplar Tent Rd. #2 - AS53 -4.75 RAP

: S g ~ GRADATION OF MATERIALS USED :

IMATERIAL #67 Stone #78M Stone | Wshd. Scrngs. | Wshd. Scmgs. D Sand Bghs Fines +4,75 RAP -4.75 RAP BLEND ;
PERCENT (JMF) 15.0 © 30,0 22.0 8.0 8.0 17.0 100.0 CONTROL
PERCENT (MD) S50 300 206 : 80 1.2 82 17.0 1000 | PomnTs
SIEVES 50.0 mm i 100.0 ° 100.0 100.0 100.0 100.0 100.0 100.0 . 100.0 100

37.5 mm 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100

25.0 mm 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100 100.0

19.0 mm 90.2 100.0 100.0 100.0 100.0 100.0 100.0 100.0 99 90.0 - 100.0

12.5 mm 39.3 .. 998 100.0 > 100.0 100.0 100.0 87.3 100.0 80 <£90.0

9.50 mm 202 91.7 100.0 100.0 100.0 100.0 58.1 100.0 82

4.76 mm 53 354 a98.7 95.8 98.5 100.0 258 NG 59

2.36 mm 2.9 10.2 85,1 64.5 96.6 100.0 20.5 77.2 45 23.0 - 49.0

1.18 mm 2.5 6.6 64.9 39.3 93.2 100.0 17.8 63.9 37

.600 mm 2.2 5.3 50.8 23.0 79.2 100.0 15.4 48.3 29

.300 mm 2.0 4.0 34.3 11.8 29.3 100.0 1.7 33.7 19

150 mm 1.5 2.8 14.5 5.4 56 98.0 7.4 18.8 10

075 mm 1.1 2.0 5.4 2.9 2.4 91.8 4.4 10.4 5.3 3.0-8.0
fgn. Furn, Cal. Fact..

Agg. Bulk Dry S.G.: 2764 2778 2.752 1.732 2.588 2.789 2.747 2.733 2.746

: ; : Agg. Effective 8.G.: 2,761
Agg. Apparent 5.G.: 2794 | 2820 | 2807 1,862 2.634 ] | 2829 2825 | 2810 2,797
Gt v = =MIX PROPERTIES @ N DESIGN
% Asphalt Binder - Total Mix: 4.4 4.1 4.6 5.1 5.6 Fractionation or % +4.75 RAP | % -4.75 RAP: 8/17

[Max. Specific Gravity (Gmm): 2.572 2.584 2.564 2.544 2.525 Combination of Pb in +4.75 RAP / 4.75 RAP: 24149
Gmb @ Ndes: 2.470 2.474 Recycled Materials Pb from +4.75 RAP / -4.75 RAP: 0.2/08
% Voids-Total Mix (VTM): 4.0 3.5 Total % Recycle / Total % Virgin: 25175
% Solids-Total Mix: 96.0 96.5 Total Recycled Material  [Total Pb in Recycle: 4.1
% Effective Binder Content (Pbe): 4,2 3.9 4.4 4.9 5.4 Total Pb from Recycle: 1.0
Dust to Pbe Ratio (P.075/Pbe): 1.26 1.36 1.20 1.08 0.98 Pb Absorption: 0.2
By Volume of Effective Pb: 16.0 10.5 % ASH:

% Solids by Val. of Agg. Only: #6.0 86.0 TSR % Retained : 88
% Voids in Mineral Agg. (VMA): "2 13.5 14.0 14.0 - }ignition Furn. Calibr.:
% Voids Fillied w/Binder (VFA): 71.4 _I15.0, e Pb (Design): . o |
% Gmm @ Nint: £ Op.» 90.4 {909 3 o / Rice Specific Gravity: |
% Gmm @ Ndes: 86.0 96.5 Lab Specific Gravily:
COMMENTS: fix Designed @ 2010 Gyration Levels w/ 40.0% Fractionated Milfings Percent Air Voids: n ]
(10.0% +4.75mm Millings, 30.0% -4.75mm Millings) & PG 58-28 AC. Percent VMA: - ] |
Submitted RSF 9.5A Rut Specimens for RS 9.5C, 5 CONSENSUS PROPERTIES Percent VFA: - 1‘
SUBMITTED BY: Chad M. Bartley SDT-3380 F. Agg. Angularity: 48,6 DUST/AC Ratio: R |
Sand Equivalent: 708 |% Gmn @ Nin ]
Flat & Elongated: 6.4 Pb ADDED:
APPROVED BY: C. Agg. Angularity: Pb from +4.75 RAP / -4.75 RAP: 0 i
i F. Agg. Angularity:* 480 | Tolal Pb from Recycled Material: M |
“T304; Ran on Individual Natural Sand Pb TOTAL:

S

i g
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Blythe Construction Ime.

P.O. Box 31635
Charlotte, NC 28231

Vi & T 801 FORM, REPORT ON SUPERPAVE IETHOD OF AN ASPHALT MiX DESIGN

3/612013

/7T SUBMITTED: 09/08/2014 DATE ASFROVED: G =254 LA bl e
L
- Wi DESIGN INFORMATION . MATERIALS USED X
PROJECT NO.: BINDER: Assoc. Asphalt Charlotte - AT11 PG §8-28 1.032
COUNTY: Cabarrus Co. ADDITIVE: ARR-MAZ Ad-Here 6500 LOF (0.5 %)
CONTRACTOR: Blythe Construction, inc. Vulcan Materials Company Concord - Cabbarus Quarry - CA186 #67 Stone
PLANT & CERT. NO.: Cancord - Poplar Tent Rd. #2 - AS53 Vulcan Materials Company Cancord - Cabbarus Quarry - CA186 #78M Stone
DESIGNED BY: Chad M. Bariley SDT-3380 Vulcan Materials Company Concord - Cabbarus Quarry - FA339 Wshd. Scrags.
SPECIFICATION: Ri19.0D Carolina Stalite Corp. Gold Hill - Light Weight - FA445 Wshd. Scmgs. D
IMIXTURE TYPE: Intermediate Mix Carolina Sand Grant's Cresk - FA465 Sand
GYRATIONS (Nt / Ndes): 8/100
COMPACTION TEMP (°C). 152 °C
MOLD DIAMETER: 150 mm Blythe Construction, Inc. Concord -~ Poplar Tent Rd. #2 - AS53 Baghouse Fines
COMPACTOR TYPE: Pine Blythe Construction, Inc. Congcord - Poplar Tent Rd. #2 - AS53 +4.75 Mings.
TRAFFIC LEVEL: > 30.0 Million ESALS Blythe Construction, Inc. Concord - Poplar Tent Rd. #2 - AS53 -4.75 Mings.
[ i R . - GRADATION OF MATERIALS USED . P . o
{MATERIAL #67 Stone #78M Stone | Wshd. Scrngs. | Wshd. Scmgs. D Sand Bghs Fines | +4.75 Mings. | -4.75 Mings. BLEND
PERCENT (JMF} 20.0 20.0 10.0 5.0 0.0 16.0 20.0 100.0 CONTROL
PERCENT {MD) 200 - 200 9.0 50 - 10.0 . - - 12 " 15.1. 19.7 100.0 | POINTS
SIEVES 50.0 mm 100.0 100.0 100.0 100.0 100.0 100.0 1000 ¢ 100.0 100
37.5mm 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100
25.0 mm 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.06 100 1000
18,0 mm 90.0 100.0 100.6 100.0 100.0 100.0 100.0 100.0 98 50.0-100.0
12.5 mm 46.8 98.8 100.0 , 1000 100.0 100.0 96.2 100.0 89 =90.0
9.50 mm 26.1 ‘914 100.0 100.0 - 100.0 100.0 83.4 100.0 - 81
4756 mm 5.2 37.3 99.9 95.8 99.6 100.0 43.5 88.0 57
2.36 mm 1.9 11.4 87.7 64.5 98.5 100.0 347 72.3 44 23.0-49.0
1.18 mm 1.8 5.5 72.8 39.3 92.5 100.0 287 58.8 36
600 mm 1.8 43 57.2 23.0 67.8 100.0 23.2 46.1 28
300 mm 1.7 3.5 391 11.8 13.5 100.0 16.2 30.4 186
150 mm 1.6 27 18.7 5.4 3.7 8.0 9.8 17.7 ]
075 mm 1.5 1.8 7.3 2.9 1.8 91.6 6.0 10.1 5.7 3.0-80 °
lan. Fum. Cal. Fact.: B
( Bulk Dry 8.G.: 2,784 2767 2.762 1.732 2.588 2.789 2.771 2,753 2,698
L . - . ] - - ) Agg. Effective 5.6.: 2,713
JAgg. Apparent §.G.: 2812 | 2.807 2.807 1862 2,634 | 2829 2850 | 283t 2.755
i oo Upt. Ph MIX PROPERTIES @ N DESIGN .
% Asphalt Binder - Total Mix: 4.8 43 4.8 5.3 5.8 Fractionation ar % +4.75 Mings. / % -4.75 Mings.: 15/20
Max. Specific Gravity (Gmm): 2.512 2.635 2.516 2.497 2478 Combination of Pb in +4.75 Mings, / -4.75 Mings.: 4/6
Gmb @ Ndes: 2.411 2,383 2.403 2.430 2444 Recycled Materials Pb from +4.75 Mings. / -4.75 Mings.: 068/1.2
% Voids-Total Mix (VIM): 4.0 6.0 4.5 2.7 1.4 Total % Recycle / Total % Virgin: 35/65
% Solids-Total Mix: 6.0 94.0 956.5 97.3 98.6 Total Recycled Material  §Tofal Pb in Recycle: 5.1
% Effective Binder Content (Pbe): 4,7 4.1 4.6 5.1 5.6 Total Pb from Recycle: 1.8
Dust to Pbe Ratio {(P.075/Pbe); 1.21 1.39 1.24 1.12 1.02 Pb Absorption: 0.2
By Volume of Effective Pb: 11.0 9.5 10.7 12.0 13.3 % ASH:
% Solids by Val. of Agg. Only: 85.0 84.5 84.8 85.3 85.3 TSR % Retained ; a5
% Voids in Minerat Agg. (VMA): 15.0 15.5 16.2 14.7 14.7 3&9 ,7 Ignition Furn. Calibr..
% Voids Fillied wiBinder (VFA): 73.3 61.3 70.4 81.6 90.5 Pb (Design): ﬁ. ﬁ
% Gmm @ Nini: 88.7 87.8 89.2 90.9 91.9 Rice Specific Gravity: _2 Y
% Gmm @ Ndes: 96.0 94.0 95.5 97.3 98.6 Lab Spscific Gravity: Z»Sit Z
COMMENTS: Mix Designed @ 2010 Gyration Levels w/ 35.0% Fractionated Millings | Percant Air Voids' t%,_@ m_
(16.0% +4.75mm Millings, 20.0% -4.75mm Millings) & PG 58-28 AC. D - Parcent VA g 2
. P CONSENSUS PROPERTIES. Percent VFA: 23 g
SUBMITTED BY: Chad McBastley SDT-3380 F. Agg. Angularity: 49.4 DUST/AC Ratio: J, A
Sand Equivalent: 76.0 % Gmm @ Nini s
- Flat & Elongated: 37 Pb ADDED: 8.1
APPROVED BY- &, i C. Agg. Angularity: 1007100 |Pb from <=t -4.75 Mings.: 4 2
! 1 F. Agg. Angularity:* 48.0 E=an! Pb from Beaysled biotasia): o &% Fiy Tﬂe
*T304; Ran on Individual Natural Sand Py TOTAL: £,0

(o0




Material Type:

Material Source:

Date:

W. Screenings "D"

Stalite - Goldhill, NC

01/17/14

Sample #1 Sample #2

A. Dry Weight of Sample Before Washing: 552.5 541.4

B. Dry Weight of Sample After Washing: 542.3 530.3

C. Loss of Sample After Washing (A-B): 10.2 11.1

D. % Loss of -200 After Wash ((C/A)*100): 1.8 2.1

Sam p_l_e_-1_#1 Gradation Sample #2 Gradation
Sieve Weight | % % ]| Weight % % Avg. % | Target %
Size Retained | Retained | Passing | Retained | Retained | Passing | Passing | Passing
50.0 mm 0.0 0.0 100.0 0.0 0.0 100.0 100.0
37.5 mm 0.0 0.0 100.0 0.0 0.0 100.0 100.0
31.5mm 0.0 0.0 100.0 0.0 0.0 100.0 100.0
25.0 mm 0.0 0.0 100.0 0.0 0.0 100.0 100.0
19.0 mm 0.0 0.0 100.0 0.0 0.0 100.0 100.0
12.5 mm 0.0 0.0 100.0 0.0 0.0 100.0 100.0
9.50 mm 0.0 0.0 100.0 0.0 0.0 100.0 100.0
6.30mm}| 175 3.2 96.8 14.3 2.6 97.4 971
4,75 mm 25.6 4.6 95.4 20.9 3.9 96.1 95.8
2.36 mm 193.2 35.0 65.0 171.9 31.8 68.2 66.6
1.18 mm 343.6 62.2 37.8 320.1 59.1 40.9 39.3
600 mm 431.3 78.1 21.9 411.5 76.0 24.0 23.0
425 mm 471.3 85.3 14.7 454.1 83.9 16.1 15.4
300 mm 489.8 88.7 11.3 473.8 87.5 12.5 11.9
.180 mm 513.1 929 71 4991 922 7.8 7.5
450 mm 523.8 94.8 5.2 510.8 94.3 5.7 5.4
075 mm 537.0 97.2 2.8 524.9 97.0 3.0 2.9
Pan 542.3 : 530.3

QC Technician's Printed Name w/ HiCAMS #:

Chad Bartley SDT-3380

QC Technician's Signature: /,/\// | (ﬁ\?%
// S :




Material Type:

Material Source:

UTHE

Sand Equivale;t & Fine Aggregate Angularity

W. Screenings "D"

Stalite - Goldhill, NC

Date: 01/17/14
Sand Equivalent

. Clay - Sand: Sand

Reading Reading Equivalent’

Sample # (A (B) (B/A)*100.
1 3.9 3.7 94.9
2 3.9 3.8 97.4
3 3.8 3.7 97.4
Average 96.6

Fine Aggregate Angu!arity {Uncompacted Void Content)

Cup Cup Sample + Sample % Voids

’ Weight (g) Vol. (mL) | Cup Wt. (g) | Weight (g) Gep ((B-F)/
Sample # (A) (B) ©) (D=C-A) (E) (F=D/E) B*100)

1 183.4 100.0 268.8 85.4 1.732 49.3 50.7

2 183.4 100.0 269.5 86.1 1.732 497 50.3

3 183.4 100.0 268.7 85.3 1.732 49.3 50.7
Average|  50.6_

QC Technician's Printed Name w/ HiICAMS #:

QC Technician's Signature:

Chad Bartley SDT-3380
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Fine Agéregate Specific Gravity

Material Type: W. Screenings "D"

Material Source: Stalite - Goldhill, NC

Date: 01/17/14

Sample #1 Sample #2
A. Weight of Flask: 261.9 261.9
B. Weight of Flask & Aggregate @ SSD: 1,261.9 1,261.9
C. Weight of Aggregate @ SSD (B-A): 1,000.0 1,000.0
D. Weight of Flask & Water: 1,259.2 1,259.2
E. Weight of Flask, Aggregate @ SSD, & Water: 1,702.8 1,705.4
F. Weight of Aggregate @ SSD in Water (E-D): 443.6 446.2
G. Weight of Drying Pan: 629.4 576.1
H. Weight of Oven Dried Aggregate & Drying Pan: 1,690.8 1,637.3
I. Weight of Oven Dried Aggregate (H-G): 961.4 961.2
Calculations . San_l_ple #1 Sample #2 Average
. Dry Bulk Stone Gravity (Gsb) ‘ \
1/(C-F)= 1.728 1.736 1.732
SSD Bulk Stone Gravity (Gsb) L -
Cl/(C-F)= 1.797 1.806 1.801
Apparent Stone Gravity (Gsa) ' ‘ , ,
11{1-F)= 1.857 1.866 1.862
Percent Water Absorption (Pa) S ‘ '
{(C-1)/1)x100= 4.01 4.04 4.03
QC Technician's Printed Name w/ HICAMS #: Chad Bartley SDT-3380

e/ LI
o ,



