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INTRODUCTION

Among the numerous materials used In the constructlon of
highways probably none is more imoortant or perplexing than
coarse aggregate. Through vest research and exmerlence a group
of procedures and specifications for selecting aggregates sult—
able for navements has besn develoned. Tﬁﬂse acéﬂbtanoe tests
deal almost entirely with vphysical vronertles such as gradation,
goundnegs, absorntion, ébrasion, etc. However, recent data
accumulated by field observations end surveys (1), (7), (&)*
have indicated that some materials vasssing the specifications
have undesirable vpronertics which cause difficultierg over a long
veriod of time, Consequently, regesrch directed toward s mors

thorough Investige tlion of =ggregates has become immortunate.

PURPOSE o

Since standard acceptance tests have not served to elimi-
nate all troublesome aggregates,.1t“is purnosed that & study be
mede to develop a means for recognizing sand eliminating those
aggregates which are Ultimetely detrimentel. In addition, 1t
is suggésted that for those aggregates found to give inferior
verformence, a method may be develoved by which the detrlmental
actionscen be controlled and the aggregate then incorvorated
into concrete without nroducing faillures, The suggested investi-
gation will reouire a considersable amount of time, but Drogress
renorﬁs st certsin intervals will be s means of recording de-~
velobments s they apvoer.,

*Numbers in nerenthesis refer t%n biblingrsnhy et end of renort,
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7 8COPE

™is investigation will net be canfined to any verticular
classofty"ne nf aggregate: rether, 1t will include s#ll tynes of
naturel snd orepared materials now used as coesrse aggregates in
this atate. The snalysis will be besed primarily on results ob-~
tained ih performence surveys and classifications will be made
on a petrogravhic es well as engineering basis. Coﬁparisons will
be made i1 th m terials of knnwn oroperties which prevall in states
other than Kentucky in order that data accumulated elsewhere may
Ee used to an advantage;

It is recngnized thet fallures in conerete navement could
be due to such varlables as send, cement, and water; however,
the major nroblem avnpears to be in the coarse aggregate. There~
fore, nther variables will nnt be ccneildered in this study,
except ag they have ftended to influence the nerformence nf the
coargse sgpregnteg,

In #dditicn tn the main theais of this study, several
adJunctive lines of investigetlon may be included with s minlimum
of effort. Some of these are: adhesion a stripving of bitumi—‘
nous materials from aggregates, anti-strioning sgents, and the
relative costs of materisls in different sectlons of the state

based on locality and trangportation.

MATERTIALS
Materisls nertinent to this »nroject mav be divided into
the ususl major and minor grouns with a nossibility of fursher

subdivision bassed on nromerties such ag minersl comnositlion and



nerhans origin., By a nreliminary arrangement thesge are as

followd:
S8tone:
1. Limestone
2. Sandstone
- Gravel: -
1. River Gravel
2. Bank or Pit Gravel

Blag:

PROCEDURES

The nrocedure for lnvestigating aggregates in this study
will be divided into four genernl categories:

(1) Correlation between sggregates and field nerformance,

{2) Tests for nhysicel nronerties.

(3) 8tudy devoted to the comnosition of the material

both m}neralogically snd chemica}ly. |

(#) Exneriments to determine feasibility of using the

noorer tyne aggregstes,

The filrst of these will include a clasgsification of good,
intermedlate ; noor, or indeterminate aggrega®e as indlcated by
nerformance. It is‘believed that éertﬂin agegregate will clearly
stand out as gond or bad, while fhe majority wiil be intermediate
or indeterminate. Once the aggregétes giving gond sand bad ner-
formance heve been determined it should be nosgible fo dilscover
the ressnn for failures.

Tegts for nhysical ﬁrOﬂorties on aill aggfegates will in-
clude thnse now cnntained in our snecifications sunmlemented by

others which are thought to be nertinent to the nroblem. These"
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tegts are:

1‘

Abrasion - to determine the resistance of aggregates
to wear or abrasion. Two methods - Los
Angeles; Deval.

Toughness — a measure of the resistance to fracture
under impact loads.

Gpecific Gravity — as determined by several methods,

Absorption - to determine the amount and depth of
penetration of water by:
1. Twenty-four hour soaking in water -~
amount (1).
2. Dye penetration to determine depth and
rate of absorption.
SBoundnesg - a measure of resistance ﬁp dlsintegration
through tests with sodium sulfate, magnesium
Sulfate, and freezing and thawing.
Gradation - on represscntative samples of uncrushed

materials.

Unit Welght - for combinations of materials.

Durability

1. Freezing and thawing and immersion and
drying tests on samples of aggregate
and possibly conerete with representative
samples of aggregate.

2. Reduection of "E" and flexursl strength of

concrecte made from the varlous aggregates.
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%4, A check for any change of the nhyslcal
charecteristics of the aggregatée unnn
comnletinn of a given number of cycles of
freezing and thawing and immerazion and
drying.

9. Thermal (6)

1. Goefficient of Exnanslon - nn aggregate’ (3).

2. Bneclfic Heat - on aggregate and nogsibly

renresentative sammles of crnecrete.

10. Exnosure - arbltrary nrocedures cdnsisting of grouns of
nrevihusly described tests »n aggregate immedl-
ately ~fter beilng taken from thé snurce end at
cerisin tlmea sfter exnnsure commarable tﬁ
stock-niling.

Ultimately, the nrocedure for determining the accentance
of aggregates may fﬁil within fhe groun of rnhysicel tests, How- |
ever, 1t 18 nrobsble that such a2 nrocedure cannot be concluslvely
evaluated or established wlthout a corfelation based on the com-
nosition nf the materiel. For that reagon, the anlution may be
denendent unnon testswithin the third sten o»f the nrocedure.
8ince mineralnglcel analyeis are somewhat new o highway aggre-—
gate studies, onlv a »relimineryv estimate of »rocedures malnly
based on literature csn be recorded st this time. At this
atage 1t is thought thet determinations relative to limestone
aggregptes, for examnle, would be devoted tc the quentity of
insnluble residue sunlemented by anslyvsis nf the tyne df

mineral renregented in this residue, If thoss two determinations
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shruld not reveel the fundsmental ceuses of variable nerform-
ances then a third sten degigned tn show the arrengement of
immurities (rrincinally cleve) 1ls nronnged. The last of the
three 18 mnst comlicated and time crnsuming, therefore, 1if the
anlution ia denendent unnn thig nrocedure 1t will nrobsbly be
necessery tn ﬁevelcn a simnlified test that annrnximates thnse.
fnr srrangement ~f minerals in order that gnecificatimrnsg will be
feasible. Chemical and mineralngicsl tests for aggregates other
than limestene Will, through necessity, be formulated as work
nrogresses.

As th sten four of the »rncedure, there 1s a2 minimum of
data'available nn incressing the durabllity of aggregates or
conerete. However, unon determining the cause of feilure of
certsin sggregates it 19 belileved thet the incornaration into
cnncrete nf at least the intermediste nerforming aggregates

will be frnrthemmingc.

TQITPMENT

Mngt of the egui-ment knnvn %o be réquired fr a study of
this ne ture ia nnaw availaﬁle in the Highway Matérials_RESEarch
Leboratorv, Conseauently, nn the bssis nf nresent knowledge the
cnst of the awxneriment will lie mainlyv in the time grnent by
Labaratery nersonnel. On the other Hanﬁ; if snectrnsconic
analysig for mineral distribﬁtibn-ahould be required wrobably
the most nracticable errangement would be one whereby a verson

trained for this analysis snd wnossessing necessary eoculoment




could be utilized on a flzed fee bssis. Equipment snd men of this
nature are avallable in two or three locations on the University

campus,

CONCLUSIONS
1. That coarse aggregates are the proﬁable gource of many
of the failures on concrete pavements. This does not exclude
the possible effects of fine sggregates, which are proposed
for study in a later project. |
' 2. That a study of coarse aggregates 1s deslrable, in
which the foliowing will be consldered:
a. Correlation ofhpavement performance and aggregates.
b. MTests of physical:propertics of aggregates,
¢. Btudy of composition of the matérlal both
mineralogically and chemically.
d. Experiments on feasibillty of using intermediate
to poor aggregates 1n concrete.
3. That the study will be long, but frequent progress

reports will recnrd developments as they apﬁear.
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