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P
GYRA’IWY TESTIIW

HOT-~

1. SCOPE

KrL-sTD-620A

29 M8y 1$%7

Method 102

MACH~ ME?HIODOF DESIGN OF

BITUKIXOUS PA~

1.1 This test method is Intended for use in design of all dense-graded,
hot bituminous paving mixes in which not more than 10 percent of the aggre-
gate is larger than 1 inch (2.5k cm) in dieter.

2. APPARAZUS

2.1 Mechanical sieve shaker, hand or power-driven, having a capacity of
not less than six fbll-height, 8-inch (20.3 cm) diameter sieves. The shaker
rny be of the large, processing type, of the standard mechanical laboratory
type, or a rocker-type hand shaker.

9
.

2.2 Sieves 8 inches (20.3 cm) in di-ter, of the following sizes: l-inch
(2.54 C=), 3

(
~-hch (1.90 cm), l/2-inch (1.27 cm),d 3/8-~ch (0.95cd

and numbers , 8, 16, 30, 50, 100, and 200. Sieves of suitable size and
height are selected from these for the rnterial to be tested. These sieves
shall have square openings and shall conform to H En. Large,reCtIUWUk
screensand shaking facilities are desirable for more expeditious pmcesslng
of aggregates when a large volume of sample preparation is to be accomplished,

r as in central laboratories.

2.3 Ovens or botplatesfor heating aggregates and bituminous materials
to the following temperatures:-

Tme Bitumen
Mixing temperature, “F. & “C.

Aggregate Bitusnsn

Asphalt cemumt 3W_5° F., lk~2° C. 270f10F., 13~2° C.

Tar, RT-10, -11, or -12 ~5+5° F,, lW’2’ c. --5” F., 93~2° c“

Rubberized tar 25W_5° F., 12122” C. P2~5” F., 107:2°C.

When hotpktes are employed, a metal shield shall be interposed between the
hotplates and the mixing pans or specimen moMs. A shield C- k - by
crimping the edges of a sheet of metal so that there will be an air space
beneath its surface.

2.4 Mixing equi~nt. A comercial bread-dough mixer of 10-quart capa-
city has bee; fk~ satisfactory for
~terial. Two 10-quart mixing bowls

mixing the aggregate and bituminous
and two wire stirrers are deoirable.

&thod 102
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2.5 (3yratorytesting chine as shown in figure 102-1.

2.6 Gmpaction wlds and carryingtrays as shoun in figure 102-2, a and
b. A minimum of two mlds, tw car~ing trays, and two jack beads is re-
qullm?l.

2.7 Steel tamp of the following di=ns ions: l-1/2-inch (3.8-cm-)
-dAa=ter shaft, 7-1/2 inches (19.05 cm) long, tith 3-7/8-inch (9.84-caI-)
-diaaeter foot, 1/2 inch (1.27 cm) thick. The weight of the tamp is
approxirntely 5-1/4 pounds. Steel tamp is shown in figure102-2c to the

right of the spatula.

2.8 hh=shall stability machine consisting of a badlng * incorporating
a loadlng Jack and proving ring assembly (see “figure100-1). The lhrshall
stability test can also be run In any other type of loading -hine that can
produce ● loading rate of 2 inches per mimute.

2.9 Marshall stability breaking head (figure 100-1).

2.10 Flo-ter which till register the deformation of the test speci-n
(figure 100-l).

2.11 Sink with running cold water in tiich the compacted specimens can
be cooled prior to extrusion from the mld.

2.12 Sa@e extractor. A means of applyingload to the sample to e~ect
it from the mid, ouch as a hydraulic jack and fmme or ● lever-arm type
of arrangement for sunually applyingMad b the efiractor.

2.13 Hot water baths.

(a) For heatingtest specimens, one hot-water bath with
mechanical water agitator and the-static controls
cmpable of snlntalning the following uretertemperatures:

Type bitumen Mamhdl stability
test temperature~ “F. & “C.

Asphalt cement 140-1- F ., W-l”c.

Tar lW-1” F., 3A 1“ c.

Rubberized tar l*_1° F., 49++1“ c.

-

.

The water-bath tank shall be at least 18 by 20 inches
(46 by 51 cm) in size, have a perforated false bottom,
and shall be sufficiently deep for lsmersion of the test
apeci=ns .

~thod 102
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(b) For heating wlds and jack heads, one hot-wazcr bath
with mechanical agit~tor and thermostatic coacnls
capable of sdntd.nlng ● te~~ture of lti” F. (~” C.)
plus or minus 5“ F. (2” c.)-

2.14 Appurtenant equi~nt:

(a)

(b)

(c)

(d)

H

e
f

(g)

(h)

(1)

(J)

(k)

(1)

(m)
(n)

(o)

(P)

4 WNYQ pw, l.f?by 18 by 4 Imches (31 by 45 by 10 cm), for

_ aggregates.
3 pouring cans with handle for heating bltumnous cernnt,
l/2-gallon size.
10 metal pans tith capacity for aPProxi=tel: ~~ g of
aggregate.
1 scoop, approxl-tely 2-qu-t size, for han’;Liw hot
aggregates.
2 spatuw, 1- by 6-imh (2.5- by 15.2-cm) b~de.
6 thermometers for determining temperatures of the aggmqptes
and bituminous mixtures. Armored glass thenmmetera or dial
type with metal stem,havinga range of 50° 7. (10° C.) to
400” F. (204° C.) with sensitivity of 5° F. ii?”C.) are
acceptable.
2 thermometers, gl-s, mercury, for hot-water bath with range
appropriate for type of bituminous ~terial ~ensitive to 1‘
F. (l° C.).
2 tronls, rectangular blade, approxi~tely ? by k inches (5.1
by 10.2 cm).
1 balance, ‘~-kg capac~ty, sensitive to 1 g, ?or weighing
bituminous materiel and aggregate mixtures.
1 balance, 2-kg capacity, senultive to 0.1 g, for -l&hiw
compactedi?~?ilM?Y)Bn

1 wire basketand waterbucket suitable for twlghing Com-
pacted ~pecimena in water.
6 pairs of gloves,leatherpalm or ~lders, for handling hot
equipment.
1 clipboardfor data sheets,
1 pair of gloves, rubber, gauntlet type, for liftlng specimens
fromhot-titer bath.
1 OCOOP , flat bottom, of adequate
bituminous mltiun? in mlds prior
I trowel, 6-inch (15.~-cm) garden

size for use in placing
to compaction.
type, for use in preparation

of mixes .

3“ SELECTION OF GYRA!NRXCOMPACTIONEF’KWI’

3.1 The gyratory testing suchine Is capable of preparingpavementte8t
speclzoenswer a tide rangeof compactIon effortsby varyimgthe compaction
mressure. the -atov arule, and the n~er of ~vol~io~s For design of

&wesmt~ with~
be selected that
‘tainedby impact

the conv~ntlonalrange of densities, =hine aettings can
will T-esllltin pavementdensitiesequivalentto those ob-
Compaction, j.e. by standard Mamhall hammer (see *thod 100).

Method 102
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In the impact compaction method, 50 blows on each end of specimen shall be
used in designing mixes for roads, streets, and facilltIes for aircraft with
low-pressure(up to 100 psi) t 1=s, and 75 bbws for airfield facilitlea for
heavier planes (tire pressures from 100 to 200 psi). The following te ta-
tive ~hine settings to obtain equivalent compaction are eugge8ted: ?~

Impact Compaction oyratory Compaction

50 blow per end XKl psi, 1 degree, 30 revolutions

75 blows per end 200 psi, 1 degree, 30 revolutions

The gyratory testing mchine can also be used in the design of airfield
pavements for mre severe types of tmffic, i.e. where tire pressures will
exceed 200 psi and coverages will be concentrated in certain areas of the

The following tentative -chine setting to simul.atetraffic of
h%we%ber or cargoaircraft is suggested: &./

Traffic coverages Gyratory Compaction

5,000 240 psi, 1 degree, 60 revolutions

4. DETERMUATIO?l OF DESXIWBITUMINOUSMATERIALCOMl!ENI

k.1 The design bituminous rnteriel content shall be determined in several
steps. First the design bituminous smterial content for the aggregate be-
ing teeted shall be esti!=ted, then the correct proportions of each size
aggregate shall be blended to produce the required aggregate gradation,
after which the test specimens shall be prepared and tested. The design
bituminous material content shall be selected on the basis of the test
results. Details of theee steps are as follows.

4.1.1 Selectionof test bittmsinous~terial contents. To start the
laboratory tests, esti=te a design bituminous -terial content for the

~l$ate to be tested. Then prepare specimens at the estiwsted design
bituminous -terial content, and at a minimum of four other bituminow
material contents - two above,and two below the estismted design content.
One percent incremental changes in bituminous ~terial content my be used
for preliminary work;but 0.5 percent incremental changes usually are used
when the approxi-te design bituminous nuterial content is known and for
final designs.

~/ The correlations are based on limited laboratory and field tests and my
be revised as mre data becosm available. Users of the gyratory testing
=hine should attempt to establish their own correlations and adopt
compaction criteria appropriate for the traffic conditions anticipated for
the pave-t being designed.

--

p-

Method 102
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&4.1.P Preparation of aggregate blend. After tt ham been tenzl.nedthat

P
the proposedaggregate will meet the specification requlreznnts for qualtty
and gradation, dry to constant weight at 230° F. (110° C.) a uufflcient
quantity of aggregate of the correct stockpile or plant-bin proportions to
-e the required number of test specimens (at least two per bituminous
=terial con~nt). Then separate this entire quantity of d~ aggregate Into
oeve=l size ranges by sieving. Preparation of test specimens by recombining
separated size fractions prevents nonuniformity of test specimens resulting
from aggregate segregation during handling and heating. For e~le, the
following size separations are suggested for a paving mix having a 3/k-inch
WI= size aggregate: 3/k-inch (1.90 cm) to 3/8-inch (0.95 cm), 3/8-Inch
(0.95 cm) to No. 8, No. 8 to No. 50, finer than No. 50, and mineral filler.
Sepamtions my vary, depending on the gradingof the aggregate and on the
aggregate heating and screeningfacilitiesmailable. Recombine the aggre-
gates by taking a sufficient quantity of each size to produce the required
proportions, as indicated in the first three colums of figure 102.6. After
recombl.nlng,run a sieve analysis to Insure thet the specified grahtlon has
been obtained.

4.1.3 Prqmration of test specimens. R’epure the laboratory test speci-
mens to a standarddiameterof k inches (10.16 cm) and height of 2Y1/2 inches
(6.35 cm) plus or s&ma 1/8 inch (0.32 cm). Experience has indicated that
a batch containingappraxizmtely 1600 g of dry aggregate blend i~ adequate
for one spec~. The percentage of bituminous =terlal 18 based on the
totalweight of all ingredients in the alxtu=; a mlx having 4 percent
bituminous mterial thus has 96 percent aggregate and filler. The percentage

and weight of each aggregatefractionand of the mineral filler me rnintained
essentially constant for every batch. The totalweightof aggregate plus
bituminous mterial at any particularcontentIS determinedas follows:

Percent aggregate

If 1600 g of aggregate is
batchvouldweigh 1667g,

100 = aggregate + bituminous rnterial weight

taken to be 96 percentof the batch,the total
which indicates the need for the addition of 67 g

of bituminous =terial. - These computations are made separately for each
bituminous ~terial content selected for ‘testing. Figure 102.6 is a form
for use in these calculations. Prepare the dry aggregate for each batchl
and heat to the required temperature as indicated In the tabulation below.

Mixingtemp, “F. & “C. Compaction
Type bitumen regate Bitumen temp, “F. & “C.

Anphalt cement 3~~F., 14F-2” C. 27~5” F., 13~2- c. 25~5- F~) 121z2- C.

!lhr,RT-10, 225+5° F., 107~2° C. 2~_5” F., 93~2” C. 1~-5” F., 82:2” C.

-11, or -12 -

Rubberized tar 250+5b F., 121~2” C. 22~5” F“, 107L2” c“ 2w_5° F., 121~2° C.

kkthod 102
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Then, chargethe mixingbal tith the desired veight of heated ~gate and
fom a crater In the dry -gate blend after hand-aixing tith a travel.
Next, weigh the required amunt of blttius material, heated to the correct

#
-

temperature as indleated In the tabulation, into the hot qggregate blend.
MIX the aggregate and bitumlnoau ~terial u thoroughly and mpidly as possible;
mechsaical mixing is rec~nded.

k.~.& m ~-, me ~ed~s for sett~ mfii~l ~~~ ~d

~tion angle of the gyratory Ccmpactor are given in 7. gteps to be followed
in filling and placing the mold in the gyratory compactor, tiimg the teat,
and rwmving the SPC- fmm the mchine are described belov.

4.1.4.1 Reheat the test molds and jack heads in a water bath to 160° F.,
(71” C.) plus or sinus 5° F., (2” C.). Assemble the lover jack head and the
mold on the carrying tw aa shoun in figures 102-2a and b. Put a paperdisk
over the $ack head. Fill the -Id vith sufficient rnterlal to prod~e ●

compacted wuple 2-1/2 ~hes (6.35 cm) plw or minus 1/8 inch (O.3? cm) in

height. (A fev trials will indicate the quantl@ of mix required to produce
a sample of tbe required dimensions.) Figure 102-2c shows equlpmsnt and set-
up for fiZlingthe mo~d. Insertthe spatula along the inside of the wld.
-s the spatula twice around the inside of tbe mold in an up-and-dovn saw-
ing motion to seat the MIX against the mold and remove cavities. ml off
the rnteriaJ with ● trowel; than Q l$ghtly vIth the steel ~ tO C~O~i-
date the mix in tbe mold. Plane _er pa-r disk on top of tbe mixture.

4.1.4.2 Carry the filled ~ld on a tray and insert intothe x)ld chuck of
the gyratory testing ~hine ahovn in figure KX?-2d. Raise lover jack bead
against the specimen, using l’hllrertical pressuws selected for test. Pressure 4’
against the saqple create~ sufficient wall friction to hold the mold in posi-
tion and permits remval of tbe carrying tray. Placetbe chuckC- in
position over the mold and tighten as shown in figure M2-2e. 8tart recorder
and then Btart the gyratmy whine.

4.1.&.3 After completion of compaction, stop the ~tory machine; then
stop recorder. Iaosen chucklugs and msmve the chuck clawp. Placethe
carryingtray in posItion, lover the $wk ram, nnd re~e the mld contain-
ing the s~le. bt the sample cool mmd reanre it from the mold by ~ans
of a hydraulic jack or simila.rapparatus. Handle the sa@e carefully, and
place on a smooth, lwel mrface until needed for further testing.

4.1.5 Selection of design bit~nous ~terial content. The gyratory motion
charts -e by the recorder m’e called gyro~@s. The pint vhere spreading
begins on the gyrographs establishes the mmimum permissible bituminous
-terial content. Typical gyrograpbs are shown in figure 102-3 together with
density versus bitmn content data. In this e~le, the unit ualght of

W@WFte only ~ =hed a -i- at 4.0 percent bituminous rnterial con-
tent, and the gyrographs exhibit little if any spreading. At b.5 percent
bituminous material content, ‘unitveight of aggregate only has decre~ed,
and tbe gyrogzaph definitely shows Spreading. These remits indicatea loss
in density and strengthand that the “optimum”has been exceeded;

Method 102
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auterial content must be selected. Hence,
content In this example is conside~d to be

5* ~ION OF CYllEERPROHHHES OF TEST SPECSMEUS

5.1 After selection of design bituminous mterial ?oatent, test the
samples with this bituminous material content for densIty, stability, and
flowas &scrlbed in method100, undertest procedure.

6. ~IURT

6.1 Report test results on a form sintilarto that illustrated in figure
M@+ .

7. PROCELWRE FOR SEZIWG VERTICAL PRESURE AND GYRATIOM ANGLE (DEGREES

){ mm) FOR GYRA!FORYTESTING MACHIIUZ

‘?.1 setting vertical pressure.

7.1.1 The fbrmula for the vertical sample pressure, Ignoring friction and
weight of components~ is:

/-’
where

-----
P=

p.

AR =

As=

vertical pressure on sample, psi.

gage pressure, psi.

area of hydraulic cylinder ram, sq in. (sq cm).

area of sample, sq In. (sq cm).

‘lhlsfomula 18 used only for nmklng approxinnte calculations. For exact
meaaum=nts, the machine must be calibratedfor vertical pressure by use of
a proving ring inserted between the two Jack heads. The calibration shall
cover a range from O to 4000 pounds (1800 kg) total load; therefore, a proving
ring of somewhatgreater capacity than 4000 pounde (1800 kg) is required.

Note: The vertical pressure for operatIon of the gyratory
— mechanismshall not exceed250 psi by more than 10 psi.

The co-et vertical pressure as Indicated by the presoure gage is met with
the pressure controlvalve as shown in figure 102-5a.

Method 102
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7.1.2 Settln8 ~tlon angle. The gyration angle 16 set aa follovs: ;

(a)

(b)

(c)

(d)
(e)

(f)

(8)

(h)

(i)

Set the top roller at its lowestpositIon by UEUNVof the detachable
hand crank. (Eota: To avoid breaking the rollers, they shall --
always be set =Wt the solid side of the rim is on the inside

traveling position.)
Set the loucr rollm to amy position approxi-ting the desired
angle (~lgure 102-5a).
Load a sample of aaterlal in the machine and operate the whine
for several revolutions under the vertical pressure to be used
In testing.
Stop roller carriage but anintain Vetilcal pressure.
By hand operation, as shown In figure 102-5c, position roller
carriage so that the top roller is in front and the llne on the
csrriage coincldee tith the line on the front of the mcbine.
Operate recorder to obtain a wk on the recorder paper as
indicated by the upper mwk in figure 102-5e.
By hand operation as shown in figure 102-5d, positton the roller
carriage so that the bottom roller is in front and the line on
the carriagecoincides with the line on the lh’ontof the ~chine.
Operate recorder to obtain a mark on the recorderpaperas indi-
cated by the lower nwk in figure 102-5e.
Count the number of SM1l divisions of the recorder paper between
the two horizontal lines made as described above. Eight small
divisions of the recorder papery equalone degree~tlon angle.
If the correct number of divisions is not obtained, then adjust
the vertical position of the bottom roller and repeat the steps
outlined above.

~c~No. BL 923, Brush Electronics Company.

Method 102
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FIGURE 102-1. (lyratory testing machine for bltundnous paving mixtures.
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~(JmE 102-2. Step6 In loading ~h?l’ t~stj.ngmachine.
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