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Trade Name Mepufacturer
Anti-strinping owulsica fmericon Bitumuls Company
Colaes mixing emulslon Shell 011 Comrany

1quid asphalt used was ROMC-3, SC-4% and MC-5.

The prupose of the exper mental installations was to
secure information on three polnts:

1. To find out whether hydrophiiic aggregate could be
treated to prevent ravelliing and softening of a
bituminouvs wmixtvrs under two conditions.

{e) Wren newly completed suvrface vae aubjected
to roin immedistely after being opened to
traffic and

-
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Whother apy improved resistencs to water
would be manifest erfter 2 shbatantial
period of time.

o, ¥Wnethor thers iz any difference 1in performance oOr
( affarctiveness batween the seversl avai lable addi-
tives,

3, The degree of corrslation between iaboratory tests
and the actual performance on the road.

A S

Thoe folloéing conclusions may be drawn under these
three headings:

7 Oheepvations made to date indlceate that certain hydro-
phillile zggregales Con po 4improved by the ule of certain
adcinivese Howsvey, tho lmprovement 18 not general.

Tnte ¢ condition (2 on the ATton project, Koc-strip
: ehouad 114%)le lnprovenuns WhCR the surfece was vetted
spmediebely aftor construsticn put aid show definitely
. Len-ftclal rosulis sftelr the elapso of cns or two
wontns.  On the other hana, prueen-T on the same job
at co2red 1o e affective nemporarily but later gave
o0s SRR Lot REE I AR o) 3N

5. Thers sgre diffcrenlss 1n parformance but 8o far no
consistent differsace has be3n agtablished. #An
s3altive tnst noy bo affactlive with one aygregate
cay shoy 11808 lenrovensnt with snother and vice-

( veran.
3: Tapopstory owell 2t sLPLDPIEE tesg are not very re-
viebie in indicmllia; the pyohabis performANSe under
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syeffia, Much botter coryeiation iz shovn by
stability and cohesion tests on semples that
bave been subjected to the iiolsture Vapor Sus-~
ceptibility test procadura.

The poor performancs of ¢he sections mixed with emulsi-
fied asphalt should not be considored as evidencs of unsuitsbility
under more normal comditione. The sxporimental asctions wvere sub~-
jected to water within one or two days after constructlon and the
emulsion secticns had not been given time to thoroughly dry out.
Under favorable copditions it is probable that the ezulsified
asphalt sections would have given & satisfactory performance.

The experimental sections wers designed to compare
performance undsy wfavorable conditions.

Thus far the additives developed for the Standard 011
Company by the Califoris Research Corporation seem to be the
most promising, Judged by performance in both f£ield apd labora-

torydtests. ‘
, The following outlines give the construction details
4 and the conclusions which have baon drawn from each of the

separate sections.
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LEC N IN BITUMINOUS MIXTURES

FIELD TRIALS WITH ANTI-STRIPPING AGENTS

C¥w Summary

This report covers experimental projects which were
instituted for the purpose of cdémparing the effectiveneas of
commercial anti-stripping agents, Construction of these pro-
jects was first proposed in & memorandum, Hveem to Stanton,

. dated November 1, 1945, and later discussed in & memorandum
: Stanton to Dennis, November 14, 1945, and memorandum 3tanton
to Dennis, PFebruary 4, 1946. '

3 . 3
R
PPN

Work Order Number 13RN16 was issued April 25, 1946,
alloting a total of $3,000 to cover all laboratory work in
connection with these projects and maintenance work orders as
follovs wers issued to cover the actual comstruction costs in .
the Districts: ' NE

Work Order Amount,

o _Location _ Number Allotted |
FACED R B -Mod-73-C,D - 2K165 $ 7,005.00 R
: ~ 2K166 - o
" vIIi-sea-31-J 88 7,000.00 |
XI-8.D-2-F | 11x28 13,200.00 - .}

PC I - vi
: Y

‘ The first of thege projects to get under way vwas on .
11~Mod-73-C,D, between Likely and Alturas.  This project was
completed during the week of July 17th to 24th, 1946, the .
section in District VIII, 30 miles E. of Barstow VIII-SBd-31-J,
was constructed during September and October, 1646, while thue

unit in San Diego County, Road XI-8.D-2-F, was constructed

between January 6th and 10th, 1947. In general, the work was
carried out in accordance with local construction procedurs,

the first two jobs listed being constructed by the road-mix

method while the project in District XI vae carried out by
plant-mixing with heated aggregate.

Anti-stripping sgents used included:

Trade Name Manufacturer
No-Strip : Maguire Industries, Rew York
Armeen-T Armour & Company, Chicago

Experimental additives

jdentified as "No. 1" and
"Ro. 2" furnished by Standard 0il Co. of California

CIhPDF - www . fastio.com
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ALTURAS ERAFFRIMNANUAL PROJECT
SOR ARTI-3TRIPPING AGERTS

17 ~]0G =738

A site between Alturza and Likely was selected based
on past experlence with bituamliaous read surfaceg in this area
and from laboratory tests which indicated that the local min-
eral aggregstes were hydrophilic. Funds being limited, &
section was proposed at & point approximately 15 miles south
of Alturaes between Stations 471+56 and %97+30, road II-Mod-73-C.
This gave an over-all length of 2574 feet divided into three
units a8 shown on the attached sketch. This division provided
one section mixed with cutback asphalt containing No-strlp, one
section mixed with cutback containing Armeen~T, and & third
section: mixed with untreated cutback for comparlson.

The work on thls project inecluded the placing of ap-~
proximately 4" of gravel base over the existing roadbed, the
upper one-tenth foot bveling road-mixed with ROMC-3 liquid ecsphalt.

Mineral Aggregztes. The aggregates used wers produrced
by screening from & deposit of cemented gravel known as tha
McGarva Pit immediately south of Likely. Test results on =his
material ere given in the attached tabpulation.

1t will be noted that preliminary tests made in the
Laborstory were not concluslve inasmuch &8 sll samples testad
registered fairly high pesults in the swell test and also dis~
played bad stripplng regardless of method of treatment. HOW~
ever, the test results indicate that the swell was somewhat
reduced when the aggregete contained a certaln amount of water
at the time of mixing with the oil. Therefore, in order to try
out the effects of mixing wilh vet aggregste, one-halfl of zach
unit was wetted on the roal nrior to the s3ditlicn of tha = phalt.
This detall is 81lso showm 37 the attached axestch.

Construction. ko ns ¢f tie vntrIeted ssction oo i
Wednesday morning, July 3. m-cause of the delay in 8pr .7~

- % sompleted untll afternoon 204
galiing o complets constructlon of
spnali contained Ho-strip. ups -~
1o -1on of ths Bo-strip pori..m

o

ing woter, etc., mixing wis
there was not enough timo rus
the second unit in which Ui &
day morning, July 18th, costr
was completed and in the r.li21
the Armour product waes mi3zd,
at about 5:30 P.M.

1\
rnoon the third sectlen contes .alng

r1ap) spreading belng complaind

introduce the same quantity of

An effort was mad:s to '
of the three ssctions. Howevew,

oll on & unit basis in each
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( this intent was not perfeatly realized as indicated on the
attached sketcl and it wea evident that the untreated ROMC-3
section was distirctly dry in appearance &nd displayed a diight
tendency to ravel under traffic.

Testing. Friday Mcrning, July 19th, the entire sur-
face was swept with & power broorl anid the finished surfsace
was subjected to an application of water. Weter was spread by
means of a 750 gallon tank with & gravity spray bar, the water
being spread on a strip ranging from 10' to 12' in width along
the centerline of the surfacing. It was thought that by apply-
ing the water in this menner, 1t would be possidble to better
observe any contrast in performance between the wet and dry
portion of the surface. Furthermore, the small truck available
could not supply water fast enough to maintain the entire road
surface in & wet condition.

Traffic on this section is very light and was insuf-
ficlient to develop ruts or grooves in the 3 or 4 hours during
vhich the surfsace was kept wet. Within an hour after the first
vater was appiied, 1t became 2vident that both the untreated
section and that containing the No-strip were sof tened and the
asphalt was readily stripping from the larger stone particles.
This softening and stripplng was much less notliceable in the
section treatsd with the amines.

Numerous examirnations vere made of the wet surface both
by District Materisls Engineer A. W. Hislop and Staff Msterials
and Research Enginser F. ¥, Hveenm, &and taking all factors into
conslderation, it was evident that the section containing the
Ro-strip was little if any, superior to the section containing
no additive. If any differences existed, the Ro-strip section
wes the inferior. By comparison, the section c¢containing amines
(Armeen-T) showed definite superiority under this first appli-
cation of water although some sof'tening and stripping was

evident.

Conclusiona

After the inl+tiel wetiting in July, 19%€

1. It is evident that definitely hydrophilic ag-
gregate was used in the experiment.

2. 'The addition of 1-1,/2% of No-strip did not pre-
vent softening ané disintegration of the surface
vhern subjected to water immediately following -

construction.
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The section containing high molecular veight
primary amines purchased from Armour & Company
of Chicago, (designated on the container as
"Armeen-T") gives definite evidence of improved
resistance to the action of water. Whether or
not this resistance is sufficient to withstand
a prolonged rainy period and heavier traffic
cannot be determined until later.

This project wvas handled efficiently and with excellent
cooperation on the part of the personnel in District II. It is
desired to make reference to Maintenance Superintendent P. L.
Dito and Foreman F. M. Bunyard. Acknowledgment is also made
of the efforts of District Materials Engineer A. W. Hislop
in the conduct of the experimental work.

Attachments:

Table I, giving laboratory tests on aggre-
gates from the McGarva Pit sampled prior
to construction.

Pable II, Road-mixed Experimental Sectiomn to
compare Anti-Stripping agents.

Sketch of Alturas Experimental Sectlon,
II-Mod-73-C.

Photographs.
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| Alturaes Exrerimental Section
o IT-Moc-73-C

Views Facing North

Mix being spread
Untreated section in foreground

Untreated section after wetting
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Alturas Experimental Sectlion
II-Mod~73-C

P

Views PFacing South

S o v S : B

Water applied to central portion of roadway
Ontreated section in foreground

Fading and ravelling of wetted secticn
No-3trip sectlon in foreground

| After wetting Amine section in foreground fad-
ing less noticeable than untreated section
in distance

|
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September 15, 1947

( . AFTON EXPERIMENTAL PROJECT FOR
ARTI -STRIPPING AGENTS

VIII-SBD-31~J

This report covers the construction of a test section
of road-mixed blanket placed during September and October, 1646,
in San Bernardino County near Afton, approximetely forty {40)
miles east of Barstow, on Road VIII-SBd-31-J, for the purpose
of evaluating various commsrcial stripping resistant additives.

In general, the experimental mixtures were mixed,
placed and compacted flrst Dy rolliing with a pneumatic roller
and then under traffic for one day. The surface vaa then kept
wet from 9:00 A.M. until 4:00 P.M. on two successive days and
the softening noted.

Five separate asections were placed using ccamercial addi-
tives and one additicnsl section was placed without special treat-
ment. Esach section was constructed 1n two rarts. On one portion,
the liquid asphalt wag mixed with 4&ry aggregate and on the other,
vith wet aggregate contalning approximately 5% moisbture.

Construction Detalls

The aggregate Tor the mix was obtained from an anclent
beach deposit located left of Statlon 380, rced VIIiI-SBd-31-J.
This same material was used creviously on Contrect 28vCi0, road
VIII-SBd-31~-J, comstructed in 1930. Luboratory tests o the
aggre§ate shown in Tablie I. zave swell test values ranging irom
0.026" to 0.061".

A mixing table of S5i-4 wmix was constructed adjacent to
the deposit and tbe waterial bladed fpom the bank to the mixing
table. Mixing was accomplished #1th Swo motor patrols working
on virndrovs two hundrsd twenty-Tive {225) feet long. The com-
pleted mix was loaded into trucks and spresd on the road by end
dumping. The materlal was then spread to a uniform crosa~zection
with the motor patrols, &and compacted by rolling with a pncu~
matic tired rollsr.

Liquid asphalt grade sc-4 was used on all secilons
except one which was mixed with Bltumuls stripping realstant
asphalt emulsion. The gquantity of aggregate was determined by
measuring the cross-gsectional area of the windrow and the quan-
tity of llquid asphalt spreeld was determined by measuring the
depth rsmaining in the distributor truck.

Esach separate test section was placed half width of
the pevement and one thousand feet {1000') in length. The ;
gections were divided jnto two parts with the liquid aa?halt
( mixed with wet aggregate for oné #1ve-hundred foot {500°) .
portion and with dry azgregate for the remeinder. The layout

|-l
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of the sections is shown in Figure I.

Each additive was mixed with the liquld asphelt by
circulating through the pump of the distributor truck for
one-half hour. In order to secure complete mixing, & flexible
pipe wvas comnnected to the pump and the oil was discharged lnto
the top of the tank. In genersl, wvater was applied to each
section after compacticn under treffic for a period of one (1)
dey. Deviations from this procedure are covered 1ln the detalled
discussion of each ssction. The water was applied to the in-
side portion of the traffic lane with sufficlent water being
used to keep the surface from drylng out.

Details of Each Section
1. HNo-strip

‘Mixin% of the Ho-strip section was started on Sep-~
tember 24, 1946, An smount of Fo-strip equivalent to two per
cent (2%) of the weight of the oil was used. A uniform mix

was obtained which appeared to contain sufficlent oil. The
aggregate, particularly in the dry windrow, seemed slightly more
rocky, however, than that used on the other sections.

The section of Ho-strip wixed with wat aggregate was
placed on September 27, 1946. On Septemper 28th, the section
mixed with dry eggregate was placed and .the top one inch {(1")
of the wet aggragats sectlon was rebladed because of the rough
fipish which had been obtained the previocus day. Malntenance
men working with the umastexial repcried that the No-strip mix
was more difficult o place than the ssctlon mixed vith untreated
SC-4, as the mix was aticky and tended to drag under the blade.

. Planas called for the application of water to the No~-
strip section, starting at 9:00 A.M. of September 30, 1946.
However, rain occurred sometime during the night or early morn-
ing end it was wDnCessary to use the water trucks until approxi-

mately 3:00 P.M.

I. Section without Treatment

On.this section, the portion mixed vith dry aggregate
was mixed at the sams btime 83 the Ro-astrip and placed on the
road September 28, 1946. The mix handled well while placing
and compacted to form a satisfactory surface.

The section mixed with vet aggregate vas mixed on
October 1hth. Unfortunately on this section, poor control of
the quantities of material resulted in a deficiency of oil .and
as & result, the surfacing pavelled conaiderably even before
wvater was applied. A Laboratory representative was not present

CEHiPBFE=m
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during the mixing and plecing of this section however, the
dates of the various comstruction operations shown in the at-
tached table II wvers S3cured fram noted made by Mr. M. Glen,
District Materials Enginesr.

IIT. Standerd No. I

Standard No. 1 wet, vhich was very dry and mealy with practi-
. €ally no cohesion. The Standard HNo. l, dry, was also undepr~
olled although darksr 1in color than either Standard No. 1 vet,
or untreated, wes. ’

All three =ections mired, at thig time, the Standard
Ro. 1, wet, the Stancard He. 1, dry and the untreated, wet,
ravelled badly before water ¥as applied. fThe Standard Ko. 1,
wet, ravelled the most and the untreated, wet, ravelled the
least. The surface of the mizes at the time of applying water,
Was quite rough angd rocky with the possible excention of the
untreated, wet, which had compacted somewbat better than the
other two.

IV. Standard No. 2

The Standard Ho. 2 zection was placed on Qctoban
316th. Extraction tests showed bLimt this mix contained the
highest ¢il ratic of any of uns test sections. The mix vas
difficult to place, beling guewy ard pushing under ths blade
but compacthg very well to forn & ¥all knit surface even though
romevwhat rough.

The fire portion of the mix apgoared slightly over-
clled, being unstabls during the heat of the day so that igden-

tetion of the fins portions could be made wilth the fingers
altnough the stebility of the combigte mix was sufficlently high.

V. Bitumuls

Mixing was stcrted on the ditumuls section on October
18th, which was a prelatively hot, dry day considering the
season of the yesr. Mr. Jim Beed of the American Bltumuls Co.

wag on the job to advise on mixing procedure. .

The first windrovw of materisl was wet with the sprinkler
truck to a mointures conient considered sufficient by Mr. Reed
before applylug any emulsion. Becsuse of the repid drying

CHhPREF—astio . com
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conditions which existed however, this molsture evaporated
very quickly and 1t soocn bocame apparent that by the time all
of the emulsion was added to the aggregate, the material would
be too dry for proper dispersion of the asphalt. Because of
the arrangement of equipment on the job, it was not practicable
to add additicnal water to the windrow at this time and accord-
ingly, the adding of the enulision was continued until complete.
This windrow was then bladed aside and & sufficlent quantity
of water added to the second wlndrow to provide proper dls-
persion of the asphalt emulsion even efter evaporation losses,
The second windrow mixed quite resedily slthough requlring con-
sidereble more time than the SC=4 mixes. After caupletion of
the second windrow, which will be called "Bi{tumuls, wet" in
this report, addlitional water wes asdded to the first wipdrow
and mixing continued. This material is referred to in the
report a8 "Bitumuis, dry" although the molsture content of the
two mixes at the time they were Placed on the road was very
neariy the sams. From expsrience on this project, it does not
eppear that motor patrols are the proper equipment to use for
mixing asphslt smuision mizes a3 the action is too siow to
prevent small portions of the emulsion from breaking before
coating the agzregzats.

Tme Bitumuls sectiona compacted quite well although
thers was guite a bit of loose material present on the sur-
face on the day vatering was started. in order to prevent
this loose materisl from obscurlng the results obtained on
this section, the materlal was broomed off before spplylng aay
water.

Vi. Armeen-7 {Amines}

Mixing of the Armesns section vas started October
23rd. Since the amines were not £1uid at atmospheric tempera-
ture, it was pscessary thet the material be heated before mix-
ing with the ssphalt. This was sccomplished by means of an
asphalt kettle partly fiiled with watsr. The five-gallon cans
containing the amines wore placed in the water bath until
melted and wers then measuraed out apd poured into the asphalt
truck for circulation and complete mixing with the SC-4.

The prortion of the Armeen ssction mixed with wetb
aggregate appeared to contain slightly less oll than that
mixed with the dry aggregate, however, extraction tests indicate
the oil ratioc is higher. The two mixes, after being placed,
hovever, compacted equally well wlth poasibly the smoothest
aurface of any of ithe ssctions being obtained on the one using
the Armeens with vet aggregate. As the atmospheric temperature
- during the mizing of the Armeens reached & maximum of enly 86°F,
(, 1t was not possible to ary the molisture out of the Armeen
portion mixed with wet aggregate becausse of the large windrow
which was necessary on the relatively smell area of the mixing
table. It wes decided asccordingly, to place the material on the
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roadway and accomplish this drying by blading the smaller
windrow. ' .
A rain occurred during the night preceeding the
vatering of the amine sectlon. Local residents reported

that the rain started about midnight and conbtinued until
about 5:00 A.M.

Vapriables Not Subject to Control

1. Mixing Method

N

I+ was epparently not pcssible to measure accurately
the quantity of asphalt in any one glven mix becauss of the
inaccuracies in measuring the cross-section of the large win-
drow used for the project and &lzo because of difficulty in
securing & windrov of unlfiorm eross-section throughout its
length. It wes 8130 dirfticult to be sure that additional
material was not picked up from the mixing table or that

Coy

materisl from the windrow was not ieft on the mixing table.

The mixing actlon secured by the motor patrols was
also too slow to satisfactorily disperse the emulsified asphalt
through the large quantities of material contained in the win-
drow. Because of the high molsture content used in the aaphalt
emilsion mixes, particularly at the atart of mixing operations;
it was @ifficult to turn the material with the blades because
of lack of traciion for the motor patrols.

2. Tseuperature Varistions

The work wam started the latter part of September
when atmospheric temperatures during the day were in the neligh-
borhood of 110°F. At the completion of mixing operations 1in
October, the atmospheric temperature rarely exceed 86°F. This
variation in temperature wade consideradble difference 1in eass
and thoroughness of mixing and also caused a wide variation in
moisture content to exist at the time the various sections
were placsd.

3, Bitumen Content

The inaccurscies in measuring the quantity of mater-
jals resulted in a definits deficiency of the bitumen content
by this blade mix method. Control by eye vas not effective
pecause part of the mixes were mixed with dry aggregate while
the others wers mads with wet aggregate. variation in moistuxe
content caused considerable variation in the appeerance of the

CHirPD
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mix and made visual contrel impractical., While the fine por-
tion of the aggregatse was reasonably unlform thimighout the

job, & considersble quantity of large rocks of 2-1/2" to 3-1/2"
diametar were present. Whilla much of the oversize was removed
by hand, nevertheless these large stones made placing of the
mix difficult and resulted 1in most cases, in a rather rough and
uneven surface taxturs.

4, Wetting of the Rcad Surface

The pian of operation sgreed upon required that each
separate mix be compacted for one day by tralffic before apply-
ing the water. However, a rain occurred con September 30ih ami
again on October 27th. This resulted 1n the compaction period
for the No-strip sseciion, for the unireated dry section and for
the amine ssction being somewhat reduced. Observations at the
time, indicated that the destructive actlon of the rain vas
somevhat mors sevars than that caused by the water from the
sprinkling trucks. It is belleved that this is caused by the
finer dispersicn of the rain drops and because of the high
humidity which retards evaporation from the surface. Dissolved
carbon dloxide in the valn water may also affect stripping.

8. Traffic

Ohoorvaetions indicated that the traffic during the
later part of the project was mors severs than that at the.
beginning elthough no acturl counts were mede. At 21l times
there was 8 tendency for traffic bo aveid the portion of the
roadvey which was baing weited. This was particuiarly true
when cnly one-half of the roadway had been covered by the new
blanket.

Relativa Perfrmance

1. No-strlp Sectlon

The No-strip section wes subjected to rain for sevexral

hours before the intended start of watering operations. The
mixes socon developed a quite definite mushineas although the
Fo-ztrip wet mlx sectionsgppeared slightly firmer than the No-
strip mixed dry. By the and of the firat day of watexring, howevsr,
both sections appeared about the same, At the start of the second
day of watering, thezs asctions hed improved and were quite firm
showing little algns of ‘softening for the first hour of water-

' ing. In general, the performance of the section was slightly

. better than on the first day of waotering. However, the No-strip

ClibPD www fastio.com
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sections softened to such an extent that approximately 1/8"
could be acrared loose with the toe of the shoe on the No-strip
wet mix and a 2lightly grsater amount on No-strip, dry.

2. Untreated Sectlion

The sections placed without anti-stripping additives,
displayed a marked softening on both days of watering. The
softening apparently extended to a depth of approximately 1/4"
to 3/8". The untreated wet section was definitely under olled
and considerable ravelling continued during the application
of water and it was not possible to tell to what extent the
sddition of veter incrsased the ravelling. In splte of the low
oil content and the ravelling which occurred, it was noted that
the fine portion of the untreated wet section dild not soften to
the same ext=nt as was observed on the unireated dry.

3. BStandard Wo. 1

The Standard No. 1 ssections were both under olled al-
though the Standard No. 1, Wet, appeared to have & much lower
oil content than the Standard No. 1, Dry. These sections behaved
very much the same as the untreated wet section with declded
ravelling before water was appliec and about the seme amount
of softening of the fines during applicatlion of the water. No
conclusion can be drawn from the performesnce of this section as
1t was too low 1in oll content.

4, standard NHo. 2

The oil content of the Standard No. 2 sectlon appeared
to be the highest of any placed. The mix compacted well to
form & stable surfacing althcugh the fine portion of the mix
seemed to be slightly unstsble during the hot portion -of the day.
This mix showed very ilttle effsct from the water except &
change in color. The surface became muddy in appearance but it
did not appear that any softening had occurred.

6., Bitumuls Sections.

The bitumuls section compacted quite vell although
there was a small amount of looae matarisl on the surface which
was broomed off before watsr was applied. In order %o make the
emulaion sections comparable with the 8C-4 sections placed, 1t
was not possible to aliow sufficient time for;the water to
evaporate completely from the mix. Tests showod that the
Bitumuls Section contained & moisture content &f 5%+ at the time
water was first applied. Thase sections did not react to the
water as did the other sections. During the first day, the mix

“CIihPD
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became somewhat plastic but apparently did not distort or whip
off the road. By the endi of the second day of watering, this
same plastic condition was present although the surfacing had
by this time, roughened to & marked degree. The roughening was
apparently caused by the small portions of the plastic miz be-
ing picked up by tires and deposited at other points.

6. Armeen-T Section

The amine sections were subjected to a rain starting
in the early morming hours of October 27th, and continulng
until approximately 5 #.M. Watering was started at 9 A.M. and
continued the same as with the other sections. This section
showved a muddy discoloration of the surface together with
slight softening. The amine, dry section was slightly better
than the amine, wet. The two sections also shed water gquite
well in the morning of the second day, appsaring similar to
tie No-strip sectlion in this respect.

Relative Performance

After application of water for two succeasive days,
the test sections were rated from best to poorest in the fol~
lowing order:

1. Standard No. 2 {Wet and Dry)

A discoloration of the surface was the only apparent
effect caused by watering on this sasction. Although the mix
yas unguestionably benefltied by the higher oll ratioc used on
this section, 1% would still have to e classed as the most
effactive treatment.

2. Armeen {dry)

3. Armeen [vet)

This section developed & muddy discoloration of the
surface together with & slight softening. Although the dif-
ference was slight, the Armeen (dry) was slightly better than

the Armeen {wet).

L. Nostrip {(wet)

The No-atrip section softened to & depth of approxi-
mately 1/8". The performance of this section may have been
somevhat adversely influenced by the fact that & reln occurred

C in the sarly morning of the dey that watering wes to start.
There is reason to bellevs that the action of rain is more
severe than spripkling with a water truck.
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5. Standard No. 1 {dry)

The Standard No. 1 section was under olled and ravel-
led under traffic before the applicatlion of water. The overall
condition of the pavement aftsr watering would justify a much
lower rating, however, the fine portion of the mix d4id not
soften to any appreciable extent anc for this reason this
section was placed fifth.

6. No-strip (dry)

The No-strip {dry) section became muddy on the sur-
foce and softened to a depth of approximetely 1/4%. .

7. Bitumuls (wet and 4ry)

The Bitumuls section did not develop the same appear-
ance as the SC-4 secticna and is dirficult to classify in the
same category. The above rating ls based on general Appear-
ance and degree of softening.

8. Standard No. 1 (wet)

This section was so badly under oiled that the
classification is of little signiflcancs. With & higher
bitumen content, this section would doubtless have withstood
the action of water much bstter.

9. TUntreated (vet)

This section was alsoc badly under olled end ravelled
to 8 greater sxtent than any other. The ravellling was & goeod
deal more noticeabls after wvatering than befors. The fines
did not soften to the same extent &3 that observed on the un-
treated dry section, however, tnis may have bean caused by
the renewing of the suriace layer through ravelllng out of
the large rocks.

10. Untreated {dry)

This section softened to the greatest depth of any of
the sectiona placed. After two days of watering the surface
haed softened to a depth of spproximetely 3/8". Thls softened
material had absorbed sufficient watar sc thet 1t was readily
whipped off by trafflc. This section demonstrated clearly,
that the aggregate 1s definitely hydrophilic.

m™he above classification is based on evidence of
softening of the fine portion of the mix. Ravelling which
(_ had already started before the weter was applled, wa3a dis~?
regarded as much a3 possible in rating the mixes for resis-

tance to water.
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_ A classification bazed on the overall condition of
the pavement on November 1, 1946, would be as follows:

-

Stendard No. 2 (Wet and Dry)
Armeens {Wet and Dry)

No-strip, Wet

No-strip, Dry

Bitumuls {wet and dry)

Untreated {(Dry)

Standard Ho. 1 Dry; .

- -

standard Fo. 1 {VWet
Untreated (wet)

WO o= Oh\ =0 1

. b &

on January 16, 1647, an inspectlon of the project
vas made by W. R, Lovering and M. Glen, District Materials
Englneer. 3ince completion in late October, the surface had
besen subjectsd tc & heavy rain which occurred on November 13,
1046. Daily precipitation records &t Barstow indicate that
0.6 inches of raln fell in & period of 24 hours.

The most noticeable change had occurred in the
| prmeen section. At the time watering was completed on October
28, 1946, the aurface of the Armesn ssction was dark brown in
color and there was no svidence of ravelling. However, on
Jenuary 16, 1947, the Armesn treated blanket was completely gone
in spots and ravelllng badly throughout its length.

Both the Standard No. 2 and Ho-3trip secilons were
in good condition.

Based on comditlon of blanket as of January 16, 1947,
the sections would be classiflied a2s follows:

1. Standard No. 2 (Wet and Dry)
2. No-strip {VWet)
3. DNo-strip {Dry)

Tne No-strip gections ars only siightly inferior to
the Standard No. 2 sections. The Ho-strip section mixed with
wat aggregate appears somewhat better than that mixed with dry

aggroegate.
4, Untreated {Dry)

(‘ Ravelled but in bettar conditlon than either the Armeen
' or Bitumuls sections.

ChirPD T 1astio.com
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5. Armeens

Badly ravelled in many pfaces completely through the
blanket to the old pevement.

6. Bitumuls

The Bitumuls sectlon i3 anly slightly poorer than
the Armeen section. A surface application of SC-4 over part
of this sectlion has effsctlively balted ravelling.

The Standard Ro. 1 {Wet and Dry) arnd the Untreated
(Wet) had been re-oiled and reworked and are therefore, not
included in the above listing. -

Concluslons

Although several of the trsatments showed an lmprove-
ment in performence, this improvement did not appear to be
great enough for materlal of the qusality used in the experiment
to justify en eppreciable cost premium with the axception of
the Standard No. 2 additive.

The No-strip zection gave satisfactory resistance to
water during the rain which occurred 46 days after construc-
tion. The softening which occurrsd under artificlal watering
indicated that & prolionged rain shortly after constructlon

would cause ccmplste failurs.

The performance of the Armeens was good during the
eam®ly pericd of watering but the a2lmost complele fallure at
s.later dats, during the rains, indicate that this sdditive
may not be effsctive au 2 permanent cure.

With the type of aggregate used on the project,
asphalt emulslion is not practlcable for blade mixing. Blade
mixing 1s not rapid suough toc peruld cocmplete dlspsrsion of
the asphalt in the limited time avallable pefore evaporation

of the molsturs.

It was also clearly cemcanstrated that emuleified
asphelt mires that have not had time to completely 4dry out
will not resist surface water actiom.

The bitumen content of the Standard Ho. 1 was not
sufficiently bhigh to parmil accurate conclusions regarding

thlis additivs.

It is strongly recoumendsd thad further experimental
gections of this type be constructed only where plant control
of materials and mixing opsrations can be obtained. The
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( velidity of the coaclusions drawn on this project
is substantially affected by the varisble amount of oversize
in the sggregate and the lack of accurate control of mixing
operations.

Attachments Table I Preliminary Test Results

Table IX Table showing type of
Treatment, etc.

Table III "Read Mixsd Experimental
Section to Compare fnti-stripping
Agents construeted near Mt. Afton
in San Bernardino County in Sept.
and QOctober 1046. VIII-SBd-31~J"

Sketch " Afton Experimental Section
October, 19467

Photographa
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TABLE I
O.M, #49121 = 150 LT, STA, 380 ROAD SBD-31=J

s Bit. : : 1 Aversge :
Type Bitumen : Ratlo . Stabllometer : Swell : . Swell Stripping
8¢-3 Poy,3 ¢ 34 Lo ¢ :
: . . . -026 o
. : . o082 1 086 | Very bad
: : Plose T
8C-3, 3/4% Amine! 4,3 ° P,023 ¢ :
. . . »031 .
. : : sggﬁ . 038 [ Bad
: : . +043 : :
8C-3, 1-1/2%8 Ko : 4,3 ! Pl f :
Strip, : : ;0115 1 .19 [ Very Bad
Stripping Resis-! 7.5 ¢ P,008 ¢ :
tant Mixing Emul' : f.003 1 006 ' We

Testa in vhich bitumen vas added to wet aggregdite

8C~3 t 4,3 : .005 . : Bad Stripping
: . . 007 . : (45%)
8C-3, 3/4%4 Amine: 4.3 . :.002 . . Sitahe
: : : <005 . . {20%)
5¢-3, 1-1/2 Ko * 4,3 . . 016 : Bad Stripping
Strip. : : : 008 . . (ho%) 2

CIihPDF = Www . fastio.com


http://www.fastio.com/

— Ol

19Y08

96l 4990120

T oos ||T~ Q05—

© .
1 NOILOAS TVINIAWIFIdX3 NOLAV 3
3 N
13 r-1€- PAS - 1A 3
MM ;
T T TR AR
7062166y | 24062166y || aj0baibby | 70021bby 94063166y | 24062466y
W oM | hig £M __ haq] hag __ 1M \
T w0 Criehwg | w0 SHniny
\o\\ume\,\ LG A WA | 7 %520 | wMoys.10g
ﬂ ﬂ
:‘-w_h{\ (#-25 +) (P-25+)
. %90 =TON GLG AILYIALNN % 07 - Qa_tw ON
Z 3 oy0bo1bby __ o0ba1bby | 24oba1bby __ ogpbaibby || op0boibby | o10ba1bby %
oM hig 2 hag hig b M
TSI I i iriiiiiddid

— , 00% 4|'T|\.QQ.@;\|+’~QQ% |\’ll) 005

ASLLO-EO01

|

/’\“ L

WA

ClibPD



http://www.fastio.com/

Afton Experimental Section

Iqt -

VIII-SBd-31-J

£aq peaireaagun

Fuiaarem £vg pug
38M paej®sIIUf]

FuiaelBp £8q 18T
7aM pojwedIun

www fastio.com

ClibPD


http://www.fastio.com/

Mt. Afton Experimental Section
VIII-SBd~31-J

(Lag pexin) dragsoy -
110 pajlssazun - X

(oM pPoxT) diagson -
aTqel, BuTXTR

U3 Ty
ejusg)
339

Wd 0€3g - 0f -3deg
(£2q pexT) Dpeogwvealun

www . fastio.com

ClibPD


http://www.fastio.com/

Mt. Afton Experimental Secticn
VIII~3Bd-31-J

0¢ *1deg - wg 0Cte
{38M poxtw) dragson

€ *3%0 - WY 00:0T
{3eM PoXTW) dTalsoN

-3

&5 .
¢
i

(R

g "qdeg = Hd 0%
IQ paxTW) dT

2 "390 - WV 00:0T
(Lxq pexm) dtuaasoN

WAVW.Tastio.com

TIiHhPD


http://www.fastio.com/

Standard #1 Wet
2nd Day Watering

Standard #1 Wet
lat Day Watering

Mt. Afton Experimental Rection
VIII-SBd~31-J

#1 Dry
2nd Day iatering

Standard

Standard #1 Dry
1st Pay Watering
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September 15, 1947

¢ CHULA VISTA EXPERIMENTAL PROJECT
FOR ANTI-STRIPPING AGENTS

KI=S.Dw2=F

The third of a series of three projects was con-
structed during the week January Sth to 10t§ inclusive, on
road XI-3.D=2-F, immediately nortn of ths town of San Ysidro.

Mineral Aggregates. &4 grspates for j
obtained from the commercisil plgnt %wned by v?hé? Egggggtizere
- Mission Valley. This materisl was selected primérily because
of failures which had cccurr2d on previous work and particularly )
igngose Canyon, road XI-S5.D-2-8.D3, Contract 11VMC1, completed in

Every effort was made Lo securs wineral aggregotes
which would be 1in all respects, similar to the material used on
the Rose Canyon project. In order to duplicate the original corn-
ditions, the experimental project was deferred until after a
periocd of reiny veather in crder that clay ccatings would be
present on the coarser aggrogste particles.

{ Mixing was accompiiched at the Dennis central mixing

' plant and mixed material waz hauled approximately 21 miles after
which 1t was spread on the road and shaped by means of motor
patrol blades. After belng under traffic for one day, water was
applied with a sprinkling truck during the period from 6 A.M.
untll 10 P.M. for each of five successive days.

Construction Detalls

The aggregates used consisted of a blend of crushed
stone and gravel, the crushed 2ock being produced in the plant
of the Canyon Rock Company, cwnsd by V. R. Demnis, the major
portion being taken from a guerry located et the juncture of
2 lava flows, one of which iz prophritic andesite and the other
a diorite breccia. These formetlons also have small inclusions
of secondary minerals pradominately calcite and lime. The sand
portion of the aggregate arnd a small pert of' the coarse rock
is8 obtained from a pit in ths San Diego River. The aggrsgate:
i1s separated into various size classificatiomns at ths rock plant
and 18 later hauled tec the paving plant where it is stockpiled
and fed on to the plant convsyor belt by means of a bull dozer
operating over & tunnel. Ths proportioning of the material on
the conveyor belt in blending the varicus sizes to waintain a
constent grading in the plant., is more or less controlled by
the bull dozer cperator &8 more than one slza rock 13 fed

( through the same opening on the tunnel. This me thed dces

> not lend itself to accurats control however. Mr. F. B. Stewart,
the plant inspector assigued by the District, has hed conslder-
able experience with this particular plant and maintained a
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very accurate control of materials. Mpr. Stewart deserves
commendation particularly in view of the plant set-up.

while it was the corigipal intention on the part of
the Diatrict %o secure materials from stockplles vhich had
been wetted by the racent raina, 3 reaurvey at the start of
construction revesled that there WeS insufficient coated ag-
gregate for the entire project. It was, therefore, necessary
to distribute the more adverss meterial throughout the entire
project as eguelly 83 possible. Dotailed sieve analyses of
aggregates in each of the fcour plant bins together with the
plant proportions used in the combined grading anslyses, are
shown in the following tadle.

Table 1

:Bin Fo. A N YO - 1 : Comblned
.4 Used P olo% i ouf : 26% 40% :

: y " : 100 s : .screened :Washed: 100
s 3/4" H 95 :+ 100 : Dpy : 9
. 1/2% : g8 : 775 : 100 : : : 35
s 3/8° s 5 . 38 :+ 89 : : : 75
+ No. 4 : i 8 ¢ 54 ¢ 100 ¢ 100 56
: No. 8 : s 3 ¢+ 20 : gy : 99 46
. Ro. 16 : : i il e 91 : 89 = 39
: No. 30 : H : 7 ¢ 72 : 63 : 29
: No. 50 : g : 5 3 by s 43 ¢ 19
s+ No. 100 : : 3 4 s 17 . 1% 2 9
: No. 200 : s : 2 4 : g 5
. No. 270 : : : 3 8 :

b &8 49 2% By ue S8 B8 &€

a® o8 BE BE W@

"

bR SEOTCONT

Temperaturs? of the aggrezate at the time of mixing, was
meintained at approxizately 275°F. Temperatures gf the m1§ at
the time of placing on the street ranged from 225°F to 275 F for
the mixes containing ¥G-5 and 160°F to 190°F for the mixes in-~
cluding ermlsified asphalt. These differences in temperature
betveen the types were undoubtediy duve to the cooling. caused by
the evaportaion of water in the emulzsioa.

After being subjected to tpaffic for a period o1’ one
day, water wes applied to the centr§1 portion of rhe completed
pavement but nefore the epd of tha 5~38y period of watering,
water had spread over the onkire suriace.
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Peyformencs

Mixtures containiog }IC-5 liquld ssphalt. Up to the
present date, there 1s no evidencs of any substantial differ-
ences between ths untresated cuthack s=ections and those includ-
ing the various additives. About the only evidence of sus-
ceptibility which could bs detectsd was the appesrance of
coarse rock from which the aapkalt had been stripped. This
éppearance deveioped progressively until by the end of the
fifth day of watering, the asphslt film was removed from most of
the exposed coarse stone surfaces. To date, however, all sections
using cutback asphslt would be coneidersd entirely satisfactory.

Asphelt Emulajion Sections. While emulsified asphalt
vas mixed in the pleni with heated aggregate and a comsiderable
smount of water evapcrated during the mixing pbriod, it was,
nevertheless, evident that some moisturs remained ia the mixturs
even after placing on the road, In any svent, within a few
hours after watering of the road surface had been started, the
sectlon mixed with Bitumuls began toc ravel and disintegrate and
this behavior continued as long as the suriace was wet. Ravel-
ling of the Colas ssction did not start as promptly but after
the end of the first day, ravelling was evident on this section
as well.

The application of water to the sectlons containing
smulsiflied asphalt was discontinued on the second day as the
Bitumuls section had ravelled completely through the thickness
of the blanket in seversl places.l ¥While the Colas sectlion was
in scmewhat bestiter congdlition, 41t had sliso softened and ravelled
to such an extant that repairs and resurfacing would be neceasary
to prevent traffic accidenta.

Conclusions

The performance of two ssctions mixed with emulsified
asphalt from two different vendors indicates that emulsified
asphalt mixtures are not resistant to disintegration if sub-
jected to raim shortly after constructlon or bsfore the water
has completely evaporated from the mixture. The performance of
a thoroughly cured section mixed with emulsified ezrhalt vas
not demonstrated by this experiment. All cutback sections with-
stood the application of water for 5 deys lncluding incidental
showers of rein and gave pc evidence of any softening or dis-
integration of the surface which would bs any cause for concern.

The performsnce of the wst road surface under trarfic

‘appeara to be in good agreemont with leboratory tesis on this

apgregate which have not indicated any undue susceptibllity to
vggergand have not confirmed the heiief expressed that this
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aggregate s deflnitely and sonsistently hydrophiliz, IT csn
only be assumed that the failures on previous construction in
which this aggregaves was lnvolved, were due to o%ther causes or
that the aggregate secured Tor the experimentsl project was

not in all respecta, identical with that which has ziven tirouble
on previous projects. The watupe of the aquerry and the facll-
itles for. processing aggregates & the Pennis Plant does nos
make thls latter an unreazonable supposition.

Attachments: Table II. Plant-Mixed Experimental Ssction
to compere anti-strippling agents constructes
between Chule ¥ista and San Tsidre 1z Jen.

1947.

sketer "Chuls Viata Experimental Section”
H“SQD”E"F‘

Photographs.
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