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INTRODUCTION

There are a mumber of basic types of asphalt surfaces and
pavﬁutl. Numerous variations ia material and certain construo-
tien details have been sacosssfully weed in the construction of these
different types. The selection of type, as well as the material and
exact construotion details, may, therefore, be governed by a aumber
of looal conditions, including climate, volume and weight of traffic,
characteristies of locally availadle moi-al aggregate and asphaltio
materials, available construetion equipment, and lastly ocesS.

I have bescae grossly interested in asphalt pavements as during
spring vacation I made a contagct with the Standard 04l Company with &
possidility of becoming empleyed as an asphalt sales engineer, Ale
theugh there has bdeen nothing definite mentioned, I thought it would
be most advantagecus for me to learn about the different asphalt sure
f£2008 in regard to bdoth the ingredients used and methods of censtrue-
ttoa.

This is not meant to be a highly technical report but rather ome
which desls more generally vith the difierent 4ype surfsoes and their
spesifications. S0 as to get an ever-all picture, I have oombined the
specifications of Michigan, North Carolina, Oregon, Texas and the
Asphalt Institute using what in =y miand would ultimately give the best
reads.



- HISTORY

Asphalt is indeed not a new substance, There are instances vhich
date dack some 200,000 years vhere prehistoric animals have bdeen foumd
wvith their dones well saturated with agphalt, this dest known of all
preservatives., In bdrief, the process of the making ef aatural asphald
wvill de discussed,

Prehistoric history tells us that the ocean was ease universal,
covering the earth in its entirety. The first stirring of erganie life
was soaveed and ene celled diatom. The cycle of 1ife and death slowly
built up a deep sedimentary bed through accumulation eof these erganie
remains on the ocean's floor. Sometime later eame either an uplifs,
upheaval, or a decending of ocean level leaving mmch ef the earth's reck
barren of water, Accompanying this change in datum were incredidle heat
and pressure and the erganic settlement wvas partially ehanged o petro-
leun, Held in solution in petroleusm was the non-volatile hydrocarbeas
ealled asphalt, Most of the petroleusm was trapped undergreuad but seme
vag left expesed to the air and sunlight vhich evaporated the ligh$
volatile gases and left the heavy asn-volatile residuwe.

Ag early as 3200 years B. C, texmples and protectioa walls around
eities vere made of drick 1laid in asphalt mortar. These structures vere
still intast some 3000 years hence. Races ia the Euphrates valley used
asphalt in the eenstrustioa of their highways. Residents in the valley
of the Indies were found %o have lined their dathiag peols and irrigatiea
canals with asphalt to prevent the loss of valuadle water through seepage.

Habopolassar, King ef Babyloa, first wsed asphall as & mortar feor
drick pavements., His soa, Nebushadnessar, was o9 impressed with this ewva
genius as a roadduilder that he left the following inseriptioa on one of
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the paving dricks: "Nebuchadnessar, King ef Badylon, he whe made Eesglia
and Esida glorieus, son of Nabopolassar, King of Babyloa, The stireets
of Babylon, the procsssion Street of Nabu and Karduk, my lerds, which
Nadbepolassar, King ef Babyloa, the father who bezot me, has made a read
glistening with asphalt and dburn$ drick; I, the wise suppliaat vhe fesrs
their lordships, placed abeve the ditumea and dburnt dricks, & mighty
superstructure ¢f shining dust, made them strong within with ditumea and
Yarat bricks as a highlying read. Nabu and Marduk, wvhea you traverse
these streets in joy, may Denefits for me rest wpea your lips; 1life fer
distant days, and welldeing for she dody, Before you I will advanse
upok them, JMay I attain eternal agel® To prevent motar froa flushiag
out, the joiats were widemed at the base by bLevelling the bdricks.

The effect of the dark ages left its mark on the pregress ¢f develop-
ing wses for asphalt. During thosse yuri all research had eeased. I8
has deen said that had 4% 20t deen for the dark ages asphalt would have
gontriduted largely $0 the material develepment of Zurope, Petroleum
vas 2ot mentioned in European chronicles un$il adous 1200 A,D, This
situation was the ronit of the Dark Ages eomdined with the lack of
potroleum {a Europe. Asphal$ caly ecourred ia those ceuatries vhere
petroleum was ebtainadle 90 fer thousands of Jears asgphalt remained ua-
known te the white race,

IS vas Dot until early ia the Iighteenth Century that deposits
of limestone impregnated with acphald were found ia France, Switserland
aﬁd Germany and mea degan %0 discern the pessidilities of the material,
In 1802 thlu'inpronatod rock vas used in a mastic fora %o lay dbridge
fleers, sidewvalks and for floors ia duildings. These conetructions were
80 satisfeotory that in 1538 asphalt impregnated rock was drought te
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America to pave a sidewalk in the portice of the Merchaat's Exchange ia
Philadelphia, Paris used it in compressed form fer paving streets in
1854 and fifteen years later London paved Threadneedle streed alse with
rock asphalt, Ia 1870 and 1876 1% vas used in Nev Jersey and ¥ashingtea
respectively as experimental pavements,

I% took morn' years for man $0 gain sight of a very impertant
fact, Ramely that it wagn't the limestone but rather the a@dt vhich
wvas the important material, TFor several yecars ton upoa ton ¢f limestene
impregnated with agphalt were shipped to the different parts of the world
void of smch material, Finally, after some thougch$, ressarech degan to
diecover that 1t vas not the limestone but rather the asphalt which eca~
tained the important properties, They also concluded further that the
aggregate need not be limestons but could be such duradble materials as
stene, gravel or sand, Kow with this problu_ eolved, the next step was
to find a source from which asphalt eould be secured,

The source was a remarkable asphalt lake located in Trinidad bdeing
dissovered by Sir Walter Raliegh, It was not until 1836, however, thad
e small pard of this mastic muterial was firss used for paving in England,
Then in 1876 asphaly from this lake was brought %o Yashingtea $o lay the
first asphalt pavement ¢f a modern type vhieh is mow called gheet asphalt.
It wvas constructed by first melting the asphald and mixiag 4% with dried
sand and a dust filler., The mixture was then laid on a suitadble founda~
tion and compressed by a roller, The asphalt supply was inereased by the
discovery of another lake in Bermudes, Venesuela in 1891,

Within a very short time the demend for asphalt was far greater thaa
the supply so amother source had %o de found, For some time the oil proe
dugers were complaining that they didn't know what to do with the dlask
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sticky residue whieh remained after the cracking presess. There seemed
te b some difference, hevever, in the por eeat of asphalt preseat. The
asphalt dased el was found €e be most valuable with conteats sometimes
as high as 50 per cent asphalt. Although the seurce was sa aaswer te &
prayer, it took some time Sotoro 1t vas realised vhat an impertaat itea
asphal$ residue vas. In fagt, for a fev years asphalt was eonsidered
the *ugly duckling” ef the petroleum imdustry, However, sines 1900 the
prodnotion of asphalt from szude petroleun has deen growing by leaps and
bondo.

At firss petroleum asphalt was eonsidered as solely a highway material
and as largely a oity paving constituent$, VWith the inauvguratien of the
great Tederal Highway prograa in 1916, asphals preved iteelf so adaptabdle
$e the requirements of lover costs pavements that {¢ soen donhat;c the
£101d vherever a madless, dustless mscadam or grevel surface was desired,
while lov cost modification of the standard sheet asphald and asphaltie
osasrete pavements perzitted these superlative types te bde extended %
the less impertant theroughfares. Todsy 50 per eent of city streets
and k0 per esnt of modern state hizhways are of asphalt,



PETROLEUM ASFHALT

Asphal$s are black or dark brown solid er semi solid ceasntitieus
materials which gradually liquefy when heated with the predominating
constituents being bitumens. Bitumen is an organic material ef very
eemplex strucsture, It 1s defined by the American Sociely for Testing
Materials as "A mixture of native or pyrogencus hydrecarbons and their
aon-metallic derivatives wvhich may be gases, 1iquids, viseocus liquids,
or #0lids which are soluable in cardon disulphide.*

Asphal ¢ preducts consist of materials of various consistencies.
There are the 1iquid materials that are so sof$ or evea fluid at aormal
texperature (77° F) and their consistency caanot be determimed by the
peastration test. Next there are the semi 90lid materials er asphalt
esmeats wvhich have a penetration varying from 40 to 300, The fimal
elagsification s termed 90lid or hard asphalts which have a normal
peastration of 10 or less.

Nost of the preducts used ia the United States are predused froa
the refining of petroleum. There are several procesess through vhich
asphalis are recovered but distillatioa is the principle method, The
diestillation precess eonsists of mechanical separation ef the varieus
products ia the eriginal material, petroloum, wvithout chemical ehange.
Twe produsts are formed ia the process: distillates which are firsh
vaporised and then eellected dy cendensation; and residuss, the heavier
preducts, vhich remain ia the still. A large percentage of this residue
is asphalt vhea asphalt-bearing petroleum is deing refimed.

In all cases before asphalt preducts are used ia paving mixtures
they must be s0ft enough so they may de compacted and the minerel aggre~
gate may beecome well coated with the bituminous material. At preseat
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all agphalt pavement, with the exception of rock asphalt, contaia

1iquid asphalt or asphalts made into liquids. Ligquid asphalt products
include residual products, mixtures of residual products and distillates,
and mhlol_n.

Residual oils prodused dy straight fractional distillation are non-
volatile compounds commonly called "slow curing,® which indicates that
the 1ighter or gasesus material preseat evaporate very slovly. Alse
seme liquid asphalts which =zre produced by mixing residual products with
heavy distillates such as deisel oll are termed "glovw curing" or road
oils. Another type is inovn as "cut dack" asphalt, Thess are prodused
3y fluxing the heavy residue with the lighter and more wvolatile distillates.
*Rapid Curing® cut back asphalds are produced by fluxing with gaseline or
naptha and 'mthu' by fluxing a semi solid asphalt with keresinme,
TNuxing eonsists of softening a heavy product dy the addition of a lighter
and more volatile material, The fumotion of the distillate is texperary,
using it to enable application $e¢ road surfaces or the mixing ef the
asphalt wvith the aggregate in plant mixing, After plasing, the distillate
evaperates leaving the residual asphalt ia plaece.



ASPHALT PENETRATION MACADUM

Asphalt Peaetration Macadum is a type of pavemeat where drekea stens
ageregate of relatively coarse and unifera sise fregments is spread ever
a dage t0 a thickness greater than 13 inches, key aggregate applied, asd
Hot ssphalt 4s then applied eevering
The asphalt is applied at
Finally
the surface is cevered with a course of stens chips which seals the sur-

the two interlocked by compactien.
eagh individnal stone, binding them fogether,
the surface but penstrates the layer of stone before eooling.

face.

the $raffic conditions.

be placed oa an asphalt macadum dase course,

This pavement$ may be laid on any base which is adequate te meed
However, it is desiradble that agphalt macadum

Spesificatiens state that the mineral aggregate must consist of

breoken stone or brokean alag ¢f uniform quality throughous.

The chips

suet be clean, free from excess dust, soft clay and flat or elongated,

Per cent vear in accordance with the Les Angeles Abrasion Test must aed

be less than 40,

If slag s %0 be used 4% must be electric er air-ocooled

blast furnace slag unifora in density, free from glassy pieces and mst
veigh 7O peunds per cudbie fool.

Aggregate Coarse Iatermediate Tine

Simplified Practice Yo. 3 67 18
) Fer Cent Fer Cent Per Cen$
Total Passing by Weight by Veight by Velight

21/2" sieve 100 - -

2" sleve 90=100 - -

11/2" sieve 35=T0 - e

1" sieve 0-15 100 o=

3/4* sieve - S0-100 100
1/2* sieve 0=5 - «100

3/8" sieve - 20-55 15

Yo, 4 sieve - 0-10 5=25

No. 8§ sieve - 0=5 0=5

«10=




TJor the surface course it is required that asphalt eemen$ prepared
by the refining of petroleum be used. It must be free from mineral
patter, vater, tar and tar products. Also, it shall be unifora in ehar-
acter and must not foam when heated o 350° Fahrenheit. Ia the imitial
and seal cozt on R,C,=3 asphalt cut back is used.

Penstrasioa of Original Sample at 7701'.. 85 %0 100 100 %0 120

100 gop 5 908. . . . . . - 120 % 1%
Plash Point, (Cleveland Open Cup) °F. . L5 k254
Loss on Heating at 3259F,, 5 hrs, Per Cent e -
Penetration afder Loss on Heating, % eof

Ooriginal . o o ¢ o o o o o 104 704
Duckility a8 T79F. . . & o « o o 1004 60f
Per ecent Soluble in Carbon Tetrachloride  99.5¢ 99.5¢

Before any aggregate is placed the base must de free froa all lese aad
foreign matter. Some method to hold aggregate in place must alse de devised,
One of these is the use of side forms set on a firm compacted dase. They
mst be securely staked for dack support 200 feet ahead of poiat where age
gregate is being spread, must have a back £ill two feet in width and &
height t0 oconform with profile grade of shoulder. The secend method is te
form the shoulder with a vertical face for the full depth of surface ecurse
200 feet in advance of the spreading. Both cases when completed mast allev
roller te pass ever the sggregate abutting either with half of the roller
everlappiag.

Vhea applying the 2ggregate it must be done ia such a fashioa $e pre-
vent segregation, If trucks are used it is sugzested that they dump their
lead and let it be distriduted by some other means, If a mechanical
spreader is dohg the Job it must be so designed so to spread the aggregate
in such a manner to obtain uniform compaction. The finished preduct is
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checked for uniform crown by the use of a templzate. Ia regard to preveating
segregation, pover graders should not De used for spreading purposes,

Yollowing the spreading is the dry rolling operation. This operation
is done with either a three whesled or tandem roller weighing aet less than
10 tons and capable of compacting from 300 to 330 pounds per inch width
of rear roller., Rolling bVegins at the sides and pucoodl toward the ceater
overlapping by onehalf the width of rear roller on each suocessive trip,
For each 20 ton or fraction of aggregats depesited im an hour, there should
be a minimum of one reller im operation. To check for proper texture three
test holes are made at {ntervals of 200 feet and test specimens takea frea
thea. !rn;uhriuu are thun chockod for an if tlioro are any sectioas
wvhich vary one-fourth an iach in a m fdot streteh parallel $o the eenter-
1line proper corrections are mede, BRolling is then contﬁud wmiil uggro-
gate o longer creeps or waves ahead of roller,

The first application of asphalt cement is uniformly applied at the
rate of 2 gallons per square yard with a tolleranes of ealy .1 gallea
either vay, and applied onli vhen ceurse is perfoeelly dry througheut its
entire depth, Such clese tolereances are required decause an exeess of
asphal$ will destrey the interloeking producing a wavy rutted pavemeat
and a deficiency permits water $o eater vhich tends $o destroy beth
bitumen and stone and if freesing ecocurs the dond is destreyed. Theze are
definite periods of the year during whieh asphalt macadum may de laia,
Oregon and Califorais design:zte the months included between Nay 1 and Ogto-
ber 1§ in Rhode Island it's between May 15 and Octoder 15; in Eorth Caro-
1ina only vhen the temperature is adeve 500 and the Asphalt Institate
specifies texperatures above 45°, The temperature of the asphalt iteelf
mst range between 275%nd 3500 immediately prior te applicatiea.
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There are seversl presautioas taken during spplieatioa with standard
distriduter to prevent lapping. On end junctions the spray is immediately
simt off and a pan inserted under nossles %o catch the drippings. Vhea
centimuing operations bullding paper is placed soms distance ahead of un-
treaded surface so sprayers may be turned on and operating at a speeified
. rate upon reaghing this poins., Building paper is thea destroyed. 14 s
wiee to make as fev trips as necessary as each additional trip iacreases
the pessidility of everlapping at longitudinal Joimts. Tanks sheuld de
out off bdefore eoming completely empiy eas the loss im head csuses umnifors
flev as will the nozzles if they become stopped up, Fimally, the distrite~
tor should be drivea aleng & marked odge te keep treatment ia a straight
1iae. 19 increase the flev and penetration action of asphalt, & soap-
vater solutiea may bo sprayed onte the road surfaee a fev inches shead
of the asphall, The amount wsed is approximately 10 per eeat of the volume
of asphalt used. Per eent soap used sheuld aot be less than 1 per et of
soap and water solution. For spets where distriduter was unadle #o reash
or for some reason didn't give uiton spray, & hand sprayer usmlly rea
with oo-_proud air 1s used for teushiag up,

Immediately after asphaltic ocement is placed and the asphalt is still
varn, filler stone is added ia noh quaatities so to preveat the reller
vheels from sticking,

This standard distriduter vhich was meatioaed ia the previeus paragraph
is a paeumatic ur“ self propelled tank which is capable of dlistriduting
a8 wniforn spray wvithout atomisation., I% f- equipped with several pieces
of gear to do this, To iamure preper application it has a f£ifth wheel
tachemeter registoring speed in feet per mimute and anether tachome ey
reading galleas per mimute, both vigidle te the operater. The asphalt ﬁ
foreed out of the spray dar wnder pressure furaished by a pump which hag
1%s ewn pever wnit., There are pressure, volume, and texmperature gages
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located in such places so they are easily readadle by htpiotor. It 1
sapadle of spraying widihs of 15 feet with a minimum of 6 feet with
speeial adjustments made for width less than 6 fee$. If the widih 4
too large to cover in two 15 foot trips, 6 $0 & foot runs are used unsil
the surface is complefely covered. When the machine is equippec with
heating facilities the asph=lt cement should be circul:ted coatimmally.

Immediately after asphaltiec cement is placed and the agphalt is still
warz, filler stone or key stone is added in such quantities %o prevent
the ﬁu.:» vhoeols sticking. Simultanecusly with the rolling, small quanti-
tles (10 to 20 pounds per square yard) are continually added and droomed
over the surface, This precess is contimued until all voide have beem
f1lled by filler stone and the stone is thoroughly imbedded, nchor“ ia
place and surface is smooth with no peroeptible movement under the reller,
Care must be faken g0 mot te have the quantity of filler stone sufficiemt
80 it covers rather than only fills voids. Sueh an exeess would crush uadey
the reller forming a surplus of dust wvhich would hinder tho adhorense of
the seal ooat,

¥ith the relling operatiea complete the surface is ready for the seal
eoas, The seal eoat is applied with distributor at a rate of 0.4 gallea
por square yard with a tolerance of plus or minus 0,1, Knough fine ag-
gregate 19 then spreed over the surface to take up the asphalt and the fimal
osat 1s rolled with a 10 ton roller wntil the proper crown and profile
(1 inch te 10 foot length parallel to ceater) 4is reached, Usually $we
seal coats are required, the second eme applied in the same mamney with a
wvalt of 3 to 6 days, |

There shall be no traffiec admitted on the surface between iaitial
ecompaction and eompletion of the final seal coat, it. after traffie has
Yoon admitted, dleeding eccurs it muet be corrected by addihg new soreenings.

Sometime within a 10 day period after the final seal 602t has deen Gompleted
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the spesifications state that each 100 square yards mus$ de relled for
a peried of 1 hour with a 10 ton roller not exseediag 3 miles per howr,
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ROAD MIX « OFEN GRADED TYPE

The term "road mix* is understeed %o desigaate the $ype of bituaimous
surface which is mixed in place on the road being constructed, The mix is
supposed to h=ve originated in Feansylvania several years ago and has been
found %o be quite successful if properly used.

Befors the surface course is laid the bdase on which 4% is to be
placed must first be prepared, The first step is to scarify the soil te
Ye used for the base. This is done ususlly with a sulti-bladed drag eor
other pieces of equipment which are capable of cutting up the surface te
a depth varying from 6 to 10 inches. After it has been scarified, it is
then Sreated with an asphalt primer of the NC~0 er MC-1 type. However,
4f the base is rather porous, an MC=2 eut dack asphalt is used. Then, %o
allew for the correcting of any weaknesses, the base is opened to traffie
anywhere from four to twelve months Defore the road mix is applied, after
vhich all necessary patohﬁg is doae oa spots vhich vary more than eas
iach from the normal contour. The surface is then rolled and breught %o
the specified shape. If the surface being prepared has beea oil or cemeatd
bound all patching of holes, cracks, and breaks must be dome by the peane~
tration method which will be discussed later.

The azgregate used on the surfaee course may oonsist of crushed or
broken stone, crusghed gravel or crushed slag dut each mast meet the
spesifications required. Much of the stadility of wearing eourse is
dependent upon the interlocking or frietional resistance ef angular pare
tieles, Therefore the specificatioas stats that not less than TO per eea$
of fregmenis of crushed aggregate retained on the mumder fout sieve shall
consist of brokea angular pieces. The particles mast aleo be clesa, uai-
form quality threugheut and free from dust and fla$ elengated pleces.

The per éut vear, as indicated by the Los Angeles Abrasion Test, shall
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20t de mere than 4O, If slag is to be used as the mineral aggregate,
1% must veight JO pounds per eudic foot independent of the maximum size
aggregate used vhigh is dependent on the thickness.

ype Coarse Tine
Simiplified Practice No. 5 1

Per Cen$ Per Cent
Total Passing by Weighs by Welight|
14" sieve 100 -
1" sieve 90+100 -
3/4" sieve ~ ho=75 100
1/2% sieve ‘ 15=35 90-100
3/8" sieve 0-15 4o-70
No. & sleve . 0=5 0=15%
Ho. § sleve .- 0«5

- Asphalts used are eifther cut-back asphalts or asphalts emulsioas
free from wvater, In some onses additives are added to increase adhesive-

. BO8S.
Yor Primer Biader
Designation }C=0 NC-1 RO~3
Flash Poins (Opea Tag.) °F. 1004 1004 804
Furol Viseosity at J7°F. 15150 - -
Furol Viscosity at 12297, - 15-150 -
Furol Viseosity at 140°7, - - 250-500
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Primer Binder

Distillation :
Distillate (per cent of total
distillate to 680°F.)

To W37°F, 25me 20 254
To 500°F. Lo=70 25=65 554
Te 600°F. 75-93 70-90 834
Residus from Distillation %o 680°F,
Yolume Per Cent, by Difference 504 604 134
Tests on Residue from Distillation
_Pu.trﬂ-tt“ norog 100 e 5 808. 120-}00 1&-}00 80-120
Ductility T7°F, *100¢ #1004 1004
Por Cent Soludle in
Carben Tetrachleride 59,54 99.5¢ 99.5%¢

Application Temperature °T, 50-120 80-150 [150-200

*lote~ If penetration of residue is more than 200, and its
ductility as 77°F, is less than 100, the material will
be acceptable if its ductility at 60°F, 1s 100 ¢

Thieknesses of rocd mix surfaces vary from one to threo inches and
any thickness ia excess of two inches is applied in two 'oouruo. As vag
previeusly mentioned, if the base is a scsrified eouree a primer eocat
=ust de applied iy a standard pressure distridbutor, Befere the prime
mt' is applied the dase eourse mast de completely dry er oaly alightly
daxp and the atmospheric Semperature must not be belev 50 degrees Fahrenheit.
The dituminous material is applied over the full width of roadway extending
from qurd to curd er ditch to ditch at a uniform rate of 0.3 $0 0.5 gallens
per square yard, All traffic is kept off uantil material is dry emough ®
the vhnll will not displace the primer, In the event that the prime eoas
fails due to disintegration ef the underlying surface, the area in questioa
1s filled vith selected materials siuilar to the surrounding soil so the
surface at this spot will conform with the erowvn of the road as a whole,
The primer then applied with a hand spray. Any other failures are alse
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repaired at this time. In some instances, after applying the primer,

1% {9 immediately eovered with a small quaatity (2 to 4 yd3 per 100 food
station) of material eimilar to the base material. The primer and dase
eourse sro‘than thorogghly mixzed by deing bladed inte windrows. Upea
bdeing thoreughly mized it is bladed and rolled until compastion is cea-
plete after which 1t 1s left setting for fourteen days defere bdeing
ocovered vith aggregate. ' '

Yhen the surface to be cevered is an ¢ld bitumincus read, as primer
is acoessary, however, a preparatien called "Tagk Coat® is usually ap~
plied, The dituminous material used is of the same type used ia the sur- -
fagce osuree deing applied at rates of 0.1 « 0,15 galloas per square yard,
Its purpose 1s te u& in vaterproofing the base and it also prevides
adhesion detwesn the read mix and the base,

Vith the preparetion of the bdase course completed and the surfase
thoreughly cleaned and dried, the csurse aggregate may bde distrivuted
unifernily ever the entire surfase. This cperatien is perferaed either
with trucks or a mechanieal spreader leaviag a le0se layer that io
20 per ceat dseper than the speeificatioa read. TFolloviag the spreading
eperation the agzregate sheuld de leveled $o a higher degree MWy a greder
folloved by harroving with a disk harrev so to distribute the varieus
particles uaifernly and aleo aid in drying off the agzregate sheuld ﬁm
90 some moisture present.

The surfase is nov ready for its firet applicatiea of asphalt previded
fhat the aggregate is completely dry, The amount of asphalt %e be applied
is dependent en the thickness of the surface with the thinner surfaces re-
Quiriag a greater propertien of asphalt. Altheugh there is ae set rule,
the felloving tadle indicates the approximate quantitiess
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Thickness in inches Gallons per Yard

1 - = = = = = =0.2-03
2 e - @ = = o =« 0,30k
2} = = « @ « = = 0.5+0.7

Certain $ypes slag require 0.1 gallea more than shown adove. Onse

agaia the atmospheric to’upcra_tuo mast aot be below 50° Fahrenheil.

Yery necessary precautions must de taken $o preveat everlapping.

Te prevent lapping at the end jJunctions the distributer mict de immedi-
ately shut off and a pan ineorted under the nosiles %o cateh the dripjpings.
Vhen continuing operation,building paper is placed some distance in ad-
vange 80 tprq&ro may be turned oa and operating at their specified rate
upoa reaching the untreated surface. The building paper is then remeved
and destroyed., When the tank is approaching the empty mark it should be
shut off before coming completely empily thereby avoiding mom-unifera ap~

- plication caused dy a non-uniform flow, lozzles ia the spray dar mast

be kept olean and unplugsed as the plugging of merely eas noggle hole
vill lesd %o uneven distribution. Also, s few trips as neeessary should
bo made %0 eliminate the possidility of overlapping, and ouh trip delng
guided or steered along a marked edge $o0 insure no everlappiag.

Inmnediately after application of asphalt, the eoares aggregate asd
Yiader are thoreughly mixed with sush equipment as blade greder, multiple-
blade drags or pin mixes fer a peried long eacugh to distridute the asphald
~ well but not leag enough to allow the mixture to become tacky. Blade
graders should b6 avoided vherever possidle and the mul ti-dladed drag
employed as the later is mach faster. Speed is of great impertanee fer
20 time should bde lest ia liﬂl" as the light constitueat weed ia read mixes
evaperate rather quickly and the mixture decomes tacky. MNulti-dladed



drags are mcunted on four vheels. The Blade is 10 inches high and is
oapable of mixing surfaces wvith thicknesses ¢f one and a half inch or
less. Anything in exoess of one and a half inch is mixed by means of
a machine called "Retread", 1% is operated dy two mea, one eperating
the mixiag dlade and the ether the leveling bdlade at the rear of the
mashine, The mechine is capable of Saking widths up %o 10 feet with
the levelings blade leaving a murface planed $0 & uniform eross-sestion
and smooth lengitudinal prefile. If a second application of asphald
1s required, the same precedure is follewved,

Apother method of mixing used extensively is the traveling plaas
mixer., The coarse agzregate is first spread ia one or more viadrevs
best adapted for the type plant te be used. Its rated sapaeity showld
be suffielent to produce the required compacted thickness givea ia the
specifications. Some plants are designed vith Sanks and measuring
devices that the asphaltic binder is added during the mixing presess.
Ia such cases the tank mmst de equipped with steam 0oils se desigaed
%o secure unifera heat throughout its contents and a thermometer to
deterniane the temperature of the asphalt defere deing comdimed with the
aggregate. Other plaats are not bduils with asphalt Sanks and se with
thoio mixers the dinder must de applied by pressure distriduters while
the aggregate is laying in wvindrews, VWith either $ype plant the follow-
iag quantitsies of asphalt are aceded for the stated thickness ia ecash
ease, | |

Thicknegs in Inches  Gallons per square Yard
B - = =« = M5e.6
2 = = = = = 6 .8
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The aggregate is then picked up from the windrews and mixed watil
all the aggrogalto' has been coated with binder. The mizture is them dee
posited either in dack of the pla.nt' in a windrow and spre=d ever ‘he ane-
tire surface with a blade grader or long wheel base spreader, or 4f the
plant 4s equipped wvith a spreader the mixture is placed and spread ia
one operation, In each case the results must produce a smooth even pre-
file and cress~section.

After the mixture has become "Tacky", two to five hours depending ea
the bdituminous material and the air temperature, compaction begins. Beth
tanden and three vheeled rollers are used in this procéol; the veight
depending on the thickness to bde eompacted. A six ton roller is satisfac-
tory for thicknesses less thsn 1} inches but surfaces in excess of this
~dimension must have an 8 to 10 ton rated roller with a minimum of 300 pounds
per inch width of rear roller, To aveid ragzed edges a small gang of men
1s placed ahead of the reller bduilding up the edges with shovele and tamps
giviag support vhem being rolled,

A seal coat is necessary on an open-graded road mix as the mixture
leaves quite a porous surface and plasing of a seal coat will preveat
raveling uader $raffic in addition %o making surfase waterproef. It sheuld
208 be applied ia less than a week affer surface conru‘ has been compacted
and 4s usually deferred from two wveeks to several months, thus allewing all
volatile sonstituents to evaporate and leaving the course in a perfeetly
" hardened condition, The first step ia applying the seal coat is to spresd
a small portion of fine sgzregate (as the rate of 15 to 18 pounds per square
Jard) by means of hand or machine. This cover coat is thea lightly drosmed
By means of a broom drag f1lling in all the surface voids., A iitmim

material, the ssme as vag used on the surface ecurse, is thea applied ad
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[ hto varying tro-‘ «2 t0 .3 galloas per square yard, DBrooming is con-
tinwed simltaneously with rolling, with the possidility ef adiiag fine
aggregate if necessary until a smooth well bonded surface reslss. Us~
ually the complete f£1lling of the void is not practiced as a semi non-

skid surface is the result of not filling the voids ia their ontinty.
¥ithin a period of ten days the surface should de back rolled in ascerdance
with the engineerts discretiea.
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ROAD MIX o DENSE GRADED AGGREGATE TYPE

'Duuo aggrezate road mix was developed in the western part of the
United States. The purpose of this type of road is to reduce the cost of
eonstruction by employing aggregates which are avallabdble ia the particular
lecation in question, It consists of aggregate froa coarse to fine mixed
with a bituminous material. Thicknesses range from 1 inch te U inches
with 2 or 2} inch surfece commonly uwsed, Dense graded aggresate is mest
frequently placed on 0ld gravel roads or newly graveled dase sourse .u'
is sometimes called "04l gravel road miz",

Briefly, the eonstrustion precedure of such a surface is as follows:
First the bdase is treated with asphalt primer, A leyer of graded aggre=
gate 1s then spread ever in sufficient quantity to produce a compasted -
mrfase couree of specified thickness, Spreading is followed by grading,
applying dinder, mixing mixture, compaction by traffic during dlading,
dregging and rolling., The lash operation is the application of the seal
eoat vhich consists of a bituminous ocoeat covered with sand,

Aggregate $0 Ve used may come from either of two sources. If agreed
$0 by the enginesr, the 0ld gravel read to de surfaced might de scarified
and ueed vith possidly an additiea of graded aggregate if the quantity
imm's sufficient, In some cases, however, this is not alloved and all the
aggregate must de applied, Under these conditions the aggzregate met de
a mixture of droken stone, eérushed or uncrushed gravel, sand and stone
screeaings or mineral dust with wide limitation specified as to gradiag,
The 14mit en sises is & minimum of twe; :anything less then a number four
sieve is considered 60arse and greater than numbdber four is oon-thm fine,

When Sested by means of laboratory sisves, the mixed agsregate shall
moet the following requirementss
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Per Cend

Total Passing by Weight
1" sieve 100
No. 4 slieve 50-70
No. 10 sieve 35-60
No, 200 sieve 0=1k

The asphaltic materials for the primer and bdiader shall meet the

felloving FYequirements:

Tor Primer Binder
Designation KC<0 MC=1 NC-3
ash Poiat (Open Tag,) °F. 1004 1004 1504
Furel Viscosity at 12207, - 15-150 .-
Turel Viscosity at 140°P, - - 250-500
f)iatluutlon
Distillate (per cent of total
distillate teo 630°7,)
To h31°r. 2B 0= o g
te 2&”’- 4o-70 25-65 5-40
te boo°F, 75-93 70-90 5585
Restdus from Distillation %o 6800F,
Volume Per Cea$, by Difference 504 604 134
Tests ea Residue from Distillation
Peastratioa 770F., 100 g., 5 see, 120-300 120-300 120«
*Ductility T7°F. . 1004 1004 100300
Per Cent Soludle in
Oarbon Tetrachloride 99.5¢ 99.5¢ 99.5¢
Applicatioa Temperature °F, 50«120 80-150 175-250

*Note « If pemetration of residus is mere than 200, and its dustility
at T7°F. 1s less than 100, the material will be acoeptable if
1%s dustility at 60°F. 1s 1004,



As in the Open Grade mix, the first step in censtructien is the ap-
plication of the prime 0ot previding the total amount ef aggregate %o
be used is brought %o the Job. Hovever, if all er any fraction ef the
total 4s to be supplied from the road bed, 1% is first scarified, harrowed
and all leoss material bladed in windrows at the side of the road. The
rexaining soil is then graded %o a smeoth voli shaped erewa with perhaps
a slight wetting to aid operetions. All excess soil is removed and dispossd
of on the ghoulders,

A poeumatie $ired dletrivuter is used %o place the prime ecat vwith a
capacity of 800 gallons, It is capadle of maintaining a temperature of
3250 Fahrenheit and is equipped with a spray bar which is adjustadle in
length from § to 21 feet., The prime coat is applied at rates pt 25 %
+5 galleas per square yerd over tho.tnu vidth of roadway with the tempere~
tare 2ot belev 50 dezrees. Traffic mmet be kept off fer a peried of twelve
hours aad the euring peried (n-: elapsed bo{oro aggregate is applied)

20% less than 48 hours. There should de a0 pools oa the surfage after the
ouring peried is complete. VYhea the aggregzte to be weed is dumped in the
readway, the uncovered half is firet primed and after it has completely
dried the aggregate 1s bladed inte 1t and the second half primed. Hewever,
this situation should de avoided if possible.by placing agzregate eutside
of the ares $o de murfaced.

Vhether the aggregate in tetal or in part is takea froam the erigimal
surface or the entire amount i{s from some outside semree iic nnt. move is
%o Yo plaoced in triangular windrows either in the camter or at the sile of
the read, A% this point 48 is sampled by the engineer to0 cheek for preper
propertioaing and in some oases it is wise to weigh & square yard te cheek
quantity, The quantity sust be sufficient to furnish the surface with pre-



per thickness. After proportions and weights are checked it is thoroughly
nixed by a combimasion of dlading bagk and forth across the roadway and
die0 harreving., Once again it is dladed in windrows vhere agaia 1% is
exanined for measurement and possidle adjustments. Then imnediately before
spplication of asphalt binder the agzregate is bladed inte a unifora erose~
section aeress the full width of read only after the mixing has decreased
the meisture sontent to & maximum of 1} per ceat,

The first application of asphalts is then applied a$ a rate of § gallea
por square yard, Immediately after this, the mixture is disc harreved which
eontinues ﬁtﬂ all agzregate is covered with asphalt, BSuccessive treatments
fdentical with the one Just described are necessary as they make 4§ possidle
to prevent an exoessive amount of asphalt from botng applied. The exact
sumber is dependent upon the thickness being laid dbut they ruan somevhere
betveen two to five not exceeding § gallonm per square yard on any treatment.
The final mixture should coatain T to 10 per cen$ of bituminous material,

As soon as a full width section of mineral aggregate has received its
tetal application of binder and has been thoroughly disced, mixing is eone
$imued with either a dlade grader, multiple Dlade drage, pin mixeP oF Pe~
tread nixer. Care should be $aken so no untreated base or shoulder material
L8 brought into the mix and also precsution taken so mixing dees met sause
segregation or less of materials, If mixture is toowet, mixing is contimmed
watil moisture has been removed, The finished mix should produce a homegen-
oous m2ss free from fat spots, balls and uncoated particles placed in a single
vindrew walting spreading snd eompactien.

A seoead method of mixing is accomplished with a travel plant as vas
described in the mixiag of the Open Aggregzte Road Mix, 3% aleo picks wp
the aixture of ag-regate and binder from the windrow eor in ether cases

agzregate, depending upoa the plant, mizes the mixture and deposits i
behiad ia windrowve. The plant heats the mix $0 a maximum of 2509 Fahrenheit



for proper fluidity but anything ever this temperature is injurieus to
the asphalt and causes it to be rejected,

Before the finighed mixer is finally epread for compaction on
traffic bound Mase, triangular cuts are msde at the edge with a blader,
These cuts are 2 inches deep at the outer edge &nd slepe to sero 2 feet
in toward the center, The cxcavated m:terial is placed in windrows
on the shoulder lending support to the spreacded mixture., Then in succes-
sion of thin layers, the mixture is removed fyom the windrows and deposited
%o wnifora oross section and correct thickness. Care is takea to make &
snooth joint between each separate application, At this point, if mixture
shovs an excess or deficlency of dituminous m:terial or perhaps uneven dige
tridution, each should be gorrected by scarifyinz, adding either agzregate
or agphalt depending on the czase, and remixing,

Ianitial compaction begins at edges and progresses tovard center parallel
$e centerline, overlepping on each successive trip by one half widsh of
roller, This precedure is ususlly done with a paeumatie tired roller weigh-
ing 3 toas and so designed that the weizht might de increased to 7 tea Tires
mast bo of same size and inflated $0 the same pressure se produsing wifera
oompaction dy the wheels. IM compaction is sompleted with a 5 to 10 ton
steel wvheeled roller of either a tandem or 3 wheel typs. All relling 4s
preferadly done in the cool part of the day whem surface is being maintained.
During the rolling operation the surface is simultansously dladed until a
mmooth, compact, trus orown is the result, After compaction is completed
the surface is opened to traffic to aid in further compactien. During this |
further compaction rolling and dlading is contioued off and on and the opera-
flon ocontinued until traffic no longer grooves the surface. This process
usually is completed in 3 ¢o0 10 dagl depending on the weather and the

aggregate,
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With a dease graded mix the application eof a seal coat ;- optienal
but generally is considered wise te use as it aids in wear and ease in
naintenanos., When used i% is applied in quantities ranging from .2 %

3 gallonn per sduare yard @t a temperature specified by the engineer and
1s of the same type used in the road mix, It is then 1ightly covered with
sand or some other similar fine m:terial and dragzed until it dlends with
the waderlying surface. The completed surface, especially when a slow
eure eut dack is used, hardens very slovly, Therefere, it should be kept
free from any steel tired imnliments or the like for a period of at least
ten vweeks,



FLANT MIXED ASTHALT

The duilding of & plant-mixed asphalt surface is essentially a
manufacturing precess. I8 4s very important that the steps takea in
the manufacture of an asphalt pavement are such so the final produst
is uniform. To accomplish this there are several mechanical devices
availadble $0 aid ia the construction of plant mixes.
DRIER:

Befere any steps csn be taken in the manfusture ef s plant mix
the aggregate vhiech has been steck plled, must be rid of its moisture
bYefere deing screened, Each plant is equipped with a retary drier
which 4n many cases is considered the "Bottleneck" of an asphal$ plaat,
I% 4is shaped as & drum and is mounted on a slight angle frem the heri-
sental to assist the aggregate in passing through. The unheated and wed
nineral aggregate is fed into the higher ond of the drum, As 4% rotates
steel angles, fastened %o the inside, pick the material up and agitate
1t as 1% &s bd.ng carried through. The drier is alse equipped with Mot
g8s0s which are supplied 0 an 01l dburaer capadle of heating the aggre-
gste %0 a temperature of 550 degrees Fahrenheis as it is cascaded throungh
the drum, Just defore the dried aggregate is discharged t0 the ehutes
leading %0 the scresns, the temperature of the agzregate is registered
By meaas ¢f a pyrometer, This, of course, is a cheek %0 see that the
sggregate is completely dry. To keep "bottleneckingz” at a miaimem the
drier's capasity should be im exoess e the mixer's. According te
specificatioas hn; ia Miohigan for a rated mixe? of 2,000 pounds the
minimum sise of the drier should be 22 feet long with a volume of 432 cuble
fees, The drying wait must alee de equipped with a power Mvu': sechanism
wvhich is ocapadle of adjusting flow of at least two separate aggrezates, It
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alee mst have a fan of sufficient upuiv'to remove all moisture frea
the heated agerogate and also s dust sollector which is 75 per esat of-
ficieat., A finmal point which is very important is that the drum must de
properly sealed %o prevent loss of fimes upon rotasioa,
SCREENS: |

Frem the drier the aggregate is placed on chutes taking 1% to the
scresms vhish are located directly above the hot storage bins. The
ssreens are of two types, either retating er vidratory. They must be
oapable of segregating the 2gzregate into two extremes namely fine and
sosrse, The State of Oregon specified that they must be capadle of sep-
arating anything from number 10 %0 3/% inch, In Nichigaa the specifice~
tieas re2d that the sand saresns shall havo square openings not less than
0.0937 iaches (a0, & sereea) or greater than 0.132 inohes (no. 6 screen)
and for dinder mixes they mast also have square opeaings net less thaa
11 inches or} greater than 1} inches, The tolerance alleved ia either
eaee 18 10 per osat. Like the drier, the sereea should alse have a
esapacitly in excess of the mixer. |
BINS:

The next step after the aggregate has deen preperly seresned is for
1% % be placed in their proper bims. The minimum number of biams should
be three, each dia containing caly ene sised 2gzgregate with a eembined
capasity large eneugh te hOp the plant at a maximua rated eapasity., BSe
the sise ia each bin will remain gconstant, the dias are equipped with aa
overflew veat which zreveats the everfleving of one din iate anotaer,
They are n(. equipped wvith a very agcurate working mechanism operating
& discharge gats at the dettom of the bim direcily ever the weigh hepper,
In addition %o the bdins mentioned, there is a spesial construsted dia
holding the mimeral filler. I¢ is comstructed dust $ight and has &
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meshanical devies for ascurately depositiag the required amount ef
nineral filler into the weigh dox. All of tho' bins are inspected at
zegular {ntervals to check against the forming of pockels in the corners
aad segregation,

DEVICES
PROPORTIONING: '

Perhaps the most intricate duilt devices in a mixing plagt are the
 propertieaing mechanisms. They must de very accurate to odbfaia & mixture
vhich is unifors. The devices proportioning the agsregate may operate
either by the weight or volume system. If the weight aystem is weed
the hopper,er semetimes called weigh box, is mm directly over the
mixer oa knife edges in such a manner that all parts of the bex are free
to meve, Threugh a asystem of knife edges and levers either a dial or
beanm seale sensitive to ens half of one per eeant of maximum load with
minizun gradnations ¢f five peunds is operated. Vhea the scale is of
the veam type, 4% should be squipped with a tare beam which would elimi-
nate the errer of the weight ot_tho wveigh hopper. The bex is epea at
the teop and equipped with a gate opening acress the full width of the
hepper thms eliminatiag any possidility of seme agzregate remainiag ia=
side after 1% is dumped, VWhem the preportioaing is dens by velume, the
sektales, of seurse, are eliminsted but it should be made clear that the
high degree of ascurasy is still retained. Zach dia is equipped with aa
8 by 9 inch restangular orifice with ene of the tvo dimeasioas adjustabdle.
The propertioaing is doae by the operater merely opeaing and elosiag
these orifices by a system ol compressed air or some other appreved
nechanical means, For inspection purposes there must de a way of by~
passing a complete or frastional portion of a batech to check for preper
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porportions. To ingure that all the aggregate is eut of the box, a
vibrator is used, Also the slides leading from the weigh box and dins
mast be kept smooth and on correct minimum angle so the fines won'$
hzve a tendency to remain in their respective conteliner,

Another important propor$ioning device is the weigh bucket used
to weizh and distridute the molten asphalt, Its rated ospacity shall de
withia the limits of 12 to 20 per cent of the wveight of the aggregate used
in one dbatch, The bducket is suspended from either a dial or deam scale
vhose agcuracy is within plus or mians two por cent of the weight required
for the datch, To preveat the accumulation of chilled asphalt from build~
ing wp and changing the tare of the bucke$, a heating uait either of a
stean jacketed or eleotric type is installed $o continuowsly draia the
asousmlated condensate, However, even with all ths preceding precautiocas
taken, the tare of the bucket is determined for each dateh, The desiga
of the bucke$ is such as to allov the moltea asphalt to be distributed ia
thia waifora sheets over the full width of the mixer. This device ussally
consists of a spray bar which is alse steam jacketed o prevent the orifices
from clogzing up, TFor the conveanience of the inspector the line feeding
the asphalt te the ducket is equipped with a thermometer clese to its eut-
led rending ia the range from 200° to 4000 Fahrenheit,

NI XER?

Folloving proportioning comes the mixing process vhich is ascomplished
by the use of a twim-pug bateh or continusus mixar, I§ i¢ the dottem mest
portion of the plaant elevatioen located direetly undernecath the weigh dex ab
sush a height to emadle discharging into a truck er into a hopper frea vhieh
trucks are loaded, The twin-pug bdatch mixer 1s a rectangular shaped cean~
Sainer enclosed on either end with {ts semi-circular bottom oponuu. up ia
1ts entirety when discharging its load. The mixer is manufactured in three
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different sises: small 750 pounds, medium 2000 pounds and large 4000 pewads,
The mixing is sccomplished by mixing dlades mounted on two rotating shafis
rotating at a rate not less than O or greater than 90 revolutions per
minmute., They should rotate in oprosite directious and preferadbly be se
constructed so the flow of mix cen be rapidly retarded by merely revers-
ing the shaf$s, The blades are so atSached to the shaf§ s0 they may be
se$ in the proper run around order at the most efficient angle, They are
alse attached in sich a fashion so they might be removed affer showving
vear, TFor such surfaces as sheet asphalt, for example, the maximum elear-
ance should not exseed three-fourths of an inch anywhere ia the mixer,

In rare eases for coarse mixes the elearance is increased $o & maximum

of one and a half inches. Anytime these clearances are exseeded eithey
or perhaps doth the old lining and dlades must De replaced with aew parts.
Added attachments are the dus$ hood and automatic timing device. The
tining devioce has an important seguence to follow, It should lock the
veigh box after charging of mixer until closing of mixer gate. 1% mast
leck the asphalt bucke$ throughout the dry mix and the mixer gate through-
out beth wet and dry mix, Tho deviee is locked in a glass ease by the
inspector on the Job, It is at this point of the process where the filler
ie usually sdded, care taken so it is added 80 the ccnter of the mixzer,

A formla for desSermining the mixing time is dead capacity in pounds divided
by eutput in pounds per second, The gensral procedure is to set a miaimum
of 45 seeonds and contimuing the mixingz unti) a homogencous mixture is
predused. A twik-pug continuous mixer is identical to the b:tch mixer
vith the exseption that its top end is open and aggregate and asphalt are

added at this end while the mixture is being discharged at the other end,
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TANKS:

The supply of asphalt is also under constant check to see if it
is entering into the bucket at a proper temperature, Asphalt Sanks,
with & minisum capacity of a ten hour run of plant,control this Sempera-
ture, The tanks are heated by steam jacketcd, steam, electrically
heated lines but never by direct fire or any other method giving localised
heat, The allowable temperatures vary betwsen 250° and 325 with & pyro-
metor located Just bofore the orifice leading into the ducket, Coantinuous
eirculation is maintained through draw-off tudbe to maintaia a oconstant
tsuperature throughout the mass. The engineer should see that the pipe
leading from the tank to the bucket is properly hcated and insulated.



COKSTRUCTIOR EQUIPHINT

Onee the mixture has beea transported dy truck to the jod there
mast be equipment available to spread, shape and compact the mix in as
short of time ‘u possible to prevent the mixture from becoming %acky,
There are several commercial spreader finishing machines on the market
bud they all come under either one of three clcsses and must be capable
spreading the mixer true to line, grade, sand crown, Although spreaders
and finishers are mounted on one frame they still may de Gonsidered as
individual units. The spreader usually consists of a hopper located
ia the front end of the mechenism, Ia the bottom of the hopper there
1s a horizontal opening through which the mixture is applied in thicknesses
adjustable from 3/4 to 3 inches and in widths varying from 6 to 10 feet.
To inmure that the mixture is carried across the full width of the opea-
ing, a revolving serov is included in the design therecby making certain
the application is uniform, -

The older type pavers (combination spreader and finisher) rum oa
side forms of wood, steel or curbing if it 1s availadle., If forms are
used they must meet specifications se$ by the engineer. They are ia
the neighdorhood of six inches in width and 10 to 15 feet leng and must
be free from warps, bends and any other possidle defects. The forms mush
Vo placed ea firm sofl trus te line and grade and should be plzced at a
ainimum distanoce of 500 feet ahezd of the spreader but not further thaa
2 miles in advance, TForms must de lef$ in place uatil iaitial ecompactien
is completed or, vhen possible, left until the entire rolling and compao~
tion operation is finighed. Immediately after removal, approved material
1s to be placed against the finished edzges and compacted te fora a shoulder
of specified width, - The newer machimes do not require forms or curbdings

te operate en. They are either supported on runners which move aleng wvith
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the machiae, by vheels or rollers.

All types are equipped with a striking-off device called a screed
vhich is adjustable $o any size or stape and does its job without the
least dit of tearing, gauging or shoving. For dest operatien the sereed
should have a heating a'tachment to preveat the accusulation of bitumin-
ous material dul care must dbe taken not to overheat and cause dlistering
and dleeding. The machine should produce a finished surfece vhich has
unifers thickness, contour and density. Best results are obtained vhea
the machiae is oﬁhor self propelled or pulled at a speed ranging frea
10 to 20 feet per mimute, deing equipped with a sensitive enough steering
mechanisn o0 enabdle quick and effieient steering at these speeds,

Although the paver @oc the greatest portion of spreading and
finiehing there are some spots such as intersections, turnouts, driveways,
ote, vhere manual labor is a necessity, Also any spot either after
finishing er rolling which isin need of repair dus $e¢ 1ts umuniformity
is removed, replaced, spread, finished and tamped by hand. The usual
procedure is te dump the paving material eutside the area where the work
4s deing done. It is then distridbuted by means of hot shovels $e the
area deing worked wvhere it is immediately raked to uniform thickmess,
oconteur and density, Both the speed of the trusks and shovelers is
dependent upon the speed of the rakers, Specifications state that the
tines of the rake shall not be less then one half imch longer than the
leess depth of the surface and the distance between tines is not lees
thaa the maximm diameter of the agzregate., As a safety presautiea, the
rakers should anever stand ia the hot mix unless it 1s to correct an erreor
and then he must vear stilt sandals.

Another hand eperation is the making of joints between 0ld and new
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pavements on sucoessive days. The edge of the previous ceurse is first
eut to its full depth, The hot mix is then placed in the cut and raked

%0 proper depth and grade, Hot tampers heated %¢ a temperature sufficieat
to insure proper bond between aggregate and asphalt but not to a poiad
wvhere tamper mizht can#e asphalt to buran are used to compact the mixture,
Before placing mix against longitudinal joiats such as curbs or gutters,
all contact surfaces must first de painted with hot asphalt cement or a
rapid-cure cu$ back asphalt. After the surface has been oeated with
1iguid asphalt the jJoint is properly “set uwp” with the back of the reck

to a proper height and bevel so the joint will receive maximum ecompression
under rolling., ©Such joints should de made by competent experienced workers
as Joiat construstion is considered a skilled job,

The final step in the construction of an asphalt surfaced readway is
compaction ascomplished Ly mechanical steel faced rollers, These rellers
are of three typess three wheel, tandem or three axle ranging from 5 %

10 teas, They are equipped iith either gasoline or deisel engines driving
at speeds not to exceed three miles per hour and always slov enough te
avoid the displacement of any of the hot mix, Gahonny. the three vhesled
roller is used for initial rolling as it has more compaction per imch width
of roller., However, the rollers should not be so heavy so as te erush the
aggregate during rolling. Initial rolling is begun as esoon as the newly ap-
plied surface will allow the weigh$ of the roller, The rolling is degun

oh the outside edge ira.nrung parallel to the center line of the pavemeas
@ gradually working into the center, Each succeesive $rip should overlap
the preceding rolled strip by one half the width of the rear roller, Alter-
nate trips shall be of slightly dittouht lengths 80 to preveat a slightly

weakening effeet. During the process of rolliang, the rollers are kept moist
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vith either 0il or wvater aiding in preventing the displacement of the

hot mix. On superelevated curves the rolling begins om the lover edges

aad progresses teward the upper edges in the same -mof as wap previously
stated., Finighed rolling is usually done with a tendem roller and pre-

gresses also in like manner uniil further compaction is impossidle, The

finished surface shall be free from depressions exceeding one-eighth inch

meagured with a ten to'ot straight edge running parallel to the ceater lime

vith a crown varying fream one~-eighth to one-foursh inch per foot widsh,
Density shall not be less than 95 per cea$ of the labdoratory's specimea

| and traffic shall not be permitted to drive on surface until 4% has 6coled

/

to atmospheric temperature,
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ASIUALTIC COuC .ZT3

Agphalt concrete £ a plant mix of asphalt coement with coarse graded
minersl acgregate. Most comcon mineral constitusnts are s combimation
of broken stone, bLroken slag or gravel, sani and mineral fillep, They
should de sccurately proportioned and desisned $o0 have a high degree of
stadility vhen cempacted and be suffioleutly waterproof to reguire oo
seal 00at, A gmumber 10 eleve scrves as a convenlent division dotween
esarse and fine and a pusber 200 dividinz the fine and filler, Asphall
ooacrete may de laid to any desired thicknces in one or more courses,
varying in thicknesses {Toa oan te three sud a half iaches,

The coarse azgrecate mist consist of drokan stone, broken slag. or
gravel erushed or if uocrushed 4t must have a Pouch surface., It mast
be free from excess dusi, dirt, sand end flat elongated pleces, Fep eead
vear mast deo somevhere betwoen J) and 50 when given the Les Angeles
Abzasion test,

All material used as fine sgcregate must pass the number 10 sieve
snd not mere than & per eent passing the 0 sieve, The prrticles mighd
esonsist of sand -qd/ov stene scresainge with a per oent wear of 65, elean
tough and sough surfaced greins, Aqy nineral that passes the 200 sieve
and 19 tm. from lumps and loosely donded aszregations may de used for
ainercl filler, Some examples are Portland cement, dolomite, dush and
dry 1imestons dust,



Coares Aggregate

.hl-

sec. 2,5 (a) Mix Ne. 1 11 1 Iv v
’ Simp. Prestice
Sise No. »7 h67 57 67 8
Per Cent Yy Veight
Total passing
21/2% sieve 100 - - - .-
2" sieve 95100 100 .- . -
11/2" steve - 95-100 | 100 - -
1® sieve 35=T0 - 90-100 100 .-
3/4" steve - | 35-70 s 90-100 100
1/2* sieve 103 - | 25-60 - 100
3/8" sieve - 10~30 - 20+55 15
No. ¥ slove 0=15% 0-15% 0«15 0-15% 525
¥o. 10 sieve 0-5 0-~5 0-% 0=Y Ce5
Tine Aggregate
. Passing Retained ea Per Cent
by Velght
No. ¥ sleve - 98-100
No, b sieve Ne, 10 sieve 0-15%
No. 10 sieve ¥o. 40 sieve ;gz
Neo. 40 sieve Bo. 30 sleve
Ne, 80 sieve Ko, 200 siove 15«40
¥o. 200 siove . 05
Mineral Filler
Per Coat
: by Weight
Passing Fo. J0sdeve . . . ¢ s e s o 100
Papsing No. 100 sieve, aet lees than ., . 85
Puoiu Heo. 200 sisve, not less thaa , . 65




When choosing the asphalt gsment to de used, the present tendency
is %0 use the softest grade which will still provide a stadble mixture.
The oement lnoi bo prepared by refining of petroleum and maust be void
of all mineral matter other than those contained in asphalt. It alee
should de free from water and not foam when heated to 3500 Fahreoheit.

Penetration of Original Sample at 7 ©°F.,

100 8e9 5 808 . ¢ ¢ 4 ¢ 4 e o 60“70 ioo'.la
70 to 85 120 to 150
85 %0 100 150 %o 200
Ilash Poins, (Cleveland Open Cup) OF, , ,  4¥50¢ k254
Loss on Heading at 325°7,, 5 hrs,, Per cent ) T pS
Penetration after Loss on Heating, £ of
Ordginal . . + « ¢ . o o o o o T0f T04
Mlﬂlv " n‘ro ) * [ [} L] e * L4 lw* w

Per ceat Soludle in Carbon Tetraghleride . 99.5¢ 99.5¢
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CONCLUSION

Altheugh this thesis does not inelude all of the possidle asphals
surfaces, I have endeavered %o consider the more important censtrucstionas.
1 definitely feeol satisfied that I have succeeded in my eriginal goal
of learning wha$ materials are used and hov each type is constructed,

1% vas very iateresting for -i teo compare the specifications wsed
in states located in various parts of these United States and $o leara
hov each agree and disagree on the subject of censtructing asphalt sure
faces, VWhere ens might be lax another would be very partieular but then
ageia, Just the reverse might de true, From all indication, howvever,
all states are in rather close agreement vith the specifications sug-
gested by the Asphals Institute,

By the way of suggestion, I would like to say that I am of the
opianion that it would be most beneficial for the writer %o not oaly
have his gudbjeet matter chosen but also have the necessary material
available so he might bezin work immediately upon the beginning of his
thesis tern. In my particular case I was several weeks gathering ia=
formation doth by mail and personal ocontact. I am now ia a positioa
vhere I have a wealth of material dus not sufficient time to use it
after having read the literature through and deciding what 1 waated
te include,

Ia my introduction I gave as my reason for deciding on this
particular subjeot the faoct that there was a possidility of my beecomiag
employed as a Asphalt Sales Engineer with the Standard Oil Company,

1 am happy te say that although this particular position is mot opea
at the preseat time, I have been intervieved with very good pessibvilities
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of decoming empleyed by the Company and later ea being traasferred iate
the asphalt field,
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