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C# LUBRICATIIG CIL Ol AS aaLT.

The puroese of this trecis is teo deterniine znd observe
the effects of lubricating oil on = camosle of as "halt Ly
runnin: a series coi tests as outlinei by the Arericun
Society ol Pestin: Iaterizls with a varyin: oercentegse of
lubricatin: oil of a ctandard grade.

Asphalt is of great inportance as a material Jor road
buildin: and road mzintenance., Yhe impoortonce is sroving
with 1lneredinle ra>idits at prescnt, due to the increace
in sutonotive traffic as well as vhe chung e of hauliny
freignt ovetwsoen cities, esyecially less tnmn czr loud
friznt, trat was formerly cavried vy tne railroads. The
traffic situation is bringing avout a rneed for iaoroved
roads - roads tnat will cerve the grewent era azs well as
tue future, et v.inz efficient and economricel as to first
cost and maintenance, :

Careful stud~ and consideration as nern [ iven the
quélitr eand desirasilitry ol the materiale constituting the
ingredicents of th2 rcads. lunr tests hiave been nerfori.ed
relative to this subject in an attenot to discover and
arovide matericls which weould mcre nearly reacn tnat of an
ideal rozd.

Some motor vehicles in pactsing: over a road drcp oil
from the crankceése cr otner »ldaces on (ne surface of the

pavement., This is not ©o noticeadle in tre m&in traveled

-

track becausz the: ars in moiion, thus only dros strike
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thie surface aud are distripvputed £lonz anu other venicles

I

in passing nel sprezd the o0il arouad, It is uite notice-
able, however, near llie curns =nd wurking couccs where
venicl:s stand for considerable lenzths of ti.e,

The question arises as to wnat effect this o0il has on
tne asohalt sand in waoat way. othing nhas veen dene to
observe or determine the effects as et. 4 sceries cof tests
hae been run, hcowever, relative to tue deteriorstion of
gcvhalt pavinz mixtures by gacolina, &€a account oi wihrich
apyars in the Jonuary, 1927 issue cf Roalds &nd sStresets.
This deces not copezr to be 4w »sracticzl or siniiicant a
test gs that of lubricatin: oil. It is seldcon th2 case
that gesoline is con the esurface to anv great extent or in
any quantity. Gasoline lealix in 2utonobiles and trucks
are usuzlly reoaired at once as they are dangzercus and rmore
costly tnhen oil leaks., Then, tco, gfascline evzporates so
rapidly trat it would nuve litile tire lc occduce any
deteriorating effect on the suriace,

Lubricating o0il, on the otncr hund, dces not eveyorate
under ordin.ry ~tumespneric temperatures ani stays on the
surface until the traiiic removes it or it is wached away;
or is woried in, trerevy, heving ¢mple time to .rouuce any
deterioratiny effects,

It is, then, the ourovose ol this tuneceic to cboerve

[N

any effects ol the 0il on & sumple of avphalt. a test of

this neture should be cof vualue in comjuring tne opnysiccl



characteristics oi o onclt wixed with oil «nd to note any
deterioratin: effecty it mi ht possass,

Cnl;y six of the teste lTeor asphwlt wer: used, namclys
the flaen point, fire point, ductilit:r, zdlecicn, osenetra-
tion, &nd softenin. »oint.

1

a Standuard _rude ol asynalt ouitaovle fcr o2evin: «nd

)

ted as cucn vas secured ircm « well iinown rnulfaciturer

mal v

[¢

for the experi:ents. Jnou i ol the cemple to comnlste thne
six tests was corefull,; vieished &nd 22t in & seimlesc tin
cenltiner with & cover., wixtecn cuch samples were sregared,
etch curelully weizned «nd to each was added the luvricatin:
0il startinz with zero and _oin_ to tifteen »ercent inclus-
ive.

The 01l used was 4 pedium gride oi rolirine, &g tuis
is one oi the Lrands ieed mest gnd algo 18 the grade re-
quired for the ntjeority oi maies cof autcmobiles,

2 sample walr haated to & temoeratare ol @bout 150°
. &nd thorourhlr stirred to insure orone2r mixinz oi the
0il thruout the sample oi a@cphalt. Covers were put on the
tins to lessen oossibilities of evaoorailion by exvposure to
the room £ir and dust collectinz on ths suri:-ce.

The flach £nd fire points wer:z determined b the ooen
cun methol with the Jleveland coen cup tester, The apour-
atus consists of a bracs cup ¢l < ecified dinencions seated
in a netsl »lote g£ix inchews in diaeter ¢ nd one-ionrth inch

in thickness. The cup wus filled to 4 a.puvn of one inch
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with the sample and & standard open cuo flasnh point ther-
mometer, susoende. or & Wwire factened to the Irane, was
immersed to & deptn ol one-fourth inch from itne vottom of
the cup. 4 3unsen burner was used to neut ULo substaice,
the tem>erature beins increased at the rate of 10° #. ner
minute., 4 tust flame of 2as about five-thirtry-seccondths
inch in diameter vas passed in a strei it ling acrcss the
ceanter of the cup &t every five dearee murk., “he temer-
ature at vhicn there vas a visivle flach at &ny point of
the surface of the sunple wis taken ag tne flosh point.,

Jduen tne flash noint nas vesn detersined the temner-

e

ature wis incerzcced at the swvecilied rate to s ocint
when tine peterisl iganitsd ond contiaucd to burn for a
neriod of =t leust rive cecondas., This tempiratare was the
fire point =ad w=o recorde. a8 £uthne.

. The flash pointiand rirc ooint were also determined
for thne c¢il #lcne, not mixed with any as nelt. This was
for comosricon of tie curve in tie graph.

Dor the ductility tect ithe samizles were yrexred in
the Dow ductility meld wnicn nas a cre c¢-sectionul arca at
the center of one sqw re ceatimeter, The molas were alloved
to ccol to room timperature ior cne hour, tuen oliced in a
water bztn raintained at a conctunt temoerature of twenty-
five degrees centigrade for an hour. at the wixpiration of
thuis time they vers pluced in vhe dvetilitry rwuchine and

immersed in vater at twenty-Live degrec:s cenvigrade and
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pulled avurt at the rate of five centvimeters ver minute.

The lenztn «t which the sumples ported vao mudecured end

the mean of the three valucs t:oken au Lha duetility of the
sumple. In vome cages tiune auctility wiame nicre tlun the
macnine would regicter i wiiicen cace tue nignest vilue

only was recorded witn & lus sian. wnen taiiin: the aver-
age tne plus soign was not concidered, tnus iving & ¢li_ntly
lower value vhich geve a Llatter curve at the bveginniang of
the grapoh for these oercentases whneoce ductility wes zrecter
th:n 150 centimeters,

The aanesion wos deternined vy 2ins ol tne Lirschbraun
Adnesive tester viicnh cotsists ol & dynumoneter with a
maximum reading indicator having & ball attached 1o tne
lover end. 4 olitform vwith sids clios for holdins the
container of the sirr.le is attached 1o a threaded be

2red to a cronik fer raicin . or lowerin: the simple., TWO
sam>yles prep-red wer:: pliaced in tihe cuns and stirred to
remcve &ny «ir bubvles énd ¢ilove . to ¢cocl ior one hour,
After this ti ¢ they werc pluced in the vater veth for oae
hour tie saune «s for tne ductility tect. DThe sunmles were
ext oluced in tne :acuine &nd the vocae: vull covered vith
linen cloth and &« 10C gricy weisnt »nliced on the snuf
This wus alloveu to settle into tne sample for thirty sec-
onds when it wus pulled out oy turning the cranii aocut o0
revclutioens .er minute. Tnz hignect fecdia; at whicn the
drn:moneter ve istered nelore the ball cuddenls pulled

away fron the sumple wac tzien ws the wdhesive force of
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the sannle, Ceveral recdings c¢f ech sample were talken and
an averaz2e ol trne trialos reccrded.

In ovreo=rin: the siripies for trhe senciraticon test the
whole s&mnle was Leeted &nd stirred te form o wiferm and
homotenoue mivtoure &nd osourel into ¢ e:.11 tin contsiner
and acain stirred to remcve iny free zir Hubbles., This
was &]llcved to ¢ccel Lor one neur e roon tamoeratars then

i-rads Tcr one

In]
a
[}
1€
0
(o)
s
-

pleced in the water bath at
hour as in the ductilitr and ¢dnesicn tests. a1t the end
of this tire the simsle vas :laced nnder tie needls oil the
penetrevion macning in o treacier dich contuinia: vater at
25° centiarade tc mwintain © conctent teuwxerature ol the
sanmple. o 50 prap weizht whe used in adaditien to the

weisnt ol the needl: vwinich wus 2lco 5O grwis moring & total
0f 100 :runs. “he point ol Tnz needl: was pluced exsctly

et the surface ci thas sumole €nd releuwsed for & eriod of
five seconds. “he deoth to vwhich trhe needle oentrated was
cbserved from the izl +ad records.., “he rcacin: rexictered
the d=2oth in awndredtrs ol centimeters. seversl readings
wer: taikz:n et dillerent »nluaces cn the suriuce <¢nd an aver-

aze recorded. atfter ezach nenetrztion of the neecle tne

[

water in tnz traneler dQich vas chuaazed in order th:t the
temoerature be 2ot exactl- ¢t 25° centizrad: &and not be
raised by tnz roon temxxrsiire. The ncedle wis also cleaned

vith & drr cloth after cach penctrotion. Tnic is a very

accuratie naincd ci testin, »nd by awop.r minijuldticn

‘
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accura.e results can be ovtuined by vwiicn to ccomoure
samples ol avynzlt.

Tna orocedare in findiny the softeniny point by thne
ring and ball nmzthod concicts i placina the samoles in
wo molds of snell rinze on wn amzljwuated brass nlate to
ovravent adnieriag to ti: plate.  oion the sanmol@:e cooled,
a s::211 st2el .1l ol vnecilizd size andl wei nht was pliced
in the center ol each vin: and vh2 rin> »olicedl in o Irame
such th:at they were sucazndei eructly one incn £ aove 4
nlate, the entirs: fr- e deiny in & z2less vesszl ol fresnly
dictilled vwater cccoclad to iive degrses centi:r. de, The
entire vesszsl with tae sarples wig thaen slaced in the
bath &na cocled to “ive denrzees 1or a ozriod ol fifteen
minutes. After tne exoirution oi the fifte2d nminmtes the
vessel was tnen n:ated such tnat tnre temybratdre incresced
five de rees centigrade per inute «t tie point miawesy
betweca tle sumol: s, vwiere tne thnermoeter bulu vas located,.

P

The temperatur: ¢t the

[@N
2

. ~d- . - <3 i v A} - 11 5 o 4"
actent the samoles vcucned the

bottom of the plate wus tuuzn s the solteniny point. In

(0]

averagé oX th: tvio sumpley wis recorded.

all the Cata Tron the c¢oove teuts was out in tabelir
for: for zach vuccessive ercentase c¢i o0il fro: 0 to 15
percent inclusive znd the cats plotted on groph naer,

an exeninstion ol the 1lusn point anda fire point
graons snows the curve to wyporoxiitte a otrui nt line,

It very likel r vould be & straiznt line, but the test {lane
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was passed across tne curface only at the five dezrce rurks
and the true point mi:nt be between thec five degree murks,
Some results necessaril;y would be the saume in view coi this
fact, cansing a herizontal line in the curve between two
parcentazes. The general curves are, novever, &porozximstely
a straight line &ad cun be ceonsidered as suci. This would’
not be truc as the percentazes is increased as the fire
point and flasn voint ol the pure o0il is not in the scre
proportionzl decre&se, |

r

“hs zrapn of the duetility testo 1

[ép]

nct a straizht
line altho it is ¢nly slizhtly; conceve dewnward, The
erratic velues near the middle are due to daifferences in
temperstnre ¢l the room vnich affected the water bath and
also the samples vwere deformed slishtlr in remeving from
the amalaamated »slate., Tne straicht horizontal line at the
very first o the curve is zccouated for by the fact that
the ductilits muschine rezistereda only 150 centineters and
the first throe saimples oxceede. this fizure. The curve

-]

is steadr and uni_orm in :eneral &nd the decrease in duc-
tility oer percent incrz2ase o oill changes uniforml;re The
01l itself hes no measurable Guctility and just where the
limiting o»oint of mescurabilit: is w s not deterwined as
samples containing the large amouits could not be used for
the other tests owing to limitation of the testina zonaratus,

The adhesion curve has a decided c¢ouvle tuist in it

tho not ghraot. It starts uniformly £t the begining and
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increases to avout 5 percent when the curve starte to
invert 224 decreases fron thz generad trend. It apoaroexi-
mates an elcnzated "3" curve inclined uonordi 1o the hori-
zontal, accerdin: to the cdiresctions tie saﬁglc was not to
be immerseut in vater to cool but it was complatels immersed
in the water beth for one heour in thic cuse. Ver;y zood

4

recults were cbtoined by this wxroceaure, The sample, hove-

2l

evar, V. s careiullr wiowed dr:;; veicre placin: in tae adhesiocon

¢

macnine to rem.ve an; adnerina drose ou water vhich might

prevent the adhering ol the saumple to the linen clotn.

=

re digection. 2luo ctated That the rate ol turning

of the rmchine wes of 1i.tle imoortaace as tuz zeor ratio
cemoznssited for the non-unifermitry. It was Jound in ruwining
these tests that tue rate of turnin: woes nuke a decided
differeince in the results. & variution of 10 to 20 percent
vias noticed so thot & s.eed of 60 revolutions oer iinute
was adopted tc perform the tests., Liore uniform rosults
were obt.ined in this way. JAn error ci 10 percent is
alloved in thesz2 tests b thae (irections to cempensate for
rate of turnin; 2ad changes in temoeratur: vaile periorm=-
inz the taestis,

4 s8lizht incrcase is ncted as the curve continuzse to
the ri>ht in the penetratioa curve. It ig concave aownusard
in iseneral thruout its entire length. Dhis chows thet the
penetration incr:csed at an ineressia; rate per Hercentage

of 0il increuse., The »nen2tr-otion oi aconult incrauses
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indefinitely as tus ®erce.avaze ol cil i. incrcased. 7The
1i: it cif the =2enetration nm:chine was 250 nuncredtns centi-
meter and the 15 percent care very clcuve to tLhidis 1imit.

The erratic results wer: due to nct stirring the suwinole

thoroughly. It was round in one cose that tie several

triuls of the suame sanple varied b over 10 vercent, which

Py

when heated cver and stirred thoroushly and tested agzain

gave results varyin: br onl;y 1 oHorcent or less.

The softenin: »oint curve is a stroizht line. DThe
extrere v lues «nd several interrediste oerceavazes were
determined br test «nd it w:s fourd by interoolution that
for eachi oercant incress2 ci 0il th: softenin: »oint de-
cr:ased 1 dezroe centigrale. This is 2 naturazl conclucion
after conciderin> 2nd ceon trin: with the other test vhich
wera approxinated strai-ht liuese also.

fron the prueonc it is evident that the eddition of

-

0il to a sun’le of &spnuelt ecreaser the flash peint, fire

Dy

e

ct
»

pcint, ductilit;y, z2ad scltening point «nd increoges
adhesion &nd xenetration.

Only stmples from O to 15 arrcent were ucged av they
vere withian the liwits ol the tectin: aon-ratus and furniched

surficient duta vitn which to note the ¢ffects., It vas also
considered tunat no gmount gr:ztzr {tutn this vwould ever be
met with in wrzctice.
dven the addiition of as great a ocercentare as 15,

which would nzver be 2t with in osructice of asphult nave-
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ments, the lisits were within tne ¢ eecificaticn ol the

ichig-.n gtate Hi:hwar for csohalt xve ento, There is
onlr sbout 10 »2:rceent e cetw'l biturmcn in an croinary
vaverent und 15 osercent oi that figurs vonld he o sbnoraal
cuase,

e wignilicunce oif tunis subject is of vitsl innortaiice

to tne engineers toduy. he 0il cn tne suricce is umneaded

@
5]
@
=
o
o
&
&
¢
[
o
Q
<
c
H

into the mixture by the sction ol ih
ite This mir net bLe a detrinent 2o the gsHhalt ncels a

4

certuin amount ol tiids wieadinz acvion to keep it alive or
pliaovle., nc cil tends to mzle it coftcr and meore plizble,
isonalt centsining o wrell amount od c¢il vould be beneficial
on streets havin: little traific to suppls this acition and
nexr the carhe wiere ¢ors cre 3 rized ani do nct Jurnich a
sath Tor the wheels.

Crzcks cr chnecus «re rcund on awonalt o venents luck-

12 in »liaovility «nd »its or desrecsions ore lorued o tne

e

Vv

action ol nedavy venicles nas ing. ne proolsw iv coniront-
ing the municipslities having bus service, esccially wiere
they stop to tai: cn cr discrar:s .uesenzers. Tne weigant

[

at these ploces de-

},l

of the wehicle while standinz stil
oresses tne a8 halt.

a8 1little or no dava is Zound on tects ol this ntture,
nothing could bz obizined from Leoks or neriodicals relative

to the method ol oroce ure oi the toets or the results that

would b2 obtained. Witn more consideraticn end thew:nt otrer



exveriments und tests conuld be deviszsi viich weould bring
out other effecty of o0il on av ¥:ult. Len: tine detericr-
ating cfiecte zre cnotier insortint coneiserztion, but

require a congiaerable lenger periecd to perlorm tiion wes

&llotted Lfor tiece tosise.
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Conclucions.

The flech point ci the as o xlt wao decreased with an
addition of lubricatin: o0il &t & definite and
uniiorm rate.,

The Iire point was decreased at & derinite uiliform
rate slco vith the addiviosn ol the cil

Tne ductility ol the ags walt was decreacsed <t un

The adhesicn vies increcascd &t varying rates with an
increase in » reentuace ol o0il, but no decidsd chune
was noted in all the teste,

The 2enetrution was increasa2d bt an &ooroxinately
uniform rate with @n increase in xrcentagze of oil.

The softening »oint wus decreaced &t an exactly uni-

form rate cof 1 degree centisrade per percent increase

in oil.

Tre samlies u» to and including 10 sorcent were witn-

-~

in the liaite soecilied by tne lLlicnizan otie Hizhvay
soeciiications for asshelt o»verentse.

Tne presesnce ci 0il cn the suriuce ci a paveneant is
not a serious objection ir in smull quuntities, but

in realit:r nelss to keewo the curface »1liable and

worized ine.



Masn 2oint
Mire 2Ccint

Softenin - loint

Mlash loint
rire 20int

Softening 2oint

Mash 2cint

Fire 20int

Softening loint

Flash 2oint
FMre roint

Softening oint

O ?2eorcent Sommole
550 i Ductility Aanesion 2enetration
621 2 150 1C0 47
150 90 48
52.4 C 150 110 49
3/ 450 110 48
Ave 150 1G0 4/ T°2
1°H Ave,. 49
88
Ave, 150
1 rercent Camole
545 B Ductilitry adliesicn 2enetration
glo F 150 110 59
150 100 60
52.6 C 150 110 56
3/ 450 1C0 58
ave, 100 10
120 5/ "O
6/ UUO AV‘J o
ave. 110
2 2ercent Sumoale
240 ¥ Ductilit;y adhesion ‘ecnetration
615 150 110 62
150 110 62
51.6 C 150 120 61
/ 450 115 62
ave. 100 110 62
5/ 7535 5/ 710
A\ (€] ° 11 / L.)Q
< ‘erceant Loriple
535 R Ductilitr adnesion lJenetration
610 123 120 76
148 120 77
50,6 C 150 110 76
S/ 4.1 110 75
ve. 144 1:0
120 5/ &L
6/ 710 Ave. 70

Ave . 1108



4 ercent Sumople

flasn Zoint 520 7 Ductility adnesion enetration
Mire Zoint 605 ¥ 128 120 91
134 140 02
Softeninz 2oint 49.6 C 140 150 91
5/ LC2 150 87
ave, lod 1.-0 88
5/ 690 bl
ave, 1CC 6/ 540 _
ave, U

5 Porcent sinwle

Masnh Yoint 525 it Ductilit - adzesion 2enctration
Mre lCoint 000 * 95 140 100
110 160 1C4
softenin~ 2oint 4.6 C 110 150 a8
3/ <15 160 100
) 140 98

5/ 750 5/ bCo
AV8. 100 ave. 100

6 ercant sumole

#lash loint 525 Ductilitr 4Adhnceion Penetraticon
Fre 2oint 600 122 170 112
143 180 111
Sceftening roint 47.6 C 140 165 109
3/ 415 170 108
AVEe 1oV 170 109
5/ Gon 5/‘ 049

ave. 171 avee 110

7 lerceat sannle

flash 2oint 525 Ductilitr Adliesion 2enetration
ire 2Qoint 505 104 150 129
: 114 200 125
Softeningz loint 406.6 C 122 200 120
5/"3@5- 210 120
Ave. 113 180 125
190 1 O

6/I150

Ave,., 108 7/ "0

ave,



8 lercent Cample

Mlabh Point 520 R Ductility .dhesion 2enetration
Fire Point 595 R 89 200 127
102 150 129
Softeninz 20int 45.6 C 120 210 129
3/ TIL 210 125
Ave, 100 180 128
5/°950_ 5/ 505
Ave. 190 Ave, 12

9 lercent Zomale

Flash roint 515 7 Ductility Adhesion PYenetration
fire 2oint 500 # 94 190 138
96 210 142
Softeniny 2o0int 44.6 C 99 190 142
3/ 238 200 141
avels 90 200 144

5/705G0 5/7C5_

ave. 190 ave, 142

10 Percent Lamnle

ilash Point 510 = Duetilit;y adhnesion lenetration
Pire Point 585 1 75 200 152
92 200 158
Softeniny roint 43.6 C 110 170 155
3/ 277 _ 270 152
ave, 92 4/78C0O 158

ave, 200 5/7775

ave. 1565

11 Percent Samnle

Mlash Point 510 # Ductility 4dhesion rPenetration
fire 2oint 585 # 83 190 175
88 200 178
Softenings foint 42.6 C 98 200 172
3/ 2359 210 176
Ave.  §9 210 174

5/I010 5/7875
ave. 208 Ave, 175




rMlasn “oint
Mre Point

Softeniny 2t.

Flash 2oint
WMire 2oint

Softening ot.

M asn “oint
Mre loint

Sof tening 2t.

Flash Point
Fire Point

Softening 2t.

12 >crcent Zamole
505 & Ductilitr Ldhecion
560 & 62 200
67 210
41.6 C 20 200
3/ RER 206
ave. Lo _&aC4
5/1C.0
ave, =0o
13 vercent Lamole
500 Ductility adhesion
575 1 74 220
78 180
40,6 C 76 200
S 228 200
ave, 70 220
5/i005
ave. LCo
14 rercent Samole
495 Ductilit;y Adnesion
975 62 220
72 210
0.6 C 783 210
3/ 21a 220
ave, 71 4 /7850
Ave. 1D
15 rcercent Samnle
495 ¥ Ductility adhnesion
570 i o8 240
66 220
<846 C / 71 _2C0
3/ 195 3/ 600
AVE, [635} AVE 200

Penetrztion

105
196
195
195
104
5/ 975

ave, 195

cenetration

209
209
209
£10
4/7C77

° 4
ave ., =09

Penetration

247

o
23

276

238

236

206
6/1457
ave. 2.3

Penetration

244
240
248
3/ T8

o4l

AVE




Results. of Tesr’ls.

o / 2 % 4 3= 3 6 7 & 4 /0 // Y2 WA Z Lt w /5 | /00

Flasth Fr S50 545|540 | 535|530\ 5320|8525\ 525 | 520 | 5/5 | 5/0 | 5/0 |s5075| 500 | 455 |#95 | #Ro
S, 620 | 6/5 | 6/7 | 6/0 | GO7 | 400 | GO0 | 577 | 595|550 | 87| IE S| IEHO | 577|575\ 570|270
Ductr/i7y 150 | y50| f50| y22 | 139 | /o5 /35|13 | 103 | 76 | 72 |87 |86 | 76 | 77 |65
garesron 105\ /1O | 173 | /4B | /38 | 750 | /77| /88| /176 | /98 | RoO | o2 | 206 | 2Z/0 (2/5 |2 RC
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