"In presenting the dissertation as a partial fulfillment
of the requirements for an advanced degree from the Georgia Institute
of Technology, I agree that the Library of the Institution shall make
it available for inspection and circulation in accordance with its
regulations governing materials of this type. I agree that permission
to copy from, or to publish from, this dissertation may be granted by
the professor under whose direction it was written, or, in his absence,
by the dean of the Graduate Division when such copying or publication
is solely for scholarly purposes and does not involve potential
financial gain, It is understood that any copying from, or publication
of, this dissertation which involves potential financial gain will not
be allowed without written permission,

1. Aa 2Ny ﬂ_

~—




" e i 3 A T

AN EVALUATION OF THE GEORGIA AND MARSHALL

METHODS OF BITUMiNOﬁS MIX DESIGNS: SENSITIVITY -

TO .CHANGES IN AGGREGATE GRADING AND ASPHALT CONTENT

A THESIS
Presented to
the Faculty of the Graduate Division
by

William Thomas Stapler

In Partial Fulfillment
of the Requirements for the Degree

Master of Secilence in Civil Engineering

Georgia Institute. of Technology

June 1960

T A — T TP ol (2 Beacty De S el g ee metger




Tl

BOUND BY THE NATIONAL LIBRARY BINDERY CO. OF GA.

L R IR PR TR

LihE Y

P T L TR S

AN EVALUATTON OF THE GEORGIA AND MARSHALI
METHODS OF BITUMINOUS MIX DESIGN: . SENSITIVITY

TO CHANGES IN AGGREGATE GRADING AND ASPHALT CONTENT

Approved: ' . -

S man e 2 oL

Dete Approved: %“‘ 4 /262

1

e e e it S e et o g =t bt ey - . T e R P S




ey Py

A 5 T

e s

TABLE OF CONTENTS

LiSt of TELblES L] o - - - . - L LA L a - - - - .o L]

List of Illustmtions . L - L - - - L) - - - - L] L]

Chapter

I‘

IIo

II1.

ik A b B L ko A i SR

INTRODUCTION . o + & « = s ¢ = o o s o o 4 « « =« =
Definition of the Problem . . « & o . .
The Empirical Approach to Bituminous Mix Design

- State Highway Department of Georgia Method . .
Marshall Method + + ¢ ¢ v o s o o s w6 o o & &

L S T

*

Previous Research with the Marshall and Hubbard-Field

MATERIAISANDPROCEDUZRE
Moterdals v v v v ¢ v o o o @« o « « s s 2 « = «
Procedure.......

RESULTS . . . . . . e e e e e e e e e e

. Effect. of Cha.nges in Aggregate Grading P

Variation of Aggregate Voids . . . . . . + . .
Variation of Air Voids.in the Total Mix . . . .

Variation in Stability Value . . . . .« + « .+

Bffect of Aggregate Voids Upon Stability . . .

SUMMARY OF RESULTS AND CONCLUSIONS
_Summary of Results . . . . . .
Coneclusiconsg - « « « &« & o = EEE

APPENDIX « + ¢ v v+ o o v we e e e e ek

BIBLI(EBAPHY LI} n.a L A A LI R ] LI S ..’ * s

.
-
. -
-
.

LI A

. Page

111
iv

HOW OV N s




111 '

LIST OF TABLES i

Table | | Page {
. . [.-

l - Test :Gradings - - - » - - - - Rl LJ L 4 . L L - L] - * - - - - - 31
2. Specific Gravity of Aggregates . . . . .« .+ ¢+ o « & o & . . 32
3 . Bu.lk Dens ity L e L A T I T 33

4.,  Aggregate Voids, Per Cent Total Volume .+ « « o « o o « « » 34

5. - Air Voids, Per Cent Total VOluwme . + + « « = o« o« s + o+ 35 il

6: Georgia Stabllity . . + ¢« « v v 6 ¢ 4 o x4 o+ 4 s s 2 . 36 ' H

T. Marshall Stability and Flow . . « . « « & 4 & & & o = = & & 37

e R ot W e e e g R D T i T o . et B ) g == ceaan s ot n Pl b AR e

T [ T NS RN G S ]




v '
_LIST OF ILLUSTRATIONS.

Figure | | Page
1. Effect of Aggregate Grading oﬁ Bu]k Density, Georgia Method | 16
.2, Effect of Aggfegate Grading on Bulk Density,. Bhréhall Method 7
3.  Bulk Densities, Georgia Method. « o « o o o o o o o o oo o 18
4.  Bulk Densities, Marshall Method ¢ + v o o o o o « o« o o «.s 18
5. Per Cent Aggregate Voids, Georgia Method . . « « « + . . 21
6. Per Cent Aggregate Voids, Marshall Method . . . . . . + . . 21
T Per Cent Air -Voids,_._ Georgia Meﬁhod s e s e e e s 23
8. Per Cent Air Voids, Marshall Method . . . « . « « « « . « . 23
9. Stability, Georgia Method . . . . .. - .
10. Stabllity, Marshall Method . » « « o« v v « o o o o o o . . 2k
11. Flow, Marshall Method - « + « « v v v o v s o o o v o v oo 26

ek B L N e e e e i e




SUMRY

The State Highway Department of Georgia. employs a method of |

bituminous mix design which ie a modification of a procedure developed

by Hubbard. and Field at the Aspha.lt Institute. . No organized resea.rch

hag been conducted o eva.luate the aensitivity of the Georgia procedure

t6 changes in the characteristics and proportions of the a.ggregate and

‘bitumen components of bituminous mixtures. The present study we.s con-
" dueted to provide such an evaluation. To obtain a comparison between

the Georgis procedure and one which has been adopte_d by meny state and

Federal agencies, the Marshall method of ‘oitu_min;ius"_ mix design was. 1n-
cluded In the study. | ' _
The study was confin‘ed to .an evaluation of tb.e effect of chenges

in. a.ggregate grading . a.nd asphalt content upon the density, stability,

voluyme of aggregate volds, and volume of alr voids of aspha.ltic concrete

mixtures prepared by -both test procedures. The aggregate ueed in the-

" tests was a granite gniesa crushed and gre.ded bx' a 1oca.1 Geqrgia. qua.rry
“An a.sphalt cement with a ;penetra.tion gra.de oi' 120 te 150 was used es the
bitumen component for the test mixee. | o

The aggrega.te WaSs, sepa.rated into fra.ctione.l sizes a.nd recombined ' b
into four test gra.dings. The maximm size-;oﬁf'eggregete pe.rticle for I

each gradation was 3/8 inches. The amount - of ﬁ_:aterie.l passing the No.

200 sieve was maintained between 5 and 8 per cent of the total weig_h't of

aggregate for each gradation. To obtain the 'four test gradings,  the
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amount of coarse aggregate retained on a No. 8 screen was varie@ at 20,
30, 40, and 50 per cent of the total weight of aggregate. Test samples
were prepared and tested'by both the Georgia and Marshall procgdures.for
each of the fgur test gradings._ Asphalt content was varied from h,5.tq
8.5 per cent of the total weight of mii. |

A graphical presentation of results showed the Georgia.and.ﬂhrb
shell methods to be equally sensitive to the changes in aggregale grada-
tion end asphalt content utilized in the test proégram. Incresses in
coarse aggregate from 20 to 4O per éent resulted in considerable increases
inlthe density and stability and.decregses in aégregate'voids gnd-air

#oids of test specimens prepared by both procedures. A further increase

in coarse aggregate of 40 to 50 per cent produced no appreciable changes
4n the test quantities by elther method. The cqmpactive'effort of the

‘Marshall procedure was more effective than the Georgis compactive effort.

in producing mixtures at high.asphalt.confents whose aggregate volds were
comp;etely filled with asphalt. The Geo;gia stability value was sensitive
to changes in aggregete volds, but minimm sggregate volds did not .cor-
respond'consistently with.ﬁaximum stability_values for a particular grad-
ing. The maximum Marshall stebility and min;mum volume of aggreéate
voids occurred at the asphalt content.ﬁhich”approache& the capaclty of

the aggregate voids.
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CHAPTER I

INTRODUCTION
- . . .

Definition of the Problem.--To give adequate-sérvice, 2 bituminous road-

way must be stable under the imposed loads and durable through extremes
in weather. The mixture qf bi‘_bm-men‘a_nd aggregates .compr-'isling 'l;he pave-
ment must exhibit sufficient flexibilify and workability during éonstrucf
tion to allow placing and compaction to the desired density. Some method
of design must be utilized to determine the proportions of a bituminoué
mix which will have all of these properties. |

The method of design employed by the State Highway Department of

‘Georgia is based upon a leboratory selection of the proportions df{aggre—-

‘gate and 5itumen; Before a particular ccmbinaﬁioﬁ of bitumen and aggre-
gate is considered-in the design procedure, the mqterials must confonm
to physical and chemical requirements egstablished iu'the-Standard Speci-
fications for thé State Highway Department of Georgla (1). The minimum
and meximum sizes of aggregate particles and fhe allowable per céntéges
of each intermediate size for vgrying types of construction are in-
corporated in_thé“SPedifications. The gradation of aggregate required
fﬁr a particglarlmii désigﬁ is determined. by whether the ﬁixture ié to
serve as & riding'surface or as an Iintermediate layer in'thelcomﬁléted
pavement, Thus, with the physical and chemical requirements of ‘the
cémponent materials estabiished; the laﬁbfatory design procedure func-

tions as the means for selection of the provortion of bitumen to
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‘aggregate for optimum strength, aensity, and durability. The proportions

of aggrggatg and bitumen determined ih the 1abofatory are blended and
compacted during construction within 1imits'allowed by construction
specifications. | o

A éuccessful mix design method procedure must be sensitive to
¢hanges in the characteristics of the materials being tested, and.capaﬁle

of evalusting the. relative rigidity, durability, and density of test

. samples prepared with varying proportions of aggregate and bitumen. No

formal study has been conducted with the Georgla procedure to determine
the method's sensitivity to'changes in aggregate gradation and smount’
of bitumen. It was believed that such a study would be of value to fhe
Department 1n future design work and provide a means for determining
possible improvements inlthe design procedure.

Another laboratory procedure for the design of bituminous mix-
tures which'is widely used by state and Federal ggencies is the Marshall

method. Some previous correlation studies have been conducted by the

‘United States Army, Corps of Engineers between the Marshall method and

the Hubbard-Field method from which the Georgis method wag'adaﬁted*(E),
To expand the basic knowledge in this area, it was decided to submit
the Marshell procedure to the'same variables of aggregﬁte gradation and -

amount of bitumen.

The Empirical Approach to Bituminous Mix Design.=-Both the Georgis and

- the Marshall methods utilize an empirical approach to the design of '

bituminous mixes. In utilizing an empirical ﬁpproach to the design

of bituminous mixes, samples composed of aggregates and bitumen are

i g b

T — . [P UPE T —



pfépared and.tested according to an established procedure. Design eri-
teria obtained from the testé-are evaluﬁted ﬁgaiﬁét minimum require-
ments for servicegbilit&_ﬁhich'have been establ;shed by correlation of
- laboratory designs with fileld performence. Such correiatidn mey have
been developed ﬁy-past experience, research, or a combination of both.
| Procedureslfbr the prepération and testing of samples vary
among the many methods ofldesign. However, the design criteria ob-
tained froﬁ the tests are expressed as quantities whose definitions
are common to.s8ll empirical methods of bituminous mix design. These
quantities are stability, density, per cent of bitumen by welght or
folume, volume of voids in the mineral aggregate, and total volume
of air voids in the compacted mix.

The stability of a bituminous test sample is the mAax1mum strength
developed by the sample during a destructive load test. For a given
test procedure, the magnitude of the stability velue will be determined
by the arrangement and physical properties of the aggregate particles
and the amount of bitumen contained in the mixture.

. The density of a bituminous test semple is expressed as the
bulk specific gravity of the compacted mixture of aggregate and bitumen.
\The density obtaiﬁed by a-particular method of sample preparation is
dependenf upon the shape, surface texture, and grading of the aggre;
gate particles and the amount of bitumen.
' For a given compactive effort; the minimm voids in the aggre-
gate and the maximum density are obtained with no bitumen (3). As

bitumen is added to the aggregate, the film coating around each particle
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resists compaction. Increases in bitumen are éccompanied by incremental

increases in aggregate voids and decreases 1n density. The thickness of

© the bltumen coating varies as‘the.per cent of bitumen in the mix. At

 some bitumen content, the coating ceases to act as a deterrent to com-

paction and begins to function as a lubricant for the aggregate pﬁrticles.
In theory, stability and deﬁSity will resch maximum values and sggregate
voids will reach a minimum'when the volume of bitumeh approaches thé.
capacity of the aggregate voids. Further increases in bitumén result
in sharp deqreaSes in:density and stability as the capacity of the
aggreéate voids 1s exceeded. |

The vélues for stﬁbiiity, denéity, per cent bitumen, volume of
voids in the aggregate, and totai'voiume of éir voids in the compacted
mix obtainéd from the testing of samples are presented for analysis
graphically to facilitate the selection of the per.cenf bitumén for

optimum performarnce.

State Highway Department of Georgla Method.--The State Highwey Depert-

ment of Georgla employs a modification of s bituminous mix design

.procedure evolved by D. Hubbard and F. C. Field at the Asphalt Institute

in the middle 1920s (4). As first developed, the method was applied

-only to the design of fine aggregate-asphalt mixes. The method was

later gxtended to accomodate the design of coérse_aggregate-aéphalt
mixes for sizes of gtone up to 3/4 of an inch. With the-exceétion of
the compaction of coarse aggregate test sampleé, the Georgia method
is the same as the Hubbarﬁ-Field prace&ure of mix design published by

the Asphalt Institute (5). Whereas the Hubbard-Field method combines

B




a manual compactiﬁn with a static compaction for coarse éggregate.samples,
.the Geofgia modification ufilizes only é manual compaction for coarse
aggregﬁte_samples._ | | |

Ff ' ' Fbr the design of fine aggregate-asphalt miﬁeé; the stapility value
is obtained by extruding a cylindficai.e.o inch digmeter by l;o.inch higﬁ -
sample through a 1.75 inch orifice. Coarse aggregﬁte»asﬁhalt~étﬁbi;iﬁ;es
are obtained by extruding_ﬁ cylindricél 6.0 inch diameter-byfe,dgiﬁﬁhﬁ |

high sample through & 5.75 inch orifice. A constant rate of loading is

¢ applied to the Opposite'face of the seample from the extrusion orifice,

and the stability is taken as the maximum strength developed by the
gsample during extrusion.

A determination of densiiy of the compacted specimen before de-
struction permits the calcuiation of volume of voilds in_thenaégregates
and total air voids. - o “:.' _ I

The Hubbard-Field or some modification is still utilized by state .
agencies other thﬁn'Georgia, In 1957, ele#en state agenciés reported |
the use of the Hubbard-Field or a modification for the design of bituminous

mixes (6).-

Marshall Method.-~The Marshall method of bituminous mixz design wes de-

veloped by Bruce G. Marshall while associated with the Mississippi State
Bighway Department (2). After conducting sn extensive evaluation study,

the U. S. Army, Corps of Engineers adopted the Marshall mefhod for use:

in the design of bituminous mixes for airfield pavements. .The method
hag been adopted by a considerable number of state agencies. In 1957, _

twenty state agencies were reported to use the Marshall stability
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procedure in the design of bituminous paving mixes (6). The procedure
has been standardized by the American Society for Testing Materials (7),
dnd is described in detail in the'gsphalt Institute Manual Series No.

2 (5). | |
The Marshall method employs a cylindrical test sample #,O'inches

" . in diameter by 2.50 inches high. After a determination of density, the

sample is subjected to a destruétive compression test., Loading is
applied at a uniform rate through curved collars which fit against the
circumferential surface of the test sample.  The stability is recorded
as the maximum strength developed by the sample during the test. During
the Btability test, the deformation of the sample in the direction of
the applied load 1is measured and recorded as the flow value. Thus, the
Marshall stabllity test provides an index of strength and resistance to
deformation which can be correlated with field performance to establish

ninimum acceptable values for laboratory design.

Previous Research with the Marshall and Hubbard-Field.--In 1943, the

United Stétes Army, CorTB of Engineers began a research program to
determine a method of bituminous mix design which could function as a
quality control teét_during congtruction as well as & procedure for-
laboratory design (2). The Tulsa District, Corps of Engineers initiated
the program with comparaﬁive laboratory tests with the design methods
then in general use. These tests were the Hubﬁard-Field, the Texas
Punchiﬁg Shear, Hveem, and Skidmore methods of bituminous mix design.
Although the Hubbard-Field apparatusg is difficult to transport, the

Corps concluded that the Hubbard-Field procedure was the most adaptable

et
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‘for use as a control during construction and as a procedure for labora-

tory design. |
With the develogment.of'the Mershall method, the Waterways Ex-
periment Station of the Corps of Engineers began an evalgation study
between the Hubbard-Fie;d'aﬁd the Marshall.procedufés to détermine
which method was more suitable.for the design and control of_airfield
pavements. Test samples ﬁere preﬁared and testéd according to both
procedures. Five gradations of coarse aggregate'were used with the_

per cent of the total weight of aggregate greater than a U. S. Stan-

dard No. 8 screen varying from 30 to 70 per cent. The maximum size

of stone was varied up to one inch with the amount of filler material

‘smaller than a U. 5. Stendard No. 200 sieve varying from L.0 to 8.0

per cent of the total welght of asggregate. Penetration grade asphalt

_cements (60-110) were used in the preparation of all test samples,'and

the tests were repeated with several types of aggregates.

Within the limits of the test varisbles and for the materials
tested, the Corps coﬁcludéd thet both the Marshall snd the Hubbard-
Field exhibited adequate sensitivity to changes in aggregate grada-
tion, amount of filler material, type of aggregate, and variations
in the per cent of asphalt which would permit the selection of an sggre-
gate gradation and mix proportions for optimum performﬁnce° The Hnbbard-
Field densities obtained generally were greater than the Marshall den-..
sities and resﬁlted in approximately 2 per cent less asphalt'at_the
optimum. This was attributed to a greater coﬁpactive'effort for the

Hubbard-Field than for the Marshall procedure.
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The Marshall procedure has the a_.dvanfage over the Hubbard-Field
.of utilizing apparatus which ié compabt énough to be easily transported -
.and operated in the field, For this feason, the Corps adopted the 

 Marshall for use in the design and construction of bituminous airfield

paveﬁents. |

Not stressed in the discussion of the test results was the effect
of & variation in the volume of voids in the agéregateé'upon stability
wvalues. A chahge in the aggregate voids of the compacvt.ed- mix is in-
dicative of a change in the orientation of the aggregate particles.
It might be expected that the maximum stability value for a particular
grading of aggregate Vould occur at the asphalf content which produced
the minimum aggregate volds under a given compactive effort. It was
anticipated that the presen£ study would extend the existing knowledge
of the sensitivity of the Georgia and Marshall stability tests to

changes in aggregate voids.
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- CHAPTER II
MATERIATS ARD PROCEDURE
Materials

Aggregate and Agg;egate Gradings.--The mineral aggregate used ﬁas a -

- erushed grahite gniess obtained from a local Georgla quarry. Fine
and coarse aggregate was_obtained as two separate gradings conforming
.to the grading requirements of the Standard Specifications for the
State Highway Department of Georgia. As-obtained'from the quarry,
thé grading of the fine aggregate was Georgia Size No. 810, and the
grading of the coarse aggregate was Georgia Size No. 89.T_Both.sizes
of ageregate were separated into seven size fractions by screening
over U, 5. Standard screens in a Gilson grading machine. The size
‘Practions into which the aggrégates were separated were 3/8 inch to
Fo. 4, No. 4 to No. 8, No. 8 to No. 16, No. 16 to No. 50; No, 50 to
No. 160, No. 100 to No. 200, and material less than a No. 200 sieve.
The fractions were stored in 'sepa.ra.te bins for recombination into "bhe.
test gradings.

The volume of aggregate voids in a compacted mixture of asphalt
and aggregate is éffected by the grading of the aggregates. Caﬁpen
and others (8) conducted an investigation to determine the effect of
varying the ratio of coarse to fine aggregaté upﬁn_the aggregate voids

in a compacted bituminous mix. It was found that thg minimum'aggregate
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-voids decreased with an inerease in the coarse to fine ratio to a minimum
value and that a further increase in the coarse to fine ratio would cause
8 sharp increase in the minimum aggregate voids. To determine-how well
the Georgla and Marshall methods would distinguish changes in aggregate
voids with ehanges in the coarse to fine ratio, four gradings of. aggre-
fgates were used in the tests. Thé per cent of the‘total weight of
aggregates retained on a No. 8 screen (coarse aggregate) for the four

test gradings was varied at 20, 30, QO and 50 . per cent. -The four'

test gradings used are given in ﬂabie I on page 31 of the Appendix.

Determination of Aggregate Spéeific-Gravities.-eThe specific'érarities
of the aggregates were obtained in accordanee with the American Society
for Testing Materials Designation c 127 42 for coarse aggregate and
Designation ¢ 128-k2 for fine aggregatea Determinations of specific
gravities vere.made for the coarse and fine portions of each of the
four.gradinés in Table 1. The results of the specific gravity deter-

minations are given in Table 2 on page 32 of the Appendix._

Asphalt Cement.--The asphalt cement used in the. preparation.of'test
samples was obtained at one time from the heated storage tank of a |
local bituminous hot-mix plant. While still in a liquid state, the-
asphalt was poured into one quart cans, capped and.stored at room
temperature until required for testing. - o

Physical tests were eonducted to determine the penetration grade

and spec1f1c gravity of the asphalt cement. Penetration tests were

conducted in accordance with American Society for Testing Materials
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Designation D 5, and specific gravity tests were conducted in accordance
with Designation D 70. From the results of the tests, the asphalt cement
was determined to have a penetration grade of 120 to 150 and a specific

gravity of 1.023.

Procedure

Variation of Per Cent Asphalt.--For each of the four test gradings, fhe
per cent of the total weight of the mix as asphalt cement was varied at
0.5 per ceﬁt increments. The minimum per cent of asphalt for each
grading was taken as the content at which all of the aggregate pafticles
could be coated. The maximum per cent of asphalt_for each grading was
ﬁet?rmined by the capacity of the aggregate voids, Incremental inereases

in asphalt were contimued until the voids of the compacted mix appeared

to be overfilled.

Number of Test Samplesg Prepared.--For both methods, three test samples

vere prepared for each increment in asphalt content. Semples whose
bulk density varied more than 0.02 from the average of the three samples
were discarded. Additional samples were prepared st the same asphalt

content until a satisfactory average was obtained.

Georgia Procédures,—9Investigation of the Georgia method was confined

+t0 the preparation and testing of the 6,0 inch diameter specimen for

asphaltic concrete mixtures. A detailed desériﬁtion of the Hubbard-
Field forming molds, testing molds, and compaction hammers for the 6.0
inch diameter épecimen is given in the Asphalt Institute Manusl Series

No.\2, (5).




The.Georgia method requires hand-tamping of the samples with
Hubbard-Field.compaction:hammers. The compaction procedure reqnires
only that "reasonably strong blows be struck with the compaction |
hammers. Practice samples were prepared until sucoeSSive samples could
be prepared vhose buik densitiés were within the 0.02 limit of varia»:'
tion estabiished for the teSts; Procedure nsed fer"eompacting'tne'.
samples is given on page 40 of the Appendix. |

A Tinius-Olsen hydraulic testing machine is used for the Geergia
stability test. The test samples ars placed in the standard Hubbard—

Field testing mold and immersed in a 1ho F water bath for orie hour be— :

2

fore testing. The testing mold and sample are- transferred from the
water bath to the test machine, and a_constant rate of~loading of gih
inches per minute is applied to the sample. The maximum.strength in
pounds developed by the sample is recorded as the Georgla stability

-value.

Marshall Procedure.»—The compaction and testing of -the Marshall samples

was’ done in accordance wlth the standard procedure described in the

-Marshall Consulting and Testing Laboratory'Manual (3) and is reproduced

on page ho of the Appendixi' Thiszmanual.also describeS'in detail the
Marshall compaction-moids, oompactioﬁ hammer; stabllity machine, and

flow meter used'in.the testas.

The compactive effort applied to a Marshall sample is independent_

of the operator. The Marshall hammer consists of a 10 pound weight
which has a controlled free fall of 18 inches. The compaction procedure

allows either 50 or 75 blovs-to be applied_to each'face of a sample.

S |
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The 50 blows are applied to mixes expected to withstand tire pressures

up to 100 pounds per square inch. Seventy-five blows are utilized for

tire pressures up to 200 pounds per sqﬁare inch. Only the compactive

effort . of 50 blows per face was used in the preparation of the Marshall

gamples.

Preparation of Aggregate Gradings and Asphalt for Testing.--Each test

sample required approximately 2000 grams for the Georgis method and
1200 grams for the Marshall method. Individual aggreggte grading
sampiea~were prepared for each test sample by recombining the seven
sizé fraétiéns in mixing pans according to the gradings in Table 1.
Thelpans vere placed in a 300°F oven until the aggregate had acquired
a temperature of 300°F. When an aggregate sample had reached 300°F,
it was teken from the oven and pléced in a round bottom mixing bowl.
The bowl was placed on & pair of scales which could be read diréctly
to one gram. The desired amount of asphalt at 280°F was weighed into
the aggregate to the nearest gram and mixed with a long handled spoon
until_all of the aggregste was thoroughly coated and the asphalt evenly
distributed throughout the mixture. When the mixture had resched the
temperature reguired by the test procedure (230°F for the Georgia
method and not less than 250°F for the Marshall), it was placed:in the
compaction mold and compacted accorﬁing to the test procedure being

followed._

Calculation of Test Quantities.——Thg specific gravities of the coarse

and fine portions of each gradingﬁwéfe combined to obtain an average

b, T P T
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specific gravity for use in the calculation of the test quantities. The
Marshall method employs the apparent specific gravityu The . Georgia |
method employs an effective specific gravity whose value is 1ntermediate
between the bulk and apperegt specific gravities, Use of the bulk
specific gravity assumes:téet the exteinel volds qf the aggregate par—

ticles will absorb no aspha;t, Anleffective:bulk'epecifie'gravity

. assumes that the voids wiliﬁbe parfially filled with asphalt. Sihce it

was desired to compare tpe%pesults of the two methods 1ﬁ relative rather

than absolute terms, theﬁaverege bulk spe¢ific gravity wes ﬁtilized'for

both methods. The valueg of the aversge bulk specific gravitiee calcu-.

lated for the four test gradings are included in Table lon page 31 of
the Appendix. i : '

After each test sémpié had been compected, 1t was removed from

the compaction mold end sllowed to cool to room temperature. The bulk

:'d;hsity of the sample wagﬁbbtaiqed a8 the ratio of the bulk weight in

adr to the wvelght of the volume of waterldispleced by the semple-iq-f

i LE Lol o

mersed in weter. .

Subsequent to the determination of bulk: danaity, the per cant
of total volume ae aggregate volds and the per cent of air voids in
the total mix were ealéulated by use of the formuiae.given'ih then.

Derinitione and Formmlas-section on page 38 of-thefgppena1;, 
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CHAPTER ITI
RESULTS
"Effect of Changes in Aggregate Grading

Isometric Design Charts.--Figures 1 and 2 illustrate the changes in

bulk specific gravity with changes in pér cent asphalt and per cent
of aggregate retained on a No. 3 écreen. Bulk specific gravity of ‘
the mix was plotted as isomers for varying asphalt content and per
cent coarse.aggregate. This type of represen@gtion can be used effgc-
tively to analyze changes ih three varisbles of mixture composition.
Vokac (9) has adapted the lsometric chart to the design of bituminous

mixes.

Georgia Method.--Figure 1 illustrates the effect of aggregate grading.

on densities obtained with the Georgia procedure.-'As_the per-cent

of aggregéte retained on a No. 8 screen was increased, the maximum
deﬁsity (as indicated by the bulk specific grafity of the mix).attained
for fa:ying asphalt contents incregsed; At spproximately 7.0 per cent
asphalt and 40 to 50 per cent coarse aggregate, the density.obtained |
reabhed g maximum, The density lsomers in this vfbinity indicate that
increéses in coarse éggregate_beyond 50 per cent woﬁld result in a de-
crease in the maxXimum density obtainable for varying asphalt contents.
Figure 3 shows the density curve for 50 per cent coarse aggregate to

coincide closely with the kO per cent coarse aggregate curve. The




Per Cent Asphalt.

i
<
i

Per Cent Coarce Aggregate

Figure 1. Effect of Aggre:ga:té Grading on Air Voids and
P vBulk Density, Georgia Method
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amount of asphalt required for a given density decreased with increases

in the per cent of coarse aggregate. Between hO_ahd 50 per cent coarse

" aggregate, the amount of.asphﬁlt;fdr a giﬁen denéity approached a minimum.

Figures 1 and 3 1llustrate also the effect of aggregate grading
upon per cent of asphalt required for maximum density.  As the_perféent

of coarse aggregate was increased, the per cent of asphait required

for maximim density decreased.- Within the range of 20 to 50 per cent

coarse aggregate, the asphalt content required for maximum density was
reduced to épproximately 1.0 per cent.

. The density isomers of Figure 1 also reflect the ability of a
constant compactive effort to be maintained with the Georgia procedure.
Some variation in compactive effort is indicated by the slightly ir-

regular shape of the isomer for a bulk density of 2.220.

Marshall Method.--Figure 2 is the isometric plot of Marshall densities -

for varying aggregate gradings and asphalt contents. As in the Georgia
method,_an inerease in the fér cent of coarse aggregate ﬁroduced an
increase in the meximum density obtained. No distinct area of maximum-
density was indicated within the 20 to 50 per cent coarse agagregate
variation. However, the upward trend of the isomers in tﬁe area between
4o and 50 per cent coarse aggregate suggest that further increases in
the per cent coarse aggfegate wou;d produce an area 6f maximm density
at approximately 50 per cent coarse aggregate and 8.0 per cent asphalt.
Figure 4 indicates fhat no apprecigble increase in density was obtained

by increasing coarse aggregates from 40 to 50 per cent.
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No distinct values of maximum. density for each grading were ob-
tained with the Marshall procedure. As in Figu.re 1, the isomers of

Flgure 2 indicate that 1ess aSpha].t was required to :maintain a given

density as the per cent of coarse aggregate increased. Between 110 and N

50 per cent coarse aggregate the amount of asphalt for a glven density

reached a mininm.m

'Variation of Aggregate Voids

Georgla Method.--Figure S .shows. the variation of aggregate volds ob-

tained with the Georgia procedure- For each test grading, the varia-

tion of per cent asphalt produced a pomt of minimum voids.' As the per

cent of coarse aggregate vas increased, the mlnimm volume of voids

decreased .

_ Marshall: Method.. --Figure 6 shovs the variation of aggregate voids

obtained with the Lh.rshall method 'I'he 30 per cent coarse aggregate

curve - 1nd1cated a mlnlII]IJm volume of aggregate voids at about "( .O per

cent asphalt. The 20, 11-0 and 50 per cent coarse aggregate gradings

produced no- distinct mininn.lm values of aggregate voids for the range of
asphalt contents. As the per cent of coarse aggregate was increased,

the aggregate voids were reduced.
Variation of Air Voids in the Total Mix

Georgia Method.-—Figure 7 shows. the variation of air voids  in the total

mix with .aggregate grading .and per cent asphalt. The air voids for

each grading decreased as the per cent of asphalt was increla..sed.. The -

M b A
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reduction in aggregate voide with inereases of per cent of coarse aggre-
gate noted in Figure 5 are reflected in Figure 7 as reductions in the per
cent of air voids. The air voids in the total mix curves tend to remain
parallel u.ntil tbe asphalt .content approaches the capacity of th_e aggre-
gate voids. Below an air voids.content.of h.d per.cent,”the curres begin

to converge and approach a minimum value of 2.0 per cent. |

Marshall Method.--Except for convergence, the. Marshall air voids curves

in Figure 8 are similar to the Georgia curves. As the. amount o:E’ asphalt

.approached the capacity of the aggregate VOids, the Marshall curves

tended to remain parallel and approach a vlue of Zero air voids.
Variation in Stability Value. o o - '

Georgia Method.--Figure 9 shows.the stabllity values obtained with. the

Georgla procedure. The mxinmm stability obtained for the range of

asphalt contents increased with each increase in the per cent of coarse _ _
aggregate. The 50 per cent coarse aggregate grading produced a well |
defined maximum stability value at 5 5 per cent asphalt. The 20, 30, and
KO per cent .coarse aggregate curves produced well defined peaks of sta-
bility which did not comcide Wlth the naximu,m stability value for each

grading.

Marshall Method.--The results of the Marshall stability teste are pre-

sented in Figure lO. An increase in coarse aggregate from 20 to 1+0 per
cent produced considerable increases in stability at all asphalt contents

up to 8.0 per cent. An increase of coarse aggregate from 40 to 50 per

COs ul cak- oebr et i i oty e S Y s S 2 _— e e e D T e —— v n s vinibr e o
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cent produced a reduction in stability except for a high peak of stability
at 7.5 per cent asphalt. For the 20 and 30 per cent coarse aggregate |
curves, increases in th.e aephait content .prodﬁced Iiln.crea..see in stability
“up to a maxixtum ..The variatiori .o.“f' .asphalt conteﬁt for. the 1!-0 a.nd 50
.per cent coarse aggregate gradings produced peaks in stability at 5.0
and 7.5 per cent aephalt for both gradings. As the asphalt content |
.approached the capacity of the aggregate voide in the'éo, HO, and 50
.per cent curvee,isharp decreaeee-iﬁ.etability were produced.llhhlexami-
nation of'?igure 8 shows the decreaee in statility to occﬁr'at:tﬁe ter
cent of aephalt for which the air voids are approximately 1 0 per cent.'
The Marshall Tlow values are presented in Figure 11. The valuee
vere obtained during the stability teete with a Marahall flow meter
which meaeures the deformation of the eample in the direction of applied
logd. The flow value wes recorded as the total deformation up to'the |
point of maximum'stability'developedlby.the sample. One unit of flow
is equal.to 6.01tinchee'of deformatiohu The 20 per cent coarse aggre-l
gate grading}produced a.constant.deformation up to an'asphait content
of 7.0 per cent. Beyond 7.0 per cent asphalt, the rate of deformation
increased sharply for increases in asphalt ‘content. The 30, 40 and 50
‘per cent. aggregate gradinge showed eimilar increasee in the rate of

deformation beyond asphalt contents of 6 0 per cent.
~ Effect of Aggregate Voids Upon Sta'bili-ty -

Georgia Method.--A comparison. of the aggregate void curves of Figure 5

with the stability curves of Flgure 9 indicated that.the Georgla

Db et e s T Tk g LGk Tt L B T mn s T T mmrmmm o mmmermim e e e o s e i i . r - . emm bih L mEe e e g e
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gtability value was sensitive tc some degree to changes in aggregate
voids. Values of minimum aggregate voids coinecided with peaks of sta-
bility for each of the gradings. Howevér, the point of.maximum sta-
bility and miniﬁum voids coincided'only for theI20 per ceht coarse aggre-

gate grading.

Morshall Method.--The Marshall stability reflected considerable sensi-

tivity to changes iﬁ aggregate volds. Peaks in the sta.bili"tj curves
were reflected as minimﬁm valﬁes for the aggregﬁte véi& cufves. The:
maximim stability value for the 20, 30, éﬁdlho ﬁer cent coafée aggre-
gate curves coincided cldsely with the minimum value of aggregéte voids.
For each of the grading curves,'the.point of mdximuﬁ stabilitj and mini-
mim voids occurred at the asphalt content which approached the capacity

of the aggregate voids.

—_———— J——
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CHAPTER IV

- SUMMARY OF RESULTS AND CONCLUSIONS

!; Summary of Results.--As the per cent of coarse aggregate was increased,

- higher maximam densities were obtained by both methods.

An increase in
coarse aggregate from 20 to 30 and from 30 to kO per cent'produced con-
siderable increases in density. 4niincrease in coarse aggregate from'
kO teo 50 per cent produced no-appreciable gains in density Ey either
method. | - ::' . 3 . .g ”
Reductions in per cent of aggregate voids in the total mix re-
sulted from the varlatlon of coarse aggregate from 20 to 50 per cent.
An increase of 20 to 30 per cent;cqarae ‘aggregate caused the greatest

reduction in aggregate volds for both'methods. Minimum values for aggre-

.gate volds were obtained at the highest asphalt contents for the Lhrshall

; method, and at .some intermediate asphalt content for the Georgia method.

;was increased.

in coarse aggregate from 20 to 30 per cent.

' The per cent of air voids in the total mix obtained by the Georgia .
and.the Marshall methods was reduced as the per cent of coarse aggregate
The greatest reduction in air voids occurred for a change
For the Georgia method, the
air voide in the total mix for all gradings approached a minimum of 2. 0
per cent.

For the Georgia method, a Variation of coarse aggregate.from 20'

- to 50 per cent was reflected as a general increase in stability at most

Rt o =Y et P Bl FE T el

asphalt contents. For each test grading, the variaticn of asphalt content

produced an irregular plot of stability.




An incresse in coarse sggregate from 20 to 40 per cent caused
increases in Marshall stabllity up to an asphalt content of 8.0 per

cent. A further increase in coarse aggregate from hO to 50 per cent

.caused decreases in Marshall stability except at an asphalt content of

7.5 per cent For each test grading, the variation of asphalt content

produced plots of Marshall stability with well defined maximum values.

Conclusions.--The Georgia and Marshall methods_exhibited equal sensi-

tivitp to changes'in aggregate grading and asphalt content.

The uncontrolled compactive effort of the Georgia method was
reflected a8 irregularities in bulk density over the range of aggregate
gradings and asphalt contents. “ o | .

The Marshall comP&CtiVe'effortlwas more”effective'tnan the

Georgia compactlve effort in reducing the mixtures to voldless masses

at high asphalt contents.

The‘Georgia stabillity value was sensiti#e to changes in'aggre—

gate v01ds, but minimum aggregate voids did not corresp0nd consistently.

with maximum stability for a particular grading.

The maximm Marshall stability and minimum volume of aggregate

voids occurred at the asphalt content which approached the capacity of

the aggregate voids.

[
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Tgble 1. Test Gradations

8ize of - - Per Cent of Total weight Passing ;
. Bcreen or 20% — _-30%-__.-.__. T J-I-O% _ . 50%-
Sieve Coarse Agg. . Coarse.Agg. Coarse Agg. - Coarse: Aggw

3/8" 100 o 100  3:[;06'-
No. 4 ' 90 “85 : o . 75
ws & o e ..__ -
Yo.16 @ - 56 D . o

No. 50 3y Y-S 21 15

No. 100 - 15 14 - 13 10

No. 200 8 T T 5
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Table 2. Specific Gravity of Aggregates
IPer' Cent of Coarse- Aggxegate
20 30 w oo 50

Bulk Sp. Gr., Coarse 2570 2.510 2.570 2.570
Bulk Sp. Gr., Fine 2.504  2.50h  2.625 ' 2.625
Apparent Sp. Gr., Coarse | 2.650  2.650  .2.650 2.650
: Apparentl Sp .G'r.', Fine '2.6.'31 h -2..6'31.” o 2.6&5 | | 2..6115
Average Bu].k Sp. Gr. -2.5&9 2.58"{ 2.603 - - 2.597
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Teble 3. Bulk Demsity
Per Cent of Coarse Aggregate
Per Cent 20 - 30 _ 40 50
Asphalt - Mar. Ga. Mar. - Ga. .  Mar. Ga..  Mar. Ga:
4.5 c,— e — e m—— mea 2.204 2.190
5.0 2,114k 2.156 .2.187 2.198 2.231 2.216 .2.236 2.02)
! 5.5 2.1h3 2.169  2.193 .2.206 2.248 2.226 '.2.é60 2.é22-
6.0 2.162 2.175  2.212 2.215  2.257 2.240  2.260 .2.258
6.5 2.175 2.205 2.221 2.239  2.272 2.265 2266 2.269
5 7.0 . 2.182 2.212  2.24 "_2.239' | 2.202 2.277 2.281 2260
7.5 2.193 2.238  2.258 2.247 2.302 2.267 2.307 2.270
8.0 ~ 2.2341' 2.243 2.282 2.256 2.308 2.262 2.336 ---
8.5 2.269 -  2.304 2.248 '.2.32'2._--__ e
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Table 4. Aggrega;te Voids, Per Cent Total Volume
Per Cent of Coarse Aggregate

Per Cent 20 30 . - Lo - 50

Asphalt Mar. Ga. Mar. . Gas. ..  Mar. -Ga., - Mar. - Ga.
4.5 I cem - - = 18.6 19.4
5.0 22.4 20.8  19.6 19.h  18.7 19.3 18.3 18.4
5.5 21.5 20.8  20.0 19.4  18.5 19.3  17.6 18.8
6.0 214 21.1  19.7 19.6  18.7 19.2 8.1 18.3
6.5 21.5 20.k  19.6 19.3  18.k 18.7  18.3 18.3
7.0 21.6 20.6  19.2 19.6  18.3 18.7 182 19.0
7.5 21.7 20.2 9.5 19.6 18.2  19.4 1.7 19.1
8.0 20.6 20.2 18.8 19.8  18.5 20.0  17.h -
8.5 19.8 == 185 20.5  18.k eoe  ee oo
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Table 5. Alr Voids, Per Cent of Total Volume

Per Cent of Coarse .Aggregate .
Per Cent 20 _ .30 : - bo _ 50 :
Asphalt - Mar. Ga. =~  Mar. . Ga.. - Mar. Ga. : - Mari  Ga~

b5 e e o o e es
5.0 12.1 '10.3 89 87 7.8 85  T.h4 7.5

5.5 S 101 92 B 7.5 6. 7;3"'_  5;#_ ; 6.9
6.0 8.7 8.k 6.7 6.6 5.5 6.1 u;jﬁ-’ 5;¥ ;
6.5 7.7 64 5.5 5.1 ko ks 3;9'”'3;9- ' ?
7.0 - 6.7 5.5 3.8 4.3 2.6 : '3;2_ | .l2;6 : 3.5 1

7.5 5.6 3.8 2.9 3.1 1.3 2.8 0.8 2.
8.0 3.2 2.6 0.9 2.2 ': 0.5 2.3 0.0  -em i

8-5 1.0 | - | 0-0 . loé | 0-1 | .".'-'." .-.—..— —'—.—.

b b

' . .
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Table 6. QGeorgia Stability

36

Per Cent
Asphalt .

jPer-Cenﬁ Coarse Aggregate
.30._ K 'uo" S

50

k.5
5.0
5.5
6.0_
6.5
7.0
7.5
8.0
8.5

2300
2320

2530

2630

20

2300

2960

. .Btability (lbs) . .

3o 30

2900 3000

P 2800

110 .2:_ L 3000.:

-2760 e 3370  .
27@6".:' ,éééd'“'.".'
'3266  L ééé@_

i -~

2340
2930

oo
3020

2920

-~

. 3190”_. .

._3000

'
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Table 7. Marshall Sta.bili_ty and Flow
Per Gént_of C‘oz-a.r.se Aégrega.t
Per Cent 20 ' 30 - ko 50
‘Asphalt  Stab. Flow  Stab.  Flow~ . Stabw Flow & Stab. Flow
' {1bs) (.01 1in.) - .
4.5 —— e c—— e ——— - 1310 1
5.0 780 11 1050 10 1520 12 90 12
5.5 780 10 990 10 1660 12 1580 11
6.0 860 10 1090 11 1640 12 11520 12 -
6.5 88 10 1100 11 1590 11 1480 12
7.0 850 10 1280 12 1650 1k | W50 13
7.5 950 11 150 13 ,1650 15 1890. 15
8.0 1220 14 1600 1k 1600~ 18 '11560 19
8.5 140 1k 1330 17 | 1230 19 o
|
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. DEFINITIONS AND FORMULAS

‘The following definitions and: formulas for test quantities

utilized in this paper are quoted from the Asphalt.Institute'yahugl' :

Series Yo. 2,.(5);

Average specific gravity of aggregates:

100 -

G =
"ag

g
d

]

&
G
c

l

+.

e
i

where: 'Gag-# Average specific gravity of aggregate

[}
b

Specific.gravity of fine, coarse aggregate

_w_
0

Per cent. total aggregate by weight, fine, .and coarse

'.fespectively;
Bulk Density:

. W, . |
Tl A L
B T -

where: D

L, = Bulk density (expressed as bulk specific gravity)

W
-

-

Weight of specimen in air

W
W

‘Weight of spggimen'in water
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- Per Cent of Aggregate Voids: The aggregate voids as a per cent of the

total volume of the mix.

P xW

% Agg. Voids. = 100 - ._Beg_.a
_ _ o

.,Per Cent of Air Voids in the Total Mix: Volume ofrair vbids as a per

cent of the total volume of the mix.

Pac * WQ Pag * Wa
%v.:lOO- —_— - = —
v G :

ac Gag

It

..Pac. Per cent by weight of total mix, asphalt

+d
i

g ~Per cent by weight of total mix, aggregste

Specific gravity, asphalt

o2
i}

ac’
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GEORGIA PROCEDURE FOR THE COMPACTICN OF TEST SAMPLES

Eguipment.—-The following equipment required for the cdmpaétion of Georgia

test samples is described in detail in the Hubbard-Field Method of

Bituminous Mix Design found in the Asphalt Institute Menual Series No. 2,

(5.

One

One -

One
One
One
.One
One

-~ & diameter Hubbard-Field compaction mold

12" x 12" x 1" Hubbard-Field compaction base plate

No. 2 Hubbard-Field compaction hammer (1.875™ dia.)

- No. 3 Hubbard-Field compaction hammer (5.75™ dia.)

- Dial type or armoured thermometer reading to at least 350%F
Flat bladed spatuls ' C '

- Long handled mixing spoon

Procedure.-~The Georgia sample preparstion procedure has been standard-

ized as G.H.D. 34, and is found in the State Highway Department of Georgia

" Field Sampling, Testing, and Inspection Manual, Mey 1, 1958, page. 264 (10).

However, the procedure has heen altered by the Department to allow compac-

L

tion of the test sample in one 1ift instead of'the.forﬁer method of com-

~paction in two 1ifts. fThe'follcwinguprocedure'is the altered G.H.D. 34

procedure presently in use by the State Highway Department of Georgia.

1. Take. a represenfative sample of the hot mixture (approximately 275-

300°F) .

2. Weight of sample of mixture should equal 2000 grams plus the weight

Examplé:

of asphalt.

| 2000 2000 _ 2151
.100%- ~4%-Asphalt ~ 100% - Tk ~r0- ETEWE
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10.

R

.Place the mixture of asphalt .and aggregate. in the camp&ction mold

which has been.previously.heatéd with the base plate to a temperature
of 100 to 125%F. | | |

Carefully blade around the side of the mold with the spatuls to pre-
vent the formation 6f air pockets.

Hith_the'No..2.hanner? tamp the mixture.66 blgﬁs using reasqnab;y
strong blows as as to secure:a.dehsé mixture.  Begin the first-com—
paction when the.mixture hag reached a temperature of apprpximately
230°F. ' o

Tamp the mixture 25 reasonﬁbly.strong blows with the No. 3'hammer,

Reverse the mold, force the specimen te the bottom of the mold, and

repeat the compaction of 6 .and 7.

Force the thermometer into the cénter of the specimen and allow the

mixture to cool to a temperature of 180°F.

After the specimen has cooled to 180PF, apply the final compaction

- with 25 bloﬁs to each face of the specimen with the Nox.s_hammer.

Allow the specimen to cool to air temperature and carefully remove
from the mold. This ig usually done by laying the compaction mold
on its side and gently temping the top of the specimen with the

No. 3 hammer.
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MARSHALL PROCEDURE FOR THE COMPACTION OF TEST SAMPLES

Equipment and compection procedures used for the preparation of

Mershall test specimens are described iﬁ,detail-in3thE'NbJehgll'Con—

sulting and Testing Laboratory Manual (3). Only the procedure utilized

for compaction of test samples is summarized below.

Lo

gy e

Preheat tﬁe compacti;n_mold"asséﬁbly,and compacfion’hammér face_in a
bath of hoiling water.

Assemble the base plate and compection mold. ?lacéﬁa’piece of 4 inch
.diameter_filter paper In the bottom of the compactiqn_mold to prevent
the mix from adhering to the basé platé. |

Place.lOOO to 1250 grams of the mixtu:e of aggreggte,and bitgmin_in

the compection mold. Rod the mixture with 25 blows of a mixing

trowel, After rodding, atrike off the aurface of the mixture spproxi-

mately 1/2 inch .above the top of ‘the forming mold. Place the compac-
tion mold in the compaction mold holder and proceed with the compec-

tion.

The temperature of the mixture at the beglnning of ccmpaction mist

not be less than 250%F.

-Ayply 20 blows to thé mixture with the'Marahall hammer. The top of

the specimen should be approxlmately 3/8 inches below the top of the
forming mold after the flrst 50 blows
Invert the forming mold and apply 50 blows to the oppdsite face of

the specimen.

T s arrmarem gy nang _ L cermerieg e




7. After compaction, allow the specimen to cool under watér £or approxi-

mately 2 minutes.

8. -ﬁktrude the c¢ooled s&mplé from the 6ompéétian mold.
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