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2.1

2.2

Standard Practice for

Compressive Strength and Mix Design of
Emulsified Asphalt Mixtures
(Modified AASHTO Designation T 165 & 167)

ODOT TM 313-11

SCOPE

This method of test for compacted EmulsifiegpiAedt Concrete (EAC) mixtures of
the cold-mixed, cold laid type for use in pavemsentfaces and base courses is
intended to evaluate the asphalt-aggregate comiggtib the mixture. It employs the
relative compressive strength of conditioned vemsosonditioned test specimens.
Mixtures with compatible materials will generallpaye a compressive strength ratio
of 40 or more.

APPARATUS

Steel compaction mold — 4.000 to 4.005 in (8Q@@.101.7mm.) inside diameter, 4.5
in (114 mm.) outside diameter and 7.0 in (178 nmmiyht.

Mold holder, funnel, plunger and mixing bowls apygmately 3 quart capacity.

Testing Machine - The testing machine may bangftype of sufficient capacity that

will provide a range of accurately controllableesabf vertical deformation. Since the
rate of vertical deformation for the compressiost te specified as 0.05 in (1.3 mm.)
per minute per 1 in (25 mm.) of specimen height] anmay be necessary to test
specimens ranging in size from 2 x 2 in (50 x 50.jrtm perhaps 8 x 8 in (200 x 200
mm.), in order to maintain the specified minimuntiaeof specimen diameter to

particle size, the testing machine should havengea@f controlled speeds covering at
least 0.1 in (2.5 mm.) per minute for 2 in (50 mspgcimens to 0.4 in (10 mm.) per
minute for 8 in (200 mm.) specimens.

For central control laboratory installations, testing machine shall conform to the
requirements of Section C of ASTM E 4. The testimachine shall be equipped with

two steel bearing blocks with hardened faces, erspherically seated and the other
plain. The spherically seated block shall be madintebear on the upper surface of
the test specimen and the plain block shall reghemplate of the testing machine to
form a seat for the specimen. The bearing facdbefplates shall have a diameter
slightly greater than that of the largest specinterize tested.
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2.3

2.4

2.5

2.6

2.7

3.1

The bearing faces, when new, shall not depart fianue plane by more than 0.0005
in (0.013 mm.) at any point and shall be maintaingtthin a permissible variation
limit of 0.001 in (0.025 mm.). In the sphericallgaded block, the center of the sphere
shall coincide with the bearing face. The movaldeipn of this block shall be held
closely in the spherical seal, but the design db&aluch that the bearing face can be
rotated freely and tilted through small anglesng direction.

Air Bath - The air bath shall be capable oh&itmanual or automatic control for
storing the specimens at & 1°F (25 + 0.5°C) immediately prior to making the
compression test.

Balance - A balance having a capacity of 20@bng or more and a sensitivity of 0.1
g for weighing the ingredients of the mixture shuoalprovided.

Glass or plexiglass plates for use under tieeisgens while being cured; 4.5 in (114
mm.) square by 0.25 in (6 mm.) thick. One of theglsg¢es shall be kept under each of
the specimens during the immersion period and dusirbosequent handling, except
when weighing and testing, in order to prevent kaga or distortion of the
specimens.

Containers approximately 5 in (125 mm.) by §1i25 mm.) by 6 in (150 mm.) high
to surround the test specimens in the conditiobaity described in section 2.7.

One or more automatically controlled water bathall be provided for immersing the
“B” specimens. The baths shall be of sufficienesia permit total immersion of the
test specimens. They shall be so designed and papliigs to permit accurate and
uniform control of the immersion temperature withias or minus 1.8~ (1°C). They
shall be constructed of or lined with copper, d&ms steel, or other non-reactive
material.

PREPARATION OF TEST MIXTURES

In preparing aggregates for making mixtureseae analysis shall be made on each
aggregate involved. All coarse aggregates shakparated individually and
recombined in the necessary quantities with the diggregates to meet the formula
under study.

3.1.1 Obtain test gradation from average fieldlgtions.
3.1.2 Set up worksheets, recording project infdionaand design gradation.

3.1.3 Test specimens will normally be 1700 grams ganple. This weight will
normally make cylinders 4.00 in (101.6 mm.) in deder and 4.@¢ 0.1 in (102
+ 2.5 mm.) in height. The size of the test specinmus an influence on the
results of the compressive strength test. Therefifréhe known specific
gravity or unit weight of the aggregate indicates excessive variation in
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3.2

3.3

3.4

3.5

height, a correction must be determined. Fabriaatemeasure asphalt coated
compacted sample to determine the required cooreti the batch weights.

3.1.4 Screen and separate aggregate in sizesedidigtthe design gradation.

3.1.5 Weigh out a minimum of eight samples usirgggtadation described in
section 3.1.2.

Emulsion contents, expressed as percents adrthaggregate weight, shall be 5.0,
6.0, 7.0 and 8.0%.

Example: Calculation for weight of emulsion at 5.0% of owny aggregate when

the aggregate weight is 1720 grams:

. .
Mass of Emulsion =27 Aggregié%) (%Emulsiol

(1720 grams)(5.0
100

=86.0 gra

Two specimens shall be made at each emulsion mont€ne series shall be
designated as “A” specimens and will be testedconpressive strength. These will
serve as control or “dry” specimens. The otheresegrdesignated as “B” specimens,
will be tested “wet” as described in Section 7.

An initial batch shall be mixed for the purpagéebuttering” the mixing bowl. This
batch shall be emptied after mixing. The sideshefliowl shall be cleaned of mixture
residue by scraping with a small limber spatuld, dhall not be wiped with cloth or
cleaned with solvent, except when a change is tm&ee in the binder or at the end
of a run.

Place the aggregate in the mixing bowl. Addamlevater to the aggregate in
increments of 0.5% of dry aggregate weight. Aftediag each increment, mix

thoroughly by hand. Repeat until the surface ofabgregate is thoroughly moistened
and very little free water is present. Recordfthal weight of water used and report
it on the mix design.

Add the pre-determined amount of emulsion tortioistened aggregate. Stir 2 to 3
minutes or until complete aggregate coating isead. If mix becomes stiff before
aggregate is completely coated, terminate the m@ixin
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3.6

3.7

3.8

4.1

4.2

4.3

5.1

Evenly spread the mixture in a large flat bogd pan, 2 x 9 x 13 in (50 x 230 x 330
mm.) and cure at room temperature until the emnl4weaks” and for a minimum of

24 hours. Additional curing time will be requirddany “unbroken” emulsion remains

in the pan, but should not exceed 72 hours. Ser dample after each 24 hour
increment of curing.

When curing is completed, observe and recarghéncent of coated aggregate.
Repeat steps 3.4 - 3.7 for each sample required
MOLDING

Place approximately one-half of the mixturéh@ mold. The mixture shall be spaded
vigorously twenty-five times with a flat bladed $pia with fifteen blows being
delivered around the inside of the mold to reduaeelycomb. The remaining half of
the mixture shall then be quickly transferred te thold and similar spading action
repeated. The spatula should penetrate the migideeply as possible. The top of
the mixture should be slightly rounded or cone-gldlajp aid in firm seating of the
upper plunger.

In order to place a leveling preload on thecspen, proceed as follows:

4.2.1 Place the mold/mold holder assembly with shim place, on the bottom
platen of compression testing machines.

4.2.2 Place shims in the upper platen to previinigtunder load.

4.2.3 Place the upper plunger on the specimen g&d an initial leveling load of
150 psi (1034 kPa) which shall be held for 15-2€osds, and which will set
the mixture against the sides of the mold.

The compressive load will be placed as follows:

4.3.1 Remove the shims from the mold/mold holdseably.

4.3.2 Apply the full molding load of 37,800 Ibs6@KN) or 3000 psi (20,685 kPa)
at a rate which will produce full load in 0.5 mieat Hold the load an
additional 2 minutes to complete the molding.

INITIAL CURING

Place the specimens, still in the molds, onésgyor plexiglass plates in trays and
cure for 24 hours in an oven at TEQ60°C).
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5.2

Cool the specimens in air at room temperatura fperiod of 2 hours, after which the
specimen shall be ejected from the mold while egiptpa smooth, uniform rate of
travel. Determine the Bulk Specific Gravity.

6. BULK SPECIFIC GRAVITY DETERMINATION

6.1 Determine the Bulk Specific Gravity of eachapen by the Geometric Method and
calculations as follows:

1273W

SPECIFIC GRAVITY (GEOMETRIC) =—HD2
Where:
W = dry weight in grams
H = Height of sample in millimeters (average ohdasurements)
D = Diameter of sample in millimeters (averagel sheasurements)

7. FINAL CURING

7.1 Divide the “8” specimens into groups “A” & “BFor each pair of samples at a given
emulsion content, assign the sample with highek ERpecific Gravity to the “B”
group.

7.2 The “A” specimens will be brought to test temgpere, 77F (25°C), by storing it in
the air bath at this temperature for 24 hours lgefesting.

7.3  The “B” specimens will be placed in a containet @iflwater, then into a water bath
at 140+ 1.8°F (60x 1°C) for a period of 24 hours.

7.4  After 24 hours of curing, place the “B” specimadn a container full of water, then
into water bath at 7% 2°F (25+ 1°C) for 2 hours.

8. COMPRESSION TEST

8.1  After all curing and temperature stabilizatisrcomplete, test the specimens in axial
compression without lateral support at a uniforte @& vertical deformation of 0.05
in (1.3 mm.) per minute per 1 in (25 mm.) of heigh® in [5.1 mm.] per minute for
specimens 4 in [102 mm.] in height).

Supplemental Test Procedures for ACP and EAC 6

January 2018



9. THEORETICAL MAXIMUM SPECIFIC GRAVITY

9.1 After compression testing described in 8.1 BICO TM 313, perform maximum
specific gravity tests (Gn) per AASHTO T 209, as described in the ODOT Manual
of Field Test Procedures (MFTP), on the dry condiéd samples labeled group “A”.
However, the sample size will be smaller than djsetin AASHTO T 209.

10. CALCULATION

10.1 The numerical index of resistance of bitumsmixtures to the detrimental effect of

water shall be expressed as the percent of thénarigtrength that is retained after
the immersion period. It shall be calculated abfos:

Index of Retained Strength-i—i x1

Where:

S1 = Compressive Strength of dry specimens (“Afcapens) in psi.
S2 = Compressive Strength of immersed specimdiss(fecimens) in psi.

11. DESIGN CRITERIA
11.1 EAC is designed based on three parametengoids, percent asphalt coating, and

Index of Retained Strength (IRS). The gradatioroistrolled by the broadband
specification only. The design criteria are:

AIR VOIDS (V) 15-30%
PERCENT COATING 90 % minimum
IRS 40 recommended minimum

12. DESIGN EMULSION CONTENT

12.1 The emulsion content target is an estimagtrsg point, which may be field
adjusted at the direction of the Project Managédre recommended emulsion content
should be the lowest emulsion content at whiclh&lcriteria are met, but no lower
than 5 percent by weight of dry aggregate.

12.2 Sometimes, the minimum IRS value cannot be achiavatly emulsion content or at
a very high emulsion content. This can be an attho of several different materials
problems. The most common one is incompatibilitthe aggregate and emulsion.
A solution often employed in this situation is ttange grades or brands of emulsion
to improve compatibility.
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13. REPORT

13.1 The report shall include the following:

13.2 The Bulk Specific Gravity of the specimens.

13.3 The compressive strength in pounds per sqgunate determined by dividing the
maximum vertical load obtained during deformatiornhe rate specified in section 8
by the original cross-sectional area of the testspen.

13.4 The nominal height and diameter of the testispens.

13.5 The Index of Retained Strength (IRS) for eaiulsion content calculated to the
nearest integer as calculated in section 10.1.

13.6 The air void content g¥of each dry specimen based on specific gravities
determined in Sections 6.1 and 9.1.

13.7 Recommended emulsion content as a percené alfry weight of aggregate.

13.8 Percentage of oil distillate contained inéhsulsion sample.
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2.1

2.2

2.3

3.1

3.2

3.3

3.4

3.5

Standard Practice for

Adding Anti-Strip Additives, Lime,
or Latex Polymer to Mix Design Samples

ODOT TM 316-11

SCOPE

Lime or latex polymer treated aggregate, antitprid anti-strip additives in the
asphalt cement, may be required to reduce the umeigensitivity of hot asphalt
mixtures. This method describes the procedurdirfoe or latex polymer treating of
aggregate in laboratory mixed samples and for gdtquid anti-strip additives to
laboratory samples of asphalt cement.

APPARATUS

An electronic balance with a capacity of atsted200 grams and sensitive and
accurate to 0.1 gram.

Pans, bowls, cans, stirring implements, brushesother miscellaneous equipment.

Heating oven capable of maintaining a congemperature in the 140 to 360 degrees
F range.

ADDING LIME TO THE SAMPLES

Lime should not be added to the samples unhtéast the night before the samples
will be mixed with asphalt.

After batching out aggregate test samplesea@tbper test size, add the correct mass
of dry lime to the aggregate samples. For RAP mikase the mass of lime on the
mass of virgin aggregate only. The correct portdbtime should already have been
stored in a closed tin and placed with the aggeegaiple.

Using a spoon or spatula, thoroughly stir time linto the dry aggregate sample.

Add sufficient water to thoroughly wet all tlaggregate and achieve a “Surface
Damp Condition”.

Stir the lime, aggregate and water thoroughiys should take about five minutes per
sample. All the described operations should be dlontiee container that will go into
the oven. Transferring material to different conéas may result in a loss of fine
material.
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3.6 Do everything possible to retain all fine materSpatulas and brushes may be
needed to clean the fine material from the implesen

3.7 Place the wetted sample of aggregate and hitoethe drying oven until the samples
are completely dry. Set the oven to the tempegadtirwhich the aggregate will be
held for mixing.

3.8  After the samples are thoroughly dry, proceét mixing in the normal manner.

4. ADDING LIQUID ANTI-STRIP ADDITIVES TO MIX DESIGN SAMPLES

4.1 Heat sufficient quantities of neat asphalt takenall samples necessary. Samples
should be heated to approximately mixing tempeesturhis should be done by the
procedures normally used for mix preparation.

4.2 Heat anti-strip samples to between 110 andA.4Réad the manufacturer’s literature
to make sure these temperatures are appropriate.

4.3 Obtain a clean mixing/pouring can to combingha#t and additive into. Tare this can
and weigh into it sufficient asphalt to mix testrgdes.

4.4  Calculate the proper amount of liquid antipstd be added. Example:

0.25% anti-strip x 850 maof asphalt = 2.1 grams anti-strip
(The percentage of arripst based on the neat asphalt weight alone.)

4.5  Weigh the anti-strip additive into the mix/paan to the nearest 0.1 gram. Be very
cautious with this addition because once it's pduneit is part of the sample.

It is helpful to use a small spoon or stirring todntroduce the anti-strip into the
mix/pour can.

4.6  Stir the combined sample thoroughly and repitaae the heating oven until proper
mix temperature is reestablished. Be sure to kkepreated sample covered loosely
in the oven. If it is uncovered, the volatile adaitwill escape. If it is covered tightly,
the contents may erupt when opened and spill out.

4.7 Each time, before weighing the treated asph#idt a mix sample, stir thoroughly
again. This is very important.

4.8 If you run out of asphalt, repeat the procedsdat new samples of asphalt.
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5.1

ADDING LATEX POLYMER TO MIX DESIGN AGGREGATE SAM PLES

Follow the recommendations of the latex polymanufacturer when adding this
material to mix design aggregate samples. Prawvicepy of the latex polymer
manufacturer’'s recommendations/technical papergaldth a report of the masses of
the dry aggregate, and added latex polymer coraterdind water for the dilution of
the latex polymer for each sample. Show the catmns used to determine the
guantity of concentrate and water added to theiredjunass of aggregate for the
samples to get the desired mass of dry latex peoftaggregate.

Example: Using Ultracote UP-5000, the concentration i®amulsion of 65% solids.
For the hot mix plant this should be diluted to 134t it is recommended that the
solution be diluted to 5% for laboratory use. Tote the solution to 5% it must be
mixed with water in a 1.00 part emulsion to 12.@@&g water ratio. For 1 pound of
polymer latex solids per ton of Aggregate dosing%%o latex polymer solids), the
following dosing would be required for a mix desgample with 4600 g of
aggregate:

Water addition to make 5.00% from 65.08%ution = 12.00 x Mass 5.00% Soluti(m)

Ex.  50.00g 65.00% Solution x—-2:00 Parts water

-  =600.00 g Wa
1.00 part 65.00% Solution

Thus the addition of 600 grams to 50 grams of 6%.80lid solution results in a 650
gram solution reduced to 5.00% solids.

Virgin Agg. Sample Size (g)-x # latex solids req'd

, = MasdéaSolids (g
2000# Production Aggregate

Ex.  4600.g Virgin Aggregate xl'OO# latex solids = 2.30 g latexlsts
2000.# Aggregate

With a 5.00% Solution:

Mass Latex Solids (g)  Mass Latex Solids -(%ass 5.00%

. Solution (
5.00% Solution 0.0500

2.30g latex solids_ ¢ 1y o of 5.009% Solutic
5.00 % Solution
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2.1

2.2

2.3

2.4

2.5

2.6

2.7

2.8

Standard Practice for

Open Graded ACP & PAC Designs
ODOT TM 318-17

SCOPE

This test method covers the procedures dewetlop©DOT for designing open graded
hot mixes. The open graded mix design guidelines faund in Section 7 of the
CONTRACTOR MIX DESIGN GUIDELINES for ASPHALT CONCREE. Protocols
and procedures fo¥s”, %" (12.5 mm.) and %" (19 mm.) open graded hokesi
(including PAC) are found on pages 12-18 ofSiupplemental Procedures for ACP and
EAC, protocols and procedures for %" (19 mm.) Asphakaled Permeable Base
(ATPB) are found on page 19, and draindown chaet$caind on pages 20-24.

TERMINOLOGY / VARIABLES

Absorbed Binder Volume (Y — the volume of binder absorbed into the aggregate
(equal to the difference in aggregate volume whaoutated with the bulk specific
gravity and effective specific gravity).

ACP - Asphalt Concrete Pavement.

Aggregate Apparent Specific Gravitys{c— The specific gravity of the solid phase of
the aggregate ignoring the volume of the surfacegand voids.

Aggregate Bulk Specific Gravity {6— The specific gravity of the solid phase of the
aggregate including the volume of the permeablarapérmeable voids in the particles.

Aggregate Effective Specific GravitysfG- The specific gravity of the solid phase of
the aggregate including all void spaces exceptttia absorb asphalt.

Air Voids (\4) — the total volume of the small pockets of aimmestn the coated
aggregate particles throughout a compacted pavirtyra, expressed as a percent of
the bulk volume of the compacted paving mixture.

Binder Content (F) — The percent by mass of binder in the total me&tuncluding
binder and aggregate.

Binder Bulk Specific Gravity p— The specific gravity of the asphalt cement, usually
supplied at 60 °F and converted for use in ACPutations to the specific gravity at 77
°F.
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2.9 Dust-to-Binder Ratio (P200/F) — by mass, ratio between percent passing the 0. 2
(0.075 mm.) sieve (P200) and the effective bindatent (By).

2.10 Effective BindeNolume(Vpe) — The volume of binder which is not absorbed i
aggregate.

2.11 Maximum aggregate size one size larger than the nominal maximum agdgegiae
(See Note 1).

2.12 Nominal maximum aggregate siz@ne size larger than the first sieve that retainge
than 10 percent aggregate (See Note 1).

NOTE 1 - The definitions given in Sections 2.11 and 2.1@hapo Superpave mixes
only and differ from the definitions published ither AASHTO standards.

2.13 Percentage of Absorbed AsphaltdlP>- The percent by mass of asphalt that is absorbed
into the surface voids of the aggregate and is ailable to coat the aggregate or
lubricate and bind the asphalt — aggregate mixture.

2.14 Percentage of Effective Asphalt,{P— The percent by weight of asphalt that is not
absorbed into the surface voids of the aggregatesaavailable to coat the aggregate or
lubricate and bind the asphalt — aggregate mixture.

2.15 Percent Binder (F) — The percent by mass of binder in the ACP mixture.

2.16 Percent Stone {P— The percent by mass of stone in the ACP mixture.

2.17 Primary Control Sieve (PCS) The sieve defining the break point between &nd
coarse-graded mixtures for each nominal maximumeggde size.

2.18 Reclaimed Asphalt Pavement (RAP)yemoved and/or processed pavement materials
containing asphalt binder and aggregate.

2.19 Voids in the Mineral Aggregate (VMA) the volume of the intergranular void space
between the aggregate particles of a compactedgavixture including the air voids in
the effective binder content, expressed as a peotdme total volume of the specimen.

2.20 Voids Filled with Asphalt (VFA) the percentage of the voids in the mineral agdeeg
(VMA) filled with binder (the effective binder vofme divided by the VMA).

2.21 Volume Increase Ratio (VIR)the volumetric ratio of the effective volume ohder to
the volume of stone in ACP, expressed as a pegenta
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3.1

4.1

4.2

4.3

APPARATUS

For ¥2” and %" Open Graded ACP - Molds usedhéntesting described in Section 4 of
ODOT TM 318 shall be approximately 5 in (125 mmihimum length and 4.000 to
4.005 in (101.6 to 101.7 mm.) in internal diametBtungers and other apparatus shall
generally conform to equipment described in AASHT@67.Compaction of %2” and

¥" Open Graded ACPspecimens with gyratory compactors is not acceptadl

For 3/8” Open Graded ACP a Superpave Gyratory Gatop (SGC) meeting the
requirements of ODOT TM 326 and AASHTO T 312 mawbed.

PREPARING TEST SPECIMENS

Prepare two compacteg,§specimens and one draindown sample at 4.5%, @béo,
6.5% asphalt content by weight of total mix forleaggregate gradation. Preparg,G
samples at 4.5% and 5.5% asphalt content. If liatex or liquid antistrip is required,
add them according to ODOT TM 316. Refer to Sedfid of this procedure to prepare
Gmm Samples.

Heating Temperature.

4.2.1 Heat asphalt cement to 0 -°Bg0 - 20C) above the mixing temperature
described in 4.3.1.

4.2.2 Heat all aggregates, mixing bowls, moldsl plungers to 0 - 7E (0 - 40C)
above the mixing temperature described in 4.3.1.

Preparation of Mixtures.

4.3.1 Weigh into one pan for each batch, the Baetions of each aggregate (and
RAP, if desired) required to produce three batches Gy, testing
(approximately 3200 - 4000 grams each for %" andGpen Graded ACP,
approximately 5000 — 5500 grams for 3/8” Open Gdad€P if utilizing the
SGC), three 1000 gram batches for draindown sanapléswo batches for £
samples sized per the requirements of AASHTO T(2@ft total batches).

An alternate procedure is to batch individual s@®pb the appropriate mass for
each specimen. Place each pan in an oven antbhtbatspecified temperature.
Charge the heated and buttered mixing bowl withhissted aggregate and dry
mix thoroughly with a large spoon. If fibers arequired in the mix by
specification, add the specified mass of fibersrdo dry mixing the aggregate.
If fibers are required by specification, preparel &est two sets of draindown
samples, one set with fibers and one set withbwatrsi Weigh in the required
amount of preheated asphalt for each batch. Afl@vmixture to come to the
desired mixing temperature corresponding to8Q00 cSt as determined by the
asphalt binder supplier on the asphalt temperatusgscosity curve for
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4.3.2

unmodified asphalt binders and per the supplie¢smmendations for modified
binders prior to mixing. After one minute of maakcal mixing, all mixes will
be quickly hand mixed with a large heated spoareteove mix from the sides
of the bowl. Continue mechanical mixing for anotblee minute period.

For the Gmm and Gmb samples, cover the mixing bamd place in a
convection oven heated to a temperature 20°F 382 - 20C) above the
appropriate compaction temperature for a perio®d®f+ 10 minutes. An
alternative method would be to transfer the mia tauttered pan, cover the pan
and place in a convection oven heated to a temperad — 3% (12 - 20C)
above the appropriate compaction temperature fmriad of 90 £ 10 minutes.
The appropriate compaction temperature is the teatype on the asphalt
temperature / viscosity curve provided by the alplnder supplier
corresponding to 1400200 cSt for unmodified binders, or as determingthb
asphalt binder supplier for modified binders. (Dot cure the draindown
samples per this sub-section. See Section 7 of td8t method for the
Draindown procedure.) After the curing period, perthe mixture by hand
before making the test specimens.

Heat the compaction molds and plungers ifiotes not utilizing the SGC) in an
oven to the required compaction temperature. Rigoaper disc in the bottom
of a mold and transfer sufficient mixture to forpesimens 4t 0.5” (100 £ 12
mm) (3/8” SGC specimens shall be #% mm) in height. Insert a calibrated
metal stem thermometer to check compaction tempetatDo not allow the
thermometer to touch the mold. For %2” and %" n@CSspecimens spade the
mixture with a heated spatula 15 times to reduddsvat the side of the mold.
Form the surface of the mix to a slightly moundedpe and cover with a paper
disc.

4.4  Compaction of Specimen

441

%" & ¥" Open-Graded ACP (non-SGC design)- Place the charged mold
assembly in the compactor. With the top and boptumgers loosely in place,
and the mold temporarily supported on two steek,beompress the sample
under an initial load of about 150 psi (1 Mpa) @ébthe mixture against the sides
of the mold. Hold this load for 15 - 20 second®emove the support bars to
permit full double plunger action and apply theirentnolding load of 3000 psi
(20.7 Mpa) at a rate that will produce the fulldaa 30 seconds. Hold the full
load for 2 additional minutesCompaction 2" & %" Open-Graded specimens
with gyratory compactors is not acceptable.

3/8” Open-graded ACP Designed with the SGC Set Superpave Gyratory to
Npes = 50 gyrations. Compact replicate specimens &mheasphalt content
(approximately 2500 grams each). Record the fg@dcimen height (as
measured by the SGC) of each specimen to the h@ateam. .
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4.4.2 Yo" & ¥4’ Open-Graded ACP (non-SGC design) After compaction, allow the
specimens to cool in the mold on their base prafeont of a fan for a minimum
of 20 minutes and until they are cool to the toudo not try to remove the
paper disk until the specimens have cooled (if rahof the disk damages the
specimens leave the paper disk attached to th@sp@c Leave the specimens
in the mold for volume measurements.

5. DETERMINATION OF BULK SPECIFIC GRAVITY OF COMPAC TED
ASPHALT SPECIMENS

5.1 Determine specimen bulk specific gravity,(sby geometric means. Determine the
height of each %" or %" Open-Graded ACP specimahémearest 0.05 in (1 mm.) by
taking the average of at least four measureméerte height of the 3/8” Open-Graded
ACP specimens may be taken from the Superpave @yr@bmpactor measured value.
Determine the average diameter by measuring timeedé of each specimen in at least
four locations to the nearest 0.05 in (1 mm.). rAge all the diameter measurements.
Calculate the geometric f value to three decimal places. Do NOT divide the
calculated density by 0.99707 to determine bullcifipegravity. Assume the factor is
1.0.

1273W

SPECIFIC GRAVITY (GEOMETRIC) =W

Where:

W = dry weight in grams
H = Height of sample in millimeters (average ohdasurements)
D = Diameter of sample in millimeters (averagel sheasurements)

6. PROCEDURE FOR DETERMINATION OF MAXIMUM SPECIFIC GRAVITY

6.1  Determine the theoretical maximum specific tjyaGmm) of the mixture according to
AASHTO T 209 procedure found in the ODOT ManuaFmid Test Procedures, with
the following exceptions. Condition the,samples in the same manner as the
compacted samples. Test a minimum of one sample asphalt binder percentage of
4.5% and a minimum of one sample at 5.5%. Thetffespecific gravity of the mix
(Gso), calculated from the G, tests must be within 0.012. Calculate an ave@Ggor
all samples with G values within 0.012. Using the averagg (@calculate alGmm
values according to the equation below and usesiteculated G, values for all
subsequent calculations, according to the following
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back- calculated (3, =

P, R
Senlvg GD
Where,
R = percent binder content by mass
P, = percent aggregate content by md€0- R)
Gp = specific gravity of the binder at 77°F

= average effective specific gravity of the aggregate

S&vg

Note: ‘Dryback’ procedure is not required for oggraded mixes due to thick film
coating inherent in process.

7. DRAINDOWN EVALUATION

7.1 Place each draindown sample of the mixturelgveran 8” by 8” (200 mm. by 200
mm.) Pyrex dish. Condition in a convection ovenade€320 £ 5 F (160 + 3 C) for a
period of 60 £ 2 minutes. Remove the dishes filoenaven, cool in front of a fan for 45
minutes or longer and invert the Pyrex dish andtum& Evaluate the percent
draindown by comparing the bottom of the dishestandard charts on pages 20 - 24 of
this document.

8. OPEN GRADED MIX DESIGN CALCULATIONS

8.1 Calculate ¥ VMA, and VFA using the equations in ODOT TM 33&ction
10.3 and 11.6.1.

8.2 Calculate the Volume Increase Ratio (VIR) aditwy to Equation 1:

VIR = [M - 1] X 100¥% @
R XG,
Where:
Gmm = theoretical maximum specific gravity of the A@kxture;
Gp = bulk specific gravity of the combined aggregaketérmine
according to AASHTO T 84 & 85)
Py = percent of binder in the ACP mixture by mass;
Supplemental Test Procedures for ACP and EAC 17
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= percent of aggregate in the ACP mixture by nja88-Pb);

Nom. Max. Agg. Size - Open Expected VIR Range
3/8” 11.0-125
1/2” 12.5-14.0
3/4” 14.0-15.5

9. CHOOSING THE OPEN GRADED DESIGN ASPHALT CONTENT

9.1 Plot the test results for bulk specific graviGmy), air voids, Draindown and VFA
versus asphalt content.

9.2  The design asphalt content reported to theese@rl percent shall be the percent asphalt
determined from the ODOT draindown test as neacéimter of the specified range as
possible and at which the air voids and VFA meetdpecification requirements. If a
set of draindown samples was tested with fibenstamd the ODOT Pavement Quality &
Materials Engineer (PQME) for direction on choostngesign asphalt content.

10. OPEN GRADED MIX DESIGN REPORT

10.1 Submit a mixture design report including the foliogvinformation:

10.1.1 Gradation: Show to the nearest whole pereecept for the No. 200 (0.075
mm.) sieve which shall be recorded to the neardspércent.

Aggregate gradation:

Sieve Percent Passing
17 (25 mm.)

¥4" (19 mm.)

%" (12.5 mm.)

3/8” (9.5 mm.)

Y4 (6.25 mm.)

No.
No.
No.
No.
No.
No.
No.

4 (4.75 mm.)

8 (2.36 mm.)

16 (1.18 mm.)
30 (0.60 mm.)
50 (0.30 mm.)
100 (0.150 mm.)
200 (0.075 mm.)

10.1.2 Final asphalt content chosen reportedetodiarest 0.1 percent.

10.1.3 Brand, grade, specific gravity @ 77°F (258@¢ 60°F (15.6°C), mixing and
compaction temperatures for the asphalt used tmgesIdentify any antistrip
additives in the asphalt.
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10.2

11.

111

10.1.4 Test results determined at 4.5%, 5.5%6d%b asphalt for the YVMA, VFA,
VIR and draindown (report draindown percentagdbé nearest 5%).

10.1.5 Worksheets for mixture bulk specific graymp), mixture maximum gravity
(Gnm), and aggregate specific gravitysgFor each aggregate component.

10.1.6 Report all masses required to calculate BRgghalt content ¢kap) to the
nearest 0.1g.

10.1.7 Report all Prap and the average,Ro the second decimal place.

10.1.8 Report all masses required for determirtiregoulk specific gravity of the
residual aggregates.

10.1.9 Report the RAP&and G,to be used for mix design purposes.

Provide the TSR data from a surrogate dense gradedre. If a dense graded JMF has
been prepared for the same material sources itagheg/ear, the results for the most
recent TSR may be applied to the open graded reixtiimot, prepare TSR samples for
a dense graded mix using the equivalent top sagesand materials from the same
sources, which will represent the open graded mix.

3/4” (19 MM.) ASPHALT TREATED PERMEABLE BASE (ATPB)

For ATPB mix, the only parameter measured ascgnt asphalt coating by visual
evaluation. Prepare and evaluate the mix baségediollowing procedure.

11.1.1 Prepare three mix samples, according todBsct and 7, as if the samples were
for the draindown test WITH TWO EXCEPTIONS. Thexnsamples are
prepared at 2.5%, 3.0 %, and 3.5 % asphalt coatehafter placing the samples
in the Pyrex dishes they are not cured in an dwatnare allowed to cool.

11.1.2 By visual inspection, estimate the percent of tlassmof the mix that is fully
coated. Record this percentage for each sample.

Evaluation

11.2 The design asphalt content is defined asehmeptage of asphalt to the nearest 0.1% at

which the mix is judged to be 90% coated. If btk samples are judged to be above
90% coating, then 2.5% is the design asphalt canten
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Report

11.3 JMF: Show to the nearest whole percent exicepghe No. 200 (0.075 mm.) sieve
and asphalt cement, which shall be recorded todlagest 0.1 percent.

Aggregate gradation:
Sieve Percent Passing
17 (25 mm.)
¥4" (19 mm.)
%" (12.5 mm.)
3/8” (9.5 mm.)
Y4 (6.25 mm.)
No. 4 (4.75 mm.)
No. 8 (2.36 mm.)
No. 16 (1.18 mm.)
No. 30 (0.60 mm.)
No. 50 (0.30 mm.)
No. 100 (0.150 mm.)
No. 200 (0.075 mm.)

Target asphalt content, percent to the neare%:.0.1
Percent coating at each asphalt content to thesiea0s.
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DRAINDOWN CHARTS FOR ODOT TM 318
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Standard Practice for

Superpave Volumetric Mix Design
For Dense Graded ACP

ODOT TM 330-18

1. SCOPE

1.1. This standard for mix design evaluation usggremjate and mixture properties to
produce an Asphalt Concrete Pavement (ACP)job-mimfila. The mix design is
based on the volumetric properties of the HMA inmie of the air voids, voids in the
mineral aggregate (VMA), and voids filled with agfi{\VFA).

1.2. This standard may involve hazardous mateg@srations, and equipment. This
standard does not purport to address all of thetysabncerns, if any, associated with
its use. It is the responsibility of the usertustprocedure to establish appropriate
safety and health practices and determine thecgtplity of regulatory limitations
prior to use.

2. REFERENCED DOCUMENTS
2.1 AASHTO Standards:

* M 320, Performance-Graded Asphalt Binder

* R 30, Mixture Conditioning of Hot-Mix Asphalt (HMA)

* T 2, Sampling of Aggregates

e T 11, Materials Finer Than 75-pm (No. 200) Siev&lineral Aggregates by
Washing

* T 27, Sieve Analysis of Fine and Coarse Aggregates

» T 84, Specific Gravity and Absorption of Fine Aggate

» T 85, Specific Gravity and Absorption of Coarse Aaggate

* T 100, Specific Gravity of Soils

* T 166, Bulk Specific Gravity of Compacted Asphalixidres Using Saturated
Surface-Dry Specimens

* T 209, Theoretical Maximum Specific Gravity and By of Bituminous Paving
Mixtures

» T 228, Specific Gravity of Semi-Solid Bituminous tdeals

* T 248, Reducing Samples of Aggregate to Testing Siz

» T 275, Bulk Specific Gravity of Compacted BitumirsoMixtures Using Paraffin
Coated Specimens

» T 283, Resistance of Compacted Asphalt Mixture tmstire-Induced damage
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2.2.

2.3

3.1

3.2

3.3

3.3

3.5

3.6

3.7

» T 312, Preparing and Determining the Density of #dpConcrete Pavement
(ACP) Specimens by Means of the Superpave Gyr&torgpactor (See Standard
in Appendix A of ODOT TM 326 in th&anual of Field Test Procedures

* TP 63-03, Determining Rutting Susceptibility of Ast Paving Mixtures Using the
Asphalt Pavement Analyzer (APA)

Asphalt Institute Standards:
* SP-2, Superpave Mix Design
ODOT Standards

* Manual of Field Test Procedures — ODOT TM 326 Pragpan of Field
Compacted Gyratory Specimens

* Supplemental Test Procedures for ACP and EAC

» Oregon Standard Specifications for Construction

 ODOT TM 323 Determining the Asphalt Binder ContehAsphalt Concrete
Pavement by the Ignition Method

« ODOT TM 319 Preparation and Characterization ofyRlecAsphalt Materials
for Mix Design

TERMINOLOGY / VARIABLES

Absorbed Binder Volume (Y — the volume of binder absorbed into the aggregate
(equal to the difference in aggregate volume whaoutated with the bulk specific
gravity and effective specific gravity).

ACP- Asphalt Concrete Pavement

Aggregate Apparent Specific Gravitysgc— The specific gravity of the solid phase of
the aggregate ignoring the volume of the surfacegpand voids.

Aggregate Bulk Specific Gravity {6— The specific gravity of the solid phase of the
aggregate including the volume of the permeablarapdrmeable voids in the particles.

Aggregate Effective Specific Gravitys{G- The specific gravity of the solid phase of
the aggregate including all void spaces exceptttizat absorb asphalt.

Air Voids (\4) — the total volume of the small pockets of aimetn the coated
aggregate particles throughout a compacted pavirgira, expressed as a percent of
the bulk volume of the compacted paving mixture.

Binder Content (F) — The percent by mass of binder in the total mextimcluding
binder and aggregate.
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3.8

3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.20

3.21

Binder Bulk Specific Gravity p— The specific gravity of the asphalt cement, usually
supplied at 60 °F and converted for use in ACPutations to the specific gravity at 77
°F.

Dust-to-Binder Ratio (P20048 — by mass, ratio between percent passing the 0. 2
(0.075 mm.) sieve (P200) and the effective bindetent (RBo).

Effective Bindelolume(V,e) — The volume of binder which is not absorbed it
aggregate.

Immersed to Geometric Ratio (IGR)he ratio of the volume of the bulked mix
gyratory samples as determined per AASHTO T 16640 of the geometrically
measured and calculated volume.

Maximum aggregate size one size larger than the nominal maximum agdgegiae
(See Note 1).

Nominal maximum aggregate siz®ne size larger than the first sieve that retainge
than 10 percent aggregate (See Note 1).

NOTE 1 - The definitions given in Sections 3.12 and 3.1Bhapo Superpave mixes
only and differ from the definitions published ither AASHTO standards.

Percentage of Absorbed Asphalt,P— The percent by weight of asphalt that is
absorbed into the surface voids of the aggregatesamnavailable to coat the aggregate
or lubricate and bind the asphalt — aggregate maxtu

Percentage of Effective Asphalt,{P— The percent by weight of asphalt that is not
absorbed into the surface voids of the aggregatesaavailable to coat the aggregate or
lubricate and bind the asphalt — aggregate mixture.

Percent Binder () — The percent by mass of binder in the ACP mixture.

Percent Binder in RAP (B — The percent by mass of binder in the Recycled Alsph
Pavement (RAP)as determined by ODOT TM 319 applying a univers&0®
correction factor.

Percent Stone ¢P— The percent by mass of stone in the ACP mixture.

Primary Control Sieve (PCS) The sieve defining the break point between &nd
coarse-graded mixtures for each nominal maximumeggde size.

Reclaimed Asphalt Pavement (RAPyemoved and/or processed pavement materials
containing asphalt binder and aggregate.

Recycled Asphalt Material (RAM} agency approved recycled asphaltic materials
containing asphalt binder and aggregate (Currdintifed to RAP and RAS).
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3.22

3.23

3.24

3.25

4.1

4.2

4.3

4.4

4.5

Recycled Asphalt Shingles (RAS)tear-off or manufacturer waste shingle product
materials containing asphalt and fine aggregatdibadylass material.

Voids in the Mineral Aggregate (VMA)the volume of the intergranular void space
between the aggregate particles of a compactedgavixture including the air voids in
the effective binder content, expressed as a peotéme total volume of the specimen.

Voids Filled with Asphalt (VFA} the percentage of the voids in the mineral agdesg
(VMA) filled with binder (the effective binder vame divided by the VMA).

Volume Increase Ratio (VIR)the volumetric ratio of the effective volume ohder to
the volume of stone in ACP, expressed as a pegenta

SUMMARY OF THE PRACTICE

Materials Selectior- Binder, aggregate and RAM stockpiles, and odllelitives (e.g.
lime) are selected that meet the project spediieatrelated to Sections 00744 or
00745. The bulk specific gravity of all aggregatadditives and RAM proposed for
blending, and the specific gravity of the bindex determined.

Design Aggregate Structui&tage 1) — At least three trial aggregate blenadiagions
from selected aggregate stockpiles are blended.e&ah trial gradation, a initial trial
binder content is determined, and at least twoispat are compacted in accordance
with AASHTO T 312. A design aggregate structuré astimated design binder content
are selected on the basis of satisfactory confoceanf a trial gradation meeting the
requirements given in Section 00745.13 of the OD&pEcifications for ¥, VMA,
VFA, and dust-to-binder ratio atsNign Stage 1 is optional for projects under Section
00744.

Design Binder Content SelectigBStage 2)- Replicate specimens are compacted in
accordance with AASHTO T 312 at the estimated desigder content and at the
estimated design binder content +0.5 percent an@ pgrcent. As an alternate
procedure, prepare four sets of replicate specintetssets above and two sets below
the estimated design binder content. The desigthebicontent is selected on the basis
of satisfactory conformance with the requiremeritSection 00745.13 for Y VMA,
VFA, and dust-to-binder ratio atiNign

Evaluating Moisture SusceptibilityStage 3) — The moisture susceptibility of theigie
aggregate structure is evaluated at the desigrebrwhtent according to AASTHO T
283 as modified in the ODOT Manual of Field Tesidedures.

Performance TestingStage 3) — If required by specifications, perfaime Asphalt
Pavement Analyzer (APA) rut test according to AASHTP 63-03.
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5. SIGNIFICANCE AND USE

5.1  The procedure described in this practice isl isgoroduce ACP that satisfies the mix
design requirements of the project specifications.

6. PREPARING AGGREGATE TRIAL BLEND GRADATIONS (STAG E 1)
6.1 Obtain the binder specified in the Contractitaiohs.

6.2 Determine the specific gravity at 77°F (25°6) &80°F (15.6°C) of the binder according
to AASHTO T 228, or obtain the specific gravityrndhe manufacturer, along with the
mixing (corresponding to 170 +/- 20 ¢St for unmudif binders) and compaction
(corresponding to 280 +/- 30 ¢St for unmodifieddeirs) temperature rangeBlodified
binders may require different mixing and compactigacosities with corresponding
temperatures. Consult with the binder supplier dppropriate mixing and compaction
temperatures for modified binderklse the binder specific gravity at 77°F (25°C) ddir
volumetric calculations where,& used

6.3 Obtain samples of aggregates proposed for oséhe project from the aggregate
stockpiles in accordance with AASHTO T 2. Obtaiusting records (QL mean
gradations) for each stockpile, produced per Sec®0745.10(f) of the ODOT
Specifications.

6.4 If RAM is to be used, obtain RAM samples andrahterize per ODOT TM 319. Use
and report results obtained from ODOT TM 319 fox aesign purposes.

NOTE 1: If both RAP and RAS are used as sepatatkles , the CMDT may choose [to
proportionally blend the two into a homogenous ‘GURAP” to be used for all mi
design development.

6.5 Batch materials for each sample using a metbggahat will result in the correct
percent passing each sieve per the tolerancedefesion 6.13 and 11.1.1. (Also see
ODOT PTM 1 “Laboratory Batching of Aggregates fo€CR Mix Design, Proficiency,
and Calibration Samples” on page 51 of thBapplemental Test Procedures for ACP
and EACfor two possible batching options.) Report ah&s to the tenth for batching
and blending purposes. Batch samples with ‘daygregates. Batching ACP samples
with laboratory ‘washed’ aggregate is unacceptable.

6.5.1 If wasting dust is required to meet the taggadation, correct all sieves for the
loss of the dust passing each respective sieverdusgoto the following
calculation:
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6.6

100-%P)*100

%P, =100 (

100- %D, @
Where:
%P, = Unadjusted Percent Passing the respective sieve
%D, = Percent Dust Wasted
%P = Dust Adjusted Percent Passing the respective sieve

Determine the bulk and apparent specific gydoit each aggregate stockpile according
to AASHTO T 85 and/or T 84 (see Note 4). Use &umetric flask of 500 mL
capacity, which is able to meet the volume reprifdlity requirements of +/-100mrn
Rice pycnometers are not acceptable for use whemng the T 84 test.For each
stockpile perform duplicate specific gravity tests. The pair of test results must be
reported individually and meet the acceptable rasfgevo results for single operator
stated in the respective test method. Also reperaiverage of the two test results. The
average result for each stockpile should be usemhixndesign calculations. If any
aggregate stockpile or the RAP has more than 15%eoinass above or below the
breaking sieve (See Note 2), split the materiahenbreaking sieve and perform a T 84
test on the material passing the breaking sieveaah85 test on the material retained on
the breaking sieve. Determine the combined butk @pparent specific gravities by
weighted average of the separate gravity resuftdess than 15% of the mass of a
sample is either retained or passing the breakawg sthat fraction of the sample can be
ignored for specific gravity purposes.

For any stockpiles requiring both AASHTO T 84 ahd5, determine the specific
gravity of the stockpile using the following equati

P, otP

#40r 8 #40r_ & (2)

I:;;f4or 8+ + I:)#4or &
Gy, Gy
SDysor & SO 440r 8

To determine the combined aggregate specific tyrafian aggregate blend, use the
following equation:

Gsb =

P+P+..+P

T Ta.7Y

Combined G, can be determined with the same equations byaiegl&, values with
Gsavalues.
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6.7

6.8

6.9

6.10

NOTE 2 - It is acceptable to break the coarse and figeeggtes on either the #4 or #8
sieves.

NOTE 3 - Determine specific gravity of RAM material peDOT TM 319.

NOTE 4 —The Standard AASHTO T 84 test is often complicatéti crushed material.
The material may not readily slump at SSD conditigkt SSD condition
check for airborne fines per the T 84 procedurdetermine if an alternate
means of determining the SSD condition will be megi  Another indicator
that the SSD condition has been passed are T BWsrédsat are greater than
T 85 results, as the T 85 results should usuallisigkeer than T 84 results
due to the lesser surface area of the plus aggrégations.

Determine the specific gravity of the minerif in accordance with AASHTO T 100.
If lime is used, provide the manufacturer’'s spedfiavity data.

If lime is to be added to the mix, add the lmhé¢he target percentage, which is currently
1.0% by weight of dry aggregate, rather than theeupr lower tolerance limit.

Blend the aggregate fractions, including atistituents such as lime, and mineral filler
using Equation 4:

P =Aa+Bb+Cc,etc. 4)

Where:

P

Percentage of material passing a given sieve
for the combined aggregat&sB, G etc.;

A B,Cetc. = Percentage of material passing a gives sie
for aggregates, B, G etc.; and
a, b, ¢ etc. = Decimal proportions of aggregate®, G etc. used in

the combinations, and where the total = 1.00.

Prepare a minimum of three trial aggregatedsle Each of the three trial blends must
differ by a minimum of3 percentpassing the No. 8 (2.36 mm.) sieve so that theseoa
and fine blends differ by at least 6 percent onNbe8 sieve. Dry sufficient amounts of
aggregate and RAM to prepare laboratory samplesalfostages of the mix design
process. Fractionate each stockpile on the retjgieves per AASHTO T 27. Store the
fractionated material in a manner that minimizesstoce absorption.

6.10.1 COARSE AND FINE AGGREGATE RATIO ANALYSIS O6TAGE 1 BLENDS
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Define the following sieves:

Mix Size 1" 3/4" 1/2" 3/8”
Half Sieve 1/2" 3/8” 1/4" No. 4
PCS* No. 4 No. 4 No. 8 No. 8

*Primary Control Sieve

1. Calculate the Coarse Aggregate (CA) Ratio on eaafeSl blend and report to
three decimal places:
%Pass Half Sieve — %Pass PCS

CA Ratio = _
1006 - %PassHalf Sieve

(5)

The Coarse Aggregate Ratio for each blend shoulglitdn 0.650 to 1.000.

2. Calculate the Fine Aggregate (FA) Ratios on theesidisted in the table below
and report to three decimal places:

%Pass Sieve

FA Ratio = ,
%Pass Double Sieve (6)
Where,
Sieve Double Sieve
No. 8 3/8”
No. 16 No. 4
No. 30 No. 8
No. 50 No. 16
No. 100 No. 30
No. 200 No. 50

3. Calculate the average and standard deviation cdihEA Ratios and report to

three decimal places. The FA Ratios showdétrthe following:

Value Criteria
Average FA Ratio 0.350 - 0.500
Standard Deviation < 0.050
Individual FA Ratio Average FA Ratio £ 0.075

6.10.2 If the QL mean percent passing is less 1886 on any sieve for a given stockpile then
like material from another stockpile crushed frdma same source may be substituted in

the batching process.
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6.11

6.12

6.13

7.1

NOTE 5 - Consideration of particle shape must be evalubtfore substitution, as
different stockpiles may have significant partisteape difference. Different particle
shapes have been shown to impact mixture volunatjgerties.

If aggregate from two or more sources will be usethe mix, be certain to use the
aggregate from each source in the proper propsriiren batching trial samples.

Develop a batch plan that utilizes the aggregadetiboned per AASHTO T 27 to
produce a sample that meets the required blendtsavghen tested per AASHTO T
27/T 11.

Batch to the size required in AASHTO T 27/T 11 saenple for each trial blend and
perform sieve analysis on each sample per AASHTZO/T 11. Confirm that the trial
batches meet the trial blends with the followinkptances on percent passing (Report
percent passing on all sieves to 0.1%):

Sieves Allowable Difference (%)
Largerthan No.8 | £1.5
No. 8 to No. 50 +1.0
Smaller than No. 50| +0.5

If any sample fails to meet the above, adjust tteloplan and reconfirm per AASHTO
T 27/T 11 until the criteria is met. If RAM is uhemathematically combine the RAM
gradation(s) to obtain the final gradation results.

If lime treated aggregate is required by the Cahti@dd lime according to ODOT TM
316. If bag house fines will be incorporated itite mix, it is advisable to include the
bag house fines, in approximately the anticipateggrtions, into the trial blends.

DETERMINING AN INITIAL TRIAL BINDER CONTENT FOR  EACH TRIAL
AGGREGATE GRADATION

Designers can either use their experience tvéhmaterials or the procedure given in
Appendix X1, AASHTO R 35-15 to determine an initidgl binder content for the trial
aggregate blend gradations which will achieve apprately 4% air voids. The same
binder content shall be used for all trial blends.

NOTE 6 - When using RAM, the initial trial asphalt contesmould be reduced by an
amount equal to the average asphalt content pigéhe RAM.

For “virgin” mixes, the mass of asphalt bindercalculated from the mass of “hot”
aggregate as follows:
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7.1.1

_ P X Ma5§gg

Mass, = 7
as%lnder (100 _ I-B)) ( )

For RAM mixes, calculating the mass of binderdd & a two step procedure. RAM is
a combination of aggregate and asphalt binderitandhass of each must be calculated

from the mass of RAM and the asphalt content oRAM (Py,):

P
MaS%AM binder = Mas&AM )ﬁ (8)

The mass of RAM binder must be subtracted fromtdit@ binder to determine the
amount of new asphalt binder to be added:

P{M +M -M _
Mas%irgin binder — b ( 85399 (12(8)%’%;)) A5 b'”de)
b

- MaSI§AM binder (9)

As a check for mixes containing RAS, verify tha fiercent virgin binder replacement
does not exceed the specification limits by catcuathe % recycled binder per
equation(s) 10 below:

P

b-ras

X%RASF P %o RA
R
P

0,
%Binder Replaced —2fam XPA) RAM
b

or

%Binder Replaced

(10)
Where,

P = percent of asphalt cement in RAM specimen

b-ram
P, = Percent Binder in Mix

%RAM =Percent recycled asphalt material (RAP and/or R#sSa percentage
of aggregate blend

%RAS= Percent RAS as a percentage of aggregate blend

%RAP= Percent RAP as a percentage of aggregate blend

7.1.2 To Calculate an estimate of the maximum percentéd@AS allowed in a mix based

upon an initial estimate for percent total binatemix, use the following equation:

Est B

Max % RASY RAM= [ j x Max BindeRe placem¢ (11)

b-ras/ ram
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8. MIXING AGGREGATE AND ASPHALT BINDER
8.1 Follow HMA Mixture Preparation from AASHTO T 3 12
9. COMPACTING SPECIMENS OF EACH TRIAL GRADATION

9.1 Prepare replicate mixtures (See Note 7) ainihial trial binder content for each of the
chosen trial aggregate blend gradatidingl blends are optional for mixes specified
under Section 00744.Mixing (corresponding to 170 +/- 20 ¢St for unrified binders)
and compaction (corresponding to 280 +/- 30 cSufanodified binders) temperature
ranges should be determined by the binder supplidodified binders may require
different mixing and compaction viscosities witlrresponding temperatures. Consult with
the binder supplier for appropriate mixing and caotipn temperatures for both modified
and unmodified bindersRefer to ODOT Specification Section 00745.13 Fa proper
number of gyrations for the specified level of ACFhese gyrations are designated

‘N desigﬁ-

NOTE 7 - At least two replicate specimens are required,tbree or more may be
prepared if desired. Average the test resultsne@@dly, 4500 to 4700 g of aggregate is
sufficient for each compacted specimen with a Hexfli10 to 120 mm. for aggregates
with combined bulk specific gravities of 2.550 tG@0, respectively.

9.2  Condition the mixtures according to AASHTO R 30¢t8mn 7.1.1 through 7.1.4, and
compact the specimens tedNgngyrations in accordance with ODOT TM 326.
Record the specimen height to the nearest 0.1 rften.esach revolution. Adjust the
mass of future samples to achieve a sample hefdtifsomm.. The sample size may
be initially estimated by the following:

The G, sample size may be estimated using the followpgy@imate relationship
with Gy

Estimated 3, =0.9x§ (12)
Where:

Gsp = combined aggregate and RAM specific gravity

Use the below table and Equation 13 to calculataring point for the G, sample

mass:
Mass Factor (MF)
3/4" Mix = 1755.8
1/2" Mix = 1774.1
Initial Sample Size (grams) 6, x MF Factor (13) 3/8" Mix = 1792.4
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9.3

9.4.

10.

10.1

10.2

Compact your first sample and record the sardptenassandheight Using these
measurements, adjust the sample mass for the sidrgespmples, to target the 115.0
mm. height using Equation 14:

115.0 mm
New Sample Mass % xdrymi (14
G p height j y (14)

Determine the bulk specific gravity {6 of each of the compacted specimens in
accordance with AASHTO T 166 or T 275 as approgriaccording to th©DOT
Manual of Field Test Procedures (MFTP).If the difference between replicate
compacted specimens exceeds +0.010, then compeacadditional specimens, and
discard the highest and lowest of the four specimemlowever, if the difference
between replicate samples after the high and love leeen discarded is greater than
+0.020, compact two additional samples until theéd20 tolerance is met.

Determine the theoretical maximum specifiovilya(Gmm), according to AASHTO T
209 in the ODOT Manual of Field Test Proceduresseparate samples representing
each of these combinations that have been mixed@mditioned to the same extent as
the compacted specimens. Use the “Supplementatéuce for Mixtures Containing
Porous Aggregate”, hereafter called the “drybaclkéthod, found in Section 11 of
AASHTO T 209 for the trial blends.

EVALUATING COMPACTED TRIAL MIXTURES
Determine the volumetric requirements forttla mixtures in accordance with ODOT
Specification Section 00745.13. Use the bindecipegravity at 77°F (25°C) for all

volumetric calculations where,& used

Calculate B, with both the “dryback” and standard proceduresgiBning in 2018, the
“dryback” will also be performed for all Stage 2 SATO T209 testing.

To check for sample preparation and testinggutural errors, calculate the Immersed
Volume to Geometric Volume Ratio (IGR) and thg,@ccording to Equations 15
through 18:

Immersed Volume =B (15

Geometric Volume ( height mm 56257 (16)

Ratio= Immersgd Volum (17)
Geometric Volum

G, = —— (18)
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Where:
A = Dry Mass of Compacted Sample
B = SSD Mass of Compacted Sample
C = Immersed Mass of Compacted Sample

Compare the ratios of the replicate specimensvanty that they are within +/- 0.005.
Generally the ratio should be between 0.965 & 0f88%2" nominal aggregate size.

Compute the difference betweem&nd G, The difference betweeneand G
should be between 0.008 and 0.020. Verify thattfierence of the replicate samples
is within +/- 0.005.

10.3 Calculate Yand VMA at Niesignfor each trial mixture using Equations 19 and 20:
Va =100 X[Mj (19)
Gmm
VMA = 100 [Mj (20)
Gsb
Where:
Gm = bulk specific gravity of the extruded specimen;
Gmm = theoretical maximum specific gravity of the rid;
Ps = percent of aggregate in the mix (100-Pb); and
Gsp = bulk specific gravity of the combined aggregate.
NOTE 8 - Although the initial trial binder content wadiegated for a design air void
content of 4.0 percent, the actual air void conténihe compacted specimen is unlikely
to be exactly 4.0 percent. Therefore, the chamdpnider content needed to obtain a 4.0
percent air void content, and the change in VMAseduby this change in binder
content, is estimated. These calculations petmaitetvaluation of VMA and VFA of
each trial aggregate gradation at the same desigaid content, 4.0 percent.
10.4 Estimate the volumetric properties at 4.0¢mrair voids for each compacted specimen,
as follows:
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10.4.1 Determine the difference in average air void cordiMNesign(AV ) of each
aggregate trial blend from the design level ofgkftent using Equation 21.:

AV, =4.0-V,

a trial (21)
Where:
Vaua = air void content of the aggregate trial blehN@sighgyrations.

10.4.2 Estimate the change in binder contexi)) needed to change the air void
content to 4.0 percent using Equation 22.

AR =-0.4(AV,) (22)
10.4.3 Estimate the change in VMAYMA) caused by the change in the air void

content AV, determined in Section 9.3.1 for each trial aggregblend
gradation, using Equation 23 or 24.

AVMA =0.2A\) if | >4 (23)
AVMA =0.1(AV) if Y <4 (24)

NOTE 9 - A change in binder content affects the VMA tlgbwa change in the
bulk specific gravity of the compacted specimepdG

10.4.4 Calculate the VMA for each aggregate trial blendd@tigngyrations and 4.0
percent air voids using Equation 25.

VMA,, = VMA,, +AVMA (25)
Where:

VMA; 0= VMA estimated at a design air void content & gercent; and
VMAvia = VMA determined at the initial trial binder conte

10.4.5 Estimate the percent of effective bind&,( ) and calculate the dust-to-binder
ratio (Roo/ Pye) for each trial blend using Equations 26 and 27:

G, - G,)
P. =-(P xGb(Se—Sb +P (26)
be, o ( So )(Gse X Gsb) o
Where:
R., = estimated effective binder content\@ ,
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aggregate conte(uIOO - Fg,4_0) :

Ss.0

Gp = specific gravity of the binder,
Gse = effective specific gravity of the aggregate,
Gsy = bulk specific gravity of the combined aggregated
., = estimated binder content.
PZOO/ F%)e = PZOQia,/Pbg_O (27)

Where:
Paoo = percent passing the No. 200 (0.075 mm.) sieve.
NOTE 10 - If removal of passing No. 200 material at thevipg plant is

anticipated, use the actual percentage of passm@0D material included in
test samples to calculate dust to asphalt ratio.

10.4.6 Graph the 4.0% normalized VMA versus theipgs#8 of the trial blends. Also

graph the R versus the passing #8 of the trial blends. Evalbath versus the
expected trends.

10.4.7 Compare the estimated volumetric propeifriies each trial aggregate blend

gradation at the normalized design binder contetht the criteria specified in

the ODOT Specification Section 00745.13. Choosettial aggregate blend
gradation that best satisfies the volumetric gaterAn interpolated aggregate
blend gradation may be established based uponhtee trial blends. If an

interpolated blend is selected, determine the @oainsl Fine Aggregate Ratios
per 6.10.1 for the interpolated blend and evaluhte results. All blends,

including an interpolated blend, must be compodeal @f the same stockpiles
used in the trial blends (i.e. a blend may not dxagiockpile used in the other
blends). Describe in the report the reason factiely a particular blend.

Generally, the best trial blend to choose idlkad that is near the center of the
VFA specification range and approximately 1% abthe minimum VMA at
4.0% voids. The chosen blend should also be sddelgw the maximum
allowed dust to effective asphalt ratio. The Ceasd Fine Aggregate Ratios
should also be considered. If all volumetric prape are satisfactory for more
than one blend, then the blend requiring the lowestentage of asphalt is
desirable for economic reasons.

10.4.8 If the mix includes RAS or RAP/RAS, the percentlaepment binder must be

calculated for the trial mixes to ensure that g@lacement binder specification
is not exceeded, per equation(s) 10 above.

If the normalized estimate of design asphalt ighiwi £0.50% of the initial
binder content used for Stage 1 Samples, then #&xénmam RAS allowed may
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be computed per Equation 11 above using the narethtiesign asphalt content
and the %RAS may be adjusted with slight changethenselected blend to
closely replicate the blend targets to apply tog&ta. If the design asphalt
normalized estimate is greater than +0.50% of itk binder content used for
Stage 1 Samples, then new Stage 1 samples muabioeated with appropriate
changes to trial binder content and %RAS.
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11. SELECTING THE DESIGN BINDER CONTENT (STAGE 2)

111

11.2

11.3

114

Prepare replicate mixtures (See Note 6) coinigithe selected design aggregate
structure at each of the following four binder @onis: (1) the estimated design
binder content, f(estimated); (2) 0.5 percent below(Estimated); (3) 0.5 percent
above B (estimated); and (4) 1.0 percent aboyédRtimated). As an alternate
procedure, prepare four sets of replicate samplessets above and two sets below
the estimated design asphalt content, straddliadptifestimated), with each
successive set 0.5% binder content apart. Thé&$®imated)’' binder content is the
binder content determined by the 4.0% normalizgpimtess in Stage Do not use
the data from AGGREGATE TRIAL BLEND GRADATIONS (STAGE 1) with
the data collected for SELECTING THE DESIGN BINDER CONTENT
(STAGE 2). Use the binder specific gravity at 77°F (25°C) dtrvolumetric
calculations where (3s used

11.1.1 If aninterpolated blend is selected, thiehe@same time the samples in
Section 11.1 are batched to determine the DesigddBiContent, batch an
additional sample of the selected blend. Verify dlccuracy of the blend
gradation by testing this additional sample acesggdo AASHTO T 11 and T
27. Report the test results with the mix desiga.da

For RAM mixes, remove the asphalt from the appaiprimass of RAM by
incineration according to AASHTO T 308. Gradatidmsthe residual
aggregate from the RAM and the virgin aggregatelioing mineral filler,
lime, fibers or any other additive) may be deterdiseparately according to
AASHTO T 30 and combined mathematically (usingdkierage RAM
gradations determined according to ODOT TM 319).

Condition the mixtures according to AASHTO ® Section 7.1.1 through 7.1.4, and
compact the specimens according to ODOT TM 32&démumber of gyrations
required for Nesign Record the specimen height to the nearest 0.1ahMyesign

Determine the bulk specific gravity of eachired compacted specimens in
accordance with AASHTO T 166 or T 275 as approgriatcording to the ODOT
Manual of Field Test Procedures (MFTP). If thdaténce between replicate
compacted specimens exceeds +0.010, then compaetdsitional specimens, and
discard the highest and lowest of the four specanédt#owever, if the difference
between replicate samples after the high and love baen discarded is greater than
+0.020, compact two additional samples until theD20 tolerance is met.

Determine the theoretical maximum specifio’ya(Gmm) of the mixture according
to the AASHTO T 209 procedures found in the ODOTTNE-with the following
exceptions. Condition samples in the same marsigreacompacted specimens.
Test a minimum of one sample at a minimum of twghatt contents that are 0.5%
apart either straddling the estimated binder cdrdewith one of the samples at the
estimated binder content.
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Use the dryback procedure for Stage,Gamples. Calculate the percent difference
between the Mass of Sample (A) to Mass of satursue@ce-dry sample in air (4
according to the following formula:

Aggd—
Zssd-A 100% = % Dif ference (Compute to the nearest 0.01%) (28)

ssd

Drybacks are required if a JMF has a % Differethes exceeds 0.17%. All IMF's
will be analyzed for % Difference under productioegardless of % Difference
calculated during mix design. In order to seledesign binder content that utilizes
the non-dryback @nvalue, AASHTO T 209 and corresponding % Difference
calculation must have been performed with the sedlegradation at an asphalt
content equal to or less than the final design asgntent(B). This may require a
39 AASHTO T 209 in Stage 2, if none of the originaisted asphalt contents are
equal to or less than the design binder contenégwhn, this § AASHTO T 209
does not need to be used fag Getermination)

The “non-dryback” effective specific gravity ofeimix (Go, calculated from the

Gmm tests must be within 0.012. Calculate an aveéagéor all samples with “non-
dryback” Gevalues within 0.012, using the “dryback” or “nonydack” Gs¢s, as
applicable. Using the average.@calculate alG,, values according to equation 28
and use the recalculated,&values for all subsequent calculations.

back- calculated 3, - 100 (29)
P, R
Senlvg GD

Where,

R = percent binder content by mass

P, = percent aggregate content by md0- R)

Gp = specific gravity of the binder at 77°F

G = average effective specific gravity of the aggte

S&vg

11.5 To check for sample preparation and testingguural errors, calculate the Immersed
Volume to Geometric Volume Ratio and thgsaccording to Equations 13 through
16.

Compare the ratios of the replicate specimens arnitl\that they are within +/- 0.005.
Generally the ratio should be between 0.950 & 0.970
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Compute the difference between&nd G, The difference between,fsand Gy
should be between 0.010 and 0.030. Verify thatifierence of the replicate samples
is within +/- 0.005.
Also verify that the ratios and differences foe tBtage 1 and Stage 2 replicate samples
with the same asphalt content are within the aliovts.

11.6 Determine design binder content that prodadesget air void content (yYof 4.0

percent or other specified void content aty.gyrations using the following steps:

11.6.1 Calculate ¥ VMA, and VFA at Nesignusing Equations 19, 20 and 29.

(vMA - )

VFA =100 X (30)

11.6.2 Calculate the dust-to-binder ratigotHPye)
Where:
P,oo = Percent passing the No. 200 Sieve
Ry = effective binder content.

11.6.3 Calculate the Volume Increase Ratio (VIR), usingatmpn 30.

VIR = (M - 1} x 100% (30)

R XG,,
Where:
Gmm = theoretical maximum specific gravity of the A@kxture;
Gy = bulk specific gravity of the combined aggregate.
Ps = percent of aggregate in the ACP mixture by nj#88-R);
Py = percent of binder in the ACP mixture by masO(E);
Nom. Max. Agg. Size - Dense Expected VIR Range*
3/8” 12.9-15.7
1/2” 11.6 —14.3
3/4” 10.3-12.9
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11.6.4 Plot the average,WMA, VFA, and Gy, at Nyesignfor replicate specimens

versus binder content.

11.6.5 By graphical or mathematical interpolatidetermine the binder content to

the nearest 0.1 percent at which the targaséqual to 4.0 percent or other
specified percent. This is the design binder aun{i@,) at Nyesign

11.6.6 By interpolation (using Figure 2), verifyattihe volumetric requirements

specified in Section 00745.13 of the ODOT Spedifices are met at the design
binder content. In addition to the requirementdenn00745.13, the selected
design binder content shall not fall on the ‘wedlesof the VMA curve. This
may require the selection of a different blendvidiich Stage 2 work will have
to be redone.

11.6.7 If the mix design contains RAS or RAP/RAS, the patchbinder replacement

must be calculated per Equation 10 and reportedhe fercent binder
replacement shall not exceed the specified maxinpem the specification.
Should the optimum binder content in Stage 2 resula % virgin binder
replacement in excess of the specification therfalf@ving applies:

If an adjustment within 0.20% of the binder contestimated for Stage 2 will be
able to decrease the % virgin binder replacemenurider the specified
maximum, then the maximum RAS allowed may be cosgpper Equation 11
above using the normalized design asphalt contedtthe %RAS may be
adjusted with slight changes in the selected btendosely replicate the blend
targets to apply to Stage 2.

If the difference between optimum asphalt contamd the estimated binder
content is in excess of 0.20%, then the Stage X wuarst be redone with a
%RAS contribution that will not exceed the spedfiémits for binder
replacement.

11.6.8 Plot Stage 1 data on the Stage 2 Graphs.
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Average V,, VMA, VFA, and Relative Density at Nyegigy

, Density at Nyesign
Py (%) Va (%) VMA (%) VFA (%) (kg/m®)
43 95 159 403 2320
438 70 147 524 2366
53 6.0 149 595 2372
58 37 139 735 2412

Notes: 1. In this example, the estimated design binder content is 4.8 percent; the minimum VMA requirement for the design aggregate
structure (19.0-mm nominal maximum size) is 13.0 percent, and the VFA requirement is 65 to 75 percent.
2.Enn;;ingﬂapmdwummmmmubindammn&omﬁm.thaduipundawmhdemm
as 5.7 percent.
3. Entering the plots of percent VMA versus perceat binder content and percent VFA versus percent binder content at 5.7 percent
binder content, the mix meets the VMA and VFA requirements,

Figure 2 — Sample Volumetric Design Data aéshh

12. EVALUATING MOISTURE SUSCEPTIBILITY (STAGE 3)

12.1 Test the specimens and calculate the teristlegth ratio in accordance with
AASHTO T 283 as described in the OD@E&nual of Field Test Procedures
(MFTP).

12.2 If the tensile strength ratio is less thana&0required in Section 00745.13 of the
ODOT Specifications, remedial action such as tleeaisnti-strip agents, or
aggregate treatments, such as lime or latex igrestjto improve the moisture
susceptibility of the mix. When remedial agents @sed to modify the binder or treat
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the aggregate, retest the mix for TSR to assurebiante with the 80 minimum
requirement.

13. ADJUSTING THE MIXTURE TO MEET PROPERTIES

13.1 Adjusting VMA- If a change in the design aggregate skeletmgisired to meet the
specified VMA, there are three likely options: ¢hange the gradation (Note 11); (2)
reduce the passing No. 200 (0.075 mm.) fraction€N@); or (3) change the surface
texture and/or shape of one or more of the aggedgattions (Note 13).

NOTE 11 - Changing gradation may not be an option if tred &rggregate blend
gradation analysis includes the full spectrum efghadation control area.

NOTE 12 - Reducing the percent passing the No. 200 (0.0mM5) sieve of the mix
will typically increase the VMA. If the percentssng the No. 200 (0.075 mm.)
sieve is already low, this is not a viable option.

NOTE 13— This option will require further processing aisting materials or a
change in aggregate sources.

13.2 Adjusting VFA- The lower limit of the VFA range should alwaysrhet at 4.0
percent air voids if the VMA meets the requiremerifghe upper limit of the VFA is
exceeded, then the VMA is substantially above tiremum required. If so, redesign
the mixture to reduce the VMA. Actions to consiftarredesign include: (1)
changing to a gradation that is closer to the maxrinaensity line; (2) increasing the
passing No. 200 (0.075 mm.) fraction, if room igiéable within the specification
control points) or (3) changing the surface textumd shape of the aggregates by
incorporating material with better packing charastes, e.g., less thin, elongated
aggregate particles.

13.3 Adjusting the Tensile Strength Ratid ke tensile strength ratio can be increased by:

(1) adding chemical anti-strip agents to the birtdgoromote adhesion in the
presence of water; or

(2) treating aggregate with hydrated lime, or

(3) treating the aggregate with a latex polymer lsion (see ODOT TM 316).
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Standard Practice for

Preparation and Characterization of
RAM Materials for Mix Design

ODOT TM 319-17

1. SCOPE
This standard for preparation and characterizatfdRAM materials uses field samples
of RAP/RAM to produce laboratory ready materiaksttimay be incorporated into
Superpave™ or other ACP mixtures as allowed byiBpatons.
This Test Method may involve hazardous materiglerations or equipment. It does not
claim to address all safety issues that may pettaits use. It is the responsibility of the
user of the Test Method to establish proper sgfetgedures and PPE use to address
these safety issues and all applicable regulabonyations.

2. REFERENCED DOCUMENTS
AASHTO Standards:

* T 30, Mechanical Analysis of Extracted Aggregate
» T 84, Specific Gravity and Absorption of Fine Aggate
» T 85, Specific Gravity and Absorption of Coarse Aagate
* T 209, Theoretical Maximum Specific Gravity of Biinous Paving Mixtures
» T 308, Asphalt Binder Content of HMA by the IgnitidMethod

Asphalt Institute Standards:
* SP-2 Superpave Mix Design

3. TERMINOLOGY
ACP — Asphalt Concrete Pavement
RAP — reclaimed asphalt pavement

RAM - recycled asphalt materials (e.g. RAP or RA%& combination of RAP and RAS)

RAS - recycled asphalt shingles
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Binder Content of RAM (F) — The percent by mass of binder in the RAM asmeined
by AASHTO T 308 applying a universal 0.50% correctfactor

Effective Specific Gravity of Aggregates {§>— Specific gravity of aggregates including
the water permeable voids not filled with asphalt.

4. BACKGROUND

Incorporating RAM into a mix design poses a unigaeof problems. In the majority of
instances the properties of the original aggregatelsbinder used to create the RAM are
not readily available. The CMDT must take reastmateps to quantify the asphalt
binder content (&), the aggregate gradation, and the specific grafithe aggregates
contained in the RAM.

The amount of binder in the RAM is accounted foewladding virgin binder to a new
mixture. The specific gravity of the RAM binder ynaad to a minor change in the
overall specific gravity of the blended virgin aRA&M binders, however, for mix design
purposes, this minor change will be ignored andalttulations will be based on the
specific gravity (@) of the virgin binder.

RAM received from the field for mix design purposeay be processed or unprocessed.
Unprocessed RAM is material that is in a raw stiaéé will actually receive some type of
processing before being fed into the asphalt mlanhg mix production. Processed
RAM, on the other hand, has been through whatewshag and screening has been
elected by the contractor and is ready to feedtimtcasphalt plant.

Unprocessed RAM adds more work for the CMDT. Woeste it may arrive as large
pieces of the roadway that is intended to be miledng actual paving operations. In
other instances a small grinder is used to obt@imes‘representative” samples from
various locations on the project. The materiabote#d from these small grinders may
differ in gradation from material produced by d &ike milling machine. Designs
incorporating unprocessed RAM may require adjustsmenJMF gradation targets once
production begins.

Processed RAP may come from a commercial stockpilemay or may not be crushed
and screened into one or more separated sizes. niR&Ebe processed per Section
00745.04 of the Standard Specifications beforaritlee characterized in accordance with
this standard practice. Systematic sampling astthti of produced materials will

provide the necessary QL information for gradatod averaged?

Accurately measuring the aggregate specific grafitRAM is problematic. There is no
simple way to completely separate the binder ancatjgregate in a RAM sample
without altering the aggregate. Chemical extraxgtiare imperfect at removing the
binder and burning RAM samples in ignition oveneeayally lowers aggregate bulk
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specific gravities. A combination of measuremeamtdurned and unburned samples will
be made to better estimate the actual RAM aggrdndkespecific gravity.

SAMPLING AND SAMPLE PREPARATION

Material Sampling (Unprocessed MaterialRepresentative samples are taken from a
minimum of five locations for each mix type alomg tproject or stockpile. If the mix to
be milled was constructed from different mix typ@sg. — a portion of the mix to be
milled is %" open-graded and a portion is %2” degssded) then sample and evaluate the
RAM for each mix type separately.

Material Sampling (Processed Material)Establish a QC random sampling and testing
program comparable to the requirements for prodpaimirgin ACP aggregate stockpile.
A sublot shall be defined as every 2000 tons orramum of 5 tests. Sample processed
RAM materials per AASHTO T 2. Product complianesting as required under Section
4A of the Manual of Field Test Procedures is nquieed for RAM.

Sample Preparation (Unprocessed MaterialRAM material received as slabs, chunks
or otherwise large intact pieces shall be warmealdontrolled oven per AASHTO R 47
and broken apart per Section 9.1 of AASHTO T 2D#card any cut or broken
aggregate. If a small grinder was used on theggtthen sieve the material on a 3/4”
sieve to remove and discard any isolated oversatenal. If significant oversize exists,
then process as above per AASHTO R 47 and Sectioof AASHTO T 209.

Sample Preparation (All RAM)Bry RAM materials overnight at 1265°F. Cool to room
temperature and reduce to a minimum of 3 samplésediest size listed in AASHTO T 209
and a minimum of 5 test samples of the greatesiestlisted in AASHTO T 308 and/or
AASHTO T 30 per AASHTO T 248. Split out additiomahterial for AASHTO T 84 to be
run on the - #4 residual aggregate. A splitter imaysed if the material is free flowing; if
not, use the quartering method. For mix desigasdbntain both RAP and RAS, combine
the RAP and RAS in their respective portions inrttie design for the following tests.

6. COATING OF RAM SAMPLES WITH NEW BINDER

Preheat 1 quart of liquid asphalt to the IMF mixieigperature. Determine the dry mass
of each AASHTO T 209 RAM sample to the nearestgdaln. If RAP and RAS material
are added as separate stockpiles, combine theamplss proportionally to their
contribution to the ACP and thoroughly mix into dmamogenous specimen. (Designate
as the final mass as “R”). Heat each of these RaNples to approximately 258.

Heat a mixing bowl to the approximately 238, Place the hot mixing bowl on a
protected scale and zero out or tare the scal&CHEXION: For RAS only mixes, do

not coat the RAS with new binder.

Place the heated RAM in a tared mixing bowl. Rddbe exact hot mass of RAM to the
nearest 0.1 gram (Designate aso.R. Re-tare the mixing bowl and hot RAM and add
3.0% by mass new binder based on the hot mase &AM (Rt X 0.03) (see Note 1
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below). Record the exact hot mass of new hot biadded to the nearest 0.1 gram
(designate as bindgy).

Mix until thoroughly coated. Immediately cool sdmpy spreading it on a non-stick
surface (splitting table). Do not age the sample.the sample cools break up the
agglomerations of fines per AASHTO T 2009.

Calculate the actual added asphalt percentage by tadhe nearest 0.01% as follows:

_ Binder,,, « 100

bnew Blnder]ew-l- R‘IOt

Note 1 - The percentage of added new binder may be inedearsdecreased at the
discretion of the technician for RAM materials wittore or less existing binder. The
purpose of adding the additional binder is to cagpthe small particles created from the
grinding and processing of the RAM, to make the AA® T 209 procedure with
‘dryback’ more manageable.

7. DETERMINATION OF RICE GRAVITY

Determine the mass of the empty pycnometer andRidce the empty Rice pycnometer
on the scale and zero out or tare the scale. B& & RAP-RAS samples place the
room temperature coated sample in the pycnometedeiermine the dry mass of the
coated sample to the nearest 0.1 gram (Designd&as

Because material may have been lost in the mixidjreg operations, it is necessary to
re-determine the dry mass of the uncoated RAP d?4RAS sample. Determine the

actual dry mass of uncoated RAM material to theesd.1 gram (Designate as “A”) as
follows:

C
1+ anew
(100_ anew)

Compare the actual dry mass “A” with the origingl thass of RAM (“R”) in Step 6. If
the difference exceeds 30.0 grams, then discardaimple and start over.

A =

Test each coated sample for theoretical maximurcifspgravity per AASHTO T 209
with dryback EXCEPTION: for RAS only see Note 2 below). Calculate the dryback
Gmm to three decimal places as follows:
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A
o]

MMgsqy

C-A
G,

Where,

A = actual mass of uncoated dry RAM

Assq= SSD mass of coated RAM

C = mass of coated dry RAM

D = mass of pycnometer filled with water at 772055

E = mass of pycnometer, sample and water at 77£1.0
Gy = specific gravity of new liquid asphalt at°7//

Note 2 - For RAS only, test a 1500 gram non-coated sanmilegy the standard/non-
dryback procedure under AASHTO T 209 and calculaeG,, accordingly. A small
amount (a single drop may suffice) of liquid dislag (e.g. Dawn, Joy, Palmolive, etc.)
may be used to lower surface tension of the waRRAE pieces are floating in the Rice
pot.

DETERMINATION OF GRADATION AND ASPHALT CONTENT

Test a minimum 5 samples for asphalt content peBARO T 308 according to the
following table:

. Number of RAP Number of RAS Number of
Material Type
samples samples RAM samples
RAP 5 0 0
RAS 0 5 0
RAM 0 0 5
Unblended RAM
(RAP and RAS to be blended S 5 0
during production)

For RAS Only samples the sample size shall be between 500 and 750gaad the
incineration time will be determined using AASHT(BW8, including steps 10-14 of
Method B. The duration of the test will be deteredraccording to a mass loss of less
than 0.03% after 15 minutes of additional burn tinvethod A may also be used to

determine the incineration time utilizing the imtak scale to indicate a mass loss of less

than 0.03% according to Step 10.

Calculate the asphalt content using the followimwgriula:
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M, - M,
R)—rap/ram: ——— | x100|- 0.5C
Ivli
Where,

P

) -apiram — PErCENt of asphalt cement in RAM specimen

M; = initial oven “dried” mass of RAM mixture prioo fignition
M, =final mass of aggregate remaining after ignition

Note: the 0.50 constant is the universal corrediator of 0.50% when
determining the asphalt content for RAM.

Perform gradation analysis per AASHTO T 30. Applyemative 1.0% correction factor
to the Passing No. 200 value. (Note: The matéhal4 and above may be set aside for
testing per AASHTO T 85 for RAP and RAP-RAS samplksss of fines during
washing precludes using the material smaller tharNo. 4 for gravity testing.) The
RAM asphalt content ¢f) shall be the average of all tests (5 minimumi)e RAM
gradation shall be the average of all tests (5mminn). QL’s for processed RAP
products may be used for RAM asphalt content aadagion, as long as a minimum of 5
tests have been performed, with the results praovidiéhe submittal package.

9. DETERMINATION OF BULK SPECIFIC GRAVITY OF RAM RESIDUE
AGGREGATE

Burn additional RAP or RAP-RAS material per AASHTCB08 to obtain a minimum of
1500 g of unwashed passing No. 4 material. CombiNe. 4 material with + No. 4
material from step 8 to obtain a sample size mgéehe requirements of AASHTO T 85
for duplicate specific gravity tests. Perform dogle fine aggregate gravity tests per
AASHTO T 84* using a 500 mL flask on the - No. 4ithie aggregates and AASHTO T
85 on the +No. 4 residue aggregates. Combinellasvio

Burnt G, = 100

R LB

qu ng

*NOTE - The Standard AASHTO T 84 test is often cdicgied with crushed
material; burning the material further complicates determination of the
SSD point. The material may not readily slump @bSondition. At SSD
condition check for airborne fines per the T 84gadure to determine if an
alternate means of determining the SSD conditidhbeirequired.

Another indicator that the SSD condition has bessspd is T 84 results
that are greater than T 85 results, as the T &Btseshould usually be
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higher than T 84 results due to the increased seidegea of larger
aggregate fractions.

Where G & G;are the bulk specific gravities for T 84 & T 85 dad P, are the
respective average percentages by mass for the 4 &6 No. 4 as determined by
AASHTO T 30 above.

Note: the 0.50 constant is the universal corrediator of 0.50% when
determining the asphalt content for RAM.

RAS Only - For mix designs that will contain RAS, but no RAa T84 is not required
for the residual material after the burn. The RAaHwill equal the RAS G as
determined using the AASHTO T 209 and AASHTO T 888ults for the RAS material.

10. DETERMINATION OF DESIGN BULK SPECIFIC GRAVITY OF RAM
AGGREGATES

Calculate Ge— Using the corrected average RAM binder contep),(Bhe average
‘dryback’ Rice Gravity (Gim ssg @and a universal specific gravity of RAM asph&t ] =
1.030, calculate gGas follows:

100 - P,
RAM G, 100 _ P,
Gom.  1.030

Compare the Average Burntgand RAM Ge:

If RAM Gse— Burnt G, < 0.080, then

RAM G, + 2( Avg Burnt G)

RAM G, = 5

RAM G, + 3( Avg Burnt G)

RAM G, = ;

For RAS only, the RAS Gwill be used for the RAS gvalue.

11. DETERMINATION OF DESIGN APPARENT SPECIFIC GRAV ITY OF RAM
AGGREGATES
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Calculate the RAM &, as follows:

(RAM G, - Burnt G)

2
Note: There is no requirement for RAG.@porting for designs that contain RAS,
but no RAP

RAM G, =BurntG, +

12. REPORT
12.1 The laboratory report shall include the follogin

12.1.1 All masses required to calculate.er procedure to the nearest 0.1g.

12.1.2 The specific gravity of the asphalt bindsedi(G) to the third decimal place.

12.1.3 The mass of new binder added to each RANpafor determining G to
the nearest 0.1g.

12.1.4 All specific gravities are reported to thed decimal place.

12.1.5 The results of sieve analysis shall be tedas follows: (a) masses retained
on each sieve for each sample, (b) calculated pepassing each sieve to the
nearest 0.1% for each sample, (c) average calduteieent passing each
sieve reported to the nearest 0.1%.

12.1.6 Report all masses required to calculate R&phalt content (Fkaw) to the
nearest 0.1g.

12.1.7 Report all Pram and the average,Ro the second decimal place.

12.1.8 Report all masses required for determirtiegaulk specific gravity of the
residual aggregates.

12.1.9 Report the RAM gand G,to be used for mix design purposes.
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11

2.1

3.1

4.

Provisional Method of Test for

Laboratory Batching of Aggregates for ACP Mix Desig
Proficiency, and Calibration

ODOT PTM 1-17 (Optional)

SCOPE

ACP mixing plants generally combine unwasheagregates from various stockpiles
and/or RAM into a final blend for the purpose obgicing a specification mixture
that is to be tested with a washed process. t€btanethod describes laboratory
techniques for hand blending virgin aggregatesRAal to closely model the blend
that a full scale plant would produce with like evédls. The test method may be
used for both open and dense-graded ACP mixtures.

REFERENCED DOCUMENTS
AASHTO Standards

* T 2, Sampling of Aggregates

e T 11, Materials Finer Than 75-pm (No. 200) Sievé&lineral Aggregates by
Washing

* T 27, Sieve Analysis of Fine and Coarse Aggregates

* T 30, Mechanical Analysis of Extracted Aggregate

* T 248, Reducing Samples of Aggregate to Testing Siz

SUMMARY OF PRACTICE

Two methods are described in this test proeeddny to Washed Adjustment Method
and Iterative Method. The Dry to Washed Adjustmdethod is generally more
useful when preparing multiple blends becausedhwfs developed are independent
of any set of coldfeed percentages. The Iterdftethod is more useful when
preparing a batch for a single blend such as whaking off an existing JMF. The
CMDT, however, may submit an alternate plan fochiiy aggregates if it meets the
tolerances of Table 1 below.

APPARATUS

4.1 Sampling Equipmentper AASHTO T 2

4.2 Splitting Equipment per AASHTO T 248

4.3 Sieves and Shaker per AASHTO T 27/T 11 or AASHTO T 30
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4.4

4.5

4.6

4.7

4.8

4.9

5.1

6.1

7.1

7.2

Bins or buckets provide bins or buckets of adequate size to accaateo
fractionated material for each stockpile

Labels —provide labels for each bin that note the aggee§aturce Number, stockpile
designation, and sieve size upon which the matesalretained.

Lids or plastic covering- provide lids or plastic covering for bins anctkets to
minimize moisture pickup in the fractionated matkewhen not in use.

Drying/Batch Containers- provide shallow flat metal pans large enough to
accommodate a 4500 gram batched sample.

Balance -capable of measuring a principal mass of 12 kgamodrate to 0.1 gram.

Forced Air, Ventilated or Convection Ovepapable of maintaining the temperature
surrounding the sample at 329°F.

SIGNIFICANCE AND USE

This method covers batching of ACP aggregateade in Stage 1, 2, and 3 mix
design work as outlined in the ODOT Contractor Migsign Guidelines. This
method may also be used for developing proficiesayples as required under the
ODOT QA program and for preparing oven calibrasamples as required per
ODOT T™ 323.

AGGREGATE PRODUCTION RECORDS AND JMF BLENDS

Obtain the Quality Level (QL) mean values facle of the stockpiles to be used in
preparing the samples. If batching is for StageX design purposes, develop trial
blends per the ODOT Contractor Mix Design Guiddiné batching is for
proficiency samples or oven calibration for an emgdesign, obtain the coldfeed
percentages and stockpile gradations from the JMF.

SAMPLE PREPARATION OF FRACTIONATED MATERIAL

Sample materials per AASHTO T 2. Sample se@edds on the percentage of the
total mix that each stockpile represents and therktory work to be performed. A
three stage SuperPave™ mix design will usuallyirece0 to 100 Ibs per separated
size (stockpile).

Dry the samples per AASHTO T 255. If samples areddovernight at 230+9F,
then a constant mass determination is not requiidtkr drying, cool and cover to
minimize moisture pickup.
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7.3

7.4

7.5

8.1

8.2

8.3

8.4

8.5

8.6

Sieve each separated size over the required si€aestully empty the material
retained on each sieve into the properly labeladbibucket for that material.

Note 1. To reduce the number of sizes of fractionatecenads from which the batch
is prepared, the ODOT Contractor Mix Design Guiuedi allow small amounts of
materials to be batched from material sieved froneostockpiles. To do so the
following conditions must be met:

= The Adjusted QL %Passing for the sieve to be m@lselwhere is less
than 10%.

= Stockpiles to be combined were produced from theessource and same
parent material. Materials from different aggiegsources may not be
combined.

» The particle shape and texture is essentially @ingesfor the sieve sizes to
be combined.

= Stockpiles are produced using similar processes~ido not mix
stockpiles with crushed material with stockpilesin€rushed material, do
not mix unwashed stockpiles with washed stockpéés).

Cover all fractionated material to prevent ris pickup prior to batching.

Dry processed RAM materials overnight at 129%%nd cool. If RAM is
unprocessed, see ODOT TM 319 on how to break upriak and then dry overnight
at 125+5°F and cool. Cover to minimize moisture pickup.

METHOD 1: DRY SIEVE TO WASHED SIEVE ADJUSTMENT
For each separated size of aggregate:
Sample representative production material ABSHTO T 2.

Reduce the sample per AASHTO T 248 to a testrsieeting Table 2 of AASHTO T
27.

Dry the sample to constant mass per AASHTO T 2560l and weigh the sample to
the nearest 0.1 gram (Initial Dry Mass).

Dry sieve over the required sieves without lwfssaterial per AASHTO T 27.
Weigh and record the mass retained on each siel/pamto the nearest 0.1 gram.

Carefully recombine the sample without loss of matend reweigh. The total must
compare with the Initial Dry Mass from Step 8.3 abwvithin 0.10%. If not
resample and test again.

Wash the recombined sample per AASHTO T 11.
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8.7

the nearest 0.1 gram (After Wash Mass).

8.8

Dry the sample to constant mass per AASHTOS. Z5ool and weigh the sample to

Sieve over the required sieves without loss of matper AASHTO T 27/T 11.

Weigh and record the mass retained on each siel/pamto the nearest 0.1 gram.

9. CALCULATIONS

9.1

each sieve to the nearest 0.1% as follows:

%Retained Adjustment=

9.2

Dry SievedVlass — WashedsievedMass

Initial Dry Mass

9.3 Calculate the Adjusted QL Retained for each sieviobows:

Adjusted QL% Retained QW Retained%

x 100

Using the initial dry mass from Step 3, calculdte Dry to Washed adjustment for

Calculate the %Retained for the Production QL Mdartbe nearest 0.1% by
subtracting the %Passing for each sieve from thas%iRg from the next larger sieve.

RetaiAdplistmen

EXAMPLE: The following masses were measured for a No. 4ao8\stockpile.

Sieve Dry Washed | % Retained QL Adjusted QL
Sieve Mass| Sieve Mass| Adjustment | % Retained | % Retained
1” 0.0 0.0 0.0 0.0 0.0
3/4" 0.0 0.0 0.0 0.0 0.0
1/2" 0.0 0.0 0.0 0.0 0.0
3/8” 14.7 11.0 0.4 0.9 1.3
1/4" 251.2 252.0 -0.1 29.6 29.5
No. 4 256.9 255.4 0.2 28.2 28.4
No. 8 348.7 348.9 -0.0 324 32.4
No. 16 30.6 31.3 -0.1 4.2 4.1
No. 30 4.2 4.3 -0.0 1.1 1.1
No. 50 1.9 1.9 0.0 0.6 0.6
No. 100 2.9 2.5 0.0 0.3 0.3
No. 200 3.6 3.5 0.0 0.0 0.0
Pan 14.6 18.5 -0.4 2.7 2.3
Total 929.3 929.3 0.0 100.0 100.0
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10. METHOD 1: DEVELOPMENT OF THE TRIAL BATCH PLAN

Batch plans are developed one virgin stockpiletaha starting with the coarsest
stockpile and progressing through consecutivelgrfstockpiles.

10.1 Calculate the required mass for each aggregateitea (i.e. — virgin stockpile,
lime, RAM, etc.) by multiplying the desired samplee by the coldfeed percentage
for each constituent and record to the neareggi@h. As a check the sum of the
individual constituent masses should add up tadsered total sample mass.

10.2 Starting with the coarsest virgin stockpile, focleaieve, multiply the individual
constituent mass for that stockpile by the dry ssked Adjusted QL %Retained
determined above and record to the nearest 0.1. gram

10.3 Identify those sieve sizes to be carried to otharkgpiles as allowed under Note 1
above and clearly document the mass to be camiédhe stockpile to which that
mass will be assigned.

10.4 To preclude the need to re-zero the balance betmasses when batching, it is
permissible (and recommended) to calculate a cumelmass total beginning with
the largest sieve on the coarsest stockpile. Danctude those sieves that are
“carried” elsewhere. Begin the cumulative totalsubsequent finer piles with the
ending cumulative total from the previous stockpile

10.5 Repeat Step 10.2 through 10.4 with each succesgie&pile. If cumulative totals
are not used, verify mathematically that the baielm produces the correct mass of
virgin materials for each stockpile and the tofahlbvirgin stockpiles.

METHOD 1 EXAMPLE : A CMDT is batching for a gyratory sample of 475@ms of mix. She estimates
the aggregate portion will conservatively4#00 grams The mix is to have 25% RAP with three virgin
stockpiles of 18%, 27%, and 30%.

Stockpile 1/2" to No. 4 No. 4 — No. 8 No.8-0 RAP
Coldfeed % 18% 27% 30% 25%
Batch Mass 810.0 gr 1215.0 gr 1350.0 gr 1125.0 gr

Note: The sum of the batch masses must add up to thearaggregate target mass, in this example:
810.0 + 1215.0 + 1350.0 + 1125.0 = 4500.0 grams.
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The CMDT now calculates trial batch plan for th2"1tb No. 4 stockpile. Using the Batch Mass abforehe
1/2" to No. 4 stockpile (810.0 grams) the indivitisi@ve batch weights are as follows:

Separated Size: 1/2" to No. 4 (18% = 810.0 grams)

Sieve Adjusted QL | Batch Mass Mass Cumulative Batch
%Retained Carried to Mass
Next Pile
1" 0.0 0.0 0.0 0.0
3/4" 0.0 0.0 0.0 0.0
1/2" 3.3 26.7 0.0 26.7
3/8” 49.4 400.1 0.0 426.8
1/4" 39.8 322.4 0.0 749.2
No. 4 3.5 28.4 -28.4
No. 8 1.7 13.8 -13.8
No. 16 0.2 1.6 -1.6
No. 30 0.0 0.0 0.0
No. 50 0.1 0.8 -0.8
No. 100 0.0 0.0 0.0
No. 200 0.0 0.0 0.0
Pan 2.0 16.2 -16.2
Total 100.0 810.0 -60.8

Note that the Adjusted QL %Retained column sumnuedectly to 100.0% indicating that the calculatidos
percent retained were performed correctly. TheB&ass Column sums correctly to the desired 8@faths
for this stockpile.

Finally, the Total Batch Mass for this stockpilenus the Total Mass Carried for the sieves smailken the
1/4" computes correctly: 810.0 — 60.8 = 749.2gramfsch is the final Cumulative Batch Mass totaltba
1/4" sieve.

The minus sign in front of the masses to be casfexlvs mass is being removed from this portiomefBatch
Plan. On subsequent forms it will be changed‘tg’ &ign to indicate that it is being added to tegsortions of
the batch plan.

The significance of being able to carry minor antswf material when batching is in this exampleduces
the number of fractionated sizes by eight. Thisunsewhen batching, there are eight less bins frbihthe
CMDT must take and measure material just on tloiskgtile alone.

An observer might ask why the 1/2” sieve was nsb @arried to another pile because it retained 8rd96.
The reason is the exception is based on %Passihgar®Retained. The amount passing the 1/2" sgeive
fact 96.7%, therefore, we must batch it from théckpile. Only when we get to the No. 4 does theepnt
passing fall below 10%.
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The CMDT continues on with the next stockpile, @ 4 to No. 8.

Separate Size: No. 4 to No. 8 (27% = 1215.0 grams)

Sieve Adjusted QL Batch Mass Mass Cumulative
%Retained Carried to Batch Mass
Next Pile
1" 0.0 0.0 0.0
3/4" 0.0 0.0 0.0 749.2
1/2" 0.0 0.0 0.0
3/8” 1.3 15.8 0.0 765.0
1/4" 29.5 358.4 0.0 1123.4
No. 4 28.4 345.1 + 28.4 0.0 1496.9
No. 8 32.4 393.7 +13.8 0.0 1904.4
No. 16 4.1 49.8 +1.6 -51.4
No. 30 1.1 13.4+0.0 -13.4
No. 50 0.6 7.3+0.8 -8.1
No. 100 0.3 3.6 +0.0 -3.6
No. 200 0.0 0.0+ 0.0 0.0
Pan 2.3 27.9+16.2 -44.1
Total 100.0 1215.0 + 60.8 -120.6

Note as was checked before, the Adjusted QL %Redasnms to 100.0. The batch mass was checkeain tw
parts; the 1215.0 agrees with the total and th& Bftches the mass carried from the 1/2" to No. 4.

To check on the Batch Mass Total we must incluéeGbmulative Batch Mass from the previous stockpile
Therefore, the previous Cumulative Batch Mass filesCurrent Total Batch mass minus the Mass Carried
must match the final Cumulative Batch Mass on tbe &sieve; 749.2 + 1215.0 + 60.8 — 120.6 = 1904.4.
It should also be noted that the masses carried fhe No. 16 sieve down are a combination of matéom
this stockpile and from the previous one. Agairchyrying these masses the CMDT has reduced thberuof
bins of fractionalized material by another six bins

The CMDT continues on with the last stockpile, e 8 - 0.

Separate Size: No. 8 - 0 (30% = 1350.0 grams)

Sieve Adjusted QL Batch Mass Cumulative
%Retained Batch Mass
1" 0.0 0.0
3/4" 0.0 0.0
1/2" 0.0 0.0 1904.4
3/8” 0.0 0.0
1/4" 0.0 0.0
No. 4 0.2 2.7 1907.1
No. 8 20.2 272.7 2179.8
No. 16 26.5 357.8 +51.4 2589.0
No. 30 17.1 230.8 + 13.4 2833.2
No. 50 14.8 199.8 + 8.1 3041.1
No. 100 11.9 160.7 + 3.6 3205.4
No. 200 2.8 37.8+0.0 3243.2
Pan 6.5 87.7 +44.1 3375.0
Total 100.0 1350.0 + 120.6
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The final Cumulative Batch Mass on the Pan matetxestly the sum of the three virgin stockpiles; 810
1215.0 + 1350.0 = 3375.0.

11. ADJUSTING THE BATCH PLAN TO WASTE DUST
11.1Determine the amount of dust to be wastedpgs@entage of the total aggregate.

11.2Increase the aggregate portion of the desired [stehby that percentage.

METHOD 1 EXAMPLE: Using the same numbers from the above batchfptaviethod 1, a CMDT elects
to waste 1.0% dust. She increases the desirell biate as follows:

Adjusted Aggregate Batch Size = 1.01 x 4500 grami545.0 grams

11.3 Develop the batch plan as described in Method Y@hsing the Adjusted Aggregate
Batch Size.

11.4 Edit the final Cumulative Batch Mass on the Partlierlast virgin stockpile by
subtracting increase in grams determined in StaipoXe from the Pan.

METHOD 1 EXAMPLE: The CMDT developed a batch plan using the Adjustggregate Batch Size of
4545.0 grams to account for a 1.0% wasting of dndt25% RAP. The final unedited Cumulative BatcisM
on the last virgin stockpile for the Pan was 34@8&#mns (0.75 x 4545.0). The CMDT subtracts th® 4fam
increase from the Pan as follows:

Pan: 3408.8 — 45.0 = 3363.8 grams

The CMDT strikes through the-3408.8 and edits i@ tumulative batch mass to read 3363.8.

12. METHOD 1: VERIFICATION OF VIRGIN PORTION OF TRI AL BATCH
PLAN

12.1 Using a tared container, prepare a trial batch s&aofthe virgin portion of the batch
plan by carefully measuring the amount of matdaahe nearest 0.1 gram from the
appropriate bin per the trial batch plan down ®Mo. 200 material.

12.2Wash the trial batch per AASHTO T 11.

12.3 Dry the sample to constant mass per AASHTO T 2560l and weigh the sample to
the nearest 0.1 gram (After Wash Mass).

12.4 Sieve over the required sieves without loss of natper AASHTO T 27. Weigh
and record the mass retained on each sieve anib plag nearest 0.1 gram.

12.5Calculate the Percent Passing on the TriallBatthe nearest 0.1%.
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12.6

12.7

13.

13.1

13.2

13.3

13.4

If the JMF or design blend includes RAM, it will becessary to calculate new
combined blend targets for the virgin portion of Hggregate only.

Note: To calculate virgin only coldfeed percentages,dbvihe original coldfeed percentages by the
percentage of virgin aggregate. (e.g. — for thiaraple with 75% virgin aggregate the new virgin
coldfeeds would be 18%/0.7524.0%, 27%/0.75 =36.0%, and 30%/0.75 <40.0% for the three
stockpiles. Re-compute the virgin only blend utiiege new values.

The Trial Batch Percent Passing must compare Wwéh/irgin Blend Percent Passing
per Table 1 below. If not adjust the virgin portiof the batch plan and re-verify per
this process.

Table 1: Allowable Differences Between Batched anflctual Gradations

Sieves Allowable Diff. (%Passing)
Larger than No. 8 +1.5%
No. 8 to No. 50 +1.0%
Smaller than No. 50 +0.5%

METHOD 1: ADJUSTMENT TO TRIAL BATCH PLAN

Calculate the Target Retained Mass for each srewve §MF or design gradation
targets using the same mass as the trial batdRAM is used calculate the Target
Retained Mass based on the “Virgin Only” blend deped above.

For each sieve, determine the Error in RetainedsNdgssubtracting the Actual
Washed Retained Mass from the Target Retained Metesmined in Step 1 above
and record to the nearest 0.1 gram.

Generate a new Adjusted Batch Plan by modifyingTiti@l Batch Plan by the Error

in Retained Mass. Apply the Error in Retained Masthe stockpile with the largest
contribution of material for a given sieve. If thieve in question is batched from
several stockpiles, it is permissible to use a Weid average to distribute the Error in
Retained Mass over the appropriate stockpiles.

Batch a new adjusted trial sample and repeat thication process until the sample
meets the Batch Verification Requirements listedable 1 above.
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EXAMPLE: The following masses were measured for a virgiry eafification:

Sieve Target Actual Error in
Retained Retained Retained
Mass Mass Mass
1” 0.0 0.0 0.0
3/4" 0.0 0.0 0.0
1/2" 425 425 0.0
3/8” 192.5 188.5 4.0
1/4" 405.0 391.7 13.3
No. 4 385.0 390.4 -5.4
No. 8 600.0 588.1 11.9
No. 16 302.5 278.6 23.9
No. 30 147.5 155.2 -7.7
No. 50 85.0 91.0 -6.0
No. 100 70.0 82.5 -12.5
No. 200 75.0 83.0 -8.0
Pan 195.0 208.5 -13.5
Total 2500.0 2500.0 0.0

Note: The total of the Error in Retained Mass must sui.@

14. METHOD 2:

ITERATIVE METHOD — TRIAL BATCH PLAN

14.1 Determine the aggregate mass for each stockpitg tise same procedure as Step

14.2

14.3

14.4

14.5

14.6

10.1 in Method 1 above. The trial batch size nmusét the requirements of Table 2
of AASHTO T 27/T 11.

Calculate the % Retained for each sieve fronotiganal production QL mean
values.

Multiply the % Retained for each sieve by the aggte mass for that stockpile
determined in Step 14.1.

Similar to Method 1 above it is permissible to ganminor amounts of material from

stockpile to stockpile for those stockpiles thaett@e conditions of Step 10.3 in
Method 1 above.

Similar to Method 1 above it is permissible (ando@mended) to calculate a
cumulative total for purposes of batching followigtep 10.4 of Method 1 above.

Repeat Step 14.2 through 14.5 with each succesgie&pile. If cumulative totals
are not used, verify mathematically that the to@tch plan produces the correct mass
of virgin materials for each stockpile and the ltofaall virgin stockpiles.
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EXAMPLE: A CMDT is batching an 810.0 gram batch for the 12No. 4 stockpile using the iterative

method as follows:

Sieve QL Mean | QL Mean Retained Mass Cumulative
%Passing | %Retained Mass Carried Mass

17 100.0 0.0 0.0 0.0 0.0
3/4" 100.0 0.0 0.0 0.0 0.0
1/2" 93.0 7.0 56.7 0.0 56.7
3/8” 61.0 32.0 259.2 0.0 315.9
1/4" 16.0 45.0 364.5 0.0 680.4
No. 4 7.0 9.0 72.9 -72.9

No. 8 4.0 3.0 24.3 -24.3

No. 16 3.0 1.0 8.1 -8.1

No. 30 3.0 0.0 0.0 0.0

No. 50 2.0 1.0 8.1 -8.1

No. 100 2.0 0.0 0.0 0.0

No. 200 1.8 0.2 1.6 -1.6
Pan 0.0 1.8 14.6 -14.6

Total 100.0 810.0 -129.6

Note the two Retained columns correctly sum to @@@dicating the calculations were performed cdiyec

The Total Retained Mass and the Mass Carried tiwtaatch the final Cumulative Mass:
810.0 — 129.6 = 680.4. The CMDT continues the spraeess for each successive stockpile.

15. METHOD 2: VERIFICATION AND ADJUSTMENT OF TRIAL BATCH
PLAN

15.1 Use the same verification and adjustment procedéetisod 1 above. The final batch

plan must meet the requirements of Table 1 above.

16. METHOD 1 AND 2: LABORATORY BATCHING
16.1 Using a verified batch plan, tare an appréogmaying container and weigh into the
container the planned mass from each separatetdesgmening with the coarsest
stockpile.

16.2 Reduce the correct mass of dry RAM per AASHIT248 to the nearest 0.1 gram and

place into a separate drying container. The RA&& separate from the virgin
aggregates until mixing per ODOT TM 330.
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17. REPORT
17.1 Report batch plans to the nearest 0.1 graall @pecification sieves.
17.2 Report the final batch plan verification pertgeassing results to the nearest 0.1%.

Report the “Virgin Only” target percent passinghe nearest 0.1%. Report the
Difference between the two results to the neards$t0
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