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INTERNATIONAL

Standard Test Method for

Compaction and Shear Properties of Bituminous Mixtures
by Means of the U.S. Corps of Engineers Gyratory Testing
Machine (GTM) !

This standard is issued under the fixed designation D 3387; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

1. Scope 3.1.2.2 Minimum gyratory angle or shear strain (minimum

1.1 This test method employs two separate modes of oper@yrograph band widthg;(see Fig. 1), and . _
tion of the Gyratory Testing Machine (GTM), namelya)( 3.1.2.3 Maximum gyratory angle or shear strain (maximum
GTM fixed roller mode; andk) GTM oil-filled roller mode. ~ 9yrograph band width,., (see Fig. 1). _ _
The fixed roller mode of operation is employed in testing for 3-1.3 gyratory stability indexGSI)—the ratio of the maxi-
compaction and strain indices only, while the oil-filled roller Mum gyratory angle to the minimum gyratory angle (see Fig.
mode of operation is employed in testing for strength properd)- . _
ties as well as compaction and strain indices. This test method 3-1.4 gyratory compactibility indeXGCI)—the ratio of the -
is for use with mixtures containing asphalt cement, asphaltnit mass (total mix) at 30 revolutions of the GTM to the unit
cut-back, asphalt emulsion, or tar and aggregate up to 1 ifnass (total mix) at 60 revolutions of the GTM.
(25.4 mm) maximum size in the 4-in. (101.6-mm) diameter 3-1.5 gyratory shear strength —the shear resistance of
specimen and 1.5 in. (38.1 mm) maximum size in the 6-infh€ specimen which is, among other things, a function of the
(152.4-mm) diameter specimen. imposed vertical pressure and degree of strain (see Annex Al).
1.2 This standard does not purport to address all of the 3.1.6 gyratory shear facto(GSF)—the ratio of the mea-
safety concerns, if any, associated with its use. It is théured gyratory shear strength to the approximate theoretical
responsibility of the user of this standard to establish appro-maximum induced shear stress, that is, a factor of safety type
priate safety and health practices and determine the applicaldex with regard to failure in simple shear for the defined

bility of regulatory limitations prior to use. loading conditions.
2. Referenced Documents 4. Significance and Use
2.1 ASTM Standards: 4.1 Either mode of operation (fixed roller or oil-filled roller)
C 136 Test Method for Sieve Analysis of Fine and CoarsdS intended to be used for guidance in selection of the optimum
Aggregated bitumen content and establishing unit mass requirements;
C 670 Practice for Preparing Precision and Bias Statemeng@dditionally the oil-filled roller mode of operation is intended
for Test Methods for Construction Materials for use in arriving at a shear strength factor (referred to as
gyratory strength factor, GSF) with regard to shear under the
3. Terminology load and strain conditions selected for the test. The procedure
3.1 Definitions: described here is for one selected degree of shear strain (in this

3.1.1 gyrograph—a recording of shear strain experiencedcase an initial gyratory angle of 1°) and some selected vertical
by the bituminous mixture during the compaction test (see Figeressure (in this case the anticipated tire contact pressure).
1). Attention is called to the fact that the gyratory angle selected

3.1.2 gyratory angle—a measure of the magnitude of the should relate to the anticipated pavement deflection. The 1°
gyratory strain. Three pertinent angles are defined as followsingle selected here should have wide application but should the

3.1.2.1 Initial gyratory angle or shear strain (machine setPavement engineer select a different shear angle (such as a
ting) 0,(see Fig. 1), degree of shear strain), it should be so indicated in the report.

It is essential that the vertical pressure correspond to the
_ maximum anticipated tire contact pressure, since the theoreti-
' This test method is under the jurisdiction of ASTM Committee D-4 on Road cal stress for compaction and maximum induced shear used in

and Paving Materials and is the direct responsibility of Subcommittee D04.26 °ertermining the compaction requirements and the gyratory
Fundamental/Mechanistic Tests. h GSF) is b d h f lovi
Current edition approved Sept. 30, 1983. Published November 1983. Originall)strengt actor ( ) IS based on the concept of employing

published as D 3387 — 74 T. Last previous edition D 3387 78. realistic loads for the test.
2 Annual Book of ASTM Standardgol 04.02.
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Date

Operator.

Sample Identification Dense Graded Crushed Stone (3/4-in. max)

Ram Pressure Gage Reading 202

Aggregate Temp. 300 + 5°F

Dry Batch Mass 1247.6 g

Mass, g

Unit Mass = W

Initial Shear Strain, 8, = 10/10

% 0.303" Ib/ft3

Vertical Pressure on Specimen 720 psi

Bitumen Temp. 270 + 5°F Compaction Temp. 250 + 5°F
Bitumen Mass 65.7 g Bitumen Content 5.0 %

* (Use 0.303 for 4-in. diameter specimen.)
(Use 0.1347 for 6-in. diameter specimen.)

Intermediate Shear Strain, 8, = 74.3/10

Maximum Shear Strain, fnax = 15.0/10.0 =175 x 1.5° = 2.6 %

Stability Index, 6na./6, = 15.0/14.3 = 1.05

Compactibility index = —0"2¥ Y1M . ¢ 989
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2.635 2.634 2.633 2.634

FIG. 1 GTM Compaction and Shear Test



NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

Ay D 3387 - 83 (1996)

GYROGRAPH RECORDER!

— THERMOSTAT

BACK HEATER—

VERTICAL Tﬁd% i -

GAGE j

SWITCHES —————F/ ] TERONT
NOTE . RAM PﬁESSURi/\ HEATER
UPPER ROLLERS REGULATOR _ i
INTERCHANGED SECTION A |

SPECIMEN =~ |,
Zg. %U’!}' ﬁg?'?ofﬁ _ - LEVELING LEVER .
' B |RAM P/?EssuﬁtL,\ \‘\ GARNIAGF‘ .
FIXED L 6AUGE || DRIVE GEAR N
UPPER ROLLER | REVOLUTIONS|| —.. ... _. _ | OILFILLED o
OR Ty COUNTER th_,,ﬂ;_/)@ﬁ %fozn Bt i
OIL FILLED ~ 1 _ . ."_ﬁ.l T 4
| A JroLLer
UPPER ROLLER (WO GaRAiaee] ‘ ‘
L T 1T TR 4

HE"’L,,, - SWITCHES s 1 )“ Vi Z);%‘glb/g " \
GYROGRAPH VERTICAL] \ \ ALL 7 = ] 4
RECORDER ™~ TRAVEL }—T P z : FRICTION JACKS v m )

—— b GAUGE NS o8 GHUCK SUPPORT SPRING#A 0N = ) ROLLER
ADJUSTABLE REMOVABLE & i MOLD CHUCK o Kz |CARRIAGE
RECORDER ARM |~ EorION OF Al & o b 7 -

SUPPORT | *% MOLD CHUCK i ~ WALL FRICTION YOKE L{f%ursomﬂf
ADJUSTABLE - g b f] M
profai ~ =‘J ‘ : | WALL FRICTION JACKS ROLLER
SUPPORT ‘ P PRESSUR, ;
] I ) caNTROL J Ak CEL | [RoLLER CHUGK - 771557' SPECIMEN
ELECTRIE ; CLLER . p— iy un;maz ADAPTER &, (LOWER JACK
CONTROL oace | SWITCH ERT_ ,. \HEAD
box ~ 1TeH RAM { ; " Brine
HYDRAULTC - Tt~ SUPPORT NGB N [rRay
POWER =
ROLLER UNIT | ROLLER
CARRIAGE|__| v ‘ = %ﬁ’nuaf
DRIVE HYDRAULIC) | 1t k
cyu/vo.ta'g:L L gLU;GI-I
- ]
EW/TGH @; @M
< ®
SECTION THRY
SIDE_VIEW-—PART SECTION FRONT VIEW— PART SECTION GYRATING DEVIGE

FIG. 2 Gyratory Testing Machine

4.2 The gyratory strength factor (GSF) must be interpreteds. Apparatus

with due recognition of the use of the somewhat arbitrarily 5.1 Gyratory Testing Machine (GTM) and Appurtenanees

) oo . The primary equipment for this test is the Gyratory Testing

shear (the unit contact pressure leld_edTlf)yfor astrip load  p1achine (GTM¥ and appurtenances. Fig. 2 is an assembly

on4a3hgﬂwogene(;ui_elastmhalg/f|sotropd|c mass. h lecti Frawing of the machine (and appurtenant equipment) indicat-
' e use of this method for guidance in the selection o ng essential features, including the wall friction apparatus and

the opt{.rglurr}[ b{thumc(jan clontent Its I1|Em|ted to mixtures that arﬁa schematic of the gyrating mechanism. The fixed upper roller
susceptible o the development of eXCESS pore pressure Whgly 1he ojl-filled upper roller are interchangeable; the roller

the voids become overfilled with bitumen. (This restriction being selected to fit the mode of operation of the GTM

does not apply to the gyratory strength factor, GSF.) A gyratory 5.2 Ovens—Ventilated ovens shall be provided for heating

stability index (GSI), in excess of unity, indicates a progressive reqates. bitumin material and imen molds and for
increase in plasticity during densification. An increase in thiAdgregates, bituminous material, and specimen maolds and 1o
uring cut-back mixes and emulsion mixes. It is recommended

index indi n ex ive bitumen content for th m ) ) .
dex indicates an excessive bitumen content for the compa hat the heating units be thermostatically controlled so as to

tion pressure employed and foretells instability of the bitumi-~ """ " : T N
nous mixture for the loading employed. A reduction in oil-filled maintain the required temperature within 5°F (2.8°C).

roller pressure during the compaction process likewise indi- 9-3 Balances one having a capacity of 5 kg or more,
cates loss of stability because of overfilled voids; this phenom$ensitive to 1.0 g; and one having a capacity of 2 kg, sensitive
enon also serves as an indicator of maximum allowabld® 0-1 G-
bitumen content as does the widening of the gyrograph which
gives a stability index in excess of unity.

4.4 The gyrato.rY.CompaCtlblllty. index (GCI) is an _md_lcator 3 A novel mechanization of the original Texas gyratory principle. This machine
of the Compa9t|b|l|ty of .the mix. The closer this indeX is manufactured by Engineering Developments Co., Inc. of Vicksburg, MI 39180,
approaches unity, the easier the mix is to compact. under letters Patent Nos. 2972249 and 3478572,
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5.4 Thermometers-Armored glass or dial-type thermom- aggregate (aggregate shall be separated by means of a No. 4
eters with metal stems are recommended. A range from 50 t@.75-mm) sieve). Separate the aggregate into the various size
400°F (9.9 to 20.4°C) with sensitivity of 5°F (2.8°C) is fractions necessary for accurately recombining into test mix-
required. tures conforming to specified grading requirements.

5.5 Spacer Blockstwo metal spacer blocks for use in 6.3 Preparation of Mixtures-Combine the moisture-free
zeroing the specimen height measuring equipment. These shaljgregates into batches sufficiently large to make specimens
all be of 2-in. (50.8-mm) diameter with one each of theapproximately 2.50 in. (63.5 mm) long in the 4-in. (101.6-mm)
following lengths: 2.56= 0.005 in. (63.50+ 0.013 mm) and diameter mold and 3.75 in. (95.3 mm) long in the 6-in.
3.75=* 0.005 in. (95.25+ 0.013 mm). (152.4-mm) diameter mold. For normal aggregates, this will

5.6 Miscellaneous ApparatusTrowels, spatulas, scoops, require approximately 1200 g for the 4-in. (101.6-mm) diam-
gloves, rubber gloves, metal pans, 4-in. (101.6-mm) diametegter specimens and approximately 4050 g for the 6-in. (152.4-
paper disks, and 6-in. (152.4-mm) diameter paper disks. mm) diameter specimens. Heat the aggregate to the proper

) mixing temperature; then weigh the required amount of bitu-
6. Test Specimens men at the proper temperature into the aggregate mixture.

6.1 Selection of Bitumen Content for Specimei@onduct  Mixing of the aggregate and bitumen shall be as thorough and
laboratory tests for one specimen each at a minimum of thrempid as possible; mechanical mixing is recommended.
bitumen contents, one above, one below, and one at the ) o . .

Note 1—A first approximation of the optimum amount of bitumen for

estimated OF?“mum content (see Note 1). The increoment%e aggregate may be determined by any method commonly employed by
change of b[tl.-'men content should Qenera”y be 0.5 %. Fofhe laboratory. A method that has been found suitable in some laboratories
extremely critical mixes, lower the incremental change ofis the centerfuge kerosene equivalent method.

bitumen content to 0.3 % and for highly absorptive aggregates, ¢ 3 1 For mixes employing penetration/viscosity grades of

increase the incremental change of bitumen content 10 1.0 %qppait the temperature of the aggregate and asphalt at the
Tests on additional bitumen contents should be conducted as

necessary when check tests are needed.
6.2 Preparation of Aggregatesin accordance with Test
Method C 136, obtain a sieve analysis on the fine and coarse * california Highways and Public Works, Vol 20, No. 7, July 1942, pp. 14-17.

Date

Operator

Compaction 120 psi, 1°, 60 Rev.
Sample Identification Dense Graded Crushed Stone (¥-in. max)

Tmax = Vertical Pressure/x = 120/3.14 = 38.2 psi Machine Correction to Sg = —10 psi

8, =10/10=1.0° = 1° 0’; Tan 8, = 0.0175

Bitumen Vg:lgc:IRF;rae;?\lge Total Vertical Specimen Height, h, in. Roller Pressure Gage Reading, p, psi
Content, % psi ' Pressure, psi 1 3 4 Avg 1 3 4 Avg
4.5 202 120 2.648 2.640 2.642 2.64 21 18 21 20
5.0 202 120 2.635 2.634 2.633 2.63 19 18 19 19
5.5 202 120 2.606 2.604 2.606 2.61 13 14 14 14
Wall Fric-  Wall Friction  Total Verti- Shear, S, psi
- b 90.0por 2826hor GSF
B max: d€Q [: - tion Gage 382For cal Load, . V-b A A Uncor-
i ®  Readingosi 2.85 FA v.Ib h-tan 6, 50.0p 12.65h Loor Corected  SolTmex
1.42 1.42 60 230 1507 0.046 69 1800 33 71 61 1.6
1.50 1.50 100 434 1507 0.046 69 1710 33 61 51 1.3
1.68 1.68 120 536 1507 0.046 69 1260 33 40 30 0.8
A Select term to match applicable formula.
TM Model 4C GTM Model 6B-4C
4-in. diameter specimen 4-in. diameter specimen
g XP—285F+ Vb <gm> §o = X0P=255F+V:b <gm)
12.56 h 8o 12.56 h 8,

6-in. diameter specimen

o= 0P -382F+ v-b(gm>

28.26 h 8,
FIG. 3 GTM Shear Test



NOTICE: This standard has either been superceded and replaced by a new version or discontinued.
Contact ASTM International (www.astm.org) for the latest information.

Ay D 3387 - 83 (1996)

time of mixing should correspond to the temperatures antici6-in. (152.4-mm) diameter specimens shall be approximately
pated to be used at the plant during manufacture of the paving.75 in. (95.3 mm) long.
mix. These temperatures will generally be somewhere in the o
range of 250 to 325°F (121 to 149°C). Once the mixing?- Calibration
temperature is selected, it should be so controlled that the 7.1 See Annex A2.
viscosity of the bitumen will not vary more thann50 cSt
during the mixing process. 8. Procedure
6.3.2 For tar mixtures, the temperature of the aggregate and 8.1 General—The GTM-fixed roller is employed when the
tar at the time of mixing should correspond to the temperaturesompaction test only is required. The GTM oil-filled roller is
to be used at the plant during manufacture of the paving mixemployed when both the compaction test and the shear test are
This temperature will generally not exceed 225°F (107°C)required. The oil-filled roller procedure is accomplished in
Once the mixing temperature is specified, it should be s@equential steps including the compaction test, shear test, and
controlled that the viscosity of the tar will not vary more than wall friction test as outlined in this section. (The procedure for
+5 Engler specific viscosity during the mixing process. determining the machine correction f&; is presented in
6.3.3 For mixtures employing liquid asphalts (cut backs orAnnex A2.) When using the fixed roller, inapplicable portions
emulsions), the asphalt need not be heated but the aggregatkthe following instructions are ignored.
should be dried to constant weight at 221 to 230°F (105 to 8.2 Compaction or Compaction and Shear Festig. 1 and
110°C). The liquid asphalt should be combined with theFig. 3illustrate data sheets which are suitable for recording and
aggregate at room temperature. Following mixing, cure thealculating compaction or compaction and shear test results
loose mixture in a ventilated oven maintained at 221 to 230°Fnd for displaying the gyrograph (shear strain) recording. The
(105 to 110°C) for at least 12 h prior to compaction at thisgyratory strain angle®,, 6;, and 6, are indicated on the
temperature. The mix may be stirred occasionally duringgyrograph displayed in Fig. 1. For this test, set the initial
curing to accelerate loss of volatiles. gyratory angle§,, at 1°. Roller positions 2 and 4 (Fig. 1) are
6.4 Size of SpecimensThe 4-in. (101.6-mm) diameter used in setting the initial gyratory angke, A trial batch of mix
specimens shall be approximately 2.50 in. (63.5 mm) long. Thés used in making the initial gyratory angle adjustment. Make
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certain that the specimen molds are thoroughly clean and fregage shall be recorded in the space provided as illustrated in
of defects. Excessive wear or grooving in the molds in the are&ig. 3. Immediately after completion of the wall friction test,
of contact with the upper and lower plates will have an adversghe test specimen should be removed from the GTM and the
effect upon the compaction as well as the gyrograph (shedower roller brought back to the 1° setting so that the machine
strain) recording. Instructions for the compaction temperaturets ready for the next test specimen.

for the laboratory specimens are presented in 6.3.1 through

6.3.3. Set the GTM heater at 140°F (60°C) at least 15 mirp- Calculations

before starting the compaction test. Preheat the mold and base9.1 Calculations for Compactioa-Calculate the following
plate at 140°F (60°C). Place paper disks in the bottom of theompaction properties for each specimen, as illustrated in Fig.
mold and on top of the loose mix to prevent the bitumen from1: (a) unit mass, total mix;kf) unit mass, aggregate only; and
adhering to the end plates. Place the entire batch in the mol@) gyratory compactability index (GCI).

avoiding hand troweling or tamping as it is desired that the 9.2 Calculations for ShearCalculate the following gyra-
compaction process be completely mechanically controlled imory shear properties (when applicable) as illustrated in Fig. 1
order to attain the highest degree of precision and reprodu@nd Fig. 3: &) gyratory stability index (GSI); ) gyratory
ibility. Use the mold-carrying tray to load the mold containing shear §&;); and €) gyratory shear factor (GSF).

the mixture into the machine having first placed the wall

friction yoke in position when employing the oil-filled roller 10. Graphical Presentation

mode of operation. Raise the ram and use a vertical pressure10.1 For convenience of analysis, the parameters calculated
just sufficient to retain the specimen while the front of the moldin Section 9 may be plotted against bitumen content. The
chuck is tightened securely in position. When the mold chuclgraphs may be to any convenient arithmetic scales as illustrated
is securely tightened, increase the vertical pressure to the fulh Fig. 4.

compaction test pressure. Now bring the gyrograph recorder

pin into contact and actuate the roller carriage and continuél. Report

revolutions, stop the carriage and record the specimen heigbch specimen tested using either the fixed roller or the
and roller pressure readings (when required) at three positions|-filled roller mode of operation:

1, 3, and 4 (29 to 30 revolutions), as indicated in Fig. 1, thus 11.1.1 Mixing temperature,
completing 30 revolutions. Continue to apply additional revo- 11.1.2 Viscosity of bitumen at mixing temperature (give
lutions until a total of 59 is reached. Again record height andrange),
roller pressure readings (when required) at three positions 1, 3, 11.1.3 Compacting temperature,
and 4 (59 to 60 revolutions) as indicated in Fig. 1, thus 11.1.4 Viscosity of bitumen at compacting temperature
completing 60 revolutions. (Specimen height and roller-(gjve range),
pressure reading may be taken at more frequent intervals of 11.1.5 Initial gyratory angle,
revolutions when more detailed delineation of these parameters 11.1.6 Vertical pressure,
is desired.) 11.1.7 Number of revolutions,

8.3 Wall Friction Test(applicable when employing oil- 11.1.8 Unit mass total mix,
filled roller mode of operation)—Immediately following the  11.1.9 Unit mass aggregate only,
compaction and shear test, lower the vertical ram slightly so as 11.1.10 Gyratory stability index (GSI), and
to relieve the pressure on the bottom roller. Lower the bottom 11.1.11 Gyratory compactibility index (GCI).
roller a sufficient number of turns to ensure that it will be out 11.2 In addition to the parameters in 11.1, the report shall
of contact with the mold chuck. (Keep account of the exacinclude the following parameters for each specimen tested
number of turns so that the roller can be again reset to exactlysing the oilfilled roller mode of operation:
the same position.) Reapply the compaction pressure to the ram11.2.1 Gyratory shear strengt&], and
and cycle the roller carriage several times in order to level the 11.2.2 Gyratory strength factor (GSF).
specimen. With the compaction pressure still acting on the
specimen, loosen the mold chuck bolts and remove the frork2. Precision and Bias
section of the chuck so that the specimen mold is no longer 12.1 Statistical data available at this time are limited to a
restrained by the chuck. Install the two wall friction apparatusseries of within-laboratory tests by the U.S. Army Corps of
jacks beneath the wall friction yoke as illustrated in theEngineers Waterways Experiment Station. Tests were con-
assembly drawing, Fig. 2. With the vertical load acting on theducted on one high quality hot mix bituminous concrete
specimen, the force required to overcome wall friction andconsisting of a dense grade#h(in. max) crushed limestone
move the mold with respect to the specimen shall be detemggregate with 5.0 % (85 to 100 penetration) asphalt cement. A
mined by observing the pressure gage of the jack whilgotal of 50 compaction and shear tests were conducted by a
actuating the jack. The pressure reading will be found tasingle-operator on identically prepared samples over a 2-week
increase with each thrust of the jack until there is sufficientperiod. Five samples were tested per day using the same five
force to move the mold with respect to the specimen. Thet-in. diameter molds throughout the test series. All 50 samples
pressure reading will then stabilize to about the same valuerere mixed prior to the start of testing and reheated to
after each thrust of the jack. The reading of the wall frictioncompaction temperature when needed.
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12.2 The statistical data obtained from this investigation are 12.4 Use of these tabulations in judging the precision to test
presented in Tables 1-4 . The test results in Table 1 are basedsults must be limited to within-laboratory test on dense
upon the 50 individual test measurements, while each resufraded hot mix bituminous pavements. Precision criteria for
used in preparing Table 2 consisted of the average of éther types of pavement mixes and between-laboratory results

measurements, using a total of 48 tests.

12.3 It is to be noted that the improvement in precisionASTM Committee D-4.
when averaging four measurements is minimal for measure-
ments of unit mass, GCI, and GSI but quite significant for

measurements dk; and GSF.

must await further investigations by Subcommittee D04.20 of

TABLE 1 Within-Laboratory Statistical Analysis Single Test Measurements (50 Tests) Dense Graded Hot Mix Bituminous Concrete

Standard Difference Difference
Measured Property Mean -~ Two-Sigma Two-Sigma
Deviation S L
Limit Limit, %
Unit mass, 30 rev 148.4 0.53 15 1.0 %
Unit mass, 60 rev 150.7 0.46 1.3 0.9 %
Gyratory compactibility 0.985 0.001 0.003 0.3%
index (GCI)
Gyratory stability index 1.04 0.01 0.03 2.7 %
(GSI)
Gyratory shear (S,) 109 7.56 21 20 %
Gyratory shear factor 2.39 0.14 0.4 17 %

(GSF)
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TABLE 2 Within-Laboratory Statistical Analysis Average of Four Test Measurements (48 Tests) Dense Graded Hot Mix Bituminous

Concrete
Standard Diﬁere_nce Differelnce
Measured Property Mean - Two-Sigma Two-Sigma
Deviation S S
Limit Limit, %
Unit mass, 30 rev 148.4 0.40 1.13 0.8 %
Unit mass, 60 rev 150.7 0.21 0.59 0.4 %
Gyratory compactibility 0.985 0.0008 0.0024 0.2%
index (GCI)
Gyratory stability index 1.04 0.0036 0.0101 1.0 %
(GSI)
Gyratory shear (S,) 109 4.40 12 11 %
Gyratory shear factor 2.4 0.05 0.14 6 %
(GSF)

TABLE 3 Within-Laboratory Statistical Analysis Single Test
Measurements (50 Tests) Dense Graded Hot Mix Bituminous

Concrete
Measured Propert Standard Difference Two-
perty Deviation” Sigma Limit?

Unit mass, 30 rev 0.53 15

Unit mass, 60 rev 0.46 1.3
Gyratory compactibility index (GCI) 0.001 0.003
Gyratory stability index (GSI) 0.01 0.03
Gyratory shear (S,) 7.56 21
Gyratory shear factor (GSF) 0.14 0.4

AThese numbers represent, respectively, the (1S) and (D2S) limits as described
in Practice C 670.

TABLE 4 Within-Laboratory Statistical Analysis Average of Four
Test Measurements (48 Tests) Dense Graded Hot Mix Bituminous

Concrete
Standard Difference Two-

Measured Property Deviation® Sigma Limit?
Unit mass, 30 rev 0.40 1.13
Unit mass, 60 rev 0.21 0.59
Gyratory compactibility index (GCI) 0.0008 0.0024
Gyratory stability index (GSI) 0.0036 0.0101
Gyratory shear (S,) 4.40 12
Gyratory shear factor (GSF) 0.05 0.14

AThese numbers represent, respectively, the (1S) and (D2S) limits as described
in Practice C 670.

ANNEXES
(Mandatory Information)

Al. DEVELOPMENT OF THE FORMULA FOR GYRATORY SHEAR, Sg

Al.1 Referring to the schematic in Fig. A1.1 and taking Al.2 The equation in Al.1 is for thé, position; since the
moments about O, the equation for gyratory shefy, is  shear at thed,,,, position is desired, it is approximated by
developed as follows: assuming a linear stress-strain relationship and multiplying the
previously calculated value by the ratty,, /0, so that the

2PL=SAh+2Fa-Nb (AL1) usly
2PL - Fa) + Nib equation is then expressed as follows:
- AR 2(PL - Fa)+ N-b(@max>
= AL.2
e AR B (AL2)
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FIG. Al1.1 Development of Formula for Gyratory Shear

where: 0, = initial gyratory shear angle,

P = load on upper roller, Omax = Maximum gyratory shear angle,

L = distance from center of path of upper roller to a = 0.637X radius of mold (distance to the center of
vertical axis through center of sample, gravity for a circular arc equal to one half of the

N = normal vertical load on specimen and is equal to periphery),
the total load on ram, B = arm of vertical force couple = h-taf, and

A = end area of specimen, F = force caused by wall friction.

h = height of specimen,

A2. GYRATORY MACHINE CORRECTION

A2.1 Inthe conduct of shear tests with the gyratory testinginding the GTM machine correction is illustrated in Figs.
machine, it has been found necessary to make maching2.1-A2.3. The dry Ottawa sand is first compacted under the
corrections for the gyratory shear val&. This correction same pressure, gyratory angle, and number of revolutions as
simply amounts to shifting the Mohr’s type diagram for testscheduled for the compaction and shear test on a given
results on a cohesionless material sufficiently to cause thbituminous mixture. The shear test on the dry sand is then
envelope to pass through the origin of the Mohr’s diagram. Theonducted for at least three different magnitudes of vertical
cohesionless material used for this test is standard dry Ottawaessure; starting at some lower value, including an interme-
sand, all passing a No. 20 (0.84-mm) sieve and retained on diate value, and finally using the same value that was used for
No. 40 (0.42-mm) sieve. A correction is needed for eachcompaction. The roller carriage is cycled once subsequent to
combination of compaction pressure and gyratory angle used igach incremental adjustment in vertical pressure and prior to
the GTM compaction and shear test. The test procedure faeading the upper roller values under that pressure.
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Date
Operator
Sample Identification Dry Ottawa Sand (<20 >40)
Ram Pressure Gage Reading 202 Vertical Pressure on Specimen 120 psi
Aggregate Temp. . .. ........................ BitumenTemp. . ......... ... ... ............ Compaction Temp. Room
Dry Batch Mass 900.0 g BitumenMass . . ......... ... .. ... . ... ... Bitumen Content 0.0
* (Use 0.303 for 4-in. diameter specimen.)
(Use 0.1347 for 6-in. diameter specimen.)
. _ _mass, g .
Unit Mass = height, in. © 0.303* Ib/ft>.
Initial Shear Strain, §, = 10/10 Intermediate Shear Strain, 6, = 12.2/10.0
Maximum Shear Strain, 8,,,,, = 12.2/710.0 =175 X 1.22° =21 %
Stability Index = 8,4,/ = 12.2/12.2 = 1.00
. _30Rev.y _
Compactibility Index = G0 Rev. y
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FIG. A2.1 GTM Compaction Test on Dry Ottawa Sand
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Date
Operator
GTM SHEAR TEST
Compaction 120 psi; 1°; 60 rev.
Sample Identification Dry Ottawa Sand (<20, >40)
Tmax = Vertical Pressure/r = 7120/3.14 = 38.2 psi Machine Correction to Sg = ~70 psi
o= 10/10=1.0° = 1° 0"; Tan 6, =0.0175
(B:g:;:? Vertical Pressure Gage Total Vertical Specimen Height, b, in. Roller Pressure Gage Reading, p, psi
% ' Reading, psi Pressure, psi 1 3 4 Avg 1 3 4 Avg
0.0 90 50 2.776 2.768 2.771 2.77 12 9 11 11
0.0 150 88 2.770 2.765 2.769 2.77 18 14 17 16
0.0 202 120 2.766 2.761 2.765 277 22 19 23 21
Wall Friction ~ Wall Friction . 90.0 p 28.26 h Shear, Sg, psi
Bmax: d€g fmax/fo  Gage Reading, 3.82 F or 2.55 thlx}lsrt;gal h- t:n P V-b or or Uncor- s(jSF
psi FA ' ° 50.0 p* 1256 hA  (ooteg  COTTECted  Sa/Tmax
1.25 1.25 55 204 628 0.048 30 990 35 29
1.25 1.25 70 281 1105 0.048 53 1440 35 43
1.25 1.25 88 372 1507 0.048 72 1890 35 57

A Select term to match applicable formula.

TM Model 4C GTM Model 6B-4C

4-in. diameter specimen 4-in. diameter specimen

s =50p—2.55F+v-b<gm> s =90p—2.55F+v-b<gm)
@ 12.56 h 'R @ 12.56 h 'R

6-in. diameter specimen

S = 0p-—382F+V-D <g|:gu>

28.26 h
FIG. A2.2 GTM Shear Test

o
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