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PREFACE 

There are, _mallY:_ llBthods- to design and .prepare asphalt roads. It 

seems that we can find many brief statements about every method in 

' Jll()St highway!' construction text-books, but in veey few books do we find 

much detail ebout the produetion and laying or asphalt pavements. Tba 

purpose of this etu~ is to set forth the production and laying or 
hot mix asphal. tic eo~rete. Becau!IB 1 t can be used n\)t only fer light, 

traffic roads, but also for he.a'l"y traffic roads, nnd since it is parti

culerly economical to UM for roads carrying heavy loads, 1ts use may 

be generally recOffllllended. 

Indebtedness is acknowledged to Dr. Uoreland Herrin for his vru.u

able guidance in preparing this study. We also feel special gratitude 

toward Barber,.;.Greene ~ any fqr the loan of mch ot the material. 

used .• 
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CHAPTER I 

Time push~s us foreward. The moRt ~rtant factor of modemization 

iS ConmuniCAt.iOni. _ .And the most iq)orlant ~::icil:1tyin C0llllllll11Cat1on iS 

the automobile • . A good example is that every year we increase the 

number of our automobiles. Acturally, we need good highway besides 

good cars. 

Most ronds are built as a eomprise - and rightly so. Even 1n the 

United States, onl.v :a very small amount of t~ N:-ition•s roads can be 

approached on the basis or the "ideal type. " Usually., it is a question 

of the bes t method within limited dollars per mile, and local traffic 

requirements., materials, and climate. In many instances bituminous 

road construction fits these needs. 

"nlerefore. i't is desirable to start w1 th the objectives. W1 th 

these in · mind·, al t..emati ve construction methods and machines can be 

studied and selected on the b!lsis of the degree that they meet these 

ob j ec ti.ves. 
j>c • t ,..• . ... 

Ev~~ in the ~-})a:ekwerd countries, using machines for road eoostruction . : ~ :· ~ ,: .. . . ' 

is necessary i f they are to meet the objectives described below. 

Many types of asphaltie wearing surfaces .,.re used in highway and 

airfield p aving construction. All of these asphaltic ·pavements have 

t-wo bardc components - mineral aggregate and aspha,l t ic binder. These 

surfaces are asphal. t surface treatments. asphal 't,;i,1:.. .>m road, cold-

l aid asphal tic concrete and hot mix a sph~l t ic eoncr~t e . Because the 

l 
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bot ah asphaltic ,concrete can be used at, either 11.gbt tra.tric conditicm 

or heavy tl"affic condition• this report is t.o only deal with the bot 

.. · .;:: :, ,, , ...... 
First• we need to know the procedures 1n the asphal. t ic road 

construction. Then. 11119 know wh.ieh D111Chines • need to_ u~. And -then 
~ . ·' ~ 

~ . . .. ~ ""' 
we 1.cnow al teJ!'ftative •thods and altemat:l:ve •h1nes w C81l select. 

The tollmdng · figue sbc,.n the m-'f'allllmt ot the aggregate and 

bi tuaen through -a hot mix central plant. 

GENERAL FLOW DIAGRAM OF MATERIALS. THIIOUIH 

AGGREIA TE. 
STOCKPILES 

MIXING PLANT 

Ff.EDERS 
OUST · SCREtNS 

COLLECTOR 8 IINS 

FIGURE . I 

jltXER 

Prom the figure., we know at least 118. need cold f'eeding• dn'il)g~ 

11achinee. 

Then we ah.all diacues each machine separately. And at last • 

can analysis in what condition•• can select wbiob kind of' J1achinee. 



CHAPI'ER II 

COLD FEEDING 

A bituminous plant does not create aggregate or aggregate size. 

TherefoN• proper aggie~ate ~ '.st be fed into the plant at what 1s 

connonly called the •cold feeding . " end. 

'l'heN are so 1ll8l'JY methods to teed the required aggregates inix> 

the plant, and each method has its advantages and applications. 

Sometimes only one aggregate is charged into the plant, but usually 

we need to blend two, three, or .tour aggregates at the cold teed 1n 

order to have a suitable composite gradation. 

Proportioning Aggregate• 

The simplest method o:t determining the proportions ot each 

aggregate to use is -probably by trial and error. Various percentages 

ot each aggregate are uthematically ccmbined to obtain a COJIJ)osite 

gl"adation using the greatest possible maount or the most eccmomicel 

a (?gregat es and meeting the specification requirements. An example of 

the combination of four aggregates ie in figure 2. OrdinarU;y, two 

or thfte trials are needed to find thl!t desired proportions instead 

~ the single trial shown here. The filler, though included in the 

calcml.ations, is not a,tded at the cold teed, but is added after the 

other material has been dried. 

It is ldthin the epecU'ic 11111ts and Tery closed to the Jliddle 

o~ the specific liJllit 45. 

3 



FIGURE 2 

TRIAt BJ_ENI) OF FOUR AGGREGATE 

Sie,e Cl'llsbed River Fine Flll.er Conposite Specification 
Stone Sand Sand 

Size Orad. SSJ Orad.26% Ore.d. 16% Grad. 3% 
Gradation Lilli ts 

l" 100 55 100 26 100 16 100 3 100 100 

3/4" 74 40, 100 26 100 16 100 3 8~ 70-100 

3/8" 35 19i 100 26 100 16 100 3 64! $0-80 

#4 10 Si 100 26 100 16 100 3 ~ 35-S5 
11.0 s ) 56 15 l.00 16 100 3 37 23-42 

· 140 3 ti 9 2! (i:J n 100 3 18 12-27 

#8o 2 1 4 1 37 6 94 3 11 8-18 
#200 1 i 2 i 3 .1. 87 2} h 3-7 2 

Note: All figures in the table are percent passing #4 sieves, 

Crushed Stone 10 ~ o.ss • s.s 
River Sand 100 0.26 • 26.0 
Fine Sand 100 t 0.16 • 16.0 
Filler 100 X 0.03 • 3.0 

-

C~si'te grading • 50,.5 

Methods of Cold Feed!ng 

A ve-ry common method of handling the aggNgate at the cold feed 

is by means of aggregate surge bins and a crane to charge· them, f':rm the 

etockpiles of aggregate located cl ose by. The number ot bins or 

hoppers used depends upon into t he pl ant. Beneath each bin is located 

a f eeder to control the r ate ot flow. 

Another common met hod of handling the a ggregate is with a hulk-

head se t.up. The aggregate is stored on the ground agains t the bulk-

4 



bead, and a dozer is usP-d to keep the material pushed over the feeder. 

Two different ag~gates may be handled. 

Another method of aggregate control mak~s use of a conveyor is 

locat.ed in a tmmel beneath the stockpiles o.t aggregate, and the 

conveyor belt is charged with agP,regate from each or t he stockpiles by 
.. 

means of a feeding· mechaniaa. The number of different aggregates 
. 

that may be handle d is li!llited only by the length -of the conveyor 

and the size ot the individual stockpiles. 

Bin Controlled 

Each bin shou1d have an accurately controlled in'l:H.vidual gate 

t.o form an orifice for volumetrically measuring the a ggregate drawn 

from eaeh bin compart.aent. The orifice should be rectangular of 

dimerud.on about 8 to 9 inches with one dimension adjustable-. .Arrange-

ments should be m;,de so that aggregates can be. by-passed to a test. box_ 

as required, to determine the accuracy of the volUJ1et.ric control. 

The proper opening of each cold bin is usually determined by 

intelli?,ent trial and error. In cases where a contractor bas previous 

experience with bis bi.ms, he will know about what the opening on each 

bin should be to give a specified now~ Some equipment manu.facturea 

furnish tables for their bins which w1ll guide tba operator 1n making 

. the ini t1al openings. 

I£ all the cold bins are of the same type and have t.he same 

forward speed, the initial settings may be • !~de by .fixing the area 

of each opening in di.Net proportion to the weight percent to be 

added from that bin• except that the fine bin opening should be in-

creased about 10 percent more than 1 ta calculat.ed value. 



If the materials are carried to the drier on a belt conveyor, 

it is a simple matter to check the teed from each bin. Close all the 

bins except one which is set at the opening that is believe to be 

about right. Start the plant, and ·allOW the belt. to become loaded 

'With ag~gate, then stop the plant. Remove and weigh t he -material 

tram a mea8Ul"ed distance on the belt, and calculate the ~1p1ds~- of 

material per foot of belt. This, wban multiplied by tbe speed of the 

speed or the belt in feet per minute, gives the pounds per minute t,f 

tee-d. Two deternd.na.tions will usually yield the information needed 

to make the eofreet initial setting on the bin gate. 

6 



OHAPTER Ill . 

A.OOHEGATE DRYiltO 

The dryete driwe ott most of tbe moisture present in ay.,gregate 

and.- at the ame time• beats the material to the deail"ed Jdx!ng 

temperature. 

The aetural drying process is a1Japly a transfer ot beat trm a 

blast ot hot. ga•s to the wil ~ aggregate within the dryeJ- di'ma 

cauailig tbe moifrture to be TapOrised and cmdu.cted out the exhaust. 

.stack. 

Generally apeald.ntu aggregate dryers used in bi tmd.nous central 

plants look wr., sim1lar,. TheT are esaentially a loag rotating d1"UJI 

witb inside lifting flights which continu.oualy drop a Tell or agg,:egate 

~gh tbe hot. ga•s• The drwl is 1nclined• t.he amount dete-l'llimng 

the time required tar the aggregate particles to pass tbroagh the 

dram.. 

A teedlng hopper tor the -.ggregate is located at the high end• 

~ the oil or gae burner 1s located at the low w d1echarge end. 

'nli3 arrangement glvee 8 counter now of the. ga~e to the aggregate 

90 thR.t the Mgbest temperature is located at the po1nt t4 aggre.gate 

discharge. 

Tbe f'ollOE.Dg principles Wl'9 quite univer8'1,ly toll*ed by 

!IIIIID.tact:ues of aggregate dl'yer tor a maber ot :,earai 

T 



I. Drying ~nd heating were best. accomplished by passing the bot 

gases of a burned fuel around the 1nd1Vidllal particles ot a wll ~ 

+.1na tor mat tranef"er. 

J. Channel type litting tl.ights, which spilled the aggregate 

OYer hardly more than SO y.,ereen.t ot the dnn Cl"OSB sectional. area. 

were used. This nermit ted a tree passage for the hot gasses along 

one side of the drum· but t>ontrit,..1ted to the necessity ot a long drwll. 
' 

h. Heat stresses, warpap; and abrasift wear caused by sliding 

aggregate created a need for thick and heayY drum shells. 

5. Gear .drifts were used, NqUiring beay structural· support.a, 

tl"Unniona, etc. to pl'eftllt miaa11gmunt. 

After much testing and deYelopment work, bowner the foll owing 

principles haft been nolved tor the present day type~ aggregate 

dl"Y9rt 

I. Heat transte:r could be more quickly accompliitbed through 

radiation than thrQugh convection. In ot.ber warda• the drying proees• 

would be speeded up 1n a mailer space it mo1-e of the aggregate could 

be ~us~d near the n:ame .·in.stead . of diapen(H.Dg upon tbe hot. gues to 
' ~. . ,' 

8 

transfer the heat by conveatiori (The speed ot heat transfer by radiation· 

is deiit0nstrated by the l"m>i~ity 1fi:tb wbioh snow melts 1n the direct. sun 

nrsus the speed with which 1t ael'.t·s in shade at the same air temperatmie.) 

2. Special lifting cups ware designed that would give a 'Yell ot 

aggregate ac~s the entire cross section~ the dryer drum. · 'lbe 

sr:,ecing of the cup fiights was controlled to give the correct veil 

c!Qpsity in order to ha'f8 the optimum particle 8Ul"face area tor heat 



tranate!". Too great an area cooled tba .tlaae too rapidly and prevented 

C011plete combustionJ too anall an area remced drying capacity. 

) • The first two principles pel"llitted utiliution of a shorter 

drum where <l'li'Cker haat tranater cool.d be achined through tba effects 

ot radiation and through a more rapid contact between tba gases and 

more -0r~~~the · susnended aggregate J)aJ"ticles. 
I 

4. 1J1 th the establ1slnent ~ a reaecmable mm•• length t4 

dr.yer drum• experlenae showed that dryer capacity increased in p'r.OpGl'tton 

S. It is pl'O'Yed t.hat a tld.nner drum all o,uld be used than was 

p"'9'iously thought adrisable. PJ.,operly designed lifting fi1ghts 

protected the drum against aliding abra$1on and ~act. 'lb.- epec1al 
I . 

high telll)eratuft steel used 1n tbe dnm was JaOl'9 tlexible to ad.apt ., 

itself' to beat stzesses. The dacrea•d weight mbstantially helped 

portability. 

6. .l chain driYe was designed tar the drma to giw greater 

tle.nbili ty so that a more reasonable amount ~ st.ructural ll1sallganent 

could take place than ,rould be pel"!lisf:ible with a geal" drive. 

The most efficient ~ ·1• tbe one that· caa NIIIOVB moistuft and 

raise the temperatan ot''the a~gate to the spec1fted point with 

the 111ni111m 811QW1t ot air going out the stack and at ndn:1-.- stack 

Drye? e1'ttc1ency and burner c011bustion efticiency an ef'ten , 

eon.fused. Dryer efficiency was discussed imaed:Lately above. Var\Y 

times, 1 t is . 1110re economical an constraction jobs to operate a dryer 



beyond 1 ta opt:lmwl heat ef'fl.eiency point tn-order to prodllce h1gb8:r 

capacity with the 88Jllt pb,ysleel equipraent. 

A burner operating at raax1mum coubustiOD ef.f1ciemy burns the 

: hel cOlllpl.etel.yr &;nd ~e 989 all ~ the _-!•at aYail~ble in a unit c4 

·fuel. The e.f'ticienc:ry can general.ly' be •aaured, in lieu or testing 

instruments, ·by obsening tb9 amount of bl.ack moke COiling out~ 

the etack. All absence of black smoke indicates aax4J11111 burner 

efficiency, prot'ided the air volune ie reduced to a mini.Jlllll -

regardless of the maklt• type. or principle of the bumer. 

10 

The burner aelected must be in balance with the potent1o.11~~-

capacity ot the dryer to provide the necessary amount ot heat and 

still maintain eff'icientcomb11stion performance. 

Burners of tb9 same combustion efficiency have different bl1ming 

characteristics. Some burners produce a long controlled name, Which 

reaches far into t.he dryer drwa. Other burners tend to produce a 

fine d1$p.eraal ot fuel at the nozzle end, and, t here.fore, quick 

combustion. The n8119 18 of the blossoa type,. with the heat ccmen

trated elo.ee to the burner. The combustion cbamer muat absorb thie 

best, end it is more l'iifficult to utilize the advantage of direct 

heat radiation ttwn with the longer _fialll&. 
' . 

ho ba.eio t,r,es ~ burners are now in ge.neral use. One type 

uaee steam to atomise the .tuel. The lCJtJ presfJUl"e Pl8tbod uses au
preeaiure produced by blowers or tans. It wa.e r~ly con~idered 

impoeai.ble to produce a long controlled name with a l.ow,.pressure 

burner in higbei-oapacity dryer s. Recently, bower, low,.pr.ssure 

burners have been developed that will produce a flame equal to that 

ot high-pressure ste• bumera:. 
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An ~rt.ant point to consider in the sel.ection ot a burner is 

combustion chamber and dryer drum maintenance. A short blossom type 

f'lame will gre.etly increase dryer maintenance costs because of the 

intense bea t pro~ced Dlfar the burne~. 1, should also be. borna in 
' . 

mind that high pressure steara permits the choice of steam jets ot a 

fan to assist the stack draft, ,mile w1 th loar-,,ressure air an exhp.st. 
... ,._ 'l . • 

tan must be used. Dust collectors are always l"eC01lllleDded for low,. 

pressu.re air systems, and they u8W!lly inorease dryer performance 

with high-pressure s~am systella through increasing the dr:,f't. 



CHAPTER IV 

DIJST COLLECTING 

:Oust collectors are installed in asphalt plants to redw:e the 

dust nuisance and to reoc,yer a portion of the usable fines that 

would otherwise be lost to the atmoepbere ~nd surrounding territor.,-, 

Occasionally, some type of wet process is added ·to the dust collection 

system to further an.st in the ccntrol ot the dust misance around 

the plant. 

Cyclone :Dist Collectors 

The normal dust collector ~s ot the cyclone type in whim the 

tine-s are separated from t he dryer exhaust gases by centrifugal 

force. l:t uses a bank of oyclones for more efficient fines collection 

through reduced cyclone diameters. 'l'he air enters tangentially at 

the side near the top and is exhausted through the outlet pipe which 

extends part way into the cyclone. The collected fines are withdrawn 

from the,, 'bottom by means of a screw conveyor and returned to the 

aggregate now in the pl.ant • 

. When conaidaring cyclone etticiency on the basis ot elearing up 

the dust nu.i11ancej 1 t can~ be f'lankl.7 stated that a cyclone type ot 

dust collector wlll . not el~inate the nuieance under normal types ot 

: -., oper_at.~ne. }lgure l show• a general , au~ of ~ 3Clone efficiency 

for Yarious particle s1••• It will be noted that if an aggregate 

includes dust particles in.the 811aller micron sizes, ( one micron 

l2 



J 

' 
} r 

• 

TOftfl ...... , 

!111'£11118 GASES 
MOIi CYc; LONE 
UNAUIT ,aN 

I 
-' 
~ 
u 
C 
w .. 
\) 
Ill 
-' 
-' 0 
u ... z 
l&I 

" QI: 
l&I 
II. 

100 

• 

0 
0 

PAR. Tl CLE · SIZE IN MICRONS 
74 

FIG URE 3 
PAR Tl CL£ SIZE EFFlCIEN CY CUR\IE SKETCH 

E(HAUST TO A TNOSPHERI 

,,,,_. WATER aNLlT TO SP"Ay NOZZLE 

ilA I I Ufl WA Tl II 

---- -----SIT TINI TAN-' -=-':::::' -..:::::=-...:=-: - - - -
COLLICTED SLUDer 

Pf8URE 
WATIII lftll&'t 



.. ,....., 
'• . 

• 

equal a one 111 lionth ot a meter or 1/25,400 of an inch• A pal't1cle 

of #200 mesh st.• is approximately 74 micJ'IOU.) - as most dense

graded aggregate do - there will be a cms!derable amount of met 

leaving the duet collector through the exhaust stack. . The only 

pratical means in use today for f"er dieposiq ot these fiQe particles 

eiba1&sted'r~ t~.::diJ.tn ·CQli~tor ie with a wshing systea. ,, ' 
;'t" 

· It is true tha'b d1.ttel"88t a.,olonits vary 1n etfioiency ~ "nrl.8 1a 

~au • . - _.;. ~91pd and balanced· out: to ~e~t.e 1'1th llp801t1.o 
" ...... Y ~ L ' " .• • 

..,., ,.,I ·- , - •u • e >' • ". • 
• I • • 

dl'yere under certain pnlk.lrlbed operating eondt t1ona. '1'bl9 et:fic1.enoy o 

ot a well designed cyclone aay ot neceasity be partially' remeed t.o 

achi999 a praot!cal oost., portabil4. t,y, economioal operation, etc.. 

It an operator doe• not reduce the ·stack draft to the ndu1mnw poelli. e 

f'or the specific drying conditions and capae1t1e11, there will be an 

increased loss of tioes es well as an excessiw heat loss. 

Central plant operations i.n or near t.oma may require addit1onal 

oonbal of nuisanoe duet. lullewus types of w't duet coUeotors ban 

been ueed, _ba't they tend to be expemdw, bulrr,-., and dit1'1oult tio 

_.... Operators aN hesitant to i11Yest 1n this additi-onal equipllleat., 

feeling that the cost ie ()d. of proportion to the baaic plant • 

~.- one wet systea tha:t is uMd. freqllentl.Y' la a water ·~··. 

tower sch as that illustr.ated in t1gme 4. This may be constl'ueted . . 

.. i : ' <( ~ -

and longer laat.ing but easily 1gni ted by the bot gases. The opposite 

is true of tank cars. 

The exhaust gases .frm t.he cyclone enter t.he tower tangentlly 
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at the bott cn and leaw fraa thlt top. Water apary nozzles are located 

at 89'Yeral levels and are 80 placed as t.o completely blanket t.he ctire 

cross" sectional al"98 or the tower 111.t.b a tine spray. The spl'q eoola 

tJle gues and collect& mch or the entrained dust. 

A settling tank permit• the dust to settle to the bottcll and the 

W'8ter to be recirculated. ?lake-tip water is continuoual.y requil"e<J. the 

exact amount depending upon the particular conditions. 



CHAPTFJl V 

After the 11r1negate baa been ctrled1 it le vansf"erred to a bopper, 

tre11 11bieh it may be JUa8111'9d out to the llibleJ'.. u...,17· though the: 

aggregate, before entering tba bopper, is. screened. into two OJ! aore 

.n• ranges. The screens are selected so that the gradation 1s split 

ac~lng to Ute speeificat10DS • . E:tamples ot SCNeft1Dg follow, using 

aggregate ha'Ying the e~site gradation shown .in figure 2 and plotted 

in figure 5. 
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Screentag and Grading 

One screen is used to llpllt the aggregate into t1ID fractions• 

and a second screen may be ueed to malp ofr tlfJ7 O'f'er.81se 11aterl.al. 

that is present. Fw t.be particul.81" example 9bown 1n figure 5, the 

- 14 fTaction ~alls into the No .• l b1" and· .the ~ lb tract.ion fall• . . ~ . ' 

into thlt Ho.2 bin. We call it two-bin ap11t .• 

~tn sp~it·,. Ret"e~d.• ap:t.,imade- t.o· f!gure S, wh1.oh . ... . ., . ' 

Fo~iD spllta When ·a fOUJ'-bin split is made ot tbis aggregate 

gradation, it ia divided at 110. 1/ll'', and 5/8". Not.bing smaller 

than a 110 mesh screen is used because the plant capacity 1IOllld becolle 

t.oo Natrioted by the aaaJ.1 openings in the ameen Cloth. 

!be pui,,o.ae of . ea, ccntrol ot the aggregate gradation ~s to 11Gre 

accurately regula~ nr1ations in gradation ot 'tb8 stockpiled aggregate 

and Tariat.iana 1n tJJa> · cold teed ot two, or moN aggregate•• The use 

of 1IUl tiple aggrept.e cold teed is a rorm of gradation conU"01, but 

the degree of aceunq nece__,.. tor t.be high-type mixes cannot be 

as~d· when· u81ng . that method. The IJCl'eeDing and grading tams 

place after the aggregate has been dried so that when the aggregate is 

aplit and recombmed according to the specif'1cat1ons_ au,;, •gregation 

that has taken pl80t is con'eeted immedi tely- prior to airing the 

. aggrega~ and binder• 

Vibrating ecreens repreeent the most recent illnoTation 1n acreea,.. 

17 
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ing and haYe now become standard equipment for ecreen:lng. In the 

val'iaus screens ot·thia cla.ssitication SS'Nral typee ot machaniall 

are used ~ i.Jlt>art_ a rapid and posi tift vibration of low amplitude 
i 

to the l!JC'l"eell SUJ"hce. In· many c asaa the .now ot material along 

18 

the screen is prorided by inclining the screen. Rapid low-aplitude 

vibration, in comparison with other .types ot screen moti.on., gifts 

higher capacity and efficiency. f.Ui~• one ot t.be aost trouble 

90lll8 d!:tffieul. ties 1n fine scneening,..i..is reduced to a ldn1na. 'J.'be 

r apidity of DDV"e118Ilt of all particles in the. bed affords each unde!'l

sise particle: •a gr&ater number ot d~-ocmtaet• ld.tb t.he screen 

surface per ~it tille, and thus sersening rate is increased and 

t ~ is less chance . ot f'1ne particles pasaing into the overaise 

product. Capacity and effioi:ency are further faored by ·the stnt1.

tication induced by vibration.. . The agitated' ~ed tends to strati.ty 

with the finest materiru. on the bottom next to t.be screen and the 

coarsest on top. 

Vibrating screens are divided into three pri!Jeipal typea accord

ing to the mechanism used to pJ'O!ide the nbr.ati.ons (1) of't-oeater 

weights, (2) ttposttive ~. and (3) electrcMugnetic. 
. . 

~ . .... . . ' . 
.. . , . . '· . .. ~ ! .. . ... ~ 

The off-center :weight ~b~ator is· -the •flipl.eust.1 ,~ At.tac~ 
.... ' < • .~ ' ~· ·- ~ .,,t. : ~· . ": • . . . 

rigidly to a 8Cl"een h'ae holc:11.Qg one or more decke ~ acreen olot.h 

is a shaf t, moontad on ball or roll.el" _bea,1.ngs,.-.~ rapi~ i,iM)lftd 
. . . . , 

by a belt. from a motor mounted outside ot the screen frame. !11e 

sba.tt is supplied with two or more oft-center. weights. or the shaft 

i t -self ma,v have eccentric bearl.ngs.,_ so tba.t as it revolftt!, 1~ wUl 

"shiver" or vibrate the screen frame to which it is attached.. The 

amplitude of vibration may be changed by changing the eceentrici ty 
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ot the weights and the f1'9qll9Dq ot vibration by changing the speed of 

the tapp0Pt.ing structure, the screens are JllOWlted on various kinds of . 
springs. . Tbe--vib~\'ing. Di9clsan1Slil inay' be ·ott fi ain,le ebatt, or there . 

. ~ ' : . .' .• ' ,; ,,·, ~- : ~-
• •• - • ,.._ )I' > •• - • \. . ~. 'i' 

may be two or more mechanima designed to ~~te· in tandem, in which 

ca~ b,y -t~g ... t,be sync);arol.)iam dif.fe.nmt k1ndj ot vibration illpu].:ae• 

m,.'lY be. trananitt.od ~ -·the trtirae and the screening surface$,. 

In the posi ti,re-ttrow type ot vibrating screen, t.he screen body 

iteelt is mounted on an ecentric ahatt, which is rapidly revolved by 

a direct-connected motor or which 1.~ belt-driven frcm it. The screen 

b><b' thus eo11pletea a circular gyration with ewry NVolution ot the 
• 

eccentric sban., tbe amplitude or tbrow of the scrren bod;y being 

tS.xsd by tbe eccentricity of ita bear1ng on the shaft. Counter-

11Bigbts ·on the ende of the drive ah.art are designed to . countAm,alance 

the scrren body and t.o pnmtnt vibration ot the supporting structure. 

This type ia usu.ally, 88leeted fv SCNening large Bias, because, 

theoretically at least, the oft-center weight type of screen, would 

haft tna.ller aq,litudes the heavier the loading, wbile the positive

throw type has 8al!l8 uplitude i-Elgardl.ese of loading. The general 

rule is the coarser t.be screen the greater the amplitude and the 
. . . ... .. ·\ "".; · ~ t"· • ,.- . . 

·; {· . . 

lower the frequency ot vll>ratioit.,. but some JlailU.f"ao.:'Cunra· uae a more 
' . ... ' ~ 

or less standard f--requency tal' all mesh sizes. 

The electro,.magnet1~ vibnting sC1'eell derlvee its vibrating 

impulses f'l"O!I electric m~gne:t*''. All~ mvirlg arnw.ture~ . . In ofie-·; :type~ _. 

the magnet .ie mounted over the center of the screen surface and the 

armature is attached rig.ldly to the 9Cl'8etl surface. A special 
;. ' . · -~ . "'··"·" 

alternating current .through tbe 1Mgnet alternately raises and 

pushes the an1ature awa,v. On tbt11 upward stroke the armature contacts 
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• •..u..~ daatgned to --. tb8 -·· tNilt fl'GII b-Und.1111 parti,el• ... 

In other ••S.SU. synohrmlsed -~ Ttbratora · are placed . . ' 

n tt. f'OIJiit comers ot the llGN8II trallia• and "1a SCneD i.s Tibrated 

aa a 'llhole. 

A aeocn4 k!nd ot'-el.~io~9Cl'~, bee ·t1a. 8ftlat.ure attacbad 
. ;_~ ... ' ~ .. •. ~., 

to the SC1"'.ND .bod:y by man-a of a bundle of' sprtng· ban • .. As the •&net 

pulle back ~ -,~~- the ·apnng bare ~ ·he ... and mm ille 
:I,, • • .. ... • "' •' ' ", j .: :· ~ ~ : ' 

~ ~ease.a .. the al'llatiare 't11e' 'springe ..- it ~~ fbii -.ettc 
impul808 are t\m.1ed to ·the dbrsttou et t.he spring balMJ and thus the 

8Cl"ND boey a m&de . to Tibrate ae a,1•• A t.hird type ot electro

magnetic ecreen ·baa tlio· 'oppQm.te ~to ooll.a w:lth tbe · ~ 

between. The 81"1111tuft is Mgldly .attached to·,thfJ ac~ bodr'• and it.a 

baek-and-tort.b '~t -~ t.he coll11 1a~11q:,ort.ed t.o tbe · screen 

bo • • 

All typ98 of ~-~ie v!.brat!ng SO~DB requia speci:al 
• •. ·• • • '\·. ,:.> . • • 

electrtcal devices tor ~lying the kind ot. cu~ needed• ·lfben ancl 

1lbeN 1-t is. nee · d. Thay ha'l'9 the adl'antsge that · by mantpul&Uon of 

these control.a tbe. fDl!Plitu~ and -frequency or vibration can be N adily' . . . 
clwlged• ai1d ·they are-capable of g.re t.er t:req\lfJ!D(d,n, than -an, mechaa

loall,y Ti brated acreen., 'llt1s makes them prefaral'.Jle 1n 1U2'l1' oase• tar 

fine SCNening, pafiticulariy with wet material.a. 

There is M gener lly accepted fol'lllll.a t~ estbaatiQI 8Cl"8$ 

·: ·" ·, .. .- . cnpaci 'tiy because there are a number ~ vartt6JAas, or uncertain Trdue 

wh1cb can be detemlned · only by expe~ and experience with the 

partieular 11aterlala to be acreened• and these ~ he vary f'rom t1al 

to time i.n the same oparat1ol.l», · Om umd'acturer has d&Teloped a i'Ol'I-
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CP :;-: bea- (A i , 't·0-•·,11:fiJi.• :f} - - -. - - -- - - - - - - (1) 
. TC: OP A, Of •• - ~ ·-;..-.• - - ·- ~- • - - - - - - - (2) 

• 'l'O ., o.:a~ c 3 > 
Area • . · .. • . p· --------"'!"•------

. b., • • ~.Ei 
.) 1·- . ;-.~~·--~;-.\1...,,.,._~~,..~;-.. /' ,.. .. ,. ' ' ,· . . 4 -~\~. • • 

: I:o~-~s :!~~~i,s OftACj.$y :ill ·tfmi . pe~-·~r. ~~ the ~reen·.-;.,.: 
•.., • ,V .. • ,,• • ~;---, .~ "~ " ... ~ .... t ,:, .. - e ,I. 1.;,· : • •- ::;>;> 

cl.otn. and re is the total cnpaoit,- incl.uding th& oversim ·· - the l.bait 

ot feed to tha ~ ; · Factor. A ~ upon the sise of ~ squ. ~ 
.-...... ·. ~ t : ~ '•, .. .. . . 

mesh l!Creeft opening and the ettm-acter of the material to he -screened. 

actor B dependt11 on th& pe~..enta.ge or OVM"'Btse tn tbll f'eed. F ctor C is . . , . . 

· a eorreetion for the etticienay • trhieb ~ -pn:tioru.ly 2.n ideal condi t.!on. 

Factor ·n is ~ ·J)$~ o~ feed 111li~n-al less in diame·ter tlI9n one-- ·• .. 
. 

half the size -of' ·the screen OJ)eQJ.ng. Faotm, E ia • attempt :-~ -eniuate 
. ... -~ ! . 

. . 
tl1e . f'actor ot' wetnes~ of the ~r.1al. ~ ct.or. F applies on.lq to ·mw.t.i.ple-

de:0k scNe-ius. The !0Tep,:0lilg. au: varlabl-es· Nf'eJ" to tbe ._aatienal... There 

are at le~st five ct.her variables in rega.J!d to the screen 11'.tself which 
. . 

af''ect both eap~ity and eftici~ney. T'heee tm3· {1) slope ot angle of ,; 

aersen s.ur,tace. (2) degree and method of lotuliuc,., (j) aq,lt:tude or rt~ 

·tiori. ot gyr,"'t.iMi• (Ji)- s_peed .ot Tibrat~ · (S) dire:ct1on of tbnw or 

vibr l?'t on ( wi tb.fiow or eount.ernow ot t.be material on , the screen}. AU . 

. or _the tact.or A. B. C,. ete._. neoese.-a'tlly had · te he based 01) 80118 stalldsrda. 

tor the five · varia.bl~a mentioned heN. 
. .- . 

Then i:s a ,wt.de y:;rlet.y of ohoioe in the w-ectioa of tbe · screen-
, ,. 

ing !RU"taee both in ~sb .t~rle mid perf'onted me-ti!._ The ~le~ 

ti.on of the- Jlr,opet" mesh •!• to naake a t1peei.fied ,_.,i\lct is only 

. ~tay-1adicat&.d by the . · ab de8ignated in the · speoifioatton. Thus 

the openings in the atandaf'dUo. 8 ~ td.e.ve are 0.09.3 in. sq .. while 
~ . .. 

an 11esh ot 8 cw.unercbl a~ cli>tb •,has an opening o.oei. to 0.011 in. sq. 

dep.en.11.ng on the diameter of the wiN used; A~ t.his epecif'icAtion 



• 

ag~regi. te producer 'ioes. not order his .scrt, ens by tht:3 speoi f i ed n,3sh 

but by t.he si-zi~ of openi.ng best suit8d to m.al·e the desired product. 

Since in thls ear;e, the m::1.x:im-.nn_ size of the p ~·, rticle desired i !:'J O. O'Yl . ' . ' ... ·. ~-- ~ --

in. -3lld for p .~,rticle screr:ning un:1er Or?-inary COr.ld.1"tiOJ1S t.he Jnersh. f',).Ze 
" - .. ........... . . 

might be r,bout a half larger t hen the particle size, t he i reducer 

wou1n u se " commerci:tl. screen cl.0th having approximately • O. lL.O-in. 

onening, whieh eor r,sponds to about a 6-mesh eoffl!1'10rcigl scrRen . 

A greP.t e al of experimenting is neees ~~ary· in order to accoraplish 

.a des:trerl r ,Jsul t. . There are Vl:l rious tvncs of R.re weaves, s rn::e de- · 

s imen to ret.:-:irri the flOl-v of t he materi al over the scre.,.,n , others to 

lv1sten tt; there are hexr1;~onal openings, slotted onenings, diamond 

~haped, etc . Ordj_nary rect-ngular mesh YOuld be used wi. th the l ong 

side of the om.ming in the direction of flow. but for dewatering oi4 

final rins:lng or elinri.na.ttal) of ari excess of fine tna."t.:!riril , it may 
' , 

he desir-able to put the long side of the mesh oro:,swise o.f t he flow. 

,4 ,• 



CHAPTER VI 

EXING 

...... 
~ t 

The aaphalt is Muured and a1ao added into the llher. Within the · 

m!Dr, the two are ldxed togoether and discharged to a ·truok. 

FIGURE 8 
NIXIM& 

lllUIIEN 

Up to this point the diecussion baa considered 11eitber _batch 

plants, :a-- GQllt1~:,oua plants ~ate}J:. . Both ,~e batch and oon1ii

• · nuous ·p~stleS?~~n~sl-.t~~ ~ ~1ng and grading 

stage. J.fowavw. proportioning and 1lbdng are not per formed 1n the 
' i" •.... . 

,. 
same •miar.. . , 

!tie puga:IJl type of mixtures are used 1Dstead ot other m1xtuna 

becauae they' are the reallt ~ years ~ experience and N1INNlb. 1ato 

the basic ebaraeteristica ot the m.ix1 ng operation •. 

2:3 



Connaa Batoh Plant 

The oommon batch plant include~ a DBana for accurately wigb:1:ng 

eacb . bin .size of :aggregate 1n a ,we1gb ~ or_ ~J?ff•· Sll~ded on 
.. • • - 4 ) ' , • • 

·. • '"r,. • . 1 . • . • • ',; .. -. •.. • 

acalea. · ample 1n a1se to · hold a Ml batieh lli.t.h'Nt hand raking or 

ru.nning Oftr •. 
If an asphalt tiucket is . used for weighing tbe asphalt. cement 

it shall haYe sufficient c,apacit.y to bold mt l~as t.han t.nty per 

cent ot the 11'8igllt of aggregat.e T9qUired r~ CID8 batch. lt · 1a at.ea 

and 18 suepended on dial -scales or bema · 8Cales ao that the tare 

weight. or t.he bucJalt is shown for each ~sb1nc• The mcket is ao 

arranged that it will de1iwr the molten aaphal t oeaent in a thin 

um.tom sheet or in 1IIUl tiple stre&llS the. Ml width ot the abBr• 

emepting in the case ot a rotary mixer whel"e the asphalt cament 1• 

The plant. includea a batch mixer of au apprcmtd twin pupUl 

type• ancl ie capable ~ produeing a unitol"ll m1xtuJ'e within the job 

aix tol.erancee. If not enclosed, the llixar box is equipped with a 

duet hood to pl"fl811t loss ot dnet by d1spereion. '1'be aixer is IIO 

eons1'.1'1.leted as to prevent leakap ~ eontent8 until the ba1.ch is 1.D 

be d18Charpd. 

Tbe ld.mr baa 1111 aec,moat.e t1-~ to control the •ttaticll 

ot a cQ11plete a1:rlng cyole by looking the weigh box gate ~l" the 

charging ol' tbe mixer• until the closing ot the mixer gate at the 

completion o~ the cycleJ it locka the asphalt bucket throughout. 

the dry m1rlng period and locks the ll1mr gate tllroughout the dry 



and wt m.1.xin& periods. The dr:, mixing period is de.tined as the . 

1ntenal ot time between t.be opening of the weigh box gate and the 

apolieation of aepbalt; the wet mixing period is the interval of 

t~ bet.wen the applio:1tion ~ a~hai~ -ail~ ~ ·-~ -~ -~be mblar 

gate. 

Lately a nn type of bateh plant bas ~ 8eveloped by B~ 

Green Comp~ny.- imttead ~ batehing the aggregate on a wight bald.a• 

it. ie batched on a "ft>l\lDl8tric basis. Plat operations are also 

autcnatic. 

Dried aggregate is elffated to the tower. IIIOl'Maed• and the 

indirtdual sise.s stored 1n mparate storage bin-e in the conventional. 

11anner. •aeurlng of aggregate and bitumen• and the wizing• are all 

ace~lisbed by DBW princi:plea which. are inherently automat'ic 1n 

Instead o.t the conventional aincle weigh-tlopper• in which the 

aggregates are weigbed by adding oDe after anot.her. Tbe •1p.bopper 

h1-1s fiw ind1rldual oonpartaents. one for each sise ot aggregate,

includti,g the :lliljeral tiller. · Each coilpartmnt. baa an adjustable . .. . r ~ 

si~all whiob.varles its c .. city. For autautic operation• the 

•i.gb.hoppw ca11partl\l8Dts RN )')J'e-aet t.o •aaure the correct •1P~ 
• . • . t . . 

; ~- ; 

ot each aggregate. All sises ot aggregate aN measired at the ._ 

• 
time. All gates over the weight-hopper c011partaents open aimultanaoualy. 

ill ~artaents fill, forming a solid column o.t aggregate extending 

past the gate and up into the storage bin. All gates close sillulta-

neously, striking oft the aggregate in each eompartment. All the 



.... !,. ~- ~ .. ~ .. ·. 
. -:i:/· 

r 

wei~ compart:nettts diachm'p in'lo the pngadll . td.ml:t.ane-ous.11'• 

Actllall,-• ~ is ane .wei~er divided f.nt.o fiw campa:rt&mta:, 
. ;,. 

· by an automatio overt.ta. principle. .For. aatcnatic operation. the ;;,_ 

adjustable tNCtion-pi,pe i.s lowered · into the wei~t t.e the p~ 

depth to PUBJ> out the correct. amount ot asphalt_ Nqlli.red £qr the batch. 

· Once the, pipe has ~t• S.t will cant1mle to deli~'.'tb$·" .... ~ o~ 

at,ptriil.t for: iW&r.,; ~eating 'bateh. 
~,, . . 

Tbe·.opePatar can instantly ·awt~ f'roa·111mlal to autaaatto operation 

and nee ver1111. !fa can inmn\ly oaneel the preset. plqlOJ"tiomt and 

11eigb Ollt epecdal load8· 1n the ~~i.onal. ... r. 

The gradatian• unit separates and ato):i&s. up :to :tour siaes ot dried 
. •· ~ ., . . . 

r • 

aggregate ~nd autaa8ticall.y meaSUNe and f'eeda t.be 1"eqlllad .~~ 

ot eech Bise·. Indivi&ial aggregate ·sanp1.ea · :u-e easuy taken n~hout. 

iatefflJJ)t11lg·.plant. pmdlle'tic:m• . :!he mhctura autautica.Uy '8llitere trhe 

oorreet mumt of bi~. priicoat.s the aggtegate . ... ~ 11.t:xH . ~ ~ ; . 

. Actuall,7,,. et\ch bin has 81'1 apron f"Ae.der· ·and· &dju.s~l.e-. gr.a<llated . 
. .. 

• ' • • - .. • - • -· • ;--"': '• ") • •. ·~ .... - • • , <I .. • • • 

g.-t,e. lfor ·aiJll,lielty' 1Jt9 JISSWIIJd· ·a ::·eit1gl8. ··8~, 61W,iped uitb &-::reftbi- . . 
ttoa\CO\lflter''-'t.iim~gr-'114t#4"fl:. :·!?he . aa.miE'.~ dil"t'~a· ·the- ·b:ttumen 

me'tering pump. '1.'he coPNCt -.ight ol each ·sim 0£ aggre,ge.te is cont1- . ,. . 

nuoualy fed out and the combined aggreg te is eontimow,q ~d with 

tbe cor~ weight or b1~ All utorlaler are cont!Jm.ally 1111.xed as 



the:, .moved from. one end to the <,ther of the p11pill. Eaoh Nm>lution 
f , , ·· r - · · 
ot the tseder shaft may be regarded as a batch. 

The contiml.ous plants · haw be$n used· suaee~sf'Ul.17 in bigger jobs.. 
: ' ' : . ;"'- -

It tt 1-• prepared from 1Sai'ef'ully; ~ ed a• i•s. · i• · ~ent.UicaJlt. :·· 
·. .·;: -~1,-;··· t • . •. : -_ : ~-~ " ·"';.- __ / .. ~--:: ·,.: - .... ~ .... ~ -

p:roportio~d and is ._properly mixed, :ti ¢.an, be sat~- hauled through 

a distsnce or several miles and dltl -1:ve;Nd on ~ -·, jp~_ -in . sati;sf'aetori. 
' . . '· ·. . ~ ; . 

' 
eondit,1:on for ..good: construction. . On _inal'zy' job~ th$ employment of eon ti-

. . 

· n~oue plant_ may · greatly e:xp.edite the pr-ogress . of the 1n>rk. 

frequently' deaiir.t.bed as being portable. sendpol"'tab1e or stationary in 

nature.. -The term portable_ is applied .to small ~~ which are tiel~ 

containecl and wheel~unted, and i~ is al~ applied to large 1D1xing 
·-

. . 
plante 1n. ~ ~ separate units are t~selvea ea·llily moved from 

one pla_ce to another !he tena "eend.-portable" · la reeened tor those 

plants in whicm the separate unite must be taken down, transported on 

trailere, t'l"llCka, or rail~ad o~re . to a new location.- and then ~e~ 

bled, whiob p10cess may require only a few hour-a or. several daya, 

· -d~ina , on the 0 plant . irmJl,v.d. "Stationer,- planta·ft are tho• wh1-eh 
' . 

are. permanenta.y oonst~ in· OM location . alld are· -not designed to 

be move~ frODl -place to place. Portable and ee.ndportable plants are 

" Diuch more numerous than stationar., plants and are widely used 1n t.he 

construction ot rural highways. The eapacitie,a of these tn typea ·ot 

plants may var:, all the 'fff:!Y from 5 to 125 tons o£ mixtu.n per hour. 

Both continuoue and b atch plants mq be pert.able or stationary:. 

' . 
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CHAPTER VII 

SPREADING AND FitiISBIBO 

'1'ba material that 8.J'Tlws at the road fltom the central plant 
' 

1111st. be spread over tbll road widtb being paed and struck off to ~ 

desired shape and tbiakmse. 

Vethods ot Spreading 

Hand- epNading ia the oldest 1l9thod used,. the 1ll1x is -dumped from 

the trucks .onto the road, r aked l!llllOOth to grade and contour, and 

rolled. 

Becauae of the expense ot l abor and the blability to obtain a 

smooth and even-textured surface, hand spreading is not u~ d to an:, 

gnat.extent DOWadays except to supplement. the other spreading methods. 

For example, in city stri:>et work, hand spreading is used effect.i'V8ly 

adjacent to curbings, around manholes an*1 a:t t.hs cuned oomer eectiona 

at .. .1.Dterse.ctions .. 

Similar to· roati-mix spr aadblg : . ..:__ llt\tor graders are used on 

occasion to spread p;ant-ei.% just aa they are ·used ·to spread road411x, 

80 't h::lt ,mat is said here aiso applies to road,,.,.,a1x work. o.r cause. 

tor road-mix 1n 1IOst instanaee, the nd.:xed a_ggregate ·end binder are 

already on the road, while plant-mix is dumped onto the road f'ram 

Although some specifi8ations still pennit the use ot 1118:ter graders 

with nl ant-m.x, they ar e not used to any great extent today on l!lll.lrf'aee 
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wol'k. Counties probably use graders tor spreading more than arr,- one 

el• as they generally have several available. Motor graders are 
...... 

occasionally used to ,spread material for a leveling course, with the 

combination ot a long wheel base, position ot blade lllidway between 

the front and tba rear, and multiple pasees. it ta possible tor ekilled 

operator to obtain a reaeonably' good surface 1DOC>tbness. Each mcce,e

ai'ft pass o~ the blade redu~s tba :re~ection of the base irregularities 

in the 8Ul"tace through what 111.ght be called "llult.1ple correction." 

If', for same reason, a volatile cut-back 11Ust. be used at t te central 

plant, then l!l blade will be needed to work tblt m.x so. that the volaUle 

are perm. tted to evaporate before rol1 ing. 

lll1 tiple pasaes indicate the need tar mix workab111 ty du$g the , :, i 
' ' 

time that the blade work is in process.. Accordingly• a more fiuid 

bituminous material than is needed wit.h mechanical spreaders must be 

used to maintain this iaix wol'kabllity long enoui)l ' tor t.be nix t.o be 

manipulated w1 tbout ~ teari.ng ot the mat behind the bla~ Yore 

solvent 1.s used with the bitumen. to provide the added workability, 

and the COStc~f t.bft~ m1x: iB:-increa.sed ,rith DO ~COrt:-e~ ,inf:)rea~ 

in roa~ qual~ty.. -~ :~ ·s usually ~-~~ blade· sp~~. ~r ... ~· , . 

tions, and tor this reason joints beeollle a probl-. In tact, joints 
,.. ' I< 

are seldom attempted, and ·tnstead, tlie·iaix is apreait across the tun 

width of the road at one time by an echelon of the same grader,. Iur1ng 

this t111e, tratfio mst either be detoured pe:rmitted to drive over the 

freshly sprea d mix, or held back until the mix can be rolled. In 

billy terrain, blading tends to drift the mix downhill perm.tting an 

excess to accumulate at tbe bottom. ~ gregat1on ot tbe mix mq be 

caueed by blade spreading methods. As the blade spreads out the 



windrow, the la.rger particles or co~ted -~~te fal,1 toward -the 

· ou taide edge ot the road. 

The 118Cham.a ·1 spreaders inelude only the selt-1pr0pelled, epec1.a-_ 
·, ~-

lized machines which have been denloped to lay bitW!dnous surface&.. 

Some have crawlers or wheels 111hioh run on the base. Others luwe 

rollers which l'Wl on the S11Ptace~ · The m1x 1a dumped by the tnJCka 

into a bopper at the front end of the spreader or tln1sher !"or eub

sequent placement on · the road. The past years, 80IIIII bituainous 

spreaders re~ired side fOftis t!d.mllar to concrete pavers tor support 

of the 81',)reader and to.insure a so-called level surface. 'nle present

day mechanical self .-propelled machines are able to lay better surfaces 

at a reduced cost without t he side for11s. 

~re are nuaurous advantqges of these machines over blades. 

Probably the 1110st important are the time element or high capaoit,y, 

the smoother riding surface, and the ability to .handle the stift"er 

bot-mixes. Blades, · as oo_inted out. requ.ire e.asily worked mixes to 

prevent premature setting up. 'lhe mechanical spreaders end finishers, 

·on ·t.iie ~tber hand, ~~~d 11~~e ~-~;· no -.01attie mai~ 1n the mix, as 
« • .. « .• ... • •. ~ 1.., ., , • ~ ~ .. . . 

the mix can be laid into pos1t.ionae rapi<ily a:s it arrives tnn the 

central plant. ·1o ·additional work is required, othel" than roll ing 
' ;,.. • f' • • • • 

after tbe surface bas been l:.dd. 

Adjustable c:rcnm control is built into some machines so that 1t 

is a simple "tter to paTe the complete road width to the desired 

cross section or ontour. 

Finishers and spreadel'8 give a uni.form t.hickness ot pavement 

across the entire width of t,he machine, and the pavement edges an 

straight and snoot-h.. Consequently, the road can be paved witll any 



number ot l anes. end -the joints are quite easily and accurately 

matched - either hot or cold. SQbsequent rolling smooths and 

consolidates the joint. 

There are t.> basically different •thods ot striking off the 

bituminous mix to the correct grade by the spreader of' finisher. Tbe 

f irst or t hese might be called "loose st.rike-of'f" in which the mix 

is struck orr i n a looee .eondi.tion• and t he second "compacted strlke

ott" in which the mix is struck of f in a compacted condition. 

'n. loose strike-of t principle . is used by some of the mecbam.eal• 

self-propelled spl"ea-ders~ These machines receive the mix in the 

hopper, spread it on t he base over the width · of the strip being paved• 

and strike it off t o t. predetermined thickness as the machine moves 

forward. One wa:y- 'th.at the ·spreaders strike of t the mix is with a 
' 

screed oscillat i ng in the horizontal plane. 1'his SC1"P..ed or cutter 

bnr is adjustable ror. t~ .desire!,! pavemEm.t t hieklle~ .. 

St riking of f t he mix over an iM"egul.ar base reailts 1n a variable 

thickness ot the surface ·courlki. ·Sinc«t ali aoiilpaetion takes place 

after st.rike-otf', and since the eompaction will not be the same when 

a variable t bic\mes!'l countered, base irregularit ies become apparent 

i n the surface after it has been rolled~ Tbis i s irrespective of 

any l eveling principle connected with the spreader. Transveree 

joints a.1"9 difficult to lll!lke as an allowance mu.st be 111:1de for compac-

tion of. the 1llix when determining the proper height of the strike-ott. 

After the new strio has boon laid and rolled, the joint will be rough 



U there ia either an excess or deficiency of m.;:iterial in the nmrly' 

l aid pol"tion adjacent to the joint. Incol"'pOl"ated with loose strike-

off spreadel"S are various methods used to maintain as level a sur.r~oe 

:as possible. Generally, the methods are b lilsed upon some t ype of 

proportioning de'Yice located between tbe strike-off' and the wheels 

o:r erawlel"s. This device reduces, at the strike-off~ the effect ot 

rises nnd falls in the subgr~de. 
'i "!I 

The c~acted strike-oft' pri.nc-,ip1e gave rise tc>--the use ot the 

tem finisher in the bi'tuminoue paving indu.stry because so little 
. -~ .- .. ·· ! ~ . . - ~- . ~ -, : . . . _., . . 

need be , dpne to-th~: aµrface afte~ it has: been ~aid~ , ' Striking 6tf , , . 
• ~ !- )O,"L 

the mix 1n a compacted condition is accomplished by 110ans of a ~ 

which comp~cte the mix and then a,t.rikes it o-ff to the desi.Ped thie~ 

ness. 

When the llix 1s struck off after . t.be compaction., there is relative

ly lit-tle a dditional compsction left far the roller. Consequently, 

less rolling is required, and base irregularity is not appreciably 

renec ted 1n the eurf'aoe.. Transverse joints can be made more easll.Y 

since the amount of t'"Oller compaction can be more closely estimated. 

The use ot compacted strilce-ort a1m perm.ta a auperior leveling prin

ciple to be utilized. The leveling action is oontroll.ed by means of 

a ecrsed riding on the compacted surface immediately behind the strike

off. 'l'bia screed is guided by long arma that feel out changes 1n 

grade ahead of the strike-off' without reflecting the mall base 1.rntg

ularities in ~ cemp~.e ~d surtnce. The changes 1n grade are retl.ected 

over many teet of' travel,, and abrupt ehangea in the surface leYel. are 

~chanically: impossible. 



CHAPTER VIII 

OOU.,ING 

SpecUicatiou tor pl"actleally all type ot bituminous construction 

include requiranents tor the compaction ot the ut of m1xture and 

qualit1ee. 

~ifioations should state~ type ot rolling equipment to be 

used as 11911 as tbe amount ot rolling. Thia 11181' be expressed eitl"1er 

in general tertas or aore L9pecitical]y as a . required percent.age o£ the 

theoretical maximwa density ot t.be mixture that shall be discussed 

latter. 

Type of Rollers 

SeU'-PJ."'OPGlled Nllers have been used ror years in bitundno_ua 

construction. They' are ot two general types. oomonly referred to 
... ._ .. ~ > • ... • • -. ~.. . . . .. ' . . · .. · , , .. 

as the 2-?beel .or .tandem and t1le ~el OJ". aacadm ~llera. The . . . . . ; . ·, .... ~ . 

two rolls o~ the tandem type are ot the same width but may or may 

not be ot the same diameters. The )-wheel type-JBq hrie a :'1Jide but 
!. ' - · .. 

relatively small diameter front wheel and 2 narrower rear wheels 

whose diameter is usually much grea.ter than that ot the front wheel. 

In principle, rollers of these types are the same as those in use 

for years but illprovements ha"fe been made which ha.Ye increased their 

pract.ioabllity and efficiency. One rather recent development has 

been the addition of an auxiliary roller on which practioally the 
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entire wight of the machine can be concentrated U necessary to 

reduce high spots. In the )-4,beel ~ype ot roller, this auxiliary 

:t"Qll .is ~~d ~~ tba f'liont ,and rear rolls in SOiie types and 
:} . .. ~ .. 

behind the rear wheels in others. In the tandell t.ypea tbs tMrd roll 

· is UtlU.ally ;the __,,_81218 as the fron~ me and 1s attached t4 tha 
,:0, •• • ., ~ !· ·, . 

front of tbs frame. 

Another dnel.opment is the variabl.....ei~ t.andell roller. In 

this t1P8 the rolls 81"e hollow,, closed cylinders that. can be partially 

or completel,y tllled with water far added weight if desired. They 

are listed aCCOl"ding to their vari.-ations in weight, as 4 tc 8 tons,, 

or 10 to lS tons, etc. Rollers ot thie type are more · adaptable to 

various uses than ·aN tbose ot a fixed weight. 

In addition to the self-propelled rollers just describe<t. Yarloue 

types of pulled rellera are used for eompaoting-.. One of these• Ute 

J)J181:11181.1c-t~ mal:tiple-wheel roller• is an ou~h of eoapacting 

by traffic and construction equipment,. Tb.1.a roller consists of a 

heavy, bo>like trame sup-uot"ted by two sets of truck wheels .ha"fing 

pneuaatic tires. The f'ront set carries tour wheels and the rear set 

carries five wheels, the wheels being sp oed, abQut. 13 inc.bu apart 
•• • ... " J. ' .. 

on the axles. . The front wheels . are 1n line witb the;' spaces ?:>et.en: 
the rear wheel.a eo tlle:t in operation, the Ml d!&tance fl"all out-• 

~. .... . .. 

to outside wheel is ccnpres sed either by a front or a rear ~i.· . 
• 

The flexing action or pl'leUl&atic tires exerts a pmnounced aen

stfyiag effect in the upper portion of a hot-trab: pavement, J)l'O'f'ided 

it occurs 11bile the surf'aoe is wal'll (about 140 F. of above). The 

usual traffic arteries such as hi ghways and ·clty streets get this 

action .from normal traffic i1' the job is bull t in wr,,.m W88ther. 
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Hawevel", when the pneumatic kneading cannot be expected frOlll traff'1c1 

it shoul.d be perf01"med artiticially with rubber-tired rollers. Thia 

is CO. 1,1.~y c~.l'Ti-.d out by openting the pnewaatio roller between the 
. . . 

breakdown ~ f tnittb 'rollers. Such a technique is employed -by t.he 

u .• s. Corpa of &lgineera t o produce a surf'aoe which ia resistant· to 

fuel spillage f"rca. jet planes. It. is also a highly a trectiv. 1l8allS · 

of sealing the sur.tace ot parking lots and parking lanes. So that 

they will be resistm:it. to injury trom dripping oU. In addition• 

pneumatic rolling seems to create a higher density in the pavement 

than can be achieved by ·.steel wheel rolling alone. 

The pa.rtieular tYPe and wight of roller .:required will depend· 

upon local oond1t1ona and upon the type ot construction. ·The amount 

and method of eo11pacti on should be stated definitely in the speclli-

cations. 

Vet.bod of Bo11111g 

Thi cmpaotion aecured on the first trip of the roller det.emines 

the .fin\il onpaction to a marked extent, and beav;y rollers, weighing 

f1'CII 8 to lS tons are desirable for the ini tial rolling• 
,r • ~ ~ • 

The speed of 1"$l l~ ''1~·. +m .. in'c>ortant· tactor 1n obtq'.ba.1ng a dense .r • •' • '-. • ~1' ~,~ • • • • ! 

and S1100th surface. Rolling of btnder courses should, in general, be 

rest ricted to 300 sq. yds. per houJ" or l ess,~ and ~f surface cpur~a. · . 
to 200 sq.. yds.. per hour or less. 

Joints between cold and freshly l aid sect ions or pavement are ' 

usually formed by cut ting back the end ot the prenous work so as to 

expose a granular surface to which t he new ma.ter i ~l may be bonded. 

In orde~ to prevent t he entranae of water, it 1e desirable to 



pamt uppeJ' edps ~ all contact Mll"face,. -sacb as em"be• gutters, amt 

tlrmholes, 111th bot uphal t CSlleDt ot 8SJ,'.>hsl t. eommt. d1seo1Te 1n ~ 

'<,. ;. 

·. -: .. -~ tiiro.:.'c-.~~ of ifw. 4at~·aato~·i:tteete tbe $tabll1t.y, 

of the p~ ,· The ... ~gbness or tbe ~.ol;}ing ope:raUon "1Jlitq be ~ -
,. ~ ··., .... .'·4 . -"" • • :\: :, •. : . • . 

mined by COllp~ the...,.,. (or~ gran.•• iD c.o.s. urdts) or 

.. • poJ"ti- . ot the COJll!P.'3cted paT81188t with that ot a 88DIPlt ot the mix . ~ ' "!' 

eaapnased undeJt labonto'1' conditions. A sampla ~ the mb: is removed. 

bm the OOM.Pacted -1z end th& e,peoltie grm.ty ot *-t ·de~d. Anotlaer 

portion of the lffllll)le is ·then broken 111>, heated to app~t.ely the telp

erature used m pleoing tbe mb: (usually abouit 350 F) and compact..ed aecord

bJ& · to the -prelSCr!bed 1aboratory method. tt. .apeo1.f'1o. grm.ty ~ th!e 

..... ie then obtdned. am OOlllJilaftd wit.b the ·~if'ic gnrdty·of' 'the 
. . 

samol.e aa eomp:resse.tt in tbe pw.~t. _ ~ -~ graYi'.ty ot a pawnairmt 

88ff!J)le shou1d be at. least 9~ per oen~ 0f' tbt-· specific p-«ri t.y or the 

laboratoJ'Y' COflll)Nssod eampl11J 91 per cent or .hip, is general.l¥ obta1Ded 

wit.b proper ro1llng • The theol"etioal maxfsma derud. '7 or a oalp8Cted 

aapbal ~ie 1ld.stU1"8 ie obtained when the a.epbalt 1n the 1ld.x 1a just mttt

c1ent to nu the voi.-ds_ in the m1nenl .aggrega~ in the eonpacted m.u:. 
. . \ ":" ..... ;. . . -~ 

The ~nttml practieal oom:ii.-y ~sr,onde: cJ;9.eo~ ,~ llit.l'1" p~sisea,..

but io e1_,.a lesff thau t.be theoretical max,t•m demdty. In m ~ ! 3 
. .. . . 

there y be a w!dtt dL"l'~. between tJ8 ~ -&:Jntiitiea. The- _ ftdall · - . ' 

_ tor tbh Tariat.1$ 1s not eanp1etl.7 understoodJ tbe ~ -ot the ndnera1 

aggNgate,- the shape. ot ta, pa,rtielee and the a.mmmt of_ air entrapped 
. ' 

1n the mixtuJ!e during eowpaoti.._ ae perhaps th& .moet ~ 

tao to._. 



CHAPTER IX 

CO?ELUSION 

The term "oen~al plant-mix" surface refers to a type of surface 

in which the mineral aggregateti 'ani ~i-~u· ·-.aterial . are propor

tioned and mixed at a central plant. The mixture is then hauled to 

the ,job id.te ;;nd' t)ie 'allrf~~-i'a>prepared by ~~ing. ,c<lllpat;1,bg, . 
•. • ' ~. ;. f .. : . • -. 

and finishing t~ prepared mixture. The paving plant may be 8111all 

and very simple 1n nature or it naay be large and complex, depending 

largely on the type a11d quantity ot bituminous aixture which it is 

desired to produce. 

The · range in size and complexity of paving plants may be indi-

oated by mention 0£ two extreme installations ot th&• type. The 

smallest type of machine or plant applicable to this wrk 111.ght consist 

of a ~le concrete mixture of the drwa type 1n which the aggregate 

and a cold bitumnou.• material, sueh aa aaphalt emulsion, are propol'-

tion by shovels and buckets. Thia type ot machine might be used 1n 

the prodll_ction ot bi tuminoua mixture to be used in patching operationa 

conducted on a mnall scale, nth the capacity of plant perhqa being 

1n the neighborhood of five cubio reet of mixture per Jlinute. On the 

other end or the ecale are the tremendously l:arge -and ~lex stati.onary 

plets, such a11 might be installed by a dity ol" county agency, which 

are capab,le ot producing up to 2000 tons per day o.r •bot mixe" bitu-

minous · concrete. In between these t1IO extremes may be placed a large 

number of plants of dif.terent manufacture design and_capacity. 



' ,. .. ~ 

'!'he fini shed hot-nd.x asphal tic conarete surface i.8 smooth,. true• 

relatively tmperrious to water~ and, unlike some types ot surtad!Dga,. 

can carry vebi_clar traftie very shortly after rolling is completed. 

Because i't bas ao man;y· adYantages mentioned above• therefore w _ _,; 

like to l'9COUll!l6Dd its methods ot pl"Oduotion and laying. J\lrther study 

is nggested tor the design and theory of ti. 

'"·· ... · .. 
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