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INTRCDUCTION

Turing the past throo yoars the Highway Materials Rosearch Labora~
tory has oxperimented with bituminous aggreéate mixes in an attompt to deter-
mino tho donsitios that cen be obtainod through certain methods of eompaction
and the stability of the resulting mixes. The govoral investigations have rew
gulted in tho praparation and testing of spproximately six hundred individual
samples, most of which were designod to provide informatlon as a guide for
specifications on particular field projoctss

| Sinco most of the rosults of thoso tests have alroady beon sppllied
to fiold cdonstruction which cannot be permanently évaluatad for some time to
come, it is well thet tho data bo cnalyzed on the dbasis of comparative rosults
among the several mixes in order that the applicability of compaction methods
and stability test proceduros can bo detorminod.

With that in view, this report has boen prepared and some recomm@m;
dations relative to futurc laboratory procedurss have been listeds Neither
the results nor the proposals can be considered conclusive until final compari~
sons are made botwoon samplos compacted in tho laboratory and those cut from

‘oxigting pavoments in the fiold.

IESCRIPTION OF PROJACTS
The datn are divided into thres classos according to research pro-
ject numbers. This is so since each project was established %o sarve a particu-
lar function. The earliest of these, Project B-12, was aspplied to various
matorials availsble for resurfacing of U. 8. 62 in McCracken County, while
the second, Projoct Bﬂljg'daalt:with éimilar aggregates and biﬁuminous materials
proposed for use in the ponstruoticn of U. §. 68 in Marshall céunty. As a

result of these oxporiments and tho degiro‘to obtain basic information concern-—
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s P
ing a grester variety of aggregates, the pure laboratory study in Project B~1l
wag inavgurated, Here the numbor of aggregatos and. the gradations werc in-

croaged while tho bituminous material (PAC-5) was hold constant throughout.

Pro ject B-12

In the summer of 1944 an oxperimental projoct for the purpose of
detormining the feasibility of using local gravols in Western Kontucky was
incorporatod in the program, Some preliminary tosts woro made in the labora-
tory but the matorials uscd hardly corrospondod with those eventually nlaced
in the binder and surface coursés of U, §. 62 in McCracken County, For ox-
ample, four different types of bituminous matorial were used in thp field
cohstruction whoreas only two werc spplied to the laboratory tosts. Algo
the gradation of the aggrogate in all tho laboratory toste corrosponded only
with that of the binder course in the fisld elthough a number of tho combi-
nations of the agerogatos wore similar only with tho surface coursos Cone
sequently, the rosults from the laboratory wore only remotoly connoctod with
tho field conditions.

A copy of an excellent report by Mr. Lee Pyryear, District Hngineor
at Pgducah, is appended to this manuseript in order to record the details of
tho ficld project, Nono of tho samples tested in tho laboratory were takon
from the ficld mixes: rather those wore preparedlby combining tho aggrogntos
end. bityminous matorials in tho correct proprotions just prior to tho time

the laboratory samples worc compactods

Eroject B-13

A socond ficld tost rond in which Westorn Kentucky gravels were of
primary interest was constructed on U. 8, 68 in Marshall County during the
summor of 1945, Here preliminary tosts werc made on ageregates from three

geparate pits with threo different biltuminous matorials in an attompt to
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evaluate the various pits ag well as to estimate the most desirable percoentagos
of bitumen. In the consbéﬁction of the road, gravel was taken from the Penny
Pit mnd finsl tosts wore mado on samplos of this aggrogato combined with PAG-5,
PAC-T7, BI-12 snd MC-5. A1l of thoso worc uwsed in tho construction of tho fiold
project for bass, bilnder and surface courses,

The maximum sizo of aggrogate in this oxperiment was smallar than
that for the Mclracken County projoet in that 100 porcont of the metorial .
passed the 1 inch siove and tho porcontoges of bituminous material invosti~
gatod in the laboratory wore.zbout the semo as those that had beoon tried in
. the laboratory tosts for the McCracken County projocts A brisf account of
the fiold test road in Mershell County is ineluded in the appondix at tho.

closo of this roport.

Pro ject B-1h4

Aftor comploting thoe latoratory tests and construéting the pavements
Includod in Projocts B-12 end B-13, the Department wes interosted in detor-
mining tho offoct of compaction on aggrogetes available in other sections of
the state. Consequently, tosts woT o arranged for river gravel and sand, lime-
gtone and sand, limeostone, and slag. In addition, the gradation of the materi-
als were varicd in some instoneos and particular effort wés made to confine
some of the tests to base, binder, and surfoce courseés as Erovidod in the
gpocifications for those matorials. Asphalt cement, Pa0-5, was used in all

tests in amounts varying from four to ton percent.

MATERIALS AND PRBG@DURES
In proparing the laboratory ;amplos-for densit%&m and stabillty
analysos tho matorials from verious sources woro treated in dlverse ways in
accordance with their origin. Por example, the gravels proposed for use in

Pro jects B~l2 and B-13% wore prepsred for tost only by oxcluding the material
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largor than the maximum sizo spocifiod or by combining the sand, limo, or
Portland coment in tho amounts that wero préviously dotormined. On the other
hand, in Projoct B-14 the aggregatos werc cruéhed where necessary and in all
capes separated into fractions required to produce an aggrogete gradation
within the limits of coarse, medium, and fine gfadings for Class I surface
material or sppropriate gradations for base, binder, and surface courees.
A1l the physlcal propertios of the agercgatos wero determined olsowhore in
ordor to makc cortain that tho matorisls were accoptable undor oxlsting spoci-
ficationss

Tests for bulk gpocific gravity wore made on tho aggrogato to provide
a moans for dotormining tho porcentago of solid volume donsity for tho com-
facted mixos. 4s in the casc of the aggregatos, tosts on bituminous matorisls
were porformed clsewhoro and only tho specific gravitics werc used as a basis
for computation in tho laboratory tost rosults.

The initial step in the preparation of laboratory samplés conslsted
of heating the sggregate aﬁd the bituminous matgrials to sprropriate tempofaﬁ -
tures that veried with aggrogato gradation and type of bitumon (ageregato
265—300°F; bitumen 225-275° F). Theso worc then combincd and mixed by hend
for a period not exceeding two minutos. Immediatcly upon completion of thoe
mixing operation amounts of the material for individual specimens were ﬁlaced
in sapaiate molds, and the temperature of the mixes was pormitted to drop to
spproximatoly 2259F before GOMP&?*?QB was started, Bach of the molds was LW
in. dlamotor and 2-3/4M in hoight;

Compaction was dono by a standard procodure ﬁs follows:

(1) Pifteon blows with an 18 pound welght dropped for a

distance of 18 inches,.
(2) Collar romoved and sample cut a@proximatcly flush with

the top of the mold,



(3) Ten additional blows with the hammer.
(4) A static loall of 7,000 1bs. (approzimately 550 lbs.
per square inph) applied for a period of two minutes.

The samplos wore then coﬁ&éd {n tho molds ovor night and romoved by com-
prosgion with a piston'and hand driven jack. OCuring of tho matorials varied
with tho type of bituminous matorial, thoso containing cut-back asphaltis
.boiné oxposod to rodm tamperature for a poriod of two woeks and all othors
boing curod undor the same-coadi:ions from twenty-four to forty-oight hours,

When the samplos wore rosdy for the stabllity bests, thoy woro

placed in o wator bath at 140°F (+ 1°) for ono hour aftor which thoy woro

removed and broken in the stability machine immediabely.
Load Load

s
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Fig, 1 ~ Stability Tyst Apparatus )
/ -

For those samples that woere teostoed in air at 140® ¥ tho proceduro was variod
only to the oxtont of oxposing the mizes in an oven for an hour just prior
to tho loading oporation.

In all the stability tests the specimens were placed in a split
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mold U4 in diameter and loads were agplied'radiallj by a mechanical Jack.
The amount of load was measured by a proving riné and the'rate of load ap-
plication was not specific. All tests, regordless of the ultimate stability
of theo mix; werg poerformed asg rapidiy as the loads could be appliod with this
oquipment. Flow values roprasentod by the dofloction of the samples wore
detefmined through 2 plungor and slecve attachmont on the molds

Permeability moasurements on selected samples consistod of ssaling
gpecimens within a funnel by means of heatod paraffin., A consiant head of
waber was then meintained above thoe sample for a poriod of twenty-four hours
and tho amount (in pouﬁds) of water that had percolated in that time interval
wasg determined.

RESULTS

Any group:of data influeonced by several variables is difficult toans-
lyzo for.apecifictelationships, Such ls the case with the resulis tabulated .
-in fgble I. For this reason, a general difforentiation has beon estaﬁlishad
in Tabie I whoro the data are considered without respect to bitumen content
or gradation of aggregatos.

One of tho most outstanding pointe ostablished by these genoral ro-
lationchips is the disperity botween tho wolghts per square yard and poreent--
ages of solid volume donsity. This, of course, is dopendent upon the spceific
eravitios of the ageregatos, & factor which accownts for mixos with low
wolghts yot contrastingly high dogroes of donsity. This fmct cen bo spprecl-
ated by comparisons botwoeen the listings for limestone and slag agerogates
(Projoct B-14) in Tablo II, and the 11lustrations and computations méda on
page T | | |

in general, the woights peor squérc yord for all mixes containing

grevol and slag aggrogate wore quite low. Howover, tho ratings for thess
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Comparison Between Bituminots — Aggregate Mixes
on the basis of

Woight and Volumetric Relationships

The following illustrations and calculationélshow the comparative
woights and volumes of constituents in bituminous ~ aggregatc mixes prapor-
tionoed so- thab:

I - Bitumen ig 7% by weight in combination with llmestone.
I7 - Bitumon is 7% by woight in combination with slag
"IIT - Bitumen oécupiOS samo percentage of volumo in combi-
nation with slag as it did in Case I when combinq%ﬂu

~ with limestones™

Sample in cach instanco = 1000 cec of mix

Caso I Cago II o Caso ITI

Limestone - 8lag Slaz -
Sp.' g?,'l'. = 2.68 SP# {-';1‘0 = 2!38 , ~ Sp. gl‘. = 2!38
37 [ TSivambn| 186 co | Bitumen | 152 ce “§1tumen“; %8 co
. Rk s 3 ¥
7T Vo O]
o / . ,//;/‘////'
1000 cc |Limpstone | 832 cc 515@. 4 848 co .‘/f Slag 1 832 cc
./ . . /’
// ///// /
v A L / 7
I (L - - £ B S
Gase I - W= total weight of mix ;

welght of limestone . welght of bifumon _ 0.93W , 0.07%

Volume = 1000 cc = . "or of limestone  @ps gr. of bitumen 2,68 1.0

1000 = 0.347 W ¢ 0,07W

1000
0.7

Woight of: Lim stona = 0.9% % 2398 = 2230 gm.

W= = 2398 gm. of material

Bitumen = 0.07 x 2398 ~ 168 gm.
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Yolume oft Limestone = 32 g = 832 cc

166 168
1.0 1000 cc total

Bitumen =
Cage 11 - W = tdtal welght of mix

- _ Welght of slag Weight'of Bitumen , _ 09739 0.07W
Volume = 1000 c¢ = 5o "ar "of slag * Sp. 2F. of Bitumen = 2438 * 1.0

1000 = 0,397W + 0.07W

_ 1000 = n. of mator
T m 2169 gne O material

Wolght of: Slag

i}

0.93 x 2169 = 2017 &me
0.07 x 2169 = 152 ghe

1

Bitumen

Volumec of: Slag =‘§9%% = gLUg cc

Bitumon = 152 = _152 ‘
: 1,0 1000 cc total ~°
Caso III ~
In ordor to havo samo percontago of voids-filled, as in Caso I,

the volumo of bitumen must bo 168 ce, so:

. Woight of slag 4 168
2,38 =

Yolume = 1000 cc

%olzht of §lag = 2,38 (1000 - 168) = 1980 g
Tolght of Bitumen = 168 ame
Potal W.ight = 2148 gme

Porcontngo of Bitumen = %%%g = 7.8%

SUMMARY ¢ ' [

— ?E%ght of Aggrogéﬁo Motal Wolaht
Casc Agerogate Pot, of Bitumon 1000 ece veolumo of mix Qf Mix
I Limestone 7 2230 o398
I 8lagz 7 | 2017 2169
111 8lag - 765 . 1980 2148
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materisls were increased somewhat when comparlsons were made on tho basis
of solid volume densitios. Bven thon the densitles of the gravel mixzos
wero hardly sbovo average for thuo combined groups.

The rosulte of_stability tests show that only tho mixes containing
limostone and slag aggrogsto had a groat amount of rosistance to loads applicd
in the Marshall stability tosts. ALl of the gamplas composed almost ontiroly
of gravel, sand or othor rounded aggrogatos wore oxceoptionally low in stabili~
ty value and, in faef, almost half the spocimens had stability numbers loss
than 300 pounds ﬁor squaro inch - o criterion somotimoes used* for ggtimating
tho adequacy of bituminous mixos.

As indicated in Table I, an optimum bitumon contént was determinoed
in tests on only twenty-five of the forty-one groups of matorials despite the
foct that maximum amounts of bitumen were seldom lowor than & percent and
often ran as high as 10 pa?cent. _Alﬁhough thero is no definito recason for
belleving that future tesfs and observations will not prove tho high.porcent; :
agoes of bltumen to be desirable, there 1g = possibility that optimum bitumon
contents QQtormined by stability noaguroments may be in excess of thoso actu-
ally nocessary for satisfactory fiold porformance. ‘In the tests for Projoct
B-12, for examplo, &n oﬁtimum bitumen contont was dotermined for about 50
percent of tho cases and in oach case those wore 8 percont. As shom by Mr.
lee Purysaris report in the appendix, adaqﬁate performance may rosult from
mixes with percontagos of bitumon somewhét lowor than that valuo.

Bocauso of tho groat veriety of materials invostligatod, it 1s hardly
possible to mgke a gonoral statoment concerning tho consistency of reosults
obtained in the stability teosts. In faet, tho disparity of rosults hetwoon
proliminary and final tosts on pit run grovel from tho Penny Pit (Project B-12)

*Soo P. 17 of "8tability Investigation of Bituminous Pavemonta, prosonted
to tho Roscerch Board on January 14, 1946, '
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tend to indicate that results are nob ncoordent, On tho other hand, general
' differoncos among the results of tesis on all the mizos with gravel from
Wostern Kentucky may mean thot thero is » wido variation in the proportios
of samﬁles obtainod from separate locatlions and oven from differcnt points
within onc plte

One notable exampls of agreement beﬁween_results of tests on similar
matorials at differgnt times can bernoted in the data for samples with slag
and limestone aggregate (project B~1l). The first determinations on thoge
mixes representing surfaco cqurSGS'with modium snd fino ageragate gradations
wore made in 194Y, while the second tests wero porformed in Jenuary of this
yéar. The results of these tests extracted from Tablo I and listed sepea-
rately in Table III show that there is only a slight differonce between tho
regults derived from indepondont determinations.

_ #ho flow valuos ond permeabilities of:bituminous.mixos enalyzed in
accordance with thb methods used for these studios aéa.somewhét erratics It - -
ig difficult to reach any conclusions concerning theso velues othcrlthan to
state certainly that the results are genéral and that a revigion of methods

for meking these determinations are desirable.

CONCLUSIONS

Conclusions baced on the data as they have been analyzed herein
can be only tentative. ﬁbwaver, they provide a basis for planning future
investigations znd for making alterations in the proccdures as they are
considered %o bo necessary. Some of the most glgnificant of these are as
followss

(1) Comparisons botween the mixzos with difforent aggrogato

materials can not be basod wholly on tho weight of come

pactod material per squarc yerd. The intrinslc proper-

54



-1k

" TABLE. TII
COMP ARATIVE RESULTS OF STASIL_TY PESTS MADE IN 10LY4 AND 19U6 ON SURFACH COUREE
MIXES
- T - ! ' J §tabiiity framboer
I

Ageregate | Gradation P?rgitage _MM__Deterineé. ia

| © umen 1g4L , I@Mf
Timcstono Modium mem_ﬁ6d_m_ 869 - 817, 5

Ty TTegs T L 905
g 1losropt1mum5 1080

[ ST B

Fine 6 906 19225 .
| 7 1365 optimum) | 1305

"””"“j?“”’tf“”‘ 1002 1055 |
Slag Modium : 1 67 71
g T T ﬂ% “””ﬁﬁ_

900(Optimum) 899

L _h.691__ lTos
: g%

g 790 ...
g " g76(optimm) | 940
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(1)

(5)

10~
tios of the aggregatos which influence volumetric and
wolght rolationships arc important and have congidorablo
boaring on the percontegos of bitumen that should bo
incorporatod in tho mix. (This corresponds with past
methods for proportioning on tho basis of volds fillod

or surfacc arca coatod).

The stabillty togsused in these invostigntlons probsbliy
have Litile significanen vhen appliod %o wator wora or
well rounded sggregebo materials. On the othor hend, 1%
eppoars t0 be consistont and produces results within roa-
soneble 1imits when spplied to mixes contalning aggrogatos
that arc angular in shepe and have approciable shearing
rosistanco.

Flow Ygluos, if of eny slgnificance at all, should bo
dotermined mors accurately by usc of sirain gaugoes
moasuring $0 at least 1/100 of an inch deflection.
Althouzh tho mothod of moasuring permeabilitios of
bituminous sggrogato mixos as employed in theso tosts
nay be accursto, the moasurcmeonts should bo axtonded

for a period of mcre than twenty-four houré in order to
obtain a rating for fine graded and somowhnt lmpormeablo
combinations. & result indicating zoro pormoability is
doubtlessly misleading and of little conscquonces

Further vescerchk shovld be conducted using both tho
Marshall stability test and other methods of rating bitu-
mirphs mixes for inherent strength. Tests on éamplos Pro-

pered in the iéhoratbry should be supplomentod by toste om
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ocorog rapresonting pavomonts with good sorvice rocordas as
woll as pavomonts that have falled for roasons attributable

cnly to the mix itaolf,




