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4. APPARATUS

4.1. Superpave Gyratory Compactor — An electrohydraulic or electromechanical compactor with a ram
and ram heads as described in SECTION 4.3.. ... i ree e e s ssbeeeeesaeee

The axis of the ram shall be perpendicular to the platen of the compactor.........cccccoceveeiiiiiieeennnns

The ram shall apply and maintain a pressure of 600 + 18 kPa perpendicular to the cylindrical axis of the
specimen during compaction (SEE NOTE 1) ...cccceciiieiiiiiiiee ettt e e et e e e are e e e e eaee s

The compactor shall tilt the determined in accordance with T344.........ccccocovieeiiciiiiee e,

The compactor shall gyrate the specimen molds at a rate of 30.0 + 0.5 gyrations per minute throughout
oo Y Y= X f (o] 1N

Note 1 — This stress calculates to 10 600 + 310 N total force for 150 mm specimens...........cccueee...

4.1.1. Specimen Height Measurement and Recording Device — When specimen density is to be
monitored during compaction, a means shall be provided to continuously measure and record the
height of the specimen to the nearest 0.1 mm during compaction once per gyration............c.........

4.1.2. The system may include a connected printer capable of printing test information, such as
specimen height per gyration. In addition to a printer, the system may include a computer and suitable
software for data acquisition and rePOITING.........coii i e e e e e

4.2. Specimen Molds — Specimen molds shall have steel walls that are at least 7.5 mm thick..........
And are hardened to at least a Rockwell hardness of CA8............ccvviieeeeiiii e

The initial inside finish of the molds shall have a root mean square (rms) of 1.60 um or smoother when
measured in accordance with ASME B46.1 (SE& NOTE 2) ....cceecuieeeeieciiiee e e et e eetree e e earee e e e

New molds shall be manufactured to have an inside diameter of 149.90 to 150.00 mm..................
The inside diameter of the in-service molds shall not exceed 150.2 MM......ceeeiiiiiiiiiiiiiieeiiiiieeeeeees

Molds shall be in accordance With ANNEX A..........ooiiiiiiiiiiiiiieeeeeeee e et e e s e e e e e aeeaeeees

Note 2 — One source of supply for a surface comparator, which is used to verify the rms value of 1.60
pum, is GAR Electroforming, Danbury ConNectiCUL.........cuueeiieiii i

4.3. Ram Heads and End Plates — Ram heads and end plates shall be fabricated from steel with a
Minimum RockWell hardness Of CAB........ocueii ittt ae e b

The ram heads shall stay perpendicular to their aXis.......ccocveeeeeei e,

The platen side of each end plate shall be flat and parallel to its face.....cccccocevevciiieeiiciiieeccccieee,

All ram and end plate faces (the sides presented to the specimen) shall be flat to meet the smoothness
requirement in Section 4.2 and shall have a diameter of 149.50 to 149.75 MM.....ccccceeevccieeeeecnnnenn.

4.4. Thermometers — Armoured, glass, or dial-type thermometers with metal stems for determining the
temperature of aggregates, binder, and HMA between 10 and 232°C.......cccccciiiiriieeeeeeecccccirreveeenn,

4.5. Balance — A balance meeting the requirements of M231, Class G5, for determining the mass of
aggregates, binder, and asphalt MIXTUIES.......cccuuiiiiiiiee e e e
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4.6. Oven — An oven, thermostatically controlled to + 3°C, for heating aggregates, binder, asphalt
mixtures, and eqUIPMENT @S FEQUITE........uiiiiiiciiee et e eree e e e re e e e e rrae e e e e arree e e e sanreeas

The oven shall be capable of maintaining the temperature required for mixture conditioning in
ACCOrdaNCe WIth R 30....ciiiiiiii ittt e e s e e s s ete e e e e seabbeeessasbeeeeesanbeeeessnnseeeeesanes

4.7. Miscellaneous — Flat-bottom metal pans for heating aggregates, scoop for batching aggregates,

containers (grill-type tins, beakers, containers for heating asphalt), large mixing spoon or small trowel,
large spatula, gloves for handling hot equipment, paper disks, mechanical mixer (optional), lubricating
materials recommended by compactor manufacturer.......cccceo oo

4.8. Maintenance — In addition to routine maintenance recommended by the manufacturer, check the
Superpave gyratory compactor’s mechanical components for wear, and perform repair, as
recommended by the MaNUFAaCLUIEr........c..eii i e e e

6. STANDARDIZATION

6.1. Iltems requiring periodic verification of calibration include the ram pressure, angle of gyration,
gyration frequency, LVDT (or other means used to continuously record the specimen height), and oven
LT a0 1T 1 0 SRR

Verification of the mold and platen dimensions and the inside finish of the mold are also required

When the computer and software options are used, periodically verify the data processing system
output using a procedure designed for SUCh PUIPOSES.......cccviiiiiiiiiiie e

Verification of calibration, systems standardization, and quality checks may be performed by the
manufacturer, other agencies proving such services, or in-house personnel..........ccccccceeeeeeeeiecnnns

Frequency of verification shall follow the manufacturer’s recommendations..........ccccceeeeicieeeennnene.

6.2. The angle of gyration refers to the internal angle (tilt of the mold with respect to the end plate
surface within the gyratory Mold).........eee et e e et e e e aree s

The calibration of the internal angle of gyration shall be verified in accordance with T 344.............

7. PREPARATION OF APPARATUS

7.1. Immediately prior to the time when the asphalt mixture is ready for placement in the mold, turn on
the main power for the compactor for the manufacturer’s required warm-up period.....................

7.2. Verify the machine settings are correct for angle, pressure, and number of gyrations..............

7.3. Lubricate any bearing surfaces as needed per the manufacturer’s instructions..........cccccec........

7.4. When specimen height is to be monitored, the following additional item of preparation is required.
Immediately prior to the time when the asphalt mixture is ready for placement in the mold, turn on the
device for measuring and recording the height of the specimen, and verify the readout is in the proper

units, mm, and recording deviCe iS rEAUY........cccuviiiiiiiei e e e e e

Prepare the computer if used, to record the height data, and enter the header information for the
] oZ=Tol 11 =] o AR OO PP PR USUR P
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8. HMA MIXTURE PREPARATION
8.1. Laboratory Prepared:

8.1.1. Weigh the appropriate aggregate fractions into a separate pan, and combine them to the desired
batch weight. The batch weight will vary based on the ultimate disposition of the test specimens.

If a target air void level is desired, as would be the case for Superpave mix analysis and performance
specimens, batch weights will be adjusted to create a given density in a known volume.................

If the specimens are to be used for the determination of volumetric properties, the batch weights will be
adjusted to result in a compacted specimen having dimensions of 150 mm in diameter and 115 + 5 mm
in height at the desired number of gyrations.........cccoo oo

Note 3 — It may be necessary to produce a trial specimen to achieve this height requirement. Generally,
4500 to 4700 g of aggregate are required to achieve this height for aggregates with combined bulk
specific gravities of 2.550 t0 2.700, reSPECLIVEIY.......cciicciieeiiiiiiie e ettt e e e sare e e e eaees

8.1.2. Place the aggregate and binder container in the oven and heat them to the required mixing
LE=]a0] 1T 1 0 SRR

8.1.2.1. The mixing temperature range is defined as the range of temperature where the unaged binder
has a viscosity of 0.17 + 0.02 Pa-s when measure in accordance to T 316........ccccveeeviiieeesiiieeeeeninns

Note 4 — Modified asphalts may not adhere to the equiviscosity requirements, and the manufacture’s
recommendations should be used to determine mixing and compaction temperatures..................

8.1.3. Charge the mixing bowl with the heated aggregate from one pan and dry-mix thoroughly...

Form a crater in the dry-blended aggregates, and weigh the required amount of binder into the mix
immediately INItIate MIXING.. ... it e e et e e e s sntae e e e ssabaeeeeennsaeeeesans

8.1.4. Mix the aggregate and binder as quickly and thoroughly as possible to yield an asphalt mixture
having a uniform distribution of binder. As an option, mechanical mixing may be used...................

8.1.5. After completing the mixture preparation, perform the required mixture conditioning in
FTololeTqo o To IV d o 2 10 O PRSP

8.1.6. Place the compaction mold(s) and base plate(s) in an oven at the required compaction
temperature for a minimum of 30 min prior to the estimated beginning of compaction (during the time
the mixture is being conditioned in accordance With R 30) ......cccccvieiiiiiiiieiciiiee e,

8.1.7. Following the mixture conditioning period specified in R 30, if the mixture is at the compaction
temperature, proceed immediately with the compaction procedure as outlined in Section 9..........

If the compaction temperature is different from the mixture conditioning temperature used in
accordance with R 30, place the mix in another oven at the compaction temperature for a brief time
(maximum of 30 min) to achieve the required temperature..........ccceeecieeieeciiiee e,

8.1.7.1. The compaction temperature is the midpoint of the range of temperatures where the unaged
binder has a viscosity of 0.28 + 0.03 Pa:s when measured in accordance with T 316 (see Note 4.)..
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8.2. Plant Produced

8.2.1. Place the compaction mold(s) and base plate(s) in an oven at the required compaction
teMPErature (SEE SECHION 8.1.7.1.) . i ittt e e et ee e e ee e e e e e e sarae e e e eeataeaeeeenraeeaaaans

8.2.2. Obtain the sample in accordance With T 168.........ccccciuiiiiiiiiiiieeeeciiee et
8.2.3. Reduce the sample in accordance With R 47........ueie oot e e e e

8.2.4. Place the sample into a pan to a uniform thickness.........ccccccuevieiiiiiie e,

8.2.5. Bring the HMA to the compaction temperature range by careful, uniform heating in an oven
immediately pPrior t0 MOIAING.......cooi i e e st e e e eeatae e e s eearaeaeesnes

9. COMPACTION PROCEDURE

9.1. When the compaction temperature is achieved, remove the heated mold, base plate, and upper
plate (if required) from the OVEN........c..eeiiii e e e e e eaaaeea e

Place the base plate and a paper disk in the bottom of the mold............ccoccvviiiiiciiiiiiii e,

9.2. Place the mixture into the mold in 1 lift. Care should be taken to avoid segregation in the mold
After all the mix is in the mold, level the mix, and place another paper disk and upper plate (if required)
on top of the levelled Material.......... .. e e e e reee s

9.3. Load the charged mold into the compactor, and center the loading ram...........cccceeevieeeennnen.
9.4. Apply a pressure of 600 + 18 kPa on the SPeCIMEN......coeiiiiii i

9.5. Apply a 1.16 + 0.02 degrees average internal angle to the mold assembly, and begin the gyratory
oo Y Y= o1 f [o ] 1SN

9.6. Allow the compaction to proceed until the desired number of gyrations specified in R 35 is reached
and gyratory mechanism ShUts Off..........ooo i

9.7. Remove the angle from the mold assembly, remove the ram pressure, and retract the loading ram
in the order specified by the SGC manufacturer (the preceding steps may be done automatically by the
compactor on s0mMe MOdElS OFf SGCS) ......uuiiiiiiiiee et e e et ee e e e are e e e aare e e e e areeas

Remove the mold from the compactor (if required), and extrude the specimen from the mold......

Note 5 — No additional gyrations with the angle removed are required unless specifically called for in
another standard referencing T 312. The extruded specimen may not be a right angle cylinder. Specimen
ends may need to be sawed to conform to the requirements of specific performance tests...........

Note 6 — The specimens can be extruded from the mold immediately after compaction for most asphalt
mixtures. However, a cooling period of 5 to 10 min in front of a fan may be necessary before extruding
some specimens to ensure the specimens are NOt damaged........cccveevevevcieeeceeecceee e

9.8. Remove the paper disks from the top and bottom of the specimens.........ccoceeeivviieiiiiiieennns

Note 7 — Before reusing the mold, place it in an oven for at least 5 min. The use of multiple molds will
speed UP the COMPACLION PrOCESS. ... .uuiiiiiiee e eiccccrttiteee e ee e e e eeccrte e e e e e e e e e e s s essstaataeeeeeeeeeeasansrseesanees
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10. DENSITY PROCEDURE

10.1. Determine the maximum specific gravity (Gmm) of the loose mix in accordance with T 209 using a
oo aa] o F= YT o Yo JE-T=T 1 4T o[- SRR

The companion sample shall be conditioned to the same extent as the compaction sample...........

10.2. Determine the bulk specific gravity (Gmb) of the specimen in accordance with T 166 or T 275 as
F= o] o] o] o1 g -1 T

10.3. When the specimen height is to be monitored, record the specimen height to the nearest 0.1 mm
AFtEr @ACK FEVOIULION. ...iiiii it ettt e st e et e e saba e e sbbeesabee s nbaesnsbeeenns

11. DENSITY CALCULATONS

11.1. Calculate the uncorrected relative density (%Gmmux) at any point in the compaction process using
10 g[S o] 1o 1YY T Y= Yo [N F- A o A RSP

%Gmmux = Wm x 100
VmxGmmGm

Where:

% Gmmux = uncorrected relative density at any point during compaction expressed as a percent of the
maximum theoretical specific gravity

Wm = mass of the specimen, g

Gmm  =theoretical maximum specific gravity of the mix

Gm = unit weight of water, 1 g/cm3

X = number of gyrations

Vmx = volume of the specimen, in cm?, at any point based on the diameter (d) and height (hx) of the

specimen at that point (use “mm” for height and diameter measurements)
It can be expressed as:
Vimx = nd’hx
4 x 1000

Note 8 — This formula gives the volume in cm? to all for a direct comparison with the specific gravity
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11.2. At the completion of the bulk specific gravity test (Gmb), determine the relative density (%Gmmx) at
any point in the compaction process as folloWS: ..........ooiiiiie i

Where:
%Gmmx = _Gmbhm  x 100
Gmmhx
Where:
%Gmmx = corrected relative density expressed as a percent of the maximum theoretical specific gravity
Gmb = bulk specific gravity of the extruded specimen
hm = height in millimetres of the extruded specimen
hx = height in millimetres of the specimen after y gyrations

ANNEX A — EVALUATING SUPERPAVE GYRATORY COMPACTOR (SGC) MOLDS — MANDATORY
Al. SCOPE

A1.1. This Annex (Al through A7) covers the evaluation of the molds as a check for compliance with the
requirements outlined in Sections 4.2. and 4.3. Measurements of the mold inside diameter and end-
plate diameters as well as visual inspection of critical surface conditions are included....................

Minimum frequency of this evaluation is 12 months or 80 hours of operation........c.cccceccvveeeeennenn.

The inside diameter of the molds may be measured using a three-point bore gauge or a Coordinate
Measuring Machine (CMM). See Annexes A4 and A5 for additional procedures for using these
(o LoV ol ST

COMMENTS
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