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Asphalts ln n_111C;ni*ures change in composition, or age, withtime. The rate and degree of chinge depends on their d&i;;icomposition, 
- 
environmental conditions, and length of u*po""iu.

In the case of hot_plant mixes, the aging prodess 
"t"i" 

*"obefore pavemert consfruction because oi uiposu"u t" Ji 
"t 

iisi;temperatures.in.thin-films during the hot-mix cycte. Sooner 6rlater the asphalt will reach a jtate of britilenlss wtrictr mani_fests itself in.th.e form of pitting and raveling of tfre suriace orshrinkage and b-ritileness crackiig, with even-tual spalling.
Addition of suitabte asphalt c6mponents at the appr8priate

time during the- aging process can stop aging by reconstilution
of the weathered.asphalts.- Appropriate treatirent ot p"u"rnuni,
returns the weathered asphalf io ils original condition. ln _-"n"instances, the properties of the asphaits *t; i;;;";;'fi;
they surpass those in the asphalt prior to mixing with-tfre a!de_gare,

.. Laboratory,dataillustratethe manner of aging of asphalts andthe concept of_restoring properties by use of s;lected frt;ii;;
of petroleum oils and resins. Reasons 

-are 
cited for the setection

of anemulsion sy.stem.for bringing together the aged aspf,Ji 
"na-the particular oils and resins.

The engineeringproperties of thepreparation required for ob_taining the desired results are described, together with asum-
mary of 3 years, field experience. Testdalafromp.u"_"oi"
subjected to treatment under various conditions 

"""-"f* 
p""_

sented, including evaluations and measurements of such ph6i;
properties of 

.the 
pavement as permeability, texture, 

"taiilia;and skid resistance.

'IT ISi characteristic of asphalts, in.asphart paving mixtures of alr types, to changein composition with time. _After construction'anJa"uring service 
"; 

ti;;;, ai"process (referred to as aging in this report) is i"oe"auv a gradual one with the rareand degree of change dependent on-the driginal 
"-tt"mi".t 

corlnosition or trr"'""prr"rt,its environmental conditions, and length oi .*po*"u io weath-ering. In trre 
""Jeor 

not-plqnt mixes, the aging process startieven reiore pauement construction because treasphalts are exposed in thin films to air at high temperatures during the hot-mix cycle.fr. llg of change is often influenced by the Jatalyiii action of tre aggregate surfaceon which the asphalt fikn is deposited.
Many studies on bo[r the causes-and eflects of asphalt aging have been reported inthe literature (!, e, l) with general agreement on th; nature of the problem but urithsom-e di{erencEs o-t o}inion on ae.me-cttanrcs 

"ii-rr. 
.gi"g process v/ithin the asphartitself. The interpretations range from the assumptioi th-ai asphalt h.a""G 

"iu"ittr"_ness is purely an evaporation phenomenon to the more complei e:rplanations"pr"diaat"a
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on the conelation of asphalt composition, determined by fractional chemical analysis,
to long-term performance on t}te road. The fact remains, however, tlat sooner or
later the asphalt will reach a state of brittleness which is manifested in the form of
pitting and raveling of the surface, or shrinkage and brittleness cracking, or spalling'
or combinations thereof, with eventual deterioration of the pavement (1' !.).

It would be of considerable advantage, therefore, to asphalt users if it qtere possible
to retard, stop, or reverse the aging of asphalt, in situ, by t}re addition of zuitable
asphalt components at some appropriate time during the aging process. Such a treat-
ment would require a material that would eflectivety rejuvenate the aged asphalt with
minimum interference vrith the serviceability of the pavement, and yet be economically
feasible. This paper describes the results obtained with a material especially formu-
lated as such a reclaiming agent by combining with and reconstituting aged asphalt' in
situ, thereby restoring its plasticity.

FUNDAMENTALS OF COMPOSITION OF RECLAIMING AGENT

Disregarding the details and minor differences of opinion regarding the chemical
composition of asphalts, it is generally accepted that asphalt consiats of two main
fraclions, asphaltenes (insoluble in pentane) and maltenes (soluble in pentane) , and that
the maltenes consist of subfractions of various oils and resins. The Rostler analysis
(3) determines the following four principal fractions of maltenes: nitrogen bases (N),

first acidaffins (Ar), second acidaffins (A*), and paraffins (P). The influence of maltenes
on the durabiUty of asphalts as cementing agents has been shown to depend on the ratio
of tlte four fraciions oi the maltenes. The para^Eeter (N + Ar) / (P + fu), oqlressive of
the ratio of the more reactive to the less reactive fractions, is a useful guide for pre-

dicting performance of an asphalt as a binder (3)'
The reclaiming agent used in the present woik is an emulsion of maltenes designed

to change the resins,/oils ratio (expressed by the preceding paraneter) in the asphalt
to increase durability. It is a cationic emulsion of specilic properties tailored to
facilitate and aasure the desired incorporation of the added maltenes.

THE CATIONIC OIL-RESIN EMUISION

A number of products could be designed to serve as an asphalt replasticizer. The

reclaiming agent used in tlle work described in this paper is the product "Reclamite"
developed by-tre Golden Bear oil co. Reclamite is described in deta.il in pending
patent applications. The principal general requirements for this type preparation are

a6 follows:

1. Facilitate penetration of the emulsion into the asphalt pavement surface.
2. Effect preferential wetting of the asphalt by the added maltenes.
3. Accelerate penetration of the emulsion into the interstices of the asphalt struc-

ture itself.

TABLE 1

SIGMFICANT PROPERTIES OF RECLAIMING AGENT

Intrinsic properties of maltenes emulgion:
Avg.-parUcte aize, L.4 dilution (p)

Polarity, bY electrophoresis
Stability, in 1:? dilution
Maltenes content (7o)

T}pical properties of maltenes:
Specific gravitY
Viscosity at 90" C (cP)
Flash point' COC ("F)
r,oss oir treiting, 3 tr at 3250 F (70)

1 . 8
Cationic

6 0 +  3

0 . 9 5
25

400
1

lNo irreversible stratificatlon; no coagulation on contact wlth
sea water.
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The essential function of the emulsion after penetration into an asphalt pavement is
to deposit the oil and resin components on the films of aged asphalt without disturbing
the existing structure of the asphalt-aggregate mix with respeCt to adhesion, cohesion
or stability_. subsequently, the deposited oils and resins flux with and replasticize the
aged asphalt and "reclaim" or "rejuvenate" it. The degree of improvement by such
treatment depends on the asphalt's state of embritilement and lhe composition and
quantity of the maltenes comprising the oil-resin blend. proper design oi the reclaim-
ing agent can make the replasticized asphalt more chemically stable t'[an the original
because the added components are more durable and in bettei balance than those
generally encountered in asphalts. Table 1 summarizes the signiricant properties of
the product used.

SELECTION OF EMUISION SYSTEM

_ Laboratory tests were conducted to determine the best manner of adding the re-
claiming material. Ease of handling and application were significant factois in decid-
ing that the product should be in the form of an emulsion, However, the most impor-
tant factor favoring emulsilication was the need for a preparation wirich would penetrate
rapidly into the pores of the asphalt paving, without displacing the asphalt filmi from
the aggregate or destroying the existing structure of the asphilt-aggrlgate mixture.

Table 2 summarizes test results obtained on uniformly prepared laboratory speci-
mens to determine both the rate and depth of penetration of the maltenes applied in
various forms, together with test results on kerosene; MC-?o liquid asphilt, and tap
water for comparative purposes, The specimens were briquets, 2. 5 in. in diameter,.
1.6 in. high, with a 2-in. diameter, 0.318-in. deep reservoir pressed into the top
side. The briquet mixture consisted of g0 parts by weight of 20-30 mesh ottawa sand
(ASTM C-109), 10 parts portland cement and ?.5 parts lsphalt of 4g penetration.
Appendix A is the standard procedure used to blend, mix and mold the briquets.

It is evident (Table 2) that a relatively rapid rate of penetration was obtained with
all forms of emulsion systems, except the asphalt emulsion (grade SS-1, diluted Z:1
with water) which did not penetrate but formed an asphalt skin at the suriace when the
water phase evaporated. when applied directly, without a carrier, the oils and resins
penetrated very slowly over a 24-hr period. However, the oils and resins, when
dissolved in kerosene, also penetrated rapidly.

.The briquets were relatively impervious to plain tap water, but with the wetting
agent added u'ater penetrated readily. The water with wetting agent even penetratid
the treated briquets, but at a much slower rate. This serves as a measure of the
relative effect on pavement permeability of these various treatments. The last column
(Table 2) indicates that all emulsion systems tested are more effective in decreasing
the permeability of an asphalt-aggregate mixture than are the kerosene cutbacks.
Moreover, although the ss-l asphalt emulsion formed a membrane, water still managed
to permeate through.

Figures 1 through 12 show the briquets in ultraviolet light used to determine the
penetration depth o{ the fluorescent oils and resins. The procedure was to split one of
duplicate briquets and measure depth of penetration to the nearest 0.01 in. As is evr-
dent from Table 2, the average depth of penetration for the maltenes in any form of
application was virtually the same. The only anomaly was the anionic emulsion that
ran tlrough the briquet and out the bottom. This was anticipated, however, because of
the repellent nature of the asphalt-coated surfaces to negatively charged particles.

An improvised load-penetration test s'as run on the same type of briquet to evaluate
the effect of the cationic emulsion of maltenes on the cohesiveness of asphalt as com-
pared to other dilution systems and materials. An apparatus applied load to the treated
endo f  t heb r i que t t h rougha l . l 2S - i n .  d i ame te r (1 .0sq in . ) p i s t ona tas t ra i n ra teo f
0.25 in. per min to a total deformation of 0.250 in. The data obtained from this test
are relative but valid for the series of briquets tested. The apparatus and the test a.re
described in Appendix B. Resulting load-deformation diagrams are shown in Figure 13.
A refinement of this test is under development.

To establish reference points, two load-deformation curves are shown for freshly-
mixed briquets made with 7lz percent by weight of 48-penetration and 200- to
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I'igure I. Untreated control.



Figue 2. Cai iorr ic nal tenes enulsiort ,  concentraled'



f igure J. Cationic nalterres emlsi.on, diluted 2:1.



Figue,lr. Cationic naf,tenes 4ulsion, diluted I:1,



Figue 5. Anionic nalieues enulsion, dituted 2:1.



Figure 6. Nonionic ma.f tenes enulsion, di luted 2:1.
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Figue f. Asphalt emulsion (ss-Ih), diluted 2:1.



Figure 8. Aspha-It cutback (Mc-70).



Ptgue 9. l{8lianes vlt}tout crrler.



Figue I0. Kerosene,



, o

Fii',ure U. I'laltenes solut,iotr in kerosene.



Figue 12. Tap waier.



Unlreoted

O-R Emulsion Treoled
O-R Kerosene Treofed

/ - -

,,.T-\-
lift::r:

DEFoRMAT|oN - tNcHEs r to-t
Flgure 1l- Effect of carlonic naltenes ilursion ad nartenes sorut,ion in kerosene on

1o3d-penetration test at vaious agirrgs in infraed oven.
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3fi)-penetration aephalts. AII other curves represent various treatments of a refer-
ence brlquet made with 48-penetration asphalt at various ages. The briquets wire
aged in the infrared oven deacribed elsewhere I, App. trI). The oven is automatically
controlled so that the temperature within the briquets is maintained at 140 F during
the specifled aglng time.

Figure 13 indicates that kerosene as a carrier destroys the cohesiveness of asphalt
binder and tJrat proper cohesion cannot be regained even after 14-day erposure at 140 F
in tlre infrared oven because the kerosene has dislocated the asphalt-cement between
tlre points of aggregate contact. In contrast, the emulsion system for introducing the
maltenea does not displace tlle asphalt bonding the aggregate particles; in all cases,
t}te briquets resist load penetr{ion exceeding that of 200- to 30O-penetration asphalt,
altltough tlte consistency of the binder has been lowered. Figures 1? and 20 show the
difference in behavior.

From similar laboratory studies and from 5 years' field experience in applying
various emulgions to pavements, it has been concluded that the best method for incor-
porating the maltenes into the asphalt, in situ, is in the form of a fine particle, cationic
emulsion as descrlbed. Although a dilution rate of two parts of emulsion concentrate
to one part of water ia generally used to get t}le best combination of penetration rate
and economy, the dilution rate for a particular job should be chosen on the basis of job
conditlons.

LABORATORY EVALUATION OF EFFECTIVENESS

In tlle early stages of development, fractional chemical analysis of asphalt was used
to tie in the effect of various asphalt components to performance of asphalts on the
road (1, g). Thfs was follo$ed by tailor-making asphalts using components from vari-
ous base asphalts. It was found that certain fractions of petroleum oils and resins
could not only be used to restore the original properties to aged asphalts but tlte same
components could alao make the reconstituted asphalt superior to the original asphalt
in aging resistance, Figure 14 shows the improvement made in the aging resistance of
a typical 200- to 30O-penetration asphalt as measured by resistance to abrasion. Fur-
ther la,boratory teats were made to ascertain the effect of o.posure of asphalt-aggregate
mixes to treatment.

F
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Figue llr. Duability of a 2OO- to Joo-perretration asphalt before dtd after
with seLected naltenes fraction (!).
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Importance of Particle Charge

A series of tests was designed. to. dete_rmine the importance of particle charge, as
related to the adhesion characteristics of the asphart-iggregate system. rhe tesi con-
:isj{ of placing 2-g pelrets (made bv mixing lob parts-dttiwa s.nd *d two parts gs-
to loO-penetration asphalt, and agilg ? dayJin the infrared oven at 140 r) into oear<ers
containing 50 ml distilled water and heating the water to the boiling point.' severar
pellets were prepared and tested after treitment with 0.06 g ot thjoil-resio ureno. rrre
ble_nd was applied as a cationic emulsion, as a nonionic emullsion, in .an undiluied form,
and as a solution in kerosene. The stripping effect was evaluated uy orservingihe

\

i ( d )
Figure L5. Effect,oftreatments on stripping resist&rce of sard-asphalt nixture when ex_posed totsater at boil lrrg point: (a) contror, _mtreaied; (b) cationic nartenes erur"ior.i

(c) nonionic naftenes eruLsion; ad (d) nattenes so-Lution iu kerosene.
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anrount of asphalt floating at the water surface and clinging to the beaker walls, as
welt as by noting the area of e><posed aggregate surfaces on the Ottawa sand at the
bottom of the beaker. The contents of the bealrers were then filtered through No. 1
Whatman filters.

Figure 15 shows that most of the asphalt was stripped off the sand grains in the un-
treated control pellet and all of the treated pellets, except the one treated with the
cationic emulsion of the maltenes. Although little stripping was noted in the cationic
sample, that which occurred carrre from asphalt at the bottom of the pellet where the
treatment did not reach'

Fragments of the treated pellets were q<amined under a microecope to observe the

effect ol the treatment ard aging procedure on the asphalt cementing the sutd grains

in the pellets. Figures 16 to 20 are photomicrographs of the epeclmens. The control
(Fig. 16) shows the type of bond prevaiDng ln such mlxes alter aglng. Improvement in
the bonding accomplished by the cationic emulsilicatlon system, which causes the mal-
tenes to wet preferentiaUy the asphalt portion of the asphalt-sand mlxture, is ehonn in
Figure 1?.

Figure 18 shoqrs t]rat the nonionic emulaion syatem does little to lncrease the bond
becaule there is no preferintial wetting of the asphalt portion. The straight aDplication
of tJte oils and resins resulted in droplets of uncomblned oil-resin material becoming
attached to the sand grains (Fig. fg). With kerosene as a cerrier for the oil-resin
(Fig, 20), the asphaltfilms washed from the sand grains atld accumulated ln the voids
bet\rreen them, resulting ln loss of bond at the polnts of contact.

Effect on Asphalt Dulability

Anotler laboratory lnveetigation rraa designed to ascertein the effect of the addttion
of tl|e maltenes on asphalt durability and to gain some tn8ight as to the lengtl of time
required for the oils and resins to mix completely with the esphalt. - Abrasion teet
peliets were prepared ln accordance with thL proiedure glven glsewhere-q' Ap-p. tr)'
irsing a 48-penetratlon asphalt and 20- to 3o-mesh ottawa sand. A 8et of 4 pellets was

thenlreated with the oll-resin blend ln each of the several forme under Btudy. TVo
pellets were then aged ln the infrared eabinet for 2rl hr and the other two pellets for ?

days, Afterwards, the aged pellets were subiected to an abrasion test by tumbllng

th6m tn a,l6-oz Fiench square bottle for 500 revolutions accordlng to a procedure

Pigure 16. PhotanicrogrsPh before strlPPlng testofuntreated s&d-sPhalt nix (se Pig.
L > a ) .



Figure 17. Photonicrograph tefore strippimg tesL of catiouic naLteues enulsion treated
sstd-asphalt nix (see Flg. 15b).

Ftgue 18. Photonicrograph before airipping test of nonionic.naltenes enu].slon treated
sard-asphalt nix (see F!g. I5c).



Figure 1,9. Photonlcrograph before stripping tesi of sed-asphalt nix treated directly
wlth mal.tenes rlthout a csrier.

Figtre 20. Photmicrograph before stripplng te8t of sand-aEphalt mix treated with nal-
tenes solution in kerosene (see Ftg. 15d).
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descrlbed elsewhere (?, Ann. D. Tabt 3
aummarizeg t}te resulfs. The selected
blend ol resins and oils eifects an im-
provement in abrasion resistance irre-
spectiveofhow it ls carried to t}te as-
phalt. Again, the oil-resin emulsion
rrith the cationic emuleilier thows the
beet long-term improvement in abrasion
fesistance.

Ae the second pa.rt of this invgstiga-
tlon, 8 sand-asphalt briquets, 2 I in.
ln dlsneter and 1. 6 rn. htgh (wtth the 2-
ln. diameter, 0, 318-in. deep reservoir
at the top) sere molded uslng 48-penetra-
Hon asphalt in accordance with the pro-
cedure given ln Appendix A. All bri-
quets vere then weathered for ? days in
the irdrared wen at 140 F.

Figue 21.

TABLE 3

PELLET ABRASION TEST

Tleatment

Abrasion
lossr (70)

24-Hr ?-Day
Aging Aging

Untreated control
Oil-resin emulsion:

Cationic
Nonionic
Anionic

27 34

t7  13
18 l9
20 2l

lAvera€e of duplicate specinens.

After cooling to room temPerlture,
one specirnen waa tested for load-pene-
tratlon reslstance as descrlbed tn-Appendix B. Ttre remalnlng seven wer€ then treated

by pouring lnto th€ reservolr 10 ml of a dilution of two parts catio_nie oll-resin emul-

eion, asd-one part weter. The seven speclmene were again ,placed ln the lnfrared overi

at 1iO F and w-lthdrawn one at a time at 3-hr, 8-hr, l-day, 2-dzy, 4-dty, ?-day arrd

i4-day weatherlng intervale. After cooling to room temperature' each briqu€t was

testedfor penetritlon resistance in the same manner as the untreated control specimen'

Figure 21 ptots trre maximum resistance to penetration of the briquets vs interval of

weatlering after treatrrent.
At leasi 20-hr. ocposure in the inlrared weathering oven at 140 F was ne€ded in this

case for the full effect of the cationic emulsion treatment to take place. ln terms of

field conditions, this would be roughly equivalent to a two-month period under avefage

veatbering coodttions for the year. Accordingly, the time interval should be con-

eiderabtyiess during the hot summer months (1 to 3 days) and somewhat longer in the

400
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wlnter. Generally, it would be deslrable to apply the emulelon when pavement temper-

"tJJir"."a" 
g0 { even though the amblent tlmperature mtght be as low es 50 F.

OT'TLINE OF USES

Althoughtheprimaryfunctlonofthecationicmalteneehulsionistocombinev' i th
*J*""oo'Jitote'aeed a;phalt, thereby restoring its plastlclty'.]t 

""tt.1:."'::1 
in

depth" because after penetration it combines witb and expands the asphalt' vermea-

;mt 
"f 

flr; p.u.menf to both air and water is reduced. 
'In some lnstancea, vrhere

f"iii"r.l-"fr"l*"ge cracks fraa afreaA' developed, the treatment actually reversed the

;ilittk"g;;;;";s a:rd closed the ciacks. Moreover, when placed betwee-n successive

6;;;-&h;ii pavement, it provides an excellent bond by promoting a lusing of the

asphalt at the lnterface.--iil;;; 
its abiuty tq act as an asphalt replasticizer,. a seal 1n depth, and a bond-

ing agent, the oil-reain 
"-of"ion 

can Ue usea ott aU types'of agehalj ry:{ 
surfaces not

"fiv-i" 
ii"**ive and corrective maintenance but also in construction and reconetruc-

Hon operations,

Preventive Maintenance

In preventive maintenancer the-emulsion is applied to a structurally-8ound asphalt

oavement a^6 soon as it begi# to show signs of ag;ing or brittleness throughthe aymp-

ff;;;ffi"""t,'.*i;.""piati"g, ravelirig or strint<age cracking' Generauy-'.these

i""iiui,*tit"r6p in a 2- to rolir perio-cl alter consfruction, dependln-g on.euch

factora a6 mix design, asphatt ditrability, pavement permeability and climatlc condi-

tions. T.he object is to peneirate ttre aspiratt pavement and replasticize the asphalt

tUo.L aeie"ioration of 0re pavement has progressed too far (O'

Because asphalt paveme-niJ *""trtu" rromitre surface dowrlward and it has-been

foorra tfr"i ne i"".irliutf oittre pavement usually increases vlth age' it follo$/s that

a spray treatment ia, in a seose, sef-regulating' The process of causing it to pene-

L"i"lirto tfr" surface is, ttre-reto're, quitJsimpl- as the desired treatment conaists

!""""iiiiirv in apptying ti,"t qt."tity 
"i 

materiil, as determined by test' which will be

absorbed by the pavement.
Exceptlons to the self-regulating princiPle. are asphalt pavement8 that have recelved

.aurface treatments or seale"which 
-wirf 

intriUit penetration 
-and 

pavementB that have de-

;;64;;;E€; tron trigh-i;neitv tranic and greaee dripplngs'. lP."u:h cas.,e€' re-

rroval of thls seal ts generally required to pernit penetratlon' but thlB la no longer a

preventive maintenance measure (?).

Corrective Maintenance

In correctlve malntenance, the oll-resin emulsion i8 used sith other -procedurea to

improve a structurally 
"ouni'"tprt"ft 

p*ement that ts already extensively pitted or

i-Jiv ii""tja. usuatty or;;,ff;;;drst be scraped or loosened and the loose materl-

.f 
"-i""i"A 

-a recomp;ct; or discarded. It may aleo be deelrable to incotporete a

new mixture of sand. anrt d;it i;the ioosenea iurface to provide_ a proper balrnce of

;;";g#;;phart. r ifre existing sur]ace..requhes a cLip eeal or a slurrv seal'

;';; a urtn asphatt 
"on"""t" 

ou""riy, the oil-rlein emulsion can be used aa a sprey

;;";;; 6;;i"1" tn" oro edace ;i io provrde a teck coat silnultaneouslv' '
The procedure to be used ln correctivJnalntenance .9:p"f9:^ ":-tl: 

partlc.ular 6ltua-

tion vhich determines *rt"i 
"q;ip.""i 

and techniques will prove most effective' In

general, combinations or h;;;;:;[;int, bhding; scarlfyihg' mrdng and rolling mev

6e oseA, with the emulsion added at the most appropriate tlme'

Reconstruction

In reconstruction, the product may be used as a prime to replasticlze existlng

*pf,"it:p."d 
"".i"J"" 

U&o"" a resurfacing operation or as ar'.aid in bred<ing up and

reworking an old, weathe"J 
"tpftJr 

p."ing'white simultaneously replasticizing the

*pfr"ii-iitfr. rnii. ln the latter case, thelreatment may be sulfieiently effective to

mahe the mix reusable as a surfacing'
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Ndw Construction
In new construction, the object of the treatment is to insure plasticity and improve

the durability characteristics of the freshly-placed mix, while providing a construction
seal to reduce permea,bility. This treatment applied aJter the asphalt paving has been
spread and compacted serves two purposes: (a) it penetrates the surface and combines
with the asphalt to restore the durability lost in the mixing cycle at the hot plant; and
(b) ft combines with the asphalt and causes the asphalt to expand and block the pores of
the pavement, thereby sealing the pavement to the depth of penetration (Fig. 22).

A light spray of the oil-resin emulsion between lilts of asphalt during construction
also serves as an excellent tack coat, By fusing with tie asphalt on both sides of the
interface, a positive joining of asphali. layers is developed.

APPLICATION QUANTITIES AND METHODS

The simplest nethod of bringing together the oil-resin blend and the aged asphalt is
by spraying a predetermined quantity on the pavement surface and allowing it to soak
in. This procedure is always effective in preventive maintenance, in new construction
seals, and in priming and tack coating operations. Conventional asphalt spreader
trucks may be used but they must be free of leaks and well caiibrated to give a measured
and uniJorm spread.

In the case oI preventive maintenance and prime coating, the rate of spread is de-
termined by the "grease ring" permeability test procedure (Fig. 23) described in Ap-
pendix C, using the criterion that the minimum spread rate is tlat quantity which soahs
into tlle pavement in a 15-min period. In ne\r' construction seals, a spread rate of 0.2
is generally used for a 2-in. lift or more, and about 0.05 gat per sq yd is used in tack
coating.

Flgure 22. Asphalt secblou Lreated sith cationtc nal-terres enu-Lsj.orr as cor(stnction seal:
after ralnstorn treated seci,ion clrled quickly (background)i untreaLed portlon retairts

rater in pores (foreground).



Figure 23. ilOrease ringfi perneability test.

Figure 2L. Spraying cationic naltenes enulsion in
r r 6 r r u r J  J d t r q E s .

preventive nalntenilce; rlght lse
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It has been found that all nevly-laid asphalt paving and the majority of weathered
asphalt pavements are sufficiently permeable to respond to this simple spray-and-
penetrate approach, provided a seal coat has not been applied.

If the pavement has had a so-ealled "fog" seal of asphalt emulsion or RC cutback,
tlere is usually no difficulty in getting penetration, as this type of seal weathers rapid-
ly and wears off in a short time. However, the fog seal does present a problem calling
for speclal precautions as lts weathered remnants will combine with and hold a certain
anount of oil-resin residue at the surface - calsing a slippery condition. In such in-
stances, a light sanding is necessary (about 1 to 2 lb of fine, dry sand per sq yd) before
tralfic can be allowed on the pavement. In no case, however, should this sanding be
done before the emulsion has had at least 15 min (preferably 45 min) to penetrate.

The sanding procedure is also appropriale when it is diJficult to control traffic
speed or q/hen traffic must use the treated surface before complete penetration. It
should be used on all areas where grease drippings have accumulated, such as at inter-
sections, steep up-grades or sharp turns. Where light sanding is required over the
entire area and when time is of the essence, sanding should begin from 15 to 45 min
alter the oil-resin emulsion is applied and follow the path of the application at the same
sp€ed (rig. 24). The sand must be dry and gritty.

Where chip seals and slurry seals have been applied, penetration is often not possi-

ble in a reasonable time period unless the seals have largely worn away or are burned
or otherwise removed by a heater-planer or similar operation. However, sometimes
it is desirable to treat a chip seal, itself, in order to reiuvenate its asphalt. This is

not only possible but readily accomplished, provided the rates of spread are predicated

on exigting conditions. Slurry seals as a rule do not respond well to treatment, par-

ticularty lf they are extremely dense. Moreover, slurry seals are often overly rich

in asphalt and present a skidding hazard when treated.
Where the maltenes emulsion is used in reconstruction as an aid in breaking up an

existing pavement so that it can be reworked, respread and recompacted, a successful
procedure (Tulare County, Calif., 1961-62) was to shoot the road mix, one lane at a
time, with 0. 1 gal per 

'sq 
yd of a 2:l dilution of the emuls-ion and water a f ew days be-

tore discing. fire oit-""sin blend replasticized the hard %-in. thick crust on the old

road mix enough to speed up the discing and t6 facilitate break-up of the fragments of
crust into aworkable Bixture, free of dry balls of material, by simple blade mixing.
Over 100 lane-miles of road mix were reconstiucted in this fashion with considerable
savings in ti.Ee, la,bor and e{uipment. The work crew was able to cover about twice
the area ln a given period of time and t}re discs required sharpening Iess frequently.
The ftnighed pavement was superior in serviceability, appearance, and Smoothness as

there were no hard lumps of unbroken material protruding frotn the surfac'e'

EVALUATION OF FIEI,D TEST SECTIONS

Many field test sections are under observation to ascertain both the short- and long-
range afects of various methods of treatments using this particular emulsion. Pro-

vtsibns vere made for comparisons of treated and untreated areas subiected to the

sa.me loading and weatherin.g conditions.
In exaBining and evaluating these test nreas, the important consideretion is to

judge the relative overall pefformance of the treated vs untreated pavement' rather

itran to rely solely on visual appearanie. Evidence of changes in surface texture, or

cracking, or other eigns of embrittlement should be sought and verilied by digging in-

to the pivenent to compare effects beneath the surface. Actual field measurements
of relitive paveEent permeability and la,boratory test data on asphalts recovered from

core8 taken from field test sections can provide the relative numbers for a true assess-

ment,
The most notable. example of preventive maintenance is a test section on a taxiway

at Edward8 Air Force Base, calif. In June 1959, the asphalt concrete paving was be-

etnning to show eigns of surface pitting but no ahrinkage cracks had developed' Spread

i"tee or 0.15 and O.SO gar per 6q yd of a four part emulsion to one part water dilution

were applied on bth ends of an untreated control section.
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In the last 3r/zleats, the surface of the untreated control section hari pitted seyere-
ly, the asphalt has been stripped from the aggregate at the surface and Iarge shrinkage
cracks have gradually developed and expanded. A recent survey found that the sides
of the shrinkage cracks are breaking off and spalling badly because of extreme britile-
ness. These cracks meander over to the boundary of the treated area and gradually
fade out (Fig. 25). To date, no cracking has started in the treated test areas.

Preventive maintenance test areas are also located on the asphalt concrete apron
at Meadows Field (the Bakersfield alrpoi't), on the asphalt concrete resurfacing of the
White Wolf Grade section of the California State Highway System east of Arvin (Fig.
26), on some asphalt concrete paved shoulders of highway US 99 just north of lodi, on
a road mix on Kern County's Comanche Road just north of US 466 (Fig. 27), and many
other locations representing various types of asphalt surfaces.

Ttere are also several test sections employing thd cationic maltenes emulsion as
a construction seal, including Kern County's Panama Lane project,

Lodi Test Section

In ,A*rgust 1961, the 8-ft wide asphalt concrete outer shoulder of US 99 north of lodi
was treated wttl the emulsion. The emulsion concentiate, as delivered to the jobsite,
was diluted 2:1 with water and applted with a conventional asphalt distributor. Rates
oI spread of 0. 06 and 0. 14 gal per sq yd and an excesg qudurtity (approxtmately 0.25)
were used for this test. For comparison, a section of the shoulder was sprayed with
0.1 gal per sq yd of a conventional asphalt emulsion (SS-1), diluted in the proportion
of 60 percent emulsion ard 40 perced water.

It was apparent that the diluted oil-resln emulsion penetrated into the five-year-old
pavement quite readily - complete penetration within 5 to 20 min depending on the rate
of spread, Because the pavement had not previously been sealed and there were no

Figure 25. T*iwqy at Edwads A-t'B viewed from treated aea towryd unireated control
sect ion.



Flgure 26. Ithlt€ Wo1f Grade sectton six nonths al'ter treatnentr treated l-aesirrba,
growd; untreated laes in foreground.

trlgtae 2?. lfoatlF lng of road nlx rcre rlpld t'hal for asphalt concrete ecountlng
ootrest ln aurfacc t xture nlne rentho aft r apPltcrtlont tr€at€d lane, righti

troetGd Ispr lcft.
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TEST

TABLE 4

RESULTS ON RECOVERED ASPHALIS FROM CORES.
LODI SHOULDERfI PROJECT, US 99

(Aee: 2 Months)

Viscosity of Recovered Asphalt, Megapoises
Depth of

Slice
(in. ) Untreated

Cationic Maltenes Emulsionl

0.06 Gsy 0.11 Gsy 0.25 Gsyz

Asphalt Emulsionr
SS-lh,  0.1 Gsy

o - 1 "
l"- T"
| - tt/,
ll"- tlh

0.35  (143)
11.4  (2e)
10. 5__(31)

45 (15)
16 (24)
15 (25)

Note: nunbers ln parentheses ae penetratlon values of asphatts obtalned frm
conversion chat-

rDlluted 2:1.
3lpproxinate.

accumulations of grease drlpplngs, no sanding was required. On the other hand, the
asphalt emulsion did not penetrate and sandlng was required for safety ard to prevent
pick-up of the asphalt by trafftc.

ftvo months.qfter appllcation, cores were taken from the varioua aecttons and cut
horizontelly ath-In. lntervals. Vlscosities of the aephalt recoveredfrom each slice
rrere then determined uslng the slidtng plate microviscometer (Table 4). Figure 28
shows the asphalt p€netration values as the ordlnate instead of vlscosity aa penetration
velue le a more fa.mllia.r term to highway engineers.

A qtgnificant cbange in asphalt vtscosity took place in the pavement tg a depth of at
least ' /z tn. ,  wi thapo8eibleef fectof  theaddedmaltenestoadepthof  1%in.  for the
heavler treatments (Fig. 28). Inasmuch as these results were obtained relatively soon
after applicatton, it ls possible that the oil-resin blend had not had suffictent time to
reach a state of equlllbrium in depth with the asphalt.

It iB also epparent (Table 4 and Ftg. 28) th4t the asphalt emulsion treatment haa not
influenced the eged asphalt wtthin the pavement ln any way. Even the vlscosity of the
asphalt recovered from the top elice of the core, whtch includes the asphalt aeal, wag
not stgrdflcantly gFeater than the vlscoBity prlor to treatment. ltis indlcates that an
aspbalt emulslon fog seal should not be congidered as a pavement reJuvenator but as a
surface dresslng.

Meadorrs tr'ield Teat Sectlon

In July 1900, a cationlc malteneg emulalon test sectlon wac placed on the asphalt
concrete Ught-plane parkirg area at Meadows Fteld (tle Kern County Airport). Two
230-ft long, 8-ft wtde parallel strips qrere treated with a 1:1 diluuon at rates of spread
of0.11 andO.22galpersqyd.  Becausethlswasoneofthef i rst testeect ionsplaced
on a cottrmerclally-uaed area, the treatment was deliberately kept on the light side as
a precautionary meagure, Howerrer, penetration was rapid and complete; within 10 min
ell of the diluted emulslon had p€netrated and the area was ready for traffic.

The water permeability test, Calif. Test Method 34f-A, (8) was run 24 hr later
and results averaged 20 ml per min on the untreated area anil10 ml per min on both
treated eectlons. A value of 10 ml per min indicates that the pavement is impervious
to water.

The original four-year-old pavement was dry in appearance at t}te surface and be-
ginning to ravel sllghtly. Shrinkage cracks were beginning to form in the characteristic
progressive, right-angled pattern. In October, it was observed that the shrinkage

86 (12)
2r (2r)
le (22)

7 (36)
1e (22)
r5_(25)

0. 2 (185)
6 .3  (38)
I (34)

1r (2e)
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cracks had closed completely in the two

treated strips but still remained in the

surrounding untreated areas. Figure 29

shows the tist area in October 1960 with
the two parallel strips with all shrinkage
cracks in the vicinity outlined with white
chalk. The shrink€e cracks in the nar-

row strip between the two test sections
did not close. Figure 30 shows one of the

characteristic shrinkage cracks between

the tn'o test strips.
As an immediate result of this obser-

vation, a full-scale treatment of the en-

tire light-plane parking apron with the

emulsion was carried out.in October 1960,

encept for a 30- by 50-ft siection retained

undiiturbed for a long-term study. A

snread of 0.20 gal per sq yd of a 2:1 dilu-

tion was used, a somewhat heavier treat-

ment than the heaviest treatment of the

two test strips' inasmuch as the lower
dilution with water provides more oils and

reeins at the same rate of spread' This

increaae was made because other proiects

had tndicated that the original applications

were on the conservatlve aide.
In July 1962, two 6-in. dlameter cores

were taken lrom each of the two test

striDs and frorr the adiacent untreated

a"ei. Table 5 gtves the results of vari-

ous la,boratory tegts. The maltenes emul-

sion treatment va8 most effectlve in

::
I
I
I

o

1

2
9
F

G

a

lo

a

n l
o € P n n P V E t E t T  -

Ftsure 28. Chsge in asPhalt Pene'"r8
value with depthlopavenent, Lodl Shou

Proiect.

Unlracbd conlrcl

Aloioll amulrion, O.lO glt

Oll-oin thultlon. 0,06 grt

OlFnrin rnultiil. O.l4 grt

Oil-ntin anuldon. fic*r lO'25 grrl

tta
txcHES

Figure 29. lieadms Field Test Section fou nonths afler treaLnerrt: abserLce of shr

age crackingtntreated ott";-"tt"lt outlines cracking still existing tn suroundine

treatec aria and in urrtreated area betuee! passea'
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Figure 30. Shrinkage crack beineen the tro test strfps (Ftg. 2!).

TABLE 5

TEST RESULIS ON RECOVERSD ASPIIALT FROM
MEADOIT'S FIEID CORES

(AgB: 2 Yeare)

Determination

MF-ql-Resln Emulslotr

MF-Untreated Treated

0. 11 csy 0.22 Gey

IttiddleTop Top Midle Top Mtddle

Asohalt contentr
i%as. wt.)

Vlscosity (megapolses)
Penetra0on calue (0. 1 mm)
Chemical comDoaitionl

(% by vt.)i
Asphaltenes
Nitrogen baaes
Firet acidaffing
Second acidaffins
Paraffing

Pellet abrasion tegt (% beg in wt.):
As recovered
Aged

Ittalteneg dlntrihr[on ratlo!

{ . 9  5 . 0  5 . 0
24.5 2.7 A2.O
20 56 22

2L.9 24.9 22.8
34.6  28 .1  34 .  ?
t2.7 10.4 11.9
16.  ?  10 .9  10 .2
14.1  16 .  ?  14 .4

4 2 1 1 2
8 8 4 9 0
r . 5 4  1 . 0 5  L . 5 2

3 . 8
3 ? . 3
t7

25.8
3 1 . 9
10.2
18.3
1 3 . 8

6{
100

1.  31

27
12
1 . 5 4

1 . 4  5 . 2
14.3  14 .0
26 26

8
39'
1 . 2 0

20.6 25.5
35.3  29 .7
12.8 10.9
11.2 18. ?
14.1 13.2

rBJr Sdlt].et qtretion.
sRostler rethod.

" ( N  *  \ r / ( p ,  \ ) .
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increasing and holding the asphalt content in the top portion of the pavement at a I
of about 5 percent, while the asphalt content in the surface of the untreated pavem
has dropped 3.8 percent indicating that disintegration can be expected to occur ra

After a 2-yr period in the severe weathering conditions of the southern San Joa
Valley, the treatment still shows a beneficial effect as evidenced by the lower vis
and higher penetration values of the asphalt from the top sections of the treated c(
compared to the untreated cores. Even the relatively light treatment of 0,11 gal
sq yd of 1:1 dilution has improved the asphalt in the top portion of the treated pavr
over that in the middle section.

It appears, however, that neither of the test sections had enough material appl
to penetrate into and in any rtay irfluence the properties of the asphalt in the midd
slice. This is substantiated by the essentially constant chemical composition of tl
three middle sections, particularly the paralfins content, and the maltenes distrit
ratio. Definite effect of treatment, however, is shown by the change in chemical
position of the top sections of the three cores where a general increase in the perr
ages of second acidaffins and paralfins is apparent, and the maltenes distribution
is successively decreased from 1.31 to 1.20 to 1.05 by the treatments with 0.11 e
0,22 gal per sq yd, respectively.

The signilicance of the maltenes distribution factor as a measure of asphalt dul
bility is shown in Figure 31 Q) whictt is based on abrasion test data on over 100 si
ples of 85- to l00-penetration grade asphalts vs their maltenes distribution factor
(N + Ar)/(P + Az). Rostler and White (3) have shown that a maltenes distribution
factor of less than 1.14 characterizes an asphalt of excellent durability as measur
by abrasion resistance.

Recovered asphalts from the Meadows Field cores were also subjected to the p
abrasion test to ascertain what effect the treatment had on asphalt durability, Tht
values, also given in Table 5, indicate the improvement of the treated asphalt in r
sisting further aging.

Panama Lane Test Project

On May 1, 1961, a cationic maltenes emulsion treatment was applied on 600 ft r
freshly-spread asphalt concrete placed between Stations 118+00 and 124+00 on the
westbound lane of Panama Lane in Kern County. The asphalt concrete specified c

r . ! ' . r t t  r , . t i , .u i ,o "  ' ^ . ' . .  #+

Figue 31. variation !n reaistmce to abrmion yith chage in naltenes distribul
facior for l0l sphalts (afier Rostler ad llhite).



TABI,E 6

PHISICAL AND MECUAMCAL PROPERTIES OF ASPHALT MTXTI'RE
PANAMA LAiIiE]RoJE.i 
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llt . Sta. 8t .
l lo tm r22 

a'E'ffi in in Avs'

Surlace C@rae

DeterDiBtio Untreated Otl-Reah Emulsio Deated (0.1 gry)

&rlt speciftc gnvit/
HreeE stablloEeter' Ehte
Coheslo@tarr Bhe
ErtBcted uphalt cdtent

(70 vr. egg.)
Aggregate gBd.tlo

(%pssitrg siere):

No. {
No. I
No.30
No.200

2.29  2 .28  2 .n
33 33 34

155 ll5 l, l4

5 .6  5 .  5  4 .7

2 .28
33

138

5 . 3

2 .25  2 .N 2 .29
33 30 30

l3,t 123 126

2.25
3 l

t28

5 . 85 .9 6 . 0 5 . 5

rfl) 100 t00 100 t00 lm 100 too
1r ?0 58 66 ?l 74 05 7r
56 57 a5 53 58 6:1 54 53
{5 41 3? ,t3 i8 50 la 17
2 1 2 t 8 1 ? 2 1 2 2 ? o 2 1
, f 3 4 4 { 3 8 t

this project consisted of a %-in. medium grading type A aggregate comblned vith E. O
percent 85- to 1O0-penetration grade asphalt, with aU materials ahd proceduree meet-
ing the requirements of section 39 of caufornia s-tandard specificattons. Total thick-
ness of asphalt.concrete was 3 in,, placed tn trro 1 %-tn. Utts.

The first 1'lr-in. lift was spread and compacted in the uaral manner, except that
three complete coveragea with a 25-ton pneumatic-tired roller were used in lieu df the
rubber-tired rolling called for ln section 39, as thls rpaa also an e-reerlmental rolling
project. While the mechanical spreader vas placing the second I %-in. Ift, a dis-
tributor truck applied 0.1 gal per sq yd of a 4:1 dilution of the errulsion to the first
lift about 200 to 800 ft ahead of the mechanical Bpreader. Penetrailon into the first
lilt was complete in 2 to 5 min.

The second lilt was placed over the treated first lift. While the mix waa still hor
(255 F), an additional 0. 1 gal per sq yd of a 4:1 dilution wae then applied by offset
spreading after laydown and before the breakdown paas of a 12-ton steel wheel roller.
The material soaked into the semi-compacted mix in less than 30 sec. Folloqring
breakdown, tltlee passes were made with the 29-ton pneumatic roller with final raolung
accomplished with a 10-ton steel-tired tandem roller.

TASI.E ?
1EST Nlt|uLTS ON RECOVBRED .ASPAALTS FROrf PANIIII

LANE 1IST PRO'ECT

DetlrDlEtl@ 
untreated

Ste. 124 + 50

$dace Cus.l4rel Cq!!e

Oil-nrsin ENlslor
Treated

sta. lzii + 50
8ta. Itta. gt .
tlg r20 t22 ^o. iS' ffi in Aw.

Penetretlon
Sdtedng polnt

t13 08 ?0 611 6? 0l 100 123 t05
ll0 115 lla l l? u5 l lr l l0 106 109

56
120

Sufea C@re

Aahaltenes (t by d. )
tltrogen bses (t by {t.)
Flrlt ectddfins (, by d.)
Second etdeftins (t by rt.)
Pa.tftns (t by d.)

xd%nes dist. ratlo, (I . 
\ )/(p { 

\ )

Unt .at d

37.9
1 2 , 8

L2,2

r. td

trcabd

r3.8
23.)
12.8

l.ro
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Samples of treated and untreated
portions of this newly-constructed
asphalt pavement were subjected to
laboratory analysis. Table 6 summa-
rizes the physical ard mechanical
properties of the surface course. The
physical and mechanical properties
of the asphalt concrete on the Panama
l,ane project were little a,ffected by the
additjon of 0. 1 gal per sq yd of the emul-
sion. The most noticeable eflect u/as
an increase in average asphalt con-
tent  f rom 5.3 to 5.8 percent .  The
small differences in bulk specific
gravity, stabilometer value, and co-
hesiometer value were v/ell within
the limits of reproducibility of the
samples and the test procedures.
Similar tests were not run on the as-
phalt concrete samples from the lev-
el course, because it was eripected
that the results would have followed
tlte same pattern. Table ? gives the
reaults of testa on the asphalts re-
covered from the samples used to
obtain the data in Table 6, together
with recovered asphalts from a treat-
ed and untreated sanple of level
course material. The changes in
properties of the asphalts vrere quite
significant, Treatment v/ith the emul-
6ion increa8ed the average penetration
value of the asphalt by at least 38
points and lonrered its average soften-
ing point by at lea6t 6 F. Inasmuch as
tlle origlnal asphalt introduced at tlte
pugmill was of gxade 85 to 100, it is
apparent tlnt the treatment of 0.1 gal
per sq yd waa more tllan sufficient
to reetore the penetration points lost
during tlte hot-mix cycle in tlte asphalt
plant.

To verify results (Table ?) and ob-
tain some indication of effect of treat-
nent with depth, cores were taken one
month later from the Panama Lane
proiect in treated and untreated areas
and t}e asphalt recovered. Table 8
gives the vi8cosity values, using tJle
sliding plate Eicroviscometer, deter-
mined on small samples of asphalt
tahen from the top, middle and bot-
tom of each lift. Comesponding as-
phalt penetration values obtained from
a conversion chart are also glven.

The top portio.ns of both the level and
surface couraes were significantly
altered by the treatment vrith the
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TABLE 9

AIR AND WATEN PENMEABILITY RESULTS, PANAXA
IJ$TE PNO'ECT, WESItsOUITD L.ANE

Strtton

Water Petmeability
(nVnin)

Air Perme.bility for 4-In. Area
(mVntn rt % h. v)

owT WT ryT IWTtwT WT

(a) Control sectlon

121 + 50
125 + fl)

+ 5r0
120 + 00

+ 5 0
l?l + 00

+f l )
128 + (X)

+ f l )
129 + (X)

+ 5 0
130 + 0O

AW.
Totel Avg.

::

100

1;

65

;;

t::

105

:_'1
100

: :
153

(r04

011

628

':i
628

6;;

1:
584

: :
t'T:

1,683

: :
l ,o?,

(69r)

i,_,
565

";

iio
421

55

77

{0

flt
6t

(b) CeUoUc Xeltcnes Bmulalon Tcet Slctlon

118 + (X)
+ f l )
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+ f l )
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+ 5 0

121 + 00
+ 5 0

122 +(X)
+ f l )

18t + 00
+ 5 0

12{ + lX}
Avg.

Totaf Arlg.

I
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00

;;
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502

27;
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3 l l

ti
20s
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126

: :'19
60
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t0?4;;

(280)

40
3?

Not s: Rolllng conslsted of brcdrdanr rlth 12-toh tsnd.n and 3 coycrag3r rltb 25-ton
pnauatlc folloncd ylth E-ton st cl tstd€D. OLT - outer yhsl craki fft . be-
tfl!"n rhEl trsksi IfT . fum€r yhe€l taack.
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oil-resin blend, whereas the middle and bottom portions were much less affectecl.
Nevertheless, making allowances for variations in sampling and testing, the dat?
cate that the effects of the application are evident throughout the clepth of the core

Another phase of the Panama Lane test project was to ascertain the effect of th
emulsion on the permeability io both air and water of the newly-compacted asphall
pavements. Table I gives air and water permeability results from tests cond-ucte
the pavement immediately after final compaction. AII water permeability tests wl
run on the surface course using calif. Test Method 341-A; the air permeability te
method was that developed by the California Research Corporationlg).

The test section has had its water permeability reduced to about 53 percent of I
untreated control section. The air permeability has been reduced to about 40 perr
of the untreated control section. This is an important featur.e of the oil-resin emt
sion treatment, particularly when the compaction effort required to reduce the per
bility to a similar degree is considered. Moreover, thedecrease in permeability
achieved in a finite depth of the pavement, and not by a skin coating w-hich could rr
be worn away by weather and traffic.

Evaluation of Skid Resistance

one of the problems associated with the application of any liquid material on a
roadway is the question of its eff ect on the pavement's skid-resistant qualities. B
cause of the oily nature of the residue ajter evaporation of water, a hazard to trail
will exist under the following conditions:

l. If the emulsion is not fully absorbed by the pavement, due to excessive appU
tion, and remains at the surface;

2. If there is complete penetration of the emulsion but the oil-resin component
can combine with accumulated grease drippings or remnants of previous asphalt sr
at the surface: or

.3: tr exposed aggregate particles are smoothly polished and, therefore, easily
Iubricated.

In such cases, light sanding (1 to 2 lb per sq yd) with a dry and gritty material cor
rects the condition. However, _such sanding should be delayed as tong as possible,
prefera'bly a period of at least 45 min so that the ernulsion has enougli tim-e to ente;
the pore8 of the pavement. r slick spots are localized, sanding should be confine<
to the specific areas. Problems are most likely to occur at intersections, sharp t
and steep up-grades.

Table 10 gives coefficients of friction for two areas eubjected to the emulsion tr
ment as compared to tlre same untreated surfaces, compleie penetration occuned

TABLE IO

AIqD REStr'TANCE MEASI'REMENTS S'I1I{ CAIIFORNIA StqD TESTER

Cet iclent ot Frlcud

Ircrtld ud lhb Sectlon rreathent 
"?ff:,* Dry Wett t B r { H r

Bes Xdntalr 8lvd. ,
&ly lt-la, lt6o

lrcrdd! Flald,
Jult li, lgE)

R-t 0.00 gry O-R R€6ldE rt
th.  165 + 50 eEul. ,  a: l  &d.c.

n-2 0.08 gly O-R Rertdrr .t
str. 103 + 60 eeul., 2:l sdrcc

R-S 0.0? gsy O-R Re6l&e.a
Sb. 221 + 50 ebul., l:l srtacc

Conlrol Noe
I 0.11 83y O-R Completc ln

e m u l . ,  l : l  3  b h
U 0,22 gry O-R Complerc h

emul. ,  l : l  S Eln

0. al

0. . t t

0. 32

0.3a

0 . 3 2

0. 30

0 . 2 8

0. 28

0 . 2 8

o -n

0 . 2 8
o. a3
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one inst:uree, but a residue remained in the other because of ttre relative impervious-
ness of the asphalt concrete. A loss in frictional resistance reaults when Snetration
is not complete. Although sufficient frictional reaistance remaina for trafiic to negoti-
atethe area, _the travelinggrbuc generally cannot be expected to respond properly-to.
such a condition particularly at high rates of speed. Therefore, sanding ii ricommend-
ed as a precautionary measure,

Where penetration of the emulsion is complete, the coefficient of friction remains
|igh and no sanding is required, altlough it is recommended at intersectione and sharp
turns as a precautionary meagure.

For areas that can be restricted to traffic for long periods of time; it is beneflcial
to allow t}re treatment to soak in without any sanding.

CONCLUSIOTiF

on tbe basis of the information and data presented, together with the experience
gained over the past three years of application under many and varled conditions, the
following conclusions a,re made:

l. The principle of rejuvenatlng aged asphalts, in situ, with a selected combtnailon
of petroleum oils and resins is a sound and workable one.

2. The best procedure for introducing the oil-resln fraction into fte pavement and
cT.yinc it to the existing asphalt films without displaclng them or destroying $retr
cohesiveness is by use of an emulsion.

.. 3. A cationic charge on the emulsion is necesaary to effect preferentlal wetting of
the asphalt over tlle €gregate by the effective ingredients of the emulgion.

4. The simple "dilute, spray, and penetrate" procedure works well as a constf,uc-
tion seal on new pavements and in tack or prime coating operaHons in preventive
maintenance treatment of relatlvely new pavements (2 to 10 years old).

5. - Treatment of dense, old, badly-cracked or tighily-sealed asphalt pavement
must be done in combination rvith other procedures, such as heattng, plantng, disclDg,
scarif;ing or mixing with the cationic maltenes emulslon appued durtng the operation
to bring the weathered asphalt and the emulgion into inHmate contact.

6. When the emulsion and vreathered a"iphalt are e:rposed to each other, data from
both la'boratory experiments and la,rge-scale field tests indicate that the pioperdee of
the-aged-as-phalt are significantly lmproved with respect to consistency, adh-eslvenees,
and durability without any detrimental effects on the cohesiveness or it-abtuty of the
pavement.

?. combining the oil-reein blend wttlr the aged asphalt causes an scpanslon of the
asPhalt which blocks the pores and results in a signlficant decrease in permea,bility
to both atr and water.
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Appendis A

METHOD FOR PREPARATION OF SAND,/A,SPHALT BRIQUETS

Appara tus

Hobart Kitchcnaiu Mrxer, with Pyrex bowl.

Heating mantle, Glas-Col, top mantle for 5-l iter, 3 neck,

f lask  w i th  one s ide  c losed by  lace  or  z ipper .

Two ad jus tab le  t raoafo lmera  (Power8 ta t ) '  1  l lZ  amp.

labora tory  ba lance,  capac i ty  a t  leas t  I6 l0g ,  accura te  to

o . l  g .

One qt Ma8on jar with l id.

S topEtch .

Oven, with mechanical circulation of air, capable of holc-

ing  a  tempera turc  o f  325 i  3 'F .  (Prec ie ion  The lco  Oven Modc l  l8A l .

Flexiblc eteel epatula with wooden handle.

Aluminum or tin-plated steel baking Pan, 9xl 3xZ in.

Carvcr  Labora tory  Preee.

Mold  fo r  mo ld ing  br iquets  2 .5  in .  d iametcr ,  ca  1 .5  in .

h igh  w i th  Z .  O in .  u iameter  0 .  318 in ,  deeP r€aervo i r  8 t  toP,  and acces-

gorlcc for removing briquets {rom mold.

Material!

Gradcd Ottawa Sand, ASTM Designation C-109.

Po!tland cement.

Aaphalt (p€netration as specified).
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Calibratio!

Determiuc the voltage required for tbe heating mantle to
miDtai! a tcmperature o{ 325 + 3.F. in 10009 of gradcd Ottawa Satd
(preheatcd to 325.F. ) iu tbc bowl of tbc Hobart Kitchcneid Mixcr while
.tirriag at 3peed ,ctti lg t.

Procedure

Ycigb 900 ! 0.2g gradcd Ottan Sand and t00 t 0. l! port_

laDd cemcnt iDto I qt M:eoo jar. Mix thoroughly by turnbliag. Wcigh
?5 + 0. lg t.phalt into mi:cr bowt. Hc.t rand_cc&crt mixturG ia 325.F
ovcn for 50 ! l0 rniautca; bcat mixor bowl vitb a.phaft ia 325.F ovca
for l0 ! I mitutc! (time hcatiag pGriodr to GDd .itnultrDcoudy). Mcan_
crhilc, prchc.t mutlo (iavcrtcd 5 litcr top m.rtlc digbtty dcformcd fite
Hoba,rt mixcr bwll. Sct mi:cr tpccd coDtrol o! I aad co3trol .pGGd
of mi:cr througb rrerieblc trrnrformcr (to evoid ovatflo? rt atrtt].
]tt cDd of bcetiag pcriod, rcnovc ,and-ccmctt mirtur. aDd mirar bovl
vittr slphttt fron ovca, dump rand_carnGtt mi$ura into ttrixar bovl,
plecc bowl ia poaldoa oa mi:cr inaid. prcbc.tcd rnaotlc rDd rtart mi:Gr,
inc!G.3i!3 voltriG to ll5 voltr promptly. Mix g rnlautcr, ircludiry
orc ot two !top. if rGquir.d for rcrrpiag .idc. of bosr wrtb flc:iblc
rprtulr. Ilurap mi:hfc iato mctrt btkiag pen. Oac brtch nrtcr fivc
briquGt.; if rcvGral brtchcr arG mtd., hold mi:durc ia tu ovcn st laft.
ultil la.t brtch ir rnrdc rad blcld brtchcr witb rprtule. Cool rnirturc
to approtitDrtcly room tcnpcntura, vciib out ZlOg pottioaa ald
Dold briquct. u.ilg 10,000 lbr lord (=2000-pri oB briquct) fo! I mi!ut..

Apcndb B

TEITTATWE XETEq).Or. TEST FOR, LOAD.PENETRAIION
BESISTANCE Or SAND/ASPEALT NNNUSTS

ADlnrrtua

Hldnulic Uncontiaod Comprcr rion Trr tcr, paauurtic
olEratcd, loUt.3t Modcl U-130 (.cG BotG rt Gld oI nothodt.
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Bronze p lug ,  l .  l28  in .  d iameter  app lox imate ly  two inches

long, an<i clip to fasten plug.securely to center of upper platen of

Unconf  ined  Compres  s ion  Tes ter .

Two Stopwatches.

Source  o f  Compressed a i r ,  125 ps i  m in imum.

Matejials

.t{.sphalt briquets, as described in Appendix A, t!eated and/

or aged aa specified.

Paper aquares, approximately 4x4 in,

Calibration

Ad jus t  ra te -o{ -s t ra in  cont ro l  va lve  to  g ive  a  !a te ,  un toaded,

o f  0 .25  !  0 .02  in .  per  minu te  a t  ave lage ava i lab le  a i r  p ressure .

Procedurd

Convenient operation requires two people, one to operate

tester and call out strain readings while the second reads anci recordg

streas leading!. Place briquet on a paper aquare on the lower platen

of te6ter; center ca!efully. Depreae main control 9alve, Start both

stopwatches when strain and/or etresg gaugca firat begin steady

climb. Rccord atress readingE at spccitied straia leadings and at

maximum streas, Stop first vatch at point of maximum strcss; stop

second mtch a! end of test (0.25 in, strain, but do not exceed maxi-

mum alloBbte atress on proving ring).

Note: With the pneurnatic-operated hydraulic tester, the

actual rate of Etrain variee from about 0,25 in. pcr minute for rela-

tively weak briguets to 0. I in. or eve[ Ieaa per miDute on very Etlcing

briquets, duc to thc alowing effect of the resiatance oB the travcl ot

the piston, and to greater movement of the proving riag. An improved

tester is now bcing deeigned, uti l. izing a coastant apeed drivc and an

electrical load measurement devicc which elimirntea motion within the

Ioad measuling mechanism.
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Appendir C

UETEOD OF TEST FONorABsoRff ;il8f l'ffi JHf, ".u#IF,,f F*',
Equippcpt

(I) Watch with second hand, preferably a stop watch.
(Zl Six inch diameter template.

(3) piece of yellow lumber crayon or chalk.
(4) Greaae gun or calking gun or commercially available

greaee-fi l led plaEtic tube capable of Elowly extruding medium chassis
greaae iD a continuoua ribbon approximately t/4 inch diamete!.

(5) Suppfy of medium chaaaie greaae (Ior grease gun or
calkitg gun ontyl.

(61 Spatula or purty knife,

(?) euart can containing a dilution of.Z lErts
I p.rt watcr (Z:l dilutionl.

(8). Z5 ml plastic or glass graduate (plastic prefer!ed).
(9) Small bruah with stiff brietlee.

(f0) Empty open_end pint can for waste Srease.
(I l) rtuart can of water.

(12)  Severa l  raga.

Proccdure

(l I Us^ng 6 in. diameter template and cr.yon or chalk
crrcumacribc circle on arphalt pavement wherc tcst i6 to be run,

(Z) With 8reale or catking gun or greaae-fi l led plaatic
tubc, place a l/{ inch (approxisatel.y} bcad of greaae on the circum-
fcreucc of thc circlc.

13) Run indcx fingct sround outl ide cdgc of grcare ring
making turc to push . .m.ll amount of greaae tightly aga nat thc
pavcment. Thia wil l form a ecalcd rcservoir for thc tcst solution.

(,1) Meteurc 8.3 ml of Reclamite dilution (Z:l) in gradurtc
and pou! in grearc ring, eimultaneously stardng ttop %tch or re_

Reclamite to
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cording time to nearest second.

Note: 4. I ml equivalent to 0, 05 g6y 8pread rate

8 . 3 m l  [  i l 0 .  l 0 g a y  I  r l

1 6 . 5  m l  f  t r  0 . 2 0  g s y  r r  r l

2 4 . 8  m l  0 . 3 0  g s y  r r  r r

(51 Ueing small bru6h guickly apread Reclamite dilution

uiformly over atea of circle,

(6) Glean graduate by rineing with vater.

(?l Record timc intcrval required for Reclamite dilution

to peretratc iato rurface.

Note: Complet€ pcaotratiotr ir generauy indicatel by los!

of pink color of Reclamite dilution, cxcept whc! at cxteaCed timc of

pclctratiou allowe cvaporation of vater with eubrcqucnt breakitrg of

Rcclamitc emukion oa eurf,acc. Intter po..ibility rcadily evident

becauec of tscky film of Rcclamitc reliduc oa eurf,lcc.

(8) Aftcr tc.t i! complcted rcrape up grsalc ring with

rpatuls erd pl.c.e iB open-end pint can.

(91 If 8.3 ml ia abrorbcd within a l5-minutc intclv.I,

mkc ncw glcasc sing aitd rcpeat tcrt with additioDal tcrtiag lluid

in incrcmcntr of 8.3 ml (f 6.5 trt l, 24.85 mt, ctc. ) unril t im6 of

pGnctratioD, c*cccdr 15 minutsr,

(f0, If 8.3 ml is rot abrorbcd sitbir s ls-minutc inrcrv.t,

rcp.at tc.t uring ,1. I ml of tsrtiBg fluid.

Tc.t nGpo!t

Thc followiag iuformatiou aDd datr rhould bc tccordcd;

(l l DcscriptioB of rurfrcc bcilg t3ltGd.

(Zl Location of tc.t ! ing.

(31 Timc of pcnctratioa lor €ach quintity of RGclamitc

dilution uecd,

(41 Estim.tc o{ gu.ntit}' of Rcclaraitc dilution absorbed

by pavemcnt ia 15 minutee.

Notc: Thc te3t riBg! rbould bc csmiDcd 24 hourc lstcr to



:
determine viEually the effectiveness of the treatinent. Teat area can
also be probed with a knife blade or ecreudriver to qulitatively deter_
mrne depth of penetration.
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