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FOREWORD

The 1960 Asphalt Paving Conference held at the Mich-
lgan College of Mining and Technology on May 18 and

19 was hiphly successful because 1t provided an op-

portunity to assemble representatives of all phases

of this important type of highway education, design,
research and construction.

The educational and professional environment of the
Michigan Tech campus and the high level of profes-
sional programs developed a strong feeling of accom-
plishment among those 1in attendance including both
the audience and program partlicipants. There were
160 in attendance; of these 75 were practicing engi-

- neers and 115 were. students in the Department of

Civil Engineering. The keen Interest of the students
in proféssional engilneeririp programs ig a further
reason for conducting programs of this type on the
Michigan Tech Campug &t Houghton.

Special acknowledgment and genulne appreciation goes
to the program particlpants for thelr excellent pre-
gsentation of topics; to the Michigan State Highway
Department for thelr contribution in planning and
in program participation; to the Michigan Asphalt
Paving Assocliation and The Asphalt Instltute for
thelr promotion and support of the Conference; to
the Department of Civil Engineering for effective
assistance in all phases of the Conference actlivity;
and to the Institute of Extenslon Services for pro-
viding the necessary reglstratlon, housing, and op-

erational services,

Frank Kerekes
Dean of the Faculty

August 1960




TABLE OF CONTENTS

Page

L. HISTORY OF ASPHALT . . & v v & ¢ 4 4 4 o o o o 272 « o & a 1
Ladis H. Csanyl, Professor in Charge
Bituminous Regearch Laboratory
Iowa State University
Ames, Iowa

IT. TYPES AND USES OF ASPHALT IN PAVEMENTS . . . « + « 5 « +« . 5
: Claude F. Skidmore, District Engineer
The Asgsphalt Institute
Lansing, Michigan

ITI. CHANGES IN CONSTRUCTION PRACTICES . & 4 v v v 4 w4 4 o« a 15
Walter P, Tervo, Construction Engineer
Highway Survey
Michigan State Highway Department
Lansing, Michligan

IV, COUNTY AND LOCAI, ASPHALT PAVEMENT PROBLEMS . . . . . . . . 19
Henry L. Shroeger, Engineer
Marquette County Road Commission
Ishpeming, Michigan

V. THE IMPCRTANCE OF BITUMINOUS BASE CONSTRUCTION . . . . . . 27
Gerard ¢. Kerkhoff, Head
Soll Testing Section

L Michigan State Highway Department

i Ann Arbor, Michigan

VI. RESEARCH IN ASPHALT TECHNOLOGY AND
DESIGN OF BITUMINOUS MIXTURES . . & « v v v v v o v o o s 33
Paul J. Serafin
Bituminous Testing Engineer :
Michigan State Highway Department
Ann Arbor, Michigan : '

VII, A NEW METHOD OF ASPHALT MIXING . + & &+ o« v & o o o 2 o o 41
Ladis H. Csanyil




HISTORY OF ASPHALT
by Ladis H. Csanyl

Asphialt is probably one of the earliest materials known and
used by man. Archeologlcal evidences indicate that the Cave
Men, before the dawn of history, had found the natural asphalt
lakes and had used their material for cementing the stone head
upon the shafts of thelr spears, and also for treating wounds.
At the beginning of recorded history, it appears that asphalts
were falrly well known because it is found that the Sumerians
in the year 4,000 B.C., were using it to waterproof boats,
cementing bullding blocks and in ornaments. As time passed its
uses were expanded, for 1n 2900 B,C., it was belng used for
waterproofing baths and drains, for weatherproofing building

‘blocks by saturating them with asphalt, and as a trowelled sur-

facing for floors and pavements. Later, the Egyptians devel-
oped itg use for the preservatiocn of thelr mummies, while the
Babylonians were mixing it with aggregates in the preparation
of asphalt paving and building blocks and using 1t as paints
and roofing sealg. Xlng Nebuchadnezzar's famous hanging :
gardeng, one of the seven wonders of the world, shows asphalt
used extensively in its construction, in waterproofing dralns
and waterways, saturated bricks for builldings and bridge abut-
ments, ‘also paving of walks and paths, The Assyrians at about
1000 B.C. were using it for medicinal purpeses, while at the
same time the Swiss lake dwellers were using 1t te coat piling
to prevent decay.

The Greeks and the Romans, who used asphalts extensively, ap-
parently did not dlscover new uses for the material other than
a presumed ingredient of the devastating Greek IFire used in
warfare. They did, however, apparently refine the manner and
technigques of application.

During the Dark Ages, in Medieval Times, although bltumens
were well known, they were not used extensively for any purpose
other than pouring 1t upon the heads of the enemy attackling
the castle walls. The Arabs, who preserved the knowledge of
the ancients durlng this period, seem to have used 1t widely.
Bitumens, nevertheless were so widely known that Columbus
1mmediate1y—reGOgnized the material 1In the asphalt lake when
he discovered the Island of Trinidad.

Historilcally, it seems that the ancients had discovered almost
every congelvable use of asphalt. The extent to which they
developed these discoveries and applied the knowledge gained
appears to have depended upon the demands of the existant
gociety and the times. Although asphalt was used for pave-
mentg in antiquity, it was not untll the nineteenth century
that the demands of transportation started its wide use in



this field as we see it today. In 1835 and 1836 mastic as-
phalt pavements on foot paths were laid. in Paris and Lendon,
respectively. Then in 1852 the first Macadam type asphalt
pavement was laild in Paris.

The discovery of rock asphalts, sandstones and limestones
Impregnated with asphalt gave impetus to the use of asphalt
in reads. The first rock asphalt used ag a conpacted pave-
ment was tried in Paris in 1858. This type of asphalt con-
struction of roads was so succegsful that it spread rapidly
in France. It spread to London 1In 1869, to Newark, New
Jersey in 1870, and to Waghington, D. C. and New York, N. Y.
in 1871.  Rock asphalt .roads are still being bullt today,
not only in Europe but also 1In the United States in and arocund
Kentucky, where Kentucky Rock Asphalt is avallable, This
material makes excellent durable pavements. ‘

Although the anclents had used asphalt aggregate mixes for
pavements, the flrst sheet asphalt pavement using a mixture
of sand and Trinidad asphalt was laid on Pennsylvania Avenue
in Washingten, D. €. in the year 1876. Thils type of mix and
construction became quite popular and was used extensively
for city streets, until the use of petroleum asphalts dis-
placed the natural asphalt. Considerable hatural asphalt is
stlll belng used in Europe for paving purposes

At.the beglnnlng_of the twentleth century, as the refining

of petroleum asphalts improved, they came into more common
use. About the same time cut-back asphalts and emulsified
asphalt came into belng. These developments widened the

range of asphalt paving mixes and provided both hot and cold
mix types. Asphaltic concrete mixes also began to appear and
gain favor for rural highway pavements. The use of asphaltic
concrete on highways brought about a rash of patented mixes.
The first of these, known as the "Topeka Mix", appeared aboutb
1910, and soon after was followed by Ammeslte, Coldprovia,
Bitulithic, and a host of others. Almost every contractor

in the business had hils own private mix., A large number of
these "mix" mixes were excellent, as attested by the fact that
some of them are st11l in service after 40 years.. Many others,
unfortunately, were poor and these failures placed a stigma
upeon the Indugtry.  They, however, dld serve a useful purpose
in establishing the need for specifications, controls and the
development of some means of testing the physical properties
of the mixes.

The first glgnificant test deviged around 1930 was the Hubbard-
Field Stabllity Test. Thils was followed by the Marshall, the
Trilaxial, -the Hveem and other methods of testing the physilcal
properties of a paving mixture. These tests provided not only
a meang of designling and evaluating mixes but alseo a means of
ascertaining the effects of asphalts, aggregates and theilr




proportions upon the character of the mixsés. This opened the
door for detailed research for mix design and compesiltiloen,
glving us invaluable Informatien and the assurance of durable
mlxes,

The varlous tests of the physical propertiles of mixes algo
provided a meang of évaluating mixing techniques and plant pro-
ductlon operations. At the turn of the century, asphalt plants
were small and gulte -crude 1n operatlon, yet they possessed
the basic elements still used today. They had a cold mix
blend;: such as it was,; produced by a combination of wheel
barrows, a dryer, a rotary screen, hot bing and a pug mill
mixer. Modern plants still have the same basic eleménts,
highly refined for better control and operatlon. They are
much larger, wilth tremendously increased production capacity.
One ma jor- change, brought about by the demands of hilgh pro-
duction, has been:the development of the continuous mixer.

A comparison of the old plants with the modern plants clearly
shows that tremendous improvements have been made 1in refine-
ment of operations, reduction in manpower needed to operate
them, closer controls, and the introduction of automation to
some degree, Yet, 1in spite of all this, very little change
has been made in basic procedure durlng the past sixty years.

Asphalt is an exceedingly complex material. Man has observed,
studled and catalogued its physical properties until a tre-
mendeous amount of information has been accumulated. Asphalts
today are tested and classgifilied mainly on their physical pro-
perties. Strange as 1t may seem, even though asphalts have
been known for thousands upon thousands of years, we still
know but little about thelr chemlcal composition. No doubt
the alchemists gtudied its chemlcal compoglition in efforts to
transmute 1t to gold. Yet the first treatisé on the chemis-
try of asphalt was publlshed in 1837 by J. B. Bousslngault.
In this treatise are found references to asphaltenes and
petrolenes which are 8till in use today. Many Investigators,
such asg Rlchardson, Marcusson, Nellynstein, Xrenkler and many
others, have studled the chemlcal composition of asphalts.
They have compiled a tremendous amount of information. Yet
today we know but little about the molecular character of the
material, what happeng 1n the process of polymerlzatlon and
changes effected by aging, exposure to heat, light and traffic.
Considerable research 1s being directed to this phase and 1t
i8 hoped that new instrumentation, such as infra-red, ultra
vielet, and mass spectroscopy, will materially asslst in
ghedding more light on this subject. Since asphalt is the
basle 1lngredilent in an asphalt mixture, a better knowledge

of its composition 1s essential 1f asphalt technology 18 to
advance with moedern needs,

Asphalt paving has galined considerable popularity recently
and is belng used ever lncreasingly to meet modern traffic
demands, not only on major highways and city streets but on
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local roads and in soll ‘stabilization. Asphalt paving has
gerved the public well and 1t willl continue to do so if it
mailntains its progresgs in relation to trafflic demands.

Ag one reviews the history of a development, one just cannot
help but glance at the future as reflected by the pasgt, We
are living in a scientific age that is developlng new theories,
concepts, techniques and materilals that are fantastic. There
is every indication that the future will bring forth new ma-
terials and developments which will make commonplace things
that are undreamed of today. How does thils affect the future
of asphalt? Even today, with the tremendous development of
the plastics, there are plastics that may serlously compete
wilth asphalts tomorrow, as Indlcated by the epoxy resins.

Who can predict that a material may not be found that need
only be sprinkled on the earth to yileld a good pavement? Con-
sidering the advances made recently in the plastic field, as-~
phalt technology must not rest upon its laurels but must
advance swiftly 1f 1t is te retaln its popularity in the pav-
ing fleld o




. design involving asphalt. As a result, not only has the

TYPES AND USES OF ASPHALT ‘IN PAVEMENTS
by Claude F. Skldmore

There may be some confuslon resulting from deletion of the
word "in" from the subject as printed in your program, which
I understood prev1ously to be "Types and Uses of Asphalt IN
Pavements.

As Professor Cpanyl has so ably presented the history of as-
phalt it seempg quite logical that I should consider what
comprises an asphalt pavement design and take a look at the
types of asphalts that may be 1ncorporated In 1ts construc-
tion.

Asphalt pavements or wearing surface 18 not new or untried
even here 1n Mlchlgan as Woodward Avenue In Detrolt was paved
with asphalt 1n 1868. Sheet amphalt pavements were placed in
several clties along the East Coast, as New York, Washlngton,
D. C. and others before the turn of the century. Untll some-
time after the turn of the cenftury all asphalt paving was
accompllisghed by the use of lake or natural asphalt ilmported
from the island of Trinidad or Venezuela. Petroleum refined
asphalt followed shortly therealfter and wag used as a dust
layer and surface treatment on exlsting gravel and stone
roads., Existing gravel and aggregate surfaces were lmproved
then by use of liguid asphalt seal coatg, road mixes, cold
plant mixes., However, hot plant-mix asphalt was not used to
any degree untll after the development of the paving machine
by the Barber-Greene Company in the 1930's. Increaged use of
higher type hot plant mix asphalt has followed since that
time. Developments have lead to what I would term the main-
tenance use of asphalt as contrasted with a total structure

public, the user of asphalt surfaces, come to think of asphalt
ag a malntenance product, patchling material or the like, but
many engineers assoclated with road construction find 1t
difficult to conceive of asphalt as having a prlmary function
in a design of pavement structures. There is no reason why ;
we should not consider asphalt every bit as much a product i
for new constructlion as Portland Cement for rigild construc- i
tion. Asphalt continues to be the one product most effective ;
for highway maintenance, therefore, I would noet discount 1ts

importance in this respect. However, 1n thinking of types

and uses of asphalt in pavements we will need to think clearly

as . to whether its use is strictly for surface and wearing

course or for the total pavement structure design,

. We migh% ask the question, what i1s a pavement? Turning to

Webater's Dictlonary we find that 1t is the artiflcial coever-
ing of a road or street. You or I will hasten to add to this
defilnition, the quality and functions which it must perform.



There are two types of pavements, a rigid or slab type that
is designed to spread the traffic load over the subgrade as

a beam carries a load between polints of support and the other
a non-rigid, or shall we call it, the asphalt design composed
of successive layers of compacted selected miheral aggregates
of increasing stabllity near the asphalt-aggregate roof and
wearing course. If the non-rigld pavement structure is to
support the traffic over 1t, 1t will need be so constructed
that the layers of the structure will ftransmit and spread the
load 1In such a way that the unit pressure reaching the founda-
tlon s80il does not exceed the soll's abllity to support it,
and this must be true for all seasons and weather conditions.
The keying actlon or supporting abllity of the component
aggregate courses must be such that they will not decrease
during perlods of greatest moilisture, such as 1lmmedlately
following winter or spring thaws. This is just another way
of saying that dralnage must be of great concern and adequate
steps taken to assure that all free water will be carried off
before resching the pavement structure, that capillary water
will not rise within the structure so as to accumulate or
reduce its strength, or that vapor molsture will not condense
at some point within the structure wherein it will be accumu-
lative and reduce the structural capaclty of any portion of
the component parts :

As we look about us from state to state 1t is' observed that
the design of -the asphalt pavement structure varies consider-
able, partlcularly with respect to the ways and degree that
drainage 1g bullt in. Where frost penetration is to be dealt
wlth, egpecially as 1in this area, a deep free-draining pave-
ment structure ls eggentlal 1f the newly completed pavement
surface 18 to retaln its constructed smoothness for many rea-
song. The ruleé-of-thumb design, that 18, total pavement
structure, mugt equal or exceed half the greatest depth of
frost- penetration, certainly does not mislead us 1in our pro-
blem, T am convineed that Mlchigan's asphalt pavement struc-
ture deslgn is8 planned to meet the requirements Jjust mentloned.

The 40 inchép plus of structure depth for the Interstate
Expressway pavement with the improved free-draining sub-base
extending from dlteh to dlteh, that 1is, completely through
the shoulders, -allows a much greater freedom for molsture
movement from the structure than those incorporating more
impervious subgrade materials. In order that this asphalt
pavement structure ig to perform to its maximum, the com-
ponent layers will need he consolidated to such a degree

that subsequent traffic loads will not develop further con-
solldation or deformation. Vibratory compactlon of granular
materials, heavy preof-rolling with large pneumatic tired
rollers along with new and Improved means of spobt density
checks are rapidly finding their place in the achievement

of these atandards, Too many miles of roads and streets have
agphalt surfaces where not that first thought was glven as to
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whether the existing structure was adequate, properly drailned
or 8o constructed ag to carry the traffic to be attracted to
it by the addition of an all-weather surface. Asphalt is not
magic. A thin asphalt surface is l1little more than a roof and
wearing course on a pavement structure and surely should not
be expected to add miraculous values to the structure when it
comes to carrying the loads over it. Deep strength asphalt
design, however, should incorporate quality asphalt-aggregate
mixes into the base area of the structure. Increasgsed thick-
ness of high quality asphalt-aggregate mixes increase greatly
the structural ability to withstand the shock and beatlng of
high speed, heavy wheel loads. 5

Here 1t may be saxd that stage constructlion 18 often times
recommended and highly desirable but 1t is only when the total

‘structure was deslgned and built for the traffilc 1t is to

gerve. Costly surfaces applied to poorly drained inadequate
base structures can be considered only as an emergency measure
and not as a desirable practice., In some areas where presence
of high quality aggregates requlred for the component layers
are not In abundance, the use of materials of legser quallty
may be effectlively made by the ad-mlxture of asphalt or water-
proofirig by the use of asphalt, thus resulting in a structure
of greater strength and service and possibly at savings in -
cost, :

Now, having in mind the fundamental concern for adequate
drainage, congolldation and placement of the subgrade and
sub-base In the asphalt pavement structure, we will discuss

in more detail, thée use of asphalt in the base and surface
courses which are to receilve thé most rugged treatment by
traffic. Asphalt cement is the basic material of the asphalt
Industry and is obtalned by further dlstlllation of the heavy
residual oll after the removal of gasollne, kerosene, fuel
0lls and lubricating cils that comprise lighter fractions of
crude petroleum. The temperature to which asphalt cement need
be heated for spraying and mixing generally exceeds 275° F
Thig fact makes difficult the use of asphalt cement except in.
plants designed to heat the aggregate as well as the asphalt
before the mixing process. In the beginning, asphalt was used
as a part of the heavy residual oills before sufficlent refin-
ing to reduce them to the present grades of asphalt cement.
These olls were known as road olls and could be applied at
atmospheric temperatures or with a small amount of heating

to make them fluid., These rcoad oils could not function as do
asphalt cements, due to the oll component in the product which
remained soft and plastic. It was found, that by reducing the
heavy asphalt eoils o asphalt cement by further refining, that
the cement then could be made liquid at atmospheric tempera-
ture by the cutting back with lighter solvents such as gasolire
or kerogene., These cut-back producis, when used on a road sur-
face, would give off falrly readlly the volatiles within them
and leave the residue with the high cementing qualities natural




to the asphalt cement. This process of diluting the asphalt
cement - wlth a lighter, more volatile product developed mater-
lals wilth many characterlstlcs and uses depending on the
amount and kind of diluent used, so some standardization be-
came necessary.

The flOW-OhaPt which you see upon the screen simulates the
refining process of the crude petroleum as 1t leaves the wells
and goes to the refinery. By heating and vacuum distillatilon,
the lighter ends are removed, ineluding gasoline, kerosene,
fuel oil and lubricating oils, leaving the heavy portlon to be
further refined by steam to the road olls and paving grades of
agphalt, At first there was no limlt to the number of grades
of paving asphalt that was considered desirable. As late as
December, 1957, the Asphalt Institute adopted a reduction in
the number of paving grades of asphalt from nine to five, This
simplifled the problem of choesing the asphalt with the de51red
.consistency to. 1t fthe need for the pavement of concern,

A confu51on often exists in the selectioen of the grade of
liquid asphalt most sulted to the application involved. With
s8ilx grades each of the slow curing asphalts, medium curing
asphalt: cut-back .and rapid curing asphalt cut-back it may be
debatable as torwhich grade will work with ease and glve the
deslred performance. This has lead to efforts by the Asphalt
Institute to reduce the six grades by half, however, conflic-
ting practlces from one area of the country to another has
made agreement. difficult.

To add to this confusieon of grades and products we have liquid
agsphalt emulsieons that serve well certaln types of use. Asg-
phalt emulsions belng a suspension of fine asphalt particles
or globules In water by the ald of chemical agents are of
three general types: (1) Qulck breakin or rapld setting-{RS),
(2) Medium breaking or medium setting-(MS), and (3) Slow
breaking or slow settlng sometlmes referred to as a dense mix-
ing'type These you see on the chart as RS-1, RS-2, MS-2 and
33-1. - In the Michigan Highway Department the former nomencla—
ture of AE 1s still retained for asphalt emulsions.

AE—l is essentially same as RS-1.

AE-E'ié'rapid setting as is RS-1 except that the penetration
of the asphalt ig from 60 to 110 that 1s harder than the RS-1
belng made from an asphalt with 100-200 penetration.

our AE-3 conferms to AS-TM ~ requirements for RS~2. The
AE-5 is a medium setting asphalt emulsion about the same as
MS-2, and the SS 18 listed for mulching is ldentleal with
38~ 1 3

How are we to ohoose the correct grade of asphalt for the
particular job in mind? Perhaps 1t 1s net 1n error to state



that the cholce may be varied and still result in quite
satisfactory results,

Shall We discuss then, the various types of work to be per-
formed and conslder the cheolce of asphalt product the use of
which we can expect to secure desirable results,

Asphalt Prime - First Application - Dust Palative

A wide cholce confronts us immedliately, so let's be more
gpecific as to our purpose. If it is a traffic bound rcad
gurface for which we desilre only to contrel dust and con-
solldate the surface the cholce of an SC grade or road oll
wlll 1ikely serve best thls purpose. The plowly volatile
olls in the SC products will be absorbed by the filner parti-
cles of aggregate and dust and provlide for a few weeks a
deslrable matting together of the surface fines. The grade
of SC to use will be determined by the density of the aggre-
gate-surface. As an SC-0 contalns only about 50 per cent
asphalt 1t is most fluld of the six grades and wlll penetrate
the more dense surface such as a traffic bound crushed lime-
stone surface, On the other hand a loose gravel or sandy
surface with 1ittle or no clay content may require a grade
with less oll and more asphalt so as to hold the particles
together and prevent corrugation, In this latter case an
SC-2 may serve best the need. TIn such an instance some blad-
ing of the surface after the oll appllcation wlll likely Ilm-
prove results. Wlth heavy traffic use, 3C dust treatments
may result in pot.holes in areas deflcient in fines and regquire
sacrifyling to restore a smooth surface,

Where traffic warrants more than a dust treatment, and pro-
viding the aggregate base 1s adequate to support the year
round traffic a surface treatment wlth a liquid asphalt may
be consldered desirable. Again, the loose aggregate on the
traffle bound base will need be held together by an adhesive
that will penetrate the depth of the loose layer and cure to
form a s8o0lld layer to whilch a heavy grade of blnder can be
applied for holding an aggregate cover. This application is
generally termed a prime. For this we would do well to choose
a medium curing cut-back asphalt grade MC-0 or MC-1 depending
on the denslty of the surface to which it is applied. A 22-A
road gravel base compacted by the aid of salts or chemicals
may become so dense that a 2/10 gallon per sq. yd. application
of MC-0O willl be the maximum that can be applied without run-
off'. A gravel base having a small amount of fines content
may require as much as 4/10 gallon per gq. yd. of MC-1 ag a
prime and s8tlll not be as firm as desired, In such extreme
cases of porosity an MC-2 might be desired, however blading
and inereased application rate will be required. Where
traffic is to be malntalned over the primed surface a light
cover of 5 to 10 1lbs. of small c¢hips or pea gravel ls often
advantageous to prevent pickup on the Wwheelg of vehicles as
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the material cures and becomes tacky at the surface before

1t cureg within. The kerosene content of the MC product must
be allowed to evaporate completely before placing the surface
course 80 that the trapped volatile will not soften the new
surface. Forty-eight hours is usually considered sufficient
for a light prime to cure, however cloudy, humid weather or a
heavy appllcation may extend thls perlod to a week. A prime
application te be most effective requires a voelatile content
to carry the dilute asphalt and penetrate the surface fines,
The asgphalt resgidus after the vehlcle has evaporated becomes
the adhesive. An extremely dry or dusty surface 1s more diffi-
cult to penetrate due to surface tensglon of the particles, so
a partially damp surface may result 1in deeper penetration of
the prime., Likewlse, an asphalt emulslion prime, if used at
gufficient rate of application may give improved penetration.

Seal Coats - Seal coate may be classifled as two types. One
ig the placing of one or more applications of a vigcous or
liquid asphalt and aggregate cover over a primed surface 8o
as to provide an all-weather wearling course Tor light to
medlum traffle. The other wWwould be one or more appllcations
of a fluid grade of asphalt covered with sultable aggregate
to serve as a seal to an existing asphalt-aggregate surface
to prevent infiltration of surface water Inte the hase struc-
ture and to provide improved surface quallties,

The silze of. cover aggregate to be used for the cover should
be taken into account when fixing the rate of application of
‘a8phalt.. On a single seal application one aggregate particle
compriges the depth of cover to be held by the asphalt.

There needs be sufficient asphalt to 1inbed the aggregate
approxlmately half its vertical dimenslon when pressed 1in place
by traffic.  Teco heavy an asphalt applicatlon may result in a
fat, slick surface. The smaller the slze of the cover aggre-
gate, the lighter the rate of asgphalt application should be.
The asphalt for a light or thin application needs be fluld so
that it will cover the pavement surface uniformly., Use of a
highly vilscous asphalt cutback, asphalt cement or asphalt
emulsion 1n small rates of applicatlen usually contribute to
ridges or drill rows as 1t may be called. In the northern
states little use of paving grades or penetration grades of
agphalt cement 1s made for seal coats. In a few cases 200-
300 penetration grade is used with satlafactory results.

MC-3, 4 and 5:grades are possibly most universally used for
girigie seal coat applicationg for less care 1in thelr use 1s
requilred for reascnably satisfactory results. Excesslvely
heavy appllcations of MC-3 or SC~5 in seal coats tend to re-
taln the volatliles 1In the surface only to be flushed to the
surface to be tracked about in hot, humid days. Bleeding of
MC and S8C grades of asphalt cut~backs make them less desirable
for use on clty streets and roads carrylng heavy volumes of
traffic., TFor seal of roads and streets having heavy traffilc
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the RC-4 or 5 grades or RS-2 (AE-3) are usually recommended.
As the RC grades provide an asphalt with a penetration range
of 80 to 120 whereas the asphalt emulsion has a penetration
of residue of 100 to 200, the RC may be preferable to asphalt
emulsion for extremely heavy traffic. Careful workmansghip
and know-how developed with experience can produce an asphalt’
seal coat to provide excellent service and appearance with
about any of the grades of asphalt cut-back er asgphalt emul-
sion. With nice concern for aggregate sizes incorporated and
rates of application double and triple seals can provide ex-
cellent service. And, in some areas where hot-mix plants are
avallable, a high type hot plant mix surface may be applied
at equal or less cost than a triple seal.

Road Mlxes - Road mixes serve well many areas and conditions,
Llquid asphalt cut-backs or asphalt emulslens provide the as-
phalt binder in order that the mix can be performed at pre-
valilling road temperatures. That grade of liquid asphalt
whilch will provide Jjust adéquate mixing time is desirable, as
to attain the best adhesive properties the diluent needs evap-
orate completely. This fact usually prevents effective use of
denge aggregates as they trap the volatiles and the mix re-
malinsg too soft to serve 1ts purpose and tends to bleed, RC-2
or 3 gradeg are degsirable for dense mixtures where positive
mixing equipment 18 to be used. However, on local roads where
traffic is to be light the SC-3 to 5 grades may be used to
allow for blade mixing or remixing and MC-3 1s often used for
blade mixes. Frequent rainsg and difficultles involved in dry-
ing the aggregate afforde a real difficulty in the affective
use of road mixes.

Cold Plant Mix -.Cold plant mixes serve best as repalr mater-
ials that can be used over a perlod of time before setting.
Every cold plant Installation by trial can establish the grade
of cut-back asphalt most sulted to the aggregate gradatilon per-
formance desired. The higher 3C grades and the lower MC grades
are uged most, ~

Cold plant mix 1s not to be preferred for a pavement surface
if a higher type, dense hot plant mix can be secured for the
gradation of the mix needs be open to allow the volatile to~
pasgg off and this will allow surface water to fillter in., Even
wilth seal applications the cold plant mix seldom provides ser-
vice to be compared with higher quality hot plant mixes.

Asphalt Treated or Stabilized Aggresate

For base course construction it 1s in some areas desirable
to incorporate granular solls or low quality aggregates in-
to the asphalt pavement structure design by water-proofing
the softer particles or by blnding the mass together to
develop greater bearing value by making it into a lean as-
phalt mixture. Effective use of thils procedure hag met with
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difficultles due to the fallure of the weather to cooperate.
Rain and excessive molsture in the soll or aggregate not
only makes difficult the proper mixing and coating of the
particles, but delays curing and consolidation. Most effec-
tive 18 the treating such soll or low quallty aggregates by
a central plant whereby molsture can be contreolled and uni-
formity 1in asphalt content can be maintained, The most out-
gtanding prejects of this sort have been on the East Coast.
South Carelina hasg used hot-mlx beach sand with 3.5 to 4.5
per cent of 85 - 100 penetration asphalt te censtruct 10 inch
bages on expressway construction. Oklahoma and other states
west of the Misslsgippi River have used lean sand mixes for
base construction. A surface of high type asphalt concrete
is required over this basge course construction.

Hot TFlant Mix Asphalt - Hot plant mix asphalt proevides the
highest type of surface for highway and street pavement con-
struction as well as base course material with greater
capacity te withstand impact and give needed support teo the
heaviest traffic leoads: Reflnements in mixing plant controls
and late lmprevements to paving or lay down egquipment makes
posslble the highest quallty of pavement construction ever
attalned,

Asphalt technology is advancing and general recdgnition and
concern for the importance of maintaining uniformity through-
out mix compositlon, preparation and placing is resulting in
real progresg. Use of the thin film oven test 1ls leadlng to
improved grades of asphalt. Recognitlon, that visceslty or
f1lm thickness of asgphalt incorporated into a hot-mix affects
the logs of penetratlion during the wet mix cycle thereby affec-
ting the service 1life of the mix 1is leading to concern for
limiting the top temperature at which a mix is made.

Generally, the greatest service life can be expected from

the mix that 1s made at the lowest temperature at which proper
coating can be secured, and 8till provide sufflclent heat for
paving and desired conscolidation,

The extent to which the consistency of a gilven asphalt cement
changes with temperature identilfies 1ts character, This re-
lationship 1is called, "Temperature Susceptibility”.

The choice of penetratlion grade of asphalt for a mix is
usually determined by the use te which the pavement is to be
placed., Heavy, dense trafflc can hest be gerved by a mix
made with 60-70 penetration grade and 85-100 grade or softer
for lighter traffic. However, low penetration grades should
not be expected to replace the need for a well degigned and
controelled milx,

As a concluding obgervatlon 1t seems well to say that uni-
formity 1n every phase of the mlixing, paving and asphalt
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construction will contribute greatly to improved work. The
: best possible mix design pooriy combined and placed willl be
i disappointing.

Good control and careful work becomes excellent advertising
for asphalt pavements.

i
i
i
|
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CHANGES IN CONSTRUCTION PRACTICES
: by Walter P. Tervo

In spite of the general bellef that we, 1n Mlchigan, are still
speclfying and produelng bituminous mixes in the same o0ld way
we have been doing things for some 25 years; changes have
taken place and new equipment and new methods are belng studled
to make further changes. Here are some of the changes we have
gseen in the past 5 years. These are not in any particular
order of occceurrence -or importance -- gimply some of the changes
that have taken place.

1. Asphalt cement delivery by truck. Previous to truck de-
livery of asphalt cement, 1t was necessary for the contractor
to erect his plant on rallroad siding which restricted his
plant to urban areas. Many contractors ran into legal 4iffi-
cultles because of zoning grdinances and it always meant &
dirty and dusty ¢ondition for the area in which the plant oper-
ated., With truck delivery, contractors can place thelir plants
at locatlons advantageous to haul, to construction slte, and to
gource of materlials. '

2. Asphalt cement from local refineries. Untll only recent
yvears all the asphalt cement delivered inte the State of Michi-
gan came In by rallroad cars from-refineries outslde the state.

3. A new mixture was introduced --levelling course. Previous
deslgn for twe-course bituminous concrete construction consisted
of ~elither binder course and wearing course, or twe layers of
wearing course. Now the gtandard- design two-course woerk con-
siste of binder base, or what we call levelling dourse plus
wearing course. Thlg levelllng course hag & gradation similar
to the large binder course materlal except that top course
stone 25A is wused. This 1s an attempt to stop rutting and
sheving. ' ‘ '

4. We will start paying for removing old bltuminous patches.

Previous to the 1960 Specifications removal of existing old bi-
tuminous patches or pot poured patches was incidental to the
work. Therefore, the practice employed throughout the 10 dis-
tricts was different dependlng upon direction of the area engin-
eer,

5. We set up planlng of the lane near the curb .on some of our
municipal work.

6, We saw edge fallures on old bltumlnous roads -- and pay
for it.
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7. We are specifying 85-100 penetration asphalt on bitumin-
QU aggregate as well as 150-175.  We are experimenting urn-
officially with a bltuminous aggregate for a top size stone
normally 100 percent passing the one-half inch sieve with a
high erushed content. This makes an excellent bituminous
aggregate surface especlally feor small communities.

8. We are Increasing the proportlon of bituminous aggregate
tonnage.

9. We are slowly ohanglng from using 60-70 penetratien ag-
phalt out state

10. We use IDC 200 -- or perhaps -- We now approve its use by
authorization. DC 500 1s a sillcone chemical which, when
added to bituminous mixtures,; Inhiblts segregation. Unfor-
tunately, the chemical has no benefleclal effect unless the
plant drying process is efflclent It i1s net a cure-all for
the drying process., - ‘

11. We now specify 200 pounds per square yard of 9A binder,
a change from 170 pounds '

12. We have a Desigh Cemmlttee who study all proposed work and
advigse on thickness, penetration, and type.

13. We have built one expressway-type of asphalt highway =nd
will build some EOO mlles more at 460 pounds per square yard.

14, We are increasing asphalt content in our mixes ~ up to
5.7 and 5.8 percent., We. have only had a couple of years of
visual inspection of these mixes with an asphalt content higher
than 5.5 percent but what we see, we like. Until only recently
our standard mixture oontained 5.5 percent asphalt.

15. We are changing,our visual acceptance of our mats --
today, almest everybedy wants te see a tighit, sandy, closed
surface, We know these sandy tops are more skid-reslstant,
Our research laboratery has an instrument to measure skid .
resistance of all types of surfaces and they have been study-
ing our bituminous mats for several years. A preliminary
report from them indieates that we should have sandler asphalt
mixes.

16. We are getting back to 31A tops in our citles -- last
year we had 8ix such Jjobs -- we'll get more.

17. We dre substituting and studylng 2NS modified for our -
standard 3BC -- with succesgs eo far.

18. We will blend 3BC mechanically from now on rather than
shovel-blend on the ground,
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19. " We are using continucus-mixing plants on bituminous
concrete,

20, We have increased haul 11mits for both bitimunous aggre-
gate and bltumlnous ooncrete

21. We are getting truck boxes with bullt-in insulatien --
and also specifying insulation for haul at any time of the
year over 20 miles for bitumlnous concrete and 25 miles for
bituminous aggregate. :

22. We will gee less l-foot binder wildening 9 inches deep --
and see more gravel widening with 1 course of binder.

23. Autematlc preoportloning with interlocks are specifiled
for bltuminous concrete advertised after May 1.

24, TFluldometer - or volumetrlc meterlng 1s now approved,
with exact controls.

25. (Controls are now specified on the o0il heating lines in
an attempt to btop one of the possible sources of contamin-
ation.

26, We have seen some new pavers introduced:

. Blaw Knox

© Ploneer

Cedar Rapids

. New Barber-Greene

We are examining a new machine called "Trac-Paver"

D B O

27. We will requlre three standard 8-10 ton rollers fer 90
tons per hour or more plant productlon.

28, We will see pneumatic rollers in use - we will specify

them as soon as we know enough about them, Many of the states
are already specifyling pneumatic rollers for bituminous con-
crete. We have tested them on a small scale for three years,
We will set up a research proJject this year and from this
study hope to arrilve at a specification.

29. We will construct bituminous mat shoulders this year to
learn whether they are feaglble and economical.

30. We are experimenting with the density of our mats.

31. We have a moblle laboratory to study densitles and to
trouble-shoot at plants.

32. We are considering thin mats to correct slippery condl-
tions of dried-out, piltted surfaces.




18,

33. Shaping of bases and shoulders will be under more rigid
control of grade and crown.

34, There is a trend toward ene-course constructlon.

35, Extractlion test specimens are new prepared representing
the total days productien - not Jjust the first hour's work,.

36. We already have two or three 8000-pound bateh plants.
37. We had one year when we exceeded two millien tens,

38. Our plants have lncreased in number from 55 to 85, of
which continuous mixing plants increased from 8 to 18,

39, Our contractors are‘increasing in number each year.
40, - Our unit price per .ton has decreased each year,

41, 1In collaboration with the Michigan Asphalt Paving Asso-
clation, we have a commlttee to study Jointly the problems of
guality control of mixtures and good construction practilce.
Each organization inspects the construction of the previous
year, and makes a report.
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COUNTY AND LOCAL -ASPHALT PAVEMENT PROBLEMS
by Henry L. Shroeger

To fully discuss the problems faced by the road commissgslions
of the State of Michigan with regard to providing asphalt
paving surfaces on county rocads, a brief review of the
county road systems and the- flnancing of these gystems will
be necessary. It must be recognized that each road commi-
sslon, in i1ts operation, financing and management, 1s some-
what different than the others. Any statements or remarks
made in this discussion should not be construed as belng
typical for any one road commilssion unless stated as so.

For many years prilor to 1930, the road commisslons enjoyed
the unusual position of having sufficlent filnances to ade-
quately construct and maintain thelr county road systems.
However, shortly after 1930, all the township roads were
turned over to the county road commissions and, since that
time, there has never been sufficient ameunt of money to
ideally construct, improve and maintain the systemsg. Under
Act Bl of the Public Acts of 1951, of the State of Michilgan,
the county roads were reclassified into two groups, namely,
the primary road system and the local rocad system. Under
this Act, the Legislature not only reclassified the gystem
but also provided the bulk of the finanoes now avallable to
the road commissions of the State.

By deflnition, a primary road is one that 1is described as
being of the most Ilmportance to the county in general. Any
road in the county road systems that did net fit this
classificatlon became, automatically, a local reoad. The de-
terminatlion of the primary road system was not the privilege
of the Board of Road Commlssloners entirely, as the final
selection of the primary road system was subject to the
approval of the Michigan State Highway Commissioner.

In the State of Michlgan today, there are approximately '
23,400 miles of roads in the county primary system and 62,300
miles of roads in the county local systems. By surface types,
and. based on the 1958 annual reporte, the primary road sur-
faces are the folleowing types:

Barth - 1,211 Gravel - 7,763
Prime and seal - 4,56)4 Bituminous

: Aggregate - g, 089
Concrete - 790
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The local road system, by road types are{as.follows:
Earth - 18,630 Gravel - 37,128
Prime and seal - 3,521 Bituminous Aggregate - 2,653
Concrete - 379

We wish to p01nt out that the bitumlnous aggregate Surface, as
mentloned, is not necessarily plant mix, as thege flgures in-
clude road mix surfaces., In the main, the'improvement and
maintenance costs for these systems are financed from funds
obtalned from the Motor Vehicle Highway Fund. Monies for this
fund are ralsed from the license plates or welght taxes, as
well as the taxes from the gale of gasoline and dlesel fuel.
The 83 road commissions of the State share approximately 70
million deollars from thig fund. (Losses to fund, $20,000,000
since 1951 ' .

Many Of the road commilssions have other sources of revenue
such as township contributiong, county road taxes and federai
g1d funds. It must be pointed out that all the road commisg-
slons do not obtain meney from these sources, as thils 1s a
matter that 1s arranged. for at the county level and need not
be the: same for all counties. In fact, the road commissions
that obtain funds from county road taxes are relatively few.:
All road commigsions are eligible for federal funds, however,
these funds:are obtainable only on an equal matching basis
and further, this money may be used for construction purposes
only. Thege construction projects can be carrled out only
over the approved federal ald secondary road system in each
county. In generdal, the federal ald secondary road system

is confined almost excluslvely to the primary road system,
Often times, many people have labored under the misapprehension
that monies obtalned from the state trunk lines, as a result
of mairitenance carried out by the road commissglon over the
state trunk llnes, are revenues that are avallable for the
malntenance and construction of the county road system., - This
is not true, because the funds pald to road commisslons by
the Michigan State Highway Department are reimbursement for
actual expenses incurred on the state trunk lines when maln-
taining the same. Under no clrcumstances has there ever been
monies avallable for the céunty road systems from thils source,
as these are "no profit" type of contracts.

From this brief discussion, it is obvious fthat most of the
road commissionsg of the State must depend almost solely upon
the MVHF for its finances. Act 51 of the Public Acts of 1951
of' the State of Michlgan also provided that, at a state level,
75% of the entire road commisslons share of the MVHF must be
spent on the primary road system and the remaining 25% shall
be spent on the local road system. The Act regerves the
right to the Board of Road Commissions of the respective
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counties to transfer 10% of these monies from oene fund to the -
other and an additional 15% may be transferred with the written
approval of the Michigan State Highway Cemmissloner. . However,
under the original provislon of the Act, the road commissions
have approximately 524 million dollars to spend on 23,400 miles
of primary roads and only 17.5 million dollars to spend on
62,300 miles of local roads, unless addltional funds are ob-
tained from other sources. Subseguent legislation alsc pro-
vided that no money from the MVHF could be spent on local road
congtruction unless matching funds were obtained from other
sourcesg. It 1s because of these financial conditions that 1t
is practically impossible to schedule constructlon proJjects of
any type on the local road system. This, particularly per-
taing to those road commissions who depend almost selely on
the MVHF ag 1te financial source.

For many years, the road commlssions have recognized the need
of a better type of road surface and for ag many years, they
have been continuously plagued by the lack of funds when try-
ing to provide these better type surfaces. The past years
have witnessed a gradual change in county road surfaces from
earth to gravel; from gravel to prime and seal construction;
from prime and.seal to bituminous road mix surfaces. It has
been only within the past 10 years that any amount of bltu-
minous plant mix road surfaces has been placed on the county
road system, This does not mean that the entire earth sur-
faces and the entlre gravel surfaces have been replaced as
such. - As stated earlier In this dilsgcussion, there are many
types of road surfaces within the county road system, and,
under the present financing, 1t is safe to state, particularly
wilith respect to the local road system, that gravel and prime
and seal will be a part of this system for many, many years
to come. There is no doubt In our mindg that this gradual
change from the poor to the better type surfaces would have
taken place at a faster rate, had funds been available. The’
rate of change in the future, and for this same reason, will,
of a necesgity, be slow. Many of you wlll possibly agree
that it will be some time before the state legislature will
grant another increase in weight, gasolilne and diesel fuel
taxes, and it 1ls practically impossible to obtain sufficient
funds from any other source, The recent ralses in gasoline
tax, made by the federal government, will have 1ts effect for
some years to come, Insofar as additlional revenue from these
sources at a state level are concerned,

The ironic position the road commisslons find themselves in
is the fact that these poor tTypes of road surfaces have re-
sulted in higher malntenance costs and poor riding qualities,
but our immediate problem alse rilseg in the fact that enough
money 18 available for patching exilsting surfaces, whereas it
is a tremendously difficult problem to budget enougl money to
plan the construction projects that would eliminate the high
malntenance factor that accompanies the poor type of road

|
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surfaces. Another feature that these constant patching
operations 1lntroduce is the strained public relations with
the motoring public. Many of us, too, realize that these
patched roads produce a very uncomfortably slow ride and
often Justify the strong objectlons and complalnts made by -
the motoring publilc.

We have shown that, without funds raised at a local level,

it 1s practically lmpossible to provide plant mix road sur-
faces on the local road system. - The problem of constructing
this type of surface on the better financed primary road
system is not without its difflculties, when the standards
provided are guch that good englneering practlces dlctate,

On the primary system, good bases, as well as adequate drain-
age should be provided before the bitumlnous aggregate sur-
face 18 considered. Trafflc counts on this system are-
relatively high and the percent of heavy truck loads l1ls in-
creasing from year to year. Inadequate bases with this type
of traffic will result in almost immedlate fallure of the
surface., Needless to say, These fallures bring Jjustified
criticism and do not improve public relations, insofar as

the road commlsgions are concerned,  In Marguette County,

and on the primary road system,; we have concentrated on these
base corrections before constructing the biltumlnous road sur-
face. The magnitude of these correctlons depends on the soll
conditliong 1n each case. Weakness in road grades are corrected
with a 1ift varyling from one foot to five feet, depending on
the soils 1n any one particular section of the road grade. 1In
addition, and where limitatlons with reference to the vertical
alignment warrants such treatment, the so-called frost heave
materials are excavated to a minimum depth of 4 and 1/2 feet
and replaced with good granular materilals. The actual depth
of the lifts, as previously stated, depends upon the actual
soll condltions where the 1ift is to be made. When the soils
are of the impervious heavy loam and clay types, a minimum
4-foot 1ift is thén provided. Particular attentlon to the
ditch construction 1s also glven to those road sectlons over
the poorer type of soils. Ditches in these areas should be

of an adequate depth se that a bleeding process of the road
grade may be made Into the road ditches. It follows that,
when these standards are maintalned, construction costs per
mile inecrease greatly and here again, out of pure economlc
necessity and, desplte the fact that. 1t is the better filnanced
primary road system, few mlles of this type of lmprovement can
be made each year.

Insofar as the local reoad pavinpg problem is concerned, very
11ttle money 1is avallable for elther base correctlon or paved
surface construction. Marquette County has been able to pro-
vide paved surfaces on these roads, because we are fortunate
enough to obtain moriies fron a county road tax, as well as
having the townshipé provide one-half the paving costs. How-
ever, desplte the availability of additiocnal funds, there 1s
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not sufficient funds tTo . adequately correct the bages. We
have constructed the paved surfaces and taken care of the
isolated fallures, due to the bases, as a part of normal
maintenance. We do not wilsh to leave the impresgion that
any sectlon of a local road should be paved regardless of
the base condition. Paving operatlons have been confined
to road grades that are not obviously weak in base charac-
teristics. Thig, we reallze, i8 not good engineering
practice, but it is the practical solution to the problem
encountered when biltuminous aggregate paving i1s placed on
the local road system. We have further determined that the
placing of bituminous surfaces on the local road system
under the standards Jjust mentioned, that our maintenance
cost has been less than when the existing roads had either
the gravel or prime-and seal type of surfaces. Another
factor; and possibly most lmportant in 1ts impact upon the
public, 1s that we have succeeded 1in removing the motorist
from the mud in the spring and the dust in-the summer. One
helpful reason why we were gble to deviate from good stan- -
dards and not have heavy consequent damages is the fact
that on the local road system, traffic counts are low and
heavy vehicle leads are few. There 1s no doubt that on
some of these local roads fthat we have paved and not taken
any steps to correct the baseg, lmmediate failures would
have resulted, 1f the traffic counts and truck loads were
the same as on. the primary road system.

The standards followed in constructing bituminous aggregate
surface rceads on the Marquette County road system are rela-
tively simple. On the primary road system, a 210 pound per
square yard single course mat, not less than 20 feet in
width, 18 placed. On the local road system, 170 pound per
square yard slngle coarse mat 1s provided. The wldth of the
mat on the lecal roads depends upon the existing grade widths
and varies from 16 feet to 20 feet. The bituminous aggregate
mix used in our constructlion 18 produced In a continuous mixed
type of plant uging 120~150 penetration asphalt cement. MWany
experiments were made with other type of asphalts the first
two years of our plant operation, using 3C-5A, MC5 and 150-175
penetration asphalt cement. In general, all types did a
fairly good Job, The cut-back asphalts did not work out too
satlsfactorlly in platted areas where traffic made many right
angle. turns. These mixes had a tendency teo score or rut when
opened-te trafflc, Because of the problem presented with
atorage when different bitumens were used, 1t was decided to
simplify the storage problem by using one type of bitumen.
Because of its overall satlsfactory performance, a 120-150
penetration asphalt cement was gelected.

Minefél agéfegatés used_have the following grading require-
ments:y = - o - : _ :
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PASSING PERCENT
3/H-in;.acreen' . 100

- 3/8 1in. screen 65-85
ﬁo. 10 screen 40-60_
No. 4b scfeen- ) | ©18-35
No. 200 screen 2-10

Many of you will recognize this as a Michigan State High-
way standard for 20-B aggregate. These specificatlons have
been used in Marquette County for geven years and good re-
sults have ‘been acqulred., We feel, at this time, that any
asphalt surfaces whose standards are higher than these
speclficatione are superfluous and unnecessary for county
roads .construction. - We bage this opinlon solely on the 7
yvears exparience that we mentioned earlier and the present
condltions of these mats that were condgtructed over the 7
year perlod. In fact, we feel that the results obtalned
from the bituminous aggregate produced under these speclfi-
catlons are 1n many d¢ases as good as those obtained where
bituminous concrete pavements have been constructed, We
clte the case of the intersection of county roads 480 and
553. For those of you whe are not familiar with this inter-
gsection in Marquette County, it is an intersection over
whilch practically all cemmerclal traffic routed to the K. I.
Sawyer Alrbase, must pass. At thls intersectlon, we have a
h-way stop regulatlon, which, of course, means that every
vehlcle must stop and start at this Intersectlon. The bl-
tumlnous aggregate surface at this intersectlion has been-
placed over 7 years ago. In July of 1959, trafflc counts
show that this intersection hag more than 3,000 vehicles
per day, of which mere than 50% are trucks. We invite any
of you to inspect the surface at thig Intersection. We
assure you there has been absolutely no movement of this
surface, desplte the stopping and starting of all these
vehicles using this Intersection. : ’

In preparing exlsting surfaces for the application of the
bituminous aggregate surface, we have found it most lmpor-
tant to use bond ceats on these exlsting surfaces. On hard.
surface roads to¢ be resurfaced, we have used the asphalt
emulsion AE2 and on exlsting gravel surfaces to be resurfaced
with the bitumlinous aggregate material, we have used the
asphalt prime AEP-1. Experlence also has taught us that the
omligsegion of these bond and prime coats can prove most detri-
mental. On occaslons where the bond or prime coat has not
been employed, 1t has resulted in movement of the néwly
applied bituminous aggregate surface away from the old sur-
face. When this takes place, it often necessitates the
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removal and replacement of large sections of the recently
applied bituminous aggregate surface. Cost-wlse, this may -
result in expenditures of 3 to B times the cost of the re-
cently constructed surface. Needless to say, with such ex-
perience, we feel.the application of these bond or prime
coats are most lmportant to the ultimate success of our
bituminous aggregate surface construction programs.

In general, priority for bltuminous aggregate surface con-
gtruction projects are baeed on trafflec count data. However,
and in some casesg, the geographic features of the county and
township contributions have altered thils procedure. When a
township, at some extremlty of the county, has indicated its
wllllngness to cooperate and partlcipate 1n a paving program,
we have confined our operation to that particular section of
the county for the entire construction season. Naturally,

it follows that roads with much less traffic count are paved
‘than roads located in a more populous and industrial portion
of the county. In the 7 years that we have operated the
black top paving plant, thils condition has prevailled only on:
two occaslons., Our program for 1961 will be the third occa-
gion that this willl happen.

‘I'n the past 7 years, Marquette County has averaged 33 miles
of bituminous aggregate surface construction for each of
thege years, This has varied from a low of 26 miles of
paving one year to a high of 38.6 miles for ancther year.

During this time, it has not been necessary te place a seal
coat on any of these newly constructed bltuminous aggregate
road surfaceg. From experlence, and using the type of mix
that we have 1n the past, we feel that these road surfaces
wlll need very little masintenance for a period up te ten
years after construction. At the end of thls ten year perlod,
it 18 our intention to provide bltuminous aggregate recaps at
an application of 150 pounds per the square yard,

Cest for this bituminous aggregate road surface construction,
not including any base corrections or shoulder construction,
has varied from $4,000 per mile on the local road system to
as high as $7,500 per mile on the primary road system. The
reason for this low cost per mile with respect to the lecal
road system lies in the fact that on occaslons the applied
mat has been less than 18 feet in width, The average cost
over the past 7 years for bltumlnous aggregate 1n place per
ton has been $5.28. A further breakdown of this, and con-
tinuing on an average cost over the past 7 years 1s as

follows:
Production per ton at the belt $3.71
Transportatlon per ton 0.73
Prime per ton 0.36
Application or paving per ton 0.37

Rolling per ton 0.11
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These costs are -all incluslve and conglst of direct cost

to the plant, fixed costs which. include an extraordinary
reserve in the amount of 2% as well as depreciation and
other factors, such as, overhead, insurance, vacatlon, sick
leave, group, 1nsurance, workman's compensation and retire-
ment. Cost of producing the mineral aggregate to be used
in the plant for the past 7 years has averaged $0.64 per ton.

Overall results wlth this paving program have been most
satisfactory to the people of Marquette County. In fact, 1t
hag developed a much better relatlonship with the people of
the county and further produced a general feeling that the
road commlssion has in recent years really bullt good roads.

In conolu81on, we wish to point out that we firmly believe
that all road commlsgions recognize the desirabllity of bi-
tuminous aggregate paving, However, the magnltude of this
type. of surface construction in each county is determined by
the monles ‘availlable and not because these road commisgslons
do not realize the advantages of biltuminous aggregate surface
congtruction,. .
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THE IMPORTANCE OF BITUMINOUS BASE CONSTRUCTION
by Gerard 0. Kerkhoff

The importance of biltumlnous base constructlion is manifested
by service behavior of pavements. Our laboratory has proven
to be a field lab in the study of soils, base materials and
pavements. The application of proven principals accumulated
over the years resulted in the development of typical road
crogsg-sectiong. More recent informétion indicates that the
magnitude of l1lead deflections are a major factor of the ser-
vice life of biltuminous pavements.

A great deal of basic knowledge was obtalned from service be-
havior of bitumlnous surfaced roads during the 1930's. Thils
came about through the Department's program to improve the

large mileage of secondary hilpghways having gravel surfaces.

This program was intended to make these reoads dust free wlth
a bitumlnous mat. Usually the better gravel roads were sel-
ected for rebullding by a method of stage construction. The

flrst stage Involved the rebuilding of known. break-up areas,

widening the grade, ditching and placing a stabilized gravel
gurface course over the entire projéect. This road was then
observed under traffic for one year. Thils was called a sea-
soning period. If the road behaved satisfactorlily durlng the
seasoning period, it was covered with a biltuminous mat (oil
aggregate mat). This method of improvement of old gravel
roads sometimes showed a consilderable amount of spring break

‘up. Investigations proved that the weakest subgrade support

occurred during the frost meltlng perlod on loams and clay
subgrades. Section of read over granular subgrade inevitably
proved superlor. This experience pointed out, in seome cases,
that a successful gravel road surface can fall when covered
with a bituminous mat. .

) _
Through Michigan's Pedolegical Sell classiflcatlon system,
numerous road service experlences, were assoclated with soll
serles classification. This method enables the correlation
of definite pavement factors of fallure and factors of suc-
cess on a state-wide basis. This led to the development of
a minilmum road structure for bitumlnous pavements. The baslc
change in deglgn at this time was the adeption of a sand sub-
base over lcams and clay subgrades. To overcome climatic
environment, 1t was found necessary that the minimum thickness
of sand subbase should be 12 inchesg over frogt susceptible
gsoils. A general rule of thumb to estimate the thickness of
subbage needed l1lg that it should be equal te about one-half
of the normal frost penetration.

‘In the last 1930's flexible pavement roads were constructed

on the secondary state highways with a road structure of 4
to -6-inch basgse course and 12 inches of sand subbase over
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loam and clay soill textures. In general, thls deslgn proved
satigfactory. However, occaglonal specific failures would
develop. Investigations often proved that the use of 1 to 2
inches of %top so0ll or loam soll to stabilize the loose sand
subbase resulted in failures. This led to the adoptlion and

the use of selected subbase gravels or crushed stone to sta-
bilize the incoherent ' sand subbage. Another occasional source
of failure was due to, what was considered, a high amount of
fines in the base course aggregate. The physical property of
the mortar peortlonsg of the aggregate is a laboratory determin-
ation of the material passing the No. 40 sileve. The test
results are expressed -as a Plasticlty Index number., It
represents the molsture range in per cent of the dry weight

of soll in which the mortar portion is ‘in a plastlc state.

Thru experience, the P.I., number has been decreased over the
years to & speclfic requirement so that the plastic range of
the mortar fraction is less than five (5).. The gradatien of
the aggregate bage materials has undergone some major revi-
gions 1in per cent. passing the No. 200 sleve. In order to
control and obtain a low Plasticity Index,. the amount passing
the No. 200 sieve has been decreased to a range of 3 to 7 per
cent. The P.I. control of aggregate base material is now not
a direct requirement but is consgidered to be controlled within
tolerable limits by gradation reqguirements. The materials used
for sand subbase are usually clean sand or sand-gravels ob-
tained from natural deposits., However, The sand subbase
materizals must meet the Porous Material "Grade A" specification
requirement. The emphasis of this specification requirement is
put on the Loss by Washing test The maxlmum limlt of flnes
permitted 1s 57

A very important and a most deslrable factor of biltuminous base
construction 18 to use the aggregate base course ag a roadway
surface for a year or more. During this pericd traffic would
affect additional compaction of the base course and the sand
subbase. In addition, thils method of seasoning can condition
a road structure for the bltuminous surface. Much credit for
the success of early bltumlneus roads was due to thls method
of stage constructlon ' _

It is this background of experlence that brought abeut devel-
opment of the typical road cross-sections. In addition to.
the years of experience, factors of modern traffic loads and
21l weather service entered Into the adjustment 1n thickness
of base course material and sand subbase.

'Slide 1 shows typlcal road cross-sections adopted
by the Department. It shows that for a traffilc
volume of less than 500 vehicles per day, the
thickness of sand subbasé 1s '18 inches with a
minimum aggregate base course of 6 inches. For

a traffile volume of 500 to 2,000 vehlcles per
day, the sand subbase requires a thilckness of
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18 inches and the aggregate base course requires

a minimum thickness of 7 inches., For the high type
of biltuminous pavement having a traffic volume of
2,000 or more vehicles per day, the sand subbase
thlckness required is 25 inches and with a minimum
aggregate base course of 8 inches.

Slide 2 shows a design chart correlating the Highway
STandards with equivalent C.B.R. values for Flexible
Pavement Design. Due to the c¢climatic environment
the evaluation of clay subgrade in terms of C.B.R.
values 1s between 2 to 4. The evaluation of sand

in terms of C.B.R. 1g between 15 to 50. This l1s
rather a broad range and the value selected 1s de-
pendent upon the gradation of the material. The
sand-gravel mixtures have the higher values, The
examples show that for a clay subgrade the combined
thickness of surface, base and subbase 1s 344 inches,
However, for a natural sand subgrade, the combined
thickness of surface and basé course is shown as 10
inches. .In each case, this is for a 22,000 1lb. axle
load and 1,000 vehlcles per day per lane. It 18
important to note in the second example that in
areas of extensive granular golls enly the base
course aggregate is added to construct the road
gfructure.

3lide 3 ghows a description of Bridgman soll, Bridg-
man is a Pedologlecal Soll classiflcation name for
dune sand formations. It 1ls a deposit of deep, well
dralned, loose sands. Thils 1s i1deal material for use
as a subbase. In thls case, the subbase requirement
for a bituminous reoad structure. ig found in-place.
Note that 1n 1ts natural condition 1t is in a loose
state., .

Proper treatment during construction of the subgrade,
subbase and aggiregate base course is most important.
The specifications require that the subbase be com-
pacted to 95 per cent of maximum density. In granu~
lar cut sectlons, 1t is specilfied that this denslty
be obtained to a depth of 18 inches. An adeguate
road structure in a condltion of maximum compaction
should result in a minimum roughness of the bltumin-
ous pavement surface. Such a structure should hold
load deflectlon within Tolerable Timite. This is
the bagic requilrement for a long service life,

Slide 4 shows two standard pileces of equipment used
to measure density-in-place of soils, subbases and
aggregates, The upper plcture 1s a Rainhart appa-
ratus and ls able te measure the volume of a small
excavated hole. This egulipment is usged extensively
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to measure densities. The lower plcture is a new
nuclear apparatus to measure molsture content and

wet soll density by directly placing the nuclear

pan on top of material., The Nuclear Method is still
in the experimental stage, however, i1t does show con-
glderable promisge and, 1f proven to be satisfactory,
it will provide a much faster method of checking
density. The quality control of compactlon work 1s

a most lmportant fUnction_of cOnstruction supervision.

Studles made in Califeornia since 1951 indicate a
close correlation between cracking and fatigue type
fallures of bltuminous pavements and meagured deflec-
tions eof the pavement under wheel load. Measurements
indicate that the cracking and fatigue fallures of
most pavements are attributable to a large number of
flexatlens when the effectlve magnitude is greater

than 0.025 inch. This study alseo shows that clean

sand and gravels subgrades exhibit very low resil-
lence., The study coneludes that the practical
solution, in pavement design, is to provide a greater
depth of granular bases and subbase. This additional
requirement is necessary to reduce deflectlons to an
acceptable limit. '

31l1lde 5 ghows a graph indlcating the permissible de-
flection allewed to obtaln long service life of a

"bituminous pavement. Note that the thin pavement

1s allowed a greater deflection and that the thicker
bituminous mat 18 more limited in maghitude of de-
flection.,

Profile gurveys of pavement surfaces also provide
informatlion to substantiate the importance of bltu-~
mineus base constructlion. Roughness surveys of
selected pavements were begun by Professor W. S.
Housel as early as 1952. In 1957 the Unlversilty of
Michigan bullt a new pavement profile measurihg de-
vice, which is truck mounted. It is modeled after

a design used by the State of Califernia., This
equipment automatically traces and records the pro-
file of each wheel track on the surface of one lane
of pavement. Tt 18 now possible to make a continuous
record of service behavior of a pavement for each
season of the year and over an extensive perled of
years. .The measure of accumulatlve vertical dis-
placement per mile of rocad is correlated te a rating
of riding gquality.

Slide 6 shows a table of pavement roughness rating
in inches per mile, The rating 1in Inches for the
Unlverslity of Michigan profile truck is shown on
the right.
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Slide 7 shows profiles of two pavement sectilons,
representative of high type bituminous construction.
Both are on superior types of subgrades of a sand
outwash with excellent internal dralnage. In both
cages, gravel bases were constructed flrst and sub-
jected to traffilc for a sufficient period of time to
be thoroughly compacted before paving with a bltumin-
ous mat. Note that the R.I. (roughness index) of 27
& 22 for M-37 and 39 & 40 for M-55 falls within the _
rating for exceptionally smooth riding quality. This
indicates excellent constructlon practice as well as
completely adequate carrying capaclity. This profile
also 1ndicates good compactilon in all portlons of the
supporting foundatlion. Also, deflections seem to be
wilthin the tolerable limit as 1Indicated by the pro-
files,

Slide 8. 1In the lower half of the flgure is an
example of heavy duty flexible pavement, constructed
on the Muskegon-Grand Haven Expressway. It 18 repre-
gentative of the type of heavy duty flexible pavement
5y proposed for use on the Interstate Highway System on
B certain sélected projects, The riding quallty of

the pavement is exXceptional because the roughness

ey indexes 1s 18 and 15 1s representative of two wheel

' paths of the expressway. The road 1s constructed in
an extensive area of dune sand., This deposit of

sand material makes an excellent sand subbase.

- Special effort was made to obtaln compaction to a

o depth of 18 inchesg in all cut sections.

i 81lide 9 is reference to the same road as shown in
o S1ide 8. Here ‘is shown slx comparative profiles
reglstering seasonal changes. The profile shows
-y that roughness increased 1n the late period of the
; winter of 1958-1959. This was followed by a de-
crease 1in roughness to an exceptionally smooth
riding gquality. The survey shows that a degree of
roughness can be attributed to deep freost penetra-
tion of the road structure. This was not 1ndicated
in the more mild winter of 1959-1960,

]

In summary, the importance of base constructlion cannot be over
emphasized. Even with adequate design thickness of the road

s structure, 1t 1s necessary that each component part be properly
| constructed. A major factor in the constructlion of the subbase
s and base course is compaction. This ig essential 1n order to
keep the magnitude of deflectlon to a tolerable limlt., Build-
ing a road structure to gilve satisfactory performance and a
long service life can be accomplished thru good engineering
design and construction practices.
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ﬁitter, leaf mold &nd bhumus
soil,
Leached gray fine sand,

Yellow fine sand, loose and in-
coherent.

Pale yellow fine sand, loose
and incoherent.

SOIL DESCRIPTION

Gray-brown Podzolle
Group

Bridgman consists of deep de-
posits of a loose fine sand ac-
cumulated in dune form by wind
actlon. It is free from stone and
gravel.

It ocecurs mainly along the
shore of Lake Michigan on the
established dunes, knolls and
-winding ridges of loose fine sand.
It is iiable to shift under wind

action where the vegetative cover
is removed,

The original vegetative cover
cn the more stable dunes con-
sists of mixed bardwood and
pine.

Bridgman 1is very simlilar to
Wallace. It differs by ite oceur-
rence on younger dunes and by
the absence of 8 cemented “B”
horizon.

The profile of Weare is similar
to Bridgman. Bowever, the
greater age of the Weare is re-
flected in the profile by thicker
weathered horizons.

"The Deef Park series ls very
gimilar to Bridgman but has &
thicker leached gray “A" horizon.

Bridgman
Beries Class

Fine Sand

and & darker yellow color in the
remainder of the profile. It oc-
cura mainly along the shore of
Lake Superior. The forest cover
was mainly white, Norway snd
jack pine.

The Sauble series is also very
similar to Bridgman but is recog-
nized by the faint red color of
the sand. It occurs mainly along
the shore of Lake Superior. It
has developed & faint soil profile,
The forest cover was malnly
hardwood.

Since the Weare, Sguble, Deer
Park and Bridgman series are
all similar, combine them with
Bridgman when mapping.

Along with the soil survey,
study the natural vegetation with
the object of using local shrubs
and herbaceous vegetation -for
erosion control.

Constrection Informatiom

This material is considered ex-
cellent for grading operations
during all seasons of the year.
The loose character of the sandy
material makes hauling difficult,

Figure 1,
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Description of Bridgman soil.
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TENTATIVE
PAVEMENT ROUGHNESS RATING

VERTICAL DISPLACEMENT - INGHES PER WMILE

US. BUREAU OF

PUBLIC RoOADS!!) RATING U. OF M. PROFILE TRuck®
SINGLE WHEEL ROUGHOMETER
LESS THAN 100 EXCEPTIONALLY SMOOTH LESS THAN 50
100-125 VERY GOOD 50-75
125 - 150 GOOD 75-100
150 - 175 FAIR 100-125
175 - 200 ACCEPTABLE 125- 150
200-225 POOR (50~ 175
225 - 250 VERY POOR 175-200
MORE THAN 250 EXTREMELY ROUGH MORE THAN 200

() OPERATED AT 20 MILES PER HOUR,
(2) OPERATED AT 4-5 MILES PER HOUR. FIGURE-6
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RESEARCH IN ASPHALT TECHNOLOGY
AND DESIGN OF BITUMINOUS. MIXTURES
by Paul J. Serafln

Members of the Faculty, Fellow Alumnl, Future Engineers, and
Friends.

It has beeﬁ twenty five years since I stood in these halls,
trying to lmpress the professors that I was gualifled to go
out Into the world and hang my shingle as a graduate engin-
eer. . )

Today 1t 1s my pleasure to have been asked to return here to
discuss a subJect T am deeply . interested in, that of Bitumin-
ous Research and Bituminous Mixture Design.

Abbut nine years ago when I return to the Michigan State High—
way Department, I was asslgned the job of Bltumilnous Testlng
Englneer in the Testlng Laboratory Division in Ann Arbor. :

Oné of the flrst big problems that confronted us at that time
was the matter of molsture in bituminous mixtures. It was
causing no end of headaches, resulting in flushing of the
asphalt to the surface, and alsgo segregating the fine mortar
frem the coarse aggregates, thereby causing Pavelllng and
premature fallures of the bituminous surfaces. :

One of the first things we did was to develop a method for
precisely measuring the amount of moisture which was causing
this trouble. To the surprise of many, it was found that in-
stead of the moisture being 1ln the nelghborhood of one per-
cent, as so many thought, the dlfflculty occurred with
actually only about 0.05 perdcent molsture 1n the finlshed
mixture. Steps were taken te encourage the contractor to dry
his aggregates more thoroughly, However, the contractor, ever
striving for more production, obtalned larger asphalt plants
and other larger equipment. This has caused an increase in
the drying problems instead of correcting them.

Last year a committee was organized to study thils moisture
problem, and make measurements of dryer effilclency as a step
towards improving drying of the-aggregates. Preliminary work
was conducted on the Wayne County Road Commisslon asphalt
plant at Wayne. A preliminary report was made on this inves-
tigation which offers some valuable data on heat balance, and
molsture balance. This data should become a valuable tool
for analyzing where the problems exist and as a first step to
" make correctlions in the drylng systems, It is plannmed to con-
.tinue this type ‘of research durlng the current year wlith con-
tractors equipment on actual -projects under construction.
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Paralleling this drylng investlgation, we have conducted
geveral studies in possilble changes 1n bltumlnous mixture
design as a possible aid 1n relievihg this molsture problem,
Before I get into thils subject 1t might be well to review
the subject of bituminous mixture desgign and the different

- types of mixtures used in Michigan.

Twe general types of wearing course surfaces are used here

in Michigan. The bituminous conerete mixture; which 1s our
high clags pavement, ig basically a mixture of crushed stone,
sand, mineral filler, and asphalt cement, while bituminous
aggregate, which is strictly a local designation, is baslcally
a mixture of gravel mineral filler, and bitumen,

Three typea of mixtures of bltuminous concrete are avallable
under the 4,12 specification for use on high class construc-~
tion. A binder course may be used as the first course, where
it is necessary to correct extreme unevenneéss of grade, or
more commonly a leveling course is used as a first course, on
top of which 13 placed a wearlng surface. All of these use
asphalt cement as ‘a blnding agent. A

Biltuminous aggregate mixtures are classed under two specifica-
tions, the 4,11 type which is used on state secondary construc-
tlon and utilizes gravel, filler, and asphalt cement; while

the 4,09 type is used on county road construction and utllizes
gravel and liquld type asphalts

In additlon we;use a finer type of wearing surface covered
under the 4,13 specificatlen. This 1s a sheet asphalt which
is a mixture of sand, mineral filler, and asphalt cement.

overed 1n our specificatlons,
Por proper design. Some of the
pavement design are llsted as

These mixtures, -although wel
requlre considerable thought
important factors in bitumln
followq. :

1. Proper base preparidtion

. Eeonomical availabllity of materials

. Surface texture deslred

., Worksbility of the mixture for proper handling

. Stability of the pavement against deformatlon -
from loads

Too often we strive to get higher and higher stabllities in a
bituminous pavement, to the polnt where stablility can be over-
stressed, Inasmuch as a bituminous pavement is considered a
flexible pavement, it must necessarily take the shape of the
base it is laid upon as it does mot provide the rigid structure
strength riecessary to bridge over deflectlions caused by insuf-
ficiently prepared bases., A county ‘rogd built with SC-~3A oll
and gravel serves very satisfactorlly for the light~traffic that
it 1s subject to, yet If we were to run a laboratory stability
on this type of mix it waould prebably be very low indeed
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However, for example Telegraph Reocad near Detrolt, Mlchlgan,
must exhlbit propertles of suffilcient stability to prevent

the surface from belng sheved and rutted by the heavy truck
traffio

Most of this high.stability 1s obtalned from the interlockilng
of c¢rushed stone particles. The asphalt In the mix effers
only a little stabllity and primarily 1t serves %o hold the

aggregate particles together apgainst the scouring action of

traffic and to seal the pavement from water penetration.

One of the early laboratory methods used in measuring stabil-
1ty was the Hubbard Field Machlne. Thls was used for sheet
asphalt deslgn and later was enlarged to deslgn bituminous
conerete. Other tests are the compresslion test, Triaxial
Test, Hveem Stabllometer, and the Marshall Stabllity test.

All of these methods stressed the ablllty of a specimen to
withstand certaln loads.

Basically what we are tryln% to do 18 to arrive at a proper
aggregate gradation that wil 1 give us the most particle inter-
locking for the particular materials involved., " Then we must

“coat these particles with a’ sufflcient fililm thickness of as-

prhalt to bind them together. The mixture must then be com~
racted to appreach i1ts maximum dengity. If 1t 1s not properly
densified, traffic will continue the compaction and may rut
the pavement in the process,

However, i1f the gradatien of the aggregate 1s such that when
compacted 1t has a very small amount of voids, then this
aggregate can hold only a small amount of agphalt, and the
f£ilm thickness of the binder will be insufficient to give us
a durable pavement. If we add more asphalt to this mixture
the excess will only come. to the surface and cause bleeding.
Another problem is that of abgorptioen, There are seme aggre-
gates that tend to absorb the bitumen, Under such conditions
additional asphalt is necessary to overcome thls absorption
and still give us a Sufficient film thickness.

Volds In a finished mix are an important factor 1n mix design.
For the average high class bituminous concrete, the air voids
normally are held between 3 and 5 percent. This is based on
the past behavieor of dense graded bitumlnous surfaces that
have shown good performance. For an open graded type of pave-
ment, as found 1ln several other States, this Void content may
he somewhat higher.

There are other factors entering into proper mix desgign, but
much study must still be done to develop methods that would
oover-thergreat variety of material sources,

Now you may ask how do we design mixes 1n the Mlchigan State
Highway Laboratory. To deslgn a 4.09 bituminous aggregate
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mlxture, a gradlng Is run on a representative sample of
gravel. TFrom this grading, by an empirical caleulation, we
determine the surface area of all the particles In a glven
quantity of sample., Most of us can readlly appreclate that
the surface area of a number of small stones 1s much larger
than that of a single stene having the same velume., Conse-
quently it takes mere asphalt to coat many smaller stones

than it does one equlvalently slzed larger stone. We there-
fore base the design on the principal that the greater the
surface area the more asphalt 1t will require to give an equal
film thilckness. So from a set of surface area curves we find
the amount of bitumen required for the particular gravel in 7~
question. L ,

For the higher class of bltuminous conecrete we base our mix
deslgn on past laboratery and field experilence, AdJjustments
in mixture design are made depending on the source of mater-
lals used. The mixture designs are checked in the Laboratory
using the Marshall methoed. Recently we have obtained a tri-
axial unit which we hope to use in this work. Rather than
attempting to change our mix design every time the grading

of the aggregate changes, we control the production of crushed
stone to within a very close telerance. For economical rea-
sons this 18 kept wlthin the prectical limits as obtalned from
the crushing process. ' I :

The gand portlon of the mix lg also controlled within close
gradation limits, which were arrived at through laboratory
work done using the Hubbard Field Stability Method. Since
high "belly" type of sand 1is- quite common 1n this state, it
was natural to want to uge 1t, but it was found that thls does
not produce a good stabillty. By proper blending of fine and
coarse sand, with or without "belly"” sand, we were able to
economlcally produce -a sand having a gradation within the

limits as found deslrable by the Hubbard Fleld Stabllity Method.

This combinatlion of stone, sand; filler, and asphalt produces
a mixture that 1s more or less of a sklp type grading. It
exhibite excellent stability and when the dggregate is pro-
perly dried it has produced good wearing surfaces that have
stood up under many years of service. However, as mentloned
before wilth a very small amount of-moisture, about 0.05 per-
cent, the mixture may on occaslon become critical and diffi-
cult te handle. -~ :

As part of the study of the moisture problem, last summer the .
Highway Department constructed seven experimental projects in
which we used a coarser tType sand, such as 1is belng used In
portland cement concrete, = Thils has straightened aubt the
grading curve somewhat and provided a bituminous mixture less
critical to melsture. This coming year we plan on eontinuing
thls type of investigation and 1t looks like some minor changes
in mixture deslgn may be forthcoming,
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Another important investigation which is belng studied is
the anti-skid properties of different bltuminous surfaces,
Throughout the yedrs mest of us have been indoctrinated with
‘the ldea that a somewhat .open textured, stoney surface gives
the best skid resistance for nmoeving vehicles. In fact, as
one drives down the highway en an open textured surface, the
rumbling under the wheels gives us a false sense of feellng
that we are riding on a good braking surface.

This 1s not necessarily true. Rather, after a year's usage
the stone particles orient themselves eXposing flat surfaces
which become polished with traffic thus making the pavement
slippery.

The Michigan State Highway Department Research Laboratory in
cooperation with the General Motors Proving Grounds have de~
veloped a machine that measures skid reslstance and obtains
Tigures. of the coefficlent of friction of the pavement sur-
faces. Correlating these figures against actual auto skldding
they have debtermined that for an automoblle traveling 40 miles
per hour the pavement iIn order to be safe must have a coeffi-
clent of friction of at least 0.4,

To follow up with thias investigation, twe years ago, we con-
structed seven different types of sand surfaces on US-23 south
of Ann Arboer. Some of these showed good skid reslistance affer
construetion and still exhibit good anti-skld properties. This
investigation confirmed the bellef that the skid resistance of
a surface comes primarily frem the sand mortar and not the
sharp edges of the crushed larger aggregate particles. In the
future 1t 18 planned to contlnue this type of lnvestigation and
develop economical bitumirdeous sand mixtures that would correct
the old rough, broken, surfaces, and at the same time make them
skid resistant te traffle partleularly 1ln wet weather,

Many of us have heard the statement made that our asphalt today
is not as good as 1t used to be. Since the introduction of the
Wyoming Crude asgphalts several years ago, thils thinking has be-~
come even more prevalent.

In order Lo study this, the laboratory has made several inves-
tigations to examine the physical properties of asphalts used
for a number of years and compare these agalinst .the asphalts
from new sourceg. The tests showed some deflnlte differences
between the varlous asphalt sources. In oprder to evaluate
these test results with fleld performance, flve years ago the
Department constructed an experimental bltuminous reoad on US-10
between Pontlac and Hlint., Six sources of asphalts avallable
to us at that time were used on this project. Five years have
passged now and investigations have shown some differences be-
tween the sectlons contalning the different asphalts. One
sectlon, constructed with asphalt from a Venezuelan Boscan
Crude, shows a more open texture. One section, using Winkler
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Crude, shows slightly more wear than the others. However, by |
our standards they all look good. One of the troubles with h
consiructing a research proJect Iin the fleld is that the in- G

spectlen en these Jobs 18 usually of superdlor quallty. As a
resgult it may take a longer perlod of time to determine any
detrimental characteristics of these materials,

An offshoet of this investlgation showed that different sources o
of asphalt, even though at test temperature are of the same ]
grade, regulire different temperatures for handling the hot mix- S
ture during laylng. This 1s because the temperature suscepta- |
bility of asphalts are different from the various sources. o

Good engineering must be a combination of technical background
plus goed horsge sense that can be obtained only through hard
knocks. Based on the temperature susceptabllities of the test
road asphalts we can arrive on the temperatures that should be
used for handling the mlxtures during paving, As experienced
during the paving of the bltuminous surface on the Mackinac
Straits Brldge, it was necessary to deviate from these theore-
tical figures. The bridge had & deadline opening of November
first and paving of the bituminous surface was performed during
the cold month of October. You fellows know how celd 1t can be
here in the Upper Peninsula during that time of the year. Well,
hanging up 300 feet or more in the air above the cold waters of
the Stralts of Mackinac during the latter part of October re- L
quired some extraordinary modifications not .only in raising the b
mixture temperature but other conditlons as well 1n order to

properly compact the bituminous mixtures.

Talking about compactions, another investigatlon belng studied
ig the effect of rubber-tired or pneumatic-tired rellers on the
initial compaction of the bltuminous surfaces. Last summer
several projects were belng investlgated to compare the com-
pactive effort of the rubber-tired rollers agalnst the standard
10~ton steel tired rollers., It was determined that when pro-
perly operated the rubber-tired roller produced better compac-
tion up to a certain number of passes. However, beyond about
12 to 16 passes of the pneumatic roller the density of the
pavement starts to decrease showing an overdisturbance of the £
aggregate particles. It 1s planned this summer to continue
this investigation 1n order to set up the basic minimum re-
guirements of this type of compaction.,

As a further tool towards field investigation the Highway
Department a year ago constructed a moblle Bituminous Labor-
atory. It is well equipped, able to obtaln cores from finished
pavements, prepare Marshall specimens, detérmine voilds, run
stablllty tests, determine moisture 1n bituminous mixtures, run
extractions to determine gradation of the aggregates and the
bitumen content. This unit travels all over the state and per-
forms the necessary testing as a supplement to the control of
bituminous censtruction.
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The Highway Testing Laboratory in Ann Arbor has a well
egqulpped bltuminous sectlon, second to none in the world.

It 1s located at the Unilversity of Michilgan, East Engineer-
ing Building. It is staffed by Highway Engineers and Tech-
nicilans. 1In the summer we utilize students from the Univer-
8ity and young men from other sources to perform the routine
work. The control .of all englneering and inspection of bil-
tuminous mixtures both in the Laboratory and in the field is
performed under the supervision of this unit.

During the winter time the bltuminous sectlon, as well as

the other sections, are engaged 1n numerous research projects.
Some are evaluations of data obtained during the past seasons
constructlion. Other investligations are carried on te estab-
1ish next mixture deslgns, study new materials, promulgate new
specifications, and many other functions,



A:NEW METHOD OF ASPHALT MIXING
by Ladls H. Csanyil

Can agphalt cements be mixed with cold and wet aggregates?
General opinion says "no", recent research says "yes".
Which of these 1s correct and whereln lies the difference?
Both are correct. The difference lies in the manner in
which the asphalt cement 18 applled to the aggregate during
mixing. . _

When the asphalt cement ig added 1In the form of a 1iquid, as
in the usual conventlonal operations, the asphalt and the

wet aggregates are not compatible. If, however, the asphalt
cement ls added as a foam the two materials become compatible.
Thig change in behavior is simply a matter of the amount of
energy the asphalt possesses at the time 1t contacts the aggre-
gate. Hot liquid asphalt cements apparently do not possess
enough energy to dilsplace the molsture from the surface of
the aggregate. TFoaming of tThe same asphalt cement provides

it wlth sulficlient additional energy to dlsplace the water
and coat the aggregate with a thin film of asphalt. This
theory 18 fundamentally logical and sound. The blg question
ig how may 1t be applied practioally, economlcally, and
commerclally .

The BituminOus Research Laboratory of Iowa State University
undertook a research project sponsored by the ITowa Hlighway

Regearch Board to develop: means for the practical applica-

tion of the foamed asphalt theory which the Laboratory pro-
pounded.,

The study conducted by the Bituminous Research IlLaboratory was
divided inteo several phasges. The flrst phase invelved the
development of a means of practically applying foamed asphalt
during mixing; the second, consisted of testing mixes proeduced
in the laboratory under the Foamed Asphalt Process to deter-
mine- thelr physical propertles; and the third phase involved
the conducting of large scale field tests to determline the
commerclal feasibility of the Process and the trafficability
of the mixes produced.

The major problems in the first phases involved the determi-
natlon of the begt way of foaming the asphalt under strict
control, and the proper placement of the foamed asphalt to
secure uniferm distributlon of the desired quantity of as-
phalt at the required time during mixing.

After consilderable study;'research,’development'and test a
nozzle wag devised that would instantaneously and contin-
uously generate foamed asphalt cement conslstently and
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uniformly., The nozzle devised conslsts of a body, nozzle
tip, foaming agent tube and other control appurtenances.

The agphalt cement enters the nozZle by way of the body and
passes on to the tilp. The foaming agents enter through the
foaming agent tube, centered in the body, which carries 1t
to the tip. Although a variety of foaming agents may be
used, s8aturated steam was selected because it will foam the
asphalt instantaneously and has practilcally ne effect upon
the chemical composition of the asphalt. The steam and  the
asphalt meet just above the orifice of the nozzle tip where
an asphalt foam 18 instantly created. The asgphalt foam is
continuously emitted through the nozzle orifice by the flow
of the asphalt and steam through the nozzle.

The type of foam produced is controlled by the dimenslonal
characteristics of the nozzle tip, 1t8 clearance from the
foaming agent tube, and the quantity ahd pressure of both
the 'aaphalt and the steam introduced into the nozzle. A
congealed or concentrated foam, one in which the bubbles are
in contact with one another, was found most effective in
producilng paving mixes. In this case a concentrated foam
nozzle tip 1s used whilch produces a shallow cone spread,.
Although asphalt pressures as low as 5 pounds psl with 15
pounds psi steam pressure may be used best results are ob-
talned with asphalt pressure at 25 pounds psl and steam
pressure at 40 pounds psi. Under these conditions asphalt
cement of penetratlon grades between 5 and 200 plus may be
efflciently foamed provided the asphalt entering the nozzle
is at 300° F.

The distribution of the foamed asgphalt in the mixer at the
proper quantity and at the deslred time was solved by the
development of a spray system. Thils system consists of a
spray bar fitted with the requlired number of nozzles 8o
situvated that a uniform distribution of the foamed asphalt
in the mixer l1ls obtalned; an asphalt pump drawing asphalt
from an asphalt measuring device; a steam boiler supplying
ateam; and the necesgsary valve, guages and repgulaters to
contrel the flow and pressure of the asphalt and steam.
The opeéeration of the gystem ls simple. The steam ig turned
on first, in order to blew the nozzle tips clear and warm
up the nozzle. The agphalt 18 then turned on and measured
for the gquantity required by the mix. When the desired
quantity has been added, the asphalt 1s shut off. As soon
as the nozzles are clear, the steam 1s shut off. Thus the
system may be adapted to elther batch or continuous mix
operations. ' ‘

Since the Foamed Asphalt Procéss redquires a kneading actlon’
of the mixer to distribute the feamed asphalt throughout the
aggregaté no changes in the usuwal twin shaft pug mllls are
required. Further, since the foamed asphalt system operates
on 25 pounds psl asphalt pressure, which is well wilthin plant
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asphalt pump range, no changes are requlred in this regard.
Thus, any commercial asphalt plant may be adapted to the
Foamed Asphalt Process by installation of the foamed asphalt
spray bar and nécessary interconnectilion with the normal
plant asphalt supply lines. ' If a two way cock valve 18 used
in this connectlon, the operation of the plant may be alter-
nated almost Instantly between normal operation and the
Foamed Asphalt Process by merely turning this valve

In order to test the operatlon of' the foamed asphalt gystem
and determine the character and properties of mixes pro-

"duced by the Foamed Asphalt Process, a small Hetherington &

Berner laboratory twin shaft pug mill mixer of 50 pound capa-
city was adapted to the Process., A wide variety of foamed
agphalt mixes were produced in this mixer including, standard
high type hot mixes, ungraded aggregate hot mixes, ungraded
agegregate cold mixeg, stockpile mixes, hot mastic mixes, cold
asphalt cement slurry mixes and a variety of soll stabilliza-
tion mixes. These series of tests disclosed that excellent
mixes of the foregolng types, sultable for highway pavements
and bases, can be produced by the Foamed Asphalt Process.

Stablility and other physical property tests made on the
various mixes produced in the laboratory mixer disclosed that
mixes mating usual specification requirements for various
purpacses could be produced by this process, Detailed results.
of these tezsts have been published as Highway Research Board
and American Road Bullder's Assoclation Bulletins (1,2)

In the course of the laboratory tests 1t was noted, and con-
irmed by tests, that the physlcal properties of the asphalt
cement were altered by foamlng as expected. An asphalt
cement of 60-70 penetratlon when foamed would gain a pene-
tratlion of 300 plus and become much more ligquld. Through
feaming, the surface tenslon. of The asphalt was also altered
glving it the energy to displace water from an aggregate.

It aleso becgme qulte rubbery and possessed high adheslveness,
When the foam bubbles were broken the asphalt cement regalned
its original properties, It wasg also found that feaming wlth

steam did not alter the chemical composition of the asphalt.

The laboratory tests on mixes proved so successful and en-
couraging that a number of full scale field road tests were
undertaken in which regular constructlon equipment was used.
These tests included the preparatlion and laylng of an un-
graded aggregate mix; a soll stabilization test on a county
road; and an asphalt cement slurry seal coat tegt on county
and primary roads. The foregoing tests were conducted by the
Towa Highway Research Board. Other tests by cities, states
and private sources included tests of hot asphalt mastic -
mixes, s8tockpille mlxes, precoated aggregate mixes in Dubuque,
Towa: soll stabllization in Sioux Cilty, Iowa; cold mix paving
surfaces In Arizona; and sand stabilization in South Carolilna,
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A brief review of each of these tests follows:

Hot Ungraded Agpregate Mix, Ringgold County, Towa

The aggregate used in this test was an agricultural lime-
stone, a by product, and a run of crusher limestone, having
the following gradatilons. '

Sieve _ Total Percent Passing
Slze. ; Ag Lime 7+ . . Run of Crusher
3/4 ' - - : 100
]__/2 L A 94
3/8 ’ ' o 81

No. 4 : 98 58

8 TG Lo
16 : 60 -
30 45 : 24
50 33 | -

100 : - 26 -
200 o 22 16

In this case a Cedar Rapids Continuous Mix Asphalt Plant was
ddapted to the Foamed Asphalt Process. The aggregates were
dried and heated to 2809 F, in the usual manner. The asphalt
cement used was a 150 to 200 penetration grade heated to

280° F, About 63 to 7% of foameéd asphalt was used in the Ag
Lime mix and about 5% to 6% of foamed asphalt was used in the
run of crusher mix. The plant operated at a productlon capa-
city of 110 tons per hour for the Ag Lime mix and 130 tons

per hour on the other mix. This was slightly below full capa-
clty of the plant. Excellent mixes were preoduced whlch met
high type asphaltlec concrete speclflcation requirements. The
mixes were- laid by a Barber-Greene Finilsher as parts of the
surfacing and base of the test road project. They have served
excellently durilng the past three years.

Asphalt Soll Stabillzatlon

Several full scale road tests were laild to determine the
efficacy of the Foamed Asphalt Process on in-place geoll sta-
bilization. These tests included the following:

Campus Roads, 1956

The material the roadway in thls case conslsted of about 13
inches of power-house cinder overlyilng a heavy clayey soil.

A Tour 1nch depth of cut during stabllization had the follow-
ing gradatlon of combined materials.
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Sieve : Total % Passing

3/8 | 93
| | 82
o | 68
bo o 46
80 ‘ 34
200 - 26

The gtabilization was accomplished by a Seaman Andwall Pulver-
Mixer adapted to the Foamed Asphalt Process. The stabilization
wag processed in the following manner: The read surface wWas
scarified. This was followed by a blending pass of the mixer.
After blending sufficlent water was added to ralse the molisture
content to 8%. About 6% of 150-200 penetration asphalt cement
wasg added by the mixer. The mixed material was rolled limme-
diately behind the mixer. The mix produced had the followilng
properties. . o

Marshall Stability.IMOO F. Wet 480 pounds
Unit Weight per cubic foot 142 pounds
" Reslstance to Freeze and Thaw 7 falr

These results lndicate that excellent soll stabllization was
attained by the Foamed Asphalt Process sultable for base pur-
poses (1). This base sealed with a single layer seal coat
hag served excellently, carrying about AQO cars a day during
the past four years.

County Road Project. 1957

The next test was the stabiiization of a county roead Jjust
north of Ames, Jowa, for a distance of one half mile., In
this case the. existing county road consisted of about 3/L

“inch of gravel upon the native soil which varied between an

A-2(4) and A-6(9 classification

The stabilizatlon of this road was conducted in a manner
similar to that used on the Campus Roads using the same
machine, The asphalt cement used 1n thls case was of 100 fto
120 penetration grade, and the molsture in the soll was ad-
justed to about 9%. A stabilized base four inches in com-
pacted thickness was constructed on this road. Stabllity
tests -~ Marshall Stabllity at 140° F. wet - yilelded 420
pounds for this mix. The stabilized base was sealed wlth a
single layer seal coat scon after stabillzation. After three
years of operation, carrying about 300 cars per day, and
weathering winter temperatures of 309 F, below zero, also very
heavy rains and high temperatures of 105° T, this base 18 1in
excellent condlition,

t
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Sioux City Parking Lot. 1959

This work was undertaken by the Brower Construction Company
of Sloux City, Towa using a P & H Single Pass Stabilizer
equipped with the Foamed Asphalt Process, and involved sta-
bilization of a five acre parking lot.  The soll in the
parking. lot area was of a loess, all palrticles of which
passed the No. 200 screen and which contained about 15% clay.

In order to hold stabllization within 6% asphalt, preliminary
‘tests showed that about 33% of sand would be regulred as a
blend te meet thls requirement., Consequently the stabililizatim
operations were ags follows:

Since a slx 1nch compacted depih of stabllization was requlred
a two inch layer of sand havling the following gradation was
gpread on the prepared surface of the lot. Total percent
passing No. 100-100%, No. 40-82%, No. 80-16%, No. 200-0%,
After spreadling of the sand sufflcient water was added to
ralse the moisture content of the sand-loess blend teo 11%.

The P & H Single Pass IJtabilizer then went inte operation
cutting the soll and sand to a depth of 6 inches, blending
them and adding 6% of 100-120 penetration grade asphalt

cement as a foam in the process of mixing all in eone pass.
After stabllizatilon, the mix was rolled with a sheeps foot
reoller followed by pneumatlc rolling for compactlon and steel
rolling for finishing. The physical properties of the stabil-
ize mix were: : :

Hubbard Field Stability 77° F. dry 4150

140° F, dry 2500

: ' 1400 7, wet L00
Moisture absorptlon compacted specimen 3%
Reglstarice to TFreezing & Thawing : Satisfactory

The stabllized base was surfaced by a single layer seal coat.
This pavement laid durlng the summer of 1959 resisted temper-
atures up to 100° F, and one of the severest winters ever en-
countered in the area. ‘It 1s serving excellently

South OarollnarBeachuSand Stabilization. 1960

Several tests were conducted recently in Charleston, Scuth
Carolina by the Banks Congtruction Company to determine the
efficacy of the Foamed Asphalt Process 1In stabilizlng beach
sands.  Preliminary tests dlsclosed that a South Carolina i
beach gand having a gradatlon as follows: Percent passing - SE
No. 8 screen - 96%, No, 40 screen - 94%, No. 80 screen ~ 51%, T
and No. 200 screen - 4% could readily be stabilized with 5 %o

6% of 120-150 penetration grade foamed asphalt cement in the.

presence of 10% moisture and yield a mix having a Hubbard

Fleld Stability at 77° F. of 2800 pounds and at 140° W, wet

of 930 pounds with =a moisture absorption 1ln a compacted specl-

men of-1.2%.

H
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Based uypon these results, field trials were made with a P & H
Single Pasg Stabilizer equipped with foamed asphalt. These
trials showed that excellent base stablilization could be secured
with the Foamed Asphalt Process. Based upon these results,
authorization was granted to stabllize the bases of about three
miles of streets and reoads with this process. All stabllized
bases will be surfaced with single layer seal coats.

Hot Liquid Asphalt Mastic Surfacing, Dubugue, Towa. 1959

The application of a thin layer asphaltic surfacing upon old
worn cencrete pavements has geldom been succesgsful in prac-
tice., Laboratory tests of a hot liquld asphalt mastic mix
prepared by the Foamed Asphalt Procesg indlcated that such a
mix might be successful when used for such a purpose.

The Clty of Dubugue, ftroubled wilth rapid deterioration of old
concrete pavements, decided to test the efflcacy of thils mix.
Contracts were let to the Schueller Constructien Company of
Dubugue, who had hig two ton Madson Batch Plant adapted to the
Foamed Asphalt Procegs., The streets selected were White
Street, a major street carrylng about 13,000 cars a day with

a large percentage of heavy trucks, and several hlll streets
having grades of 10, 11 and 12 percent and carrying about
10,000 cars a day.

The aggregate used 1n this mix was a local crushed limestone
having the following gradation:

Sieve No. Total % Passing
3/8 100
1/4 ) . 92

No. 8 67

No. 16 52

Ne. 30 hh

No. 50 . 35

Ne. 100 23

No. 200 : 13

The mix was prepared in the following manner: The aggregate

wag heated to 425° F. in the usual manner and the proper
quantlty placed in the mixer, Here, during mixing, about

9%% of 120 to 150 penetration asphalt cement was added by the
Feoamed Asphalt Process. Tetal mlxing time was one minute.

The mix discharged from the mixer had a temperature of about
4009 ¥, and a consistency of molasses. The mlx was lald by a
Barber-Greene Finisher 'at a temperature of about 375° F. to an
average thickness of 3/4 inch, with actual thickness varying
between 1/8 inch to 1-1/2 inehes The mix laid smoothly through
the machine and upon the pavement which had no other preparation
than brooming. As soon as the mix cooled to 175° F. it was .
compacted with pneumatic rollers and filnished with steel tandem
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rollers. The pavement was opened to traffic immedlately
behind the finishing reollers. ' An excellent dense surfacing
was secured that adhered tenaclously to the concrete and
brick pavements upon which 1t had been placed. The cost of
thils surfaclng averaging 3/4 inch 1in thickness, including
all 1ncidental costs was $0.618 per square yard on a job 1in-
cluding about 25,000 square yards of surfacing. (4) This
pavement has served excellently during the past year showing
nho cracking during the winter or shoving on the steep hills
during the hot summer.

Some concern was expresSed concerning the effect of the high
temperature on the asphalt. Tests were conducted by the Iowa
Highway Commisslion to determine this effect. The results of
the test showed that the recovered asphalt introduced by the
Foamed Asphalt Process In these mixes met all specifications
of the Towa nghWag Commlssion for high type asphaltlc con-
crete mixed at 280 The loss 1n penetration was 33% well
within allowable 1im1ts, Increase in softening p01nt was only
9° F. from 109° R, to 118° F., which was amazlng., In fact
the results were better than those secured with asphaltic
concrete mixed at 280° F . Consequently 1t appears that high
temperature has 1little effect on foamed asphalt. The mix
possessed a modified Hveem Stabllity of 55 with a specific
gravity of 2.33, both well within specifilications for high type
agphaltic’ concrete

Stockplle Mix, Dubuque, ITowa.

The Dubugue contractor also undertook the test of a stockpile
mix produced by the Foamed Asphalt Process. In this case the
usual speclfication mlx is produced in the normal manner ex-
cept that the asphalt cement is added as a foam. y As the mix
1s discharged from the mlxer, 1t is sprayed with cold water

in order to chill and set the asphalt film ceatling the aggre-
gate, thereby preventing agglomeratlon of aggregate particles,
The mix 1s then placed in stockplles about four feet deep and
agaln sprayed with cold water. Such a mix will remain friable
for many months. The contractor 1s selling this mix to Dubuque
for patching and shipping the mix to clties in a radius of
fifty miles for the same purpose,

Precoated Agpregates for Seal Coating, Dubuque

The Dubuque contractor, noting the behavior of the Foamed
Agphalt Stockplle Mix, declded to try the Process for pre-
coating seal coat aggregates, In thilz case the usual seal
coat aggregate is heated to about 200° F. and placed in the
mixer where sufficlent foamed asphalt is added te Just coat
all of the aggregate particles with & thin film of asphalt.
This requires about 3/4 of one percent of asphalt for a 3/8
inch aggregate. As the precoated aggregate 18 dilscharged
frem the mlixer it 1s thoroughly wetted with celd water. It
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1s then placed 1n stockpiles ready for shlpment. Precoating
the aggregate has the following advantages: Less prime 1is
required and better embedment of aggregates is secured;:
aggregate scatter and dusting 1s eliminated and the surfacing
1s black when laid. '

Cold Mix Asphaltic Concrete Surfacingj Phoenlx, Arizona

Laboratory tests indlcated that cold mix asphaltie concrete
mixes, suitable for pavement surfaces, could be produced by
the Foamed Asphalt Process. In thls lnstance, aggregates of
standard. gradatien, or local ungraded aggregates containing
sufficient fines and having a moisture content up te 10%
could be used. :

Durlng February 1960 a test road was laid just north of
Phoenlx, Arizona sponsoréd by Marlcopa County and the Arizona
Highway Department., Two bagle aggregates available locally
in Arlzona were tested, one was a local rilver gravel and the
other was a crushed 1ava rock. These aggregates had the
following gradatlons:

Total % Passing

Sieve No, River Gravel ' Cinders
3/4 95 | 100
3?8 \ 78 80-82
1/4 - T2 . 67-T7L

o 69 61-64

10 - " 59 A6-49

L0 ’ : 24 26
200 o 8 o 10

The mix in this case was prepared in the following manner:
The aggregates were wetted to the deslred molsture content
and placed Inte the hopper eof a Hétherington & Berner Meto
Paver equipped with the Foamed Asphalt Process, The Moto.
Paver adds the foamed asphalt and mlxes the mix ag 1t pounds
forward at a speed of about 28 feet per minute. The mix
preoduced at a rate of about 125 tons per hour is dlscharged
onte the pavement where the machine spreads 1t and screeds
it to the desgired thickness as 1t moves feorward. The mix
may be rolled by pneumatlic rollers ilmmedlately behind the
Mote Paver and finlighed by steel rollerg, The pavement may
be opened to traffic Ilmmedlately after finlshing. No aeratlon
is necessary. The mix combinatlons used and tests of thelr
physlcal properties are ag follows:

o Gravel Mix Cinder Mix
% Foamed Asphalt : 2 , 5.0 7.5
% Moisture in Mix , 3.5 ' 9.5 9.4
Hveem 3tabllity value 33 - 23 9
Hveem Cohengilen value . 243 84 105

Density pounds/cu. ft. 140 120 119
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The results of these tests were so successful that seventeen
miles of road north of Prescott is now being lald, using-
cinders as the aggregate, in a mix produced by the Foamed
Asphalt Process.

Asphalt Cement Slurry Seal Coats. 1958 & 1959

Imboratory tests also showed that an asphalt cement slurry
seal coalt mix could be produced by the Foamed Asphalt Pro-
cess, using Amerilcan practices and equipment. Several test
projects were conducted at various locations te test the
efficacy of the Process in thils regard. The test projects
included sections on U. 8. Highway 6 east of Des Moines,
Towa, and ITowa Highway 210 and 211 in Story County, JTowa,
and a three mile county read 1n Hancock County, Iowa. In
each case the asphaltic oonorete road was showing distress
and requlred sealing

In each case the aggregate ueed wasg an agricultursal lime-
stone having the following gradation:

Sleve Sige e Total % Passing
i 100
- 10 T0-30
40 35-50
80 20-30

200 12-20

The mixes were prepared in a small Cedar Rapids continuous
mixing plant, equipped wlth the Foamed Asphalt Process, at

a rate of about 25 tons per hour in the following manner:
The aggregate in the cold feed hoppeéer was wetted with suffi-
cient water to raise the moigture content to 16% as 1t
dropped from the hopper into the mixer. The inltial stage
of mixing at the front end of the mixer created an aggregate
paste, a8 the mix pasgsed along in the mixer, about 13% of
150-200 penetration grade agphalt cement was added as a foam
and mlxing continued to create an asphalt paste. The asphalt
paste was discharged from the mixer directly inte a rotary
drum concrete mixer, that was truck mounted., Additional
water was added to the asphalt paste in this mixer untll an
asphalt cement slurry of the desgired consistency for laying
wag attained. During transport te the laylng slte the mixer
drum was rotated at agltater speed in order to retaln a
homogeneous mix,

The laying of the asphalt cement slurry seal coat was accom-
pligshed in the following manner: A spreader conglsting of

a screed and broom drag was hitched to the rear of the mixer
truck and pulled into position en the road surface. The
slurry was discharged into the spreader as the truck moved
forward, spreading a layer of Slurry about 1/8 inch thick
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upon the road surface. The conslstency of the slurry con-
taining about 30% melsture was such that 1t flowed inteo all
cracks sealing them and levelling the surface to a true
grade, After gpreading, the slurry required about 90 min-
utes to set on a warm dry day. On humld, cloudy days much
longer time was requlred to set the slurry seal. As soon
as the slurry set it wasg rolled with pneumatlc rollerg and -
opened to traffic. If raln 1s expected on & heavlily trav-
elled road, traffio must be kept off the seal coat until it
hasg thoroughly set in order to aV01d reslurrlficatlon by
trafflc and Pain :

The asphalt cement slurry seals produced by the Foamed As-
phalt Process possess excellent wearing quallitles, do not
bleed under traffic 1Lf propeily designed, nor do they dust
under traffilc. The seal coats lald under the tests have
served excellently since lald

Crack Filler

An interesting and unsuspected. application of the asphalt
cement slurry was discovered during the test road operations.
In the process of spreading the slurry 1t was noted the
cracks were thoroughly filled. This led to a test of the
slurry as a crack or Jolnt filler. In thisg case, the slurry
is placed in pour pots from which the slurry is poured inte
the cracks untll they. are  Just filled, Excessg slurry 1s
squeegeed off1 the surface, leaving a neatly filled crack.

As the slurry sets, 1t shrinks slightly, giving a neat clean
appearance., Traffic may be allowed to operate over cracks
immediately after £illing.  This test was se successful that
a contractor is now packaging the asphalt paste in drums and
gselling it as a crack filler. In thls case; sufflclent water
1s added to the paste in a small concrete mixer or plaster
rmixer to make a slurry of the deslred conslstency. Many
cltles and counties are now purchasing this material as an
excellent crack flller.

Patents:

The Foamed Asphalt Process developed 1in fthe Bilituminous Research
Laboratory of Iowa State University was patented by the Towa
State University Research Foundation. The patents were as=
signed to thls Fourndation by Prof. L., H. Csanyl, the 1nventor,

Two patents covering the process have been issued by the
United States Patent Office. One, Neo. 2,861,787, issued on
November 25, 1958, covers the apparatus aspects of thé process,
the other No. 2,917,395, igsued December 15, 1959, covers the
theory and numereus applloations of the process,

Other patent applicatlons are pending in Canada, England
Australia and Germany.
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Licenses of the patents are granted to equipment manufacturers
by the Iowa State University Research Foundatlon

Concluglons

The studies and developments made at the Bituminous Research
Laboratory of Towa State University have harnessed the un- =
usual prepertles of foamed asphalt and have made asphalt
cements appllcable In conJunctlon with wet aggregates. As-
phalt cements may now be used in many new ways and in some
cages previously belleved lmpossible, The Feamed Asphalt
Process has been tested and found effectlve in the following
respects: .

1. More even and: uniform digstribution of the asphalt through-
out the mix,

2. Ungraded agpgregates may now be used for the preduction
of satisfactory paving mixes._

3. Cold, damp or wet aggregates may be used 1n the preduc-
tlon of cold mix aSphaltic concretes,

b4, Stookpile mixes containing asphalt cement which will
etookpile for many months may now be preduced.

5. Asphalt cement-slurry‘seal coat mixes which centaln up
to 30% moisture may now- be produced by American practices
and ih American equlpment.

6. A'hot'liquid aSphelt magtlc mix has been made available
that will adhere to old oonorete pavements in thin layer
surfacings

T Clayey, sands or granular solls may noet he stabilized in
a molst or wet condltlon wilth asphalt cements.

8. 'There 1s no doubt many other applications,'suoh as Pre-~
coated Aggregates and Crack Filller, may yet be found wherein
foamed asphalt may be uged to a distlnet advantage.
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Noter

Numbers shown in parenthesges refer to slides not included
with this talk.






