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ABSTRACT

.This study is concerned with stabilizing dune sand
with asphalt emulsions. Specimensbfabricated by vibretory
. kneading compacticn were'teStedvfcr-Strencthfby the Hveem
~and dOuble punch epnaratus fSpeciﬁens‘fabriceted by Marshall
“'compactlon were tested for strength by. the ‘Marshall dev1ce,j
This study 1nvest1gates the effect of different
ftypes of emuls1on, the effect of re51dual asphalt content,.'

the effect of grading of the dune ‘sand,. the effect of test—

~ ing temperature and the effect of the type of mix on den51ty

Jand strength values.
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CHAPTER I
INTRODUCTION

Dune sandris a wind blown transported‘matetial and
ftakes the shapegbf a mound or a ridge called'a'sand-dune |
(). ”Dune sandrrange'in size between fl254°250 m.m. (2).
Quarté (Silica)ris the main mineraldconpesition of dune
" sand (3) .- | | |
In»many_parts of the world,respecially in the desert
'areas, there is a shortage of'natural_materials suitablerfor‘
- road construction,- Dune sand, Which is often found in tne
 desert, coulddbe’utilized;as_a'road construction'materialdby
.using somedform Qf,a stabilizing agent, sucn as asphath
Some success hasdbeen.achieued‘in stabilizing sand with
asphalt binders;(ﬁl)°

Asphalt enulsidns are becoming more popular in some’
' areaslin the U.S. due to ecological and;eeenomic advantages°
Unllke asphalt cements, asphalt emulsions can be mixed w1th
wet aggregates, and w1thout heatlng,‘whlch reduces pollutlon‘
and the energy requlrement This study is concerned with
the use of asphalt emu151ons for stablllzlng dune sand.

Asphalt emulsions are thetdispersion of very small
'asphalt droplets in water. To keep these erpiets dispersed,
an emulsifying agent is used. -Emulsifying agents are acidic

1



'coﬁpqund (¢ationi¢).or basic édmpouﬁd,(anionic) (6).

Most emulsions comé:ih tWo Categérieé, anioﬁic'emulsion, ih
which the'asphaltvdxoplefs Carry'ainégativevcharge,»énd»
caﬁionié, in which the asphalt‘dropléts carry a pbsitiVe
chargé° According to'éarly 1iterature,‘£he cationic,émul—'
.siqn is suitable fbf aggregétes‘Which-carry negativevcharges;
- (Silicious aggregates),,wheieas the anionicremulsion is 2
suitéble for aggregates which carry pésitiveréhargesq(lime;
stone) (6,7). Howéver,rit hasrbeen'reported,recently'that'
,alllaggregates, including 1imestone, carry negativ¢~¢harge
(5. | "

:There are three generél classifications of asphalt

’_emulsiéns,.ra§id setting’(Rbsof;vmedium settiﬁg‘(M;Su), éna:

‘s-l.owAseAtting.(S‘oS,)° .Thesé classifications are based on thé”‘
'rafevét‘which the -dispersed asphalt dropléts coagulate or -
"break"_inté a continuous film'of asphalt cement. Tﬁe-raté'”
.of breakiﬁg.ué'is controlled by the type and amOunt,bf thé
eﬁuisiinng‘agent used. The slow setting emulsions are the
. mOSt.stéble to ﬁixing and dilution and mix with a.variety of A
:damp and wet aggrégates Withouf'stripping (8);‘

'Asphélt‘is ﬁséful for soil stabilization, because of
its‘cementing and waterproofing gqualities. The,cemeﬁtation
is generally most important for noncohesive or only élightly
cohesive granular soils such as‘gravel or sand.  The Water;
proofing property is ﬁqst important to cohesive soil or

soil~aggregate mixtures. Increasing the amount of asphalt



to'beradded te a eoil increaeee waterproefing,rbut it might:
lowerrthe mixtures strehgthar Therefore; the aﬁeunt of.
-asphalt for desired.waterprOOfing“andﬁmixture's'strength B
heeds to be determihea by laboreto-ry,tests° | |

The most well recegnized theories that.explain the
.mechanlsm of asphalt 5011 stablllzatlon are  the "1nt1mate
hmlx" and the plug theorles (9) . Granular materlals seemhi
.to best flt the .;ntimate'mix" theory where the.individualr
partlcles are coated with asphalt and stick-toéether, The
theor& doee_hotvapply to.elayey materials due_to the diffi-
culty of coating iarge:surface areas. Also,'clay posseeses
natural cohesion and cannet be separetedreasily into indi;
vidﬁelAﬁarticleey Therefore; asphalt tends to coat the 3011
in small aggregates or clods and aCts as a waterproofer by
plugglng the voids (lO)

To summarize the mechanlsms-"In éranular material
the‘asphalt coats_the grains and acts as a binder. ~In soils
whieh COntain‘clay; the clay is a natural binder as loné as
Qeter is‘kept out; asphaltfiSAadded es‘a waterproofer fof'
the clay;cemented aggregatés° | |

. Stabilizétion of soil with asphalt emulsion is
typlcally performed by blendlng the emulsion with wet 5011
compacting it, and then curlngvlt, Addlng water to the 5011»
prior to the'addition of the asphalt emulsion will aid in

distributing the asphalt uniformly. Upon evaporation of the



water from the mlxture the s011 gralns are left coated with

a protectlve ‘asphalt fllm°

Purpose and Scope of _the Study

ThlS study is concerned Wlth stablllzlng dune sand -

with asphalt emu1s1ons,' Two types of emu151ons, anionic

(SS l) and catlonlc (CSS 1), and also the Ss-1 base asphalt

'(asphalt cement) were used as stablllzers°

In one part of the 1nvest1gatlon, the'speCimens were

compacted by'a vibratory kneading compactor, cured* then .

tested w1th the Hveem stabilometer and a double punch

'apparatus, In the other part of the 1nvest1gatlon, the

'spe01mens were compacted by the Marshall compactor, cured

then tested w1th the Marshall apparatus°

The 1nvest1gatlon was carrled out as follows°
Specimens were prepared by the v1bratory kneadlng

compactor u51ng dune’ sand and two types of emulsrons,

- 8S-1 and Ccss-1 at varylng amounts of emulsron

content° The spec1mens were compacted at dlfferent
liquid contents (emu151on plus water) to determlne
the effect of the liquid contents on den31ty,‘ After
twenty-four hours of curing at I4OQF, the specimens
were tested at 77°Flto determine the effect of
re51dual asphalt content on the stablllty, re51s—

tance, tensile strength values°



To determine the effectlof grading of dune sand,

- specimens were prepared'usiﬁg modified grading dune
sand (dune sand plus 30 percent copper mill tailings),
.and SS-1 emulsion a£ varying amounts of,emulsion-k.

content. The specimens were compacted by the

vibratbry kneéding compactor at different liquid.

‘contents. After twenty-four hours of ‘curing at

140?F; the specimens.werevteSted at 77°F for thé
stability, resistance and'tensileistréngth values.
To assess the waterproofing effect of asphalt

emulsion; specimens were fabricated by the vibratory

V compactor using'duné sand, and SS;l emulsion at:
 vafyin§ amouﬁts o_f»ermulsién'cont‘ents° After twenty-
-fou# houfs'of curing at l4OOF the specimens were
’.éubjected to vaéuum éoakjtest, then the soaked

-stability, resistance} and tensile strength were

evaluated.

Spedimens were prepared by the Vibratory compactor

:using dune sand and twoﬁtyPes of emulsions (SS-1 and

CSs-1) at‘one.emulsion content. After'twenty-fdur

hours of curihg at 140°F, they were tested at 770,‘

104°; and 140°F to determine the effect of testing
btemperature'on the stability, resistance, and

' tensile strength.

To compare properties of hot mixes with those cold

mixes, specimens were prepared by the hot mix



. process and fabricated by the'vibratory kneading

compector using dune sand and varying the amounts of
S5-1 baee asphalt:(asphalt cenent);- Aftet curing for
twenty;fenr hours at 77OF, the'epecimens weredtested
for‘stabiiity,_resistance, and tenéile Strength_
valuesvat'77°F,‘ |

In the second part of the 1nvest1gatlon, specimens
were fabrlcated by the Marshall compactor u81ng dune
sand ‘and two_types.ofvemuls;ons (SS—l and:CSS-l),-atf
varying amounts ef emulsiOn contentsér The specimens

were compacted at different liquid contents (emul-

~sion and water) to determine the effect.of emulsion
"content on density° After twenty four hours of

_curlng at. 140 F the spec1mens ‘were tested at 77 F

i

to determlne the ‘effect of re81dual asphalt content t
on the Marshall stability and_flqw.values.
Forvanother test condition, speeimens‘were prepared
by the Marshall cQﬁpaCtor, using dune sand and.two
types of}emulsions (ssél and CSS—l),'at one emulsion
content. Aftet twenty;four houts of curing at 140°F,

the-specimens were tested at 77°, 104°

and 140°F to
determine-the effect ofttesting temperature‘on the
Marshall stability and flow values. |
Toleompare‘hot-mixes with coid mixes, epecimens were

prepared by the hot mix_process and fabricated by the

Marshall compactor using dune sand, and varying



amoﬁﬁfé-of SS%l base asphalﬁ (asphaltrncement)° After
curing for‘twenty—fduf hours'at'770?, thé specimensr
were tesﬁea for Marsﬁéli étability ahd flow valués

at - 77°F.



 CHAPTER IT
REVIEW OF LITERATURE

This stﬁdy is'coneerned'with the use of as?halt.

e demhIsions for.the stabilization of afdune sand and:the

'development of 1nformatlon whlch is lacklng. Asphalt emul—v
sion treatment mlght give acceptable qualltles for the dune
'sand to be used in hlghway constructlon°

McKesson and Mohr (ll) were the flrst to. descrlbe
the stablllzatlon of sand w1th asphalt emulsions. 'Sand
,from dlfferent areas in Florlda were tested for SUltablllty
’ for ‘emulsion stablllzatlon, Emu151f1ed asphalt mixtures
Were'epreadrin thin layets'and‘dried out to Conetant'weight
atAl4OOF, theh the mix.was comﬁeeted:statically while it was
'Wermg The spe01mens were tested for stablllty by the
'modlfled Florlda Bearlng Method at 140° F 'From.the results
'ef their tests they_concluded-that sand was satisfectory for
.stabilization'if the Elerida Bearing'velue_wae greater than
'25tlbs,vwhen‘send was"tested prior te mixing with the emul=
sion,‘ The mixture was satisfeetori if it showed a bearing
value by the modified Florida test of_more than 100 lbs at

14COF after treatment with thexemulsidn,



They also showed that sand of low stablllty can be
made sultable for use by the addltlon of fine, noncohe51ve,
flllers° | |

Gregq, Dehlen'and Riéden (12) presented a laboratoryv
Iand field study of bltumen—stablllzed dune sand I their .
gistudy, they gave partlcular attentlon to two factors, temper-.

ature and - the ‘rate of loadlng that lnfluenced the behavior o
of bituminous stablllzed materlal° Triaxial tests were
conducted over a range ofttemperatutes and-rates_of ioading;-
The results showed -the C*intetcept deCreased markedly with
the inorease of temperature and the decrease'ofvthe,rate of
~loading. Those results pointed outvthe importance of |
carryingistability'tests at temperatures corresponding to
the upper limit of the temperature to be‘experienced by ther
material in its life. It is further important that the tests
should be-carried out at rates of loading oorresponding to
those occurring in the field. |
They also carried out a field investigation on ‘8
“sections of road in Southwest Africa,.of 6 inch thidk'j
bltumen dune sand base° 'Each base was stabilized in place
Wlth a different grade of cut~back asphalt, The investiga—r
~ tion showed that after two yearsvof service under light to
medinm traffic those bases performed satisfaotdrily in spite

of the low in situ California Bearing Ratio that was below

.30 at a surface temperature of 104°F (40°).



- 10
It was found that the mixtures containing natural
,ifillers to improve their grading by filling some of the v01d3~'
dbetween the - one 31xed sand particles generally possessed
: higher strength and moduli of reSilient deformation than‘
7m1xtures lacklng fine material

Dunn and Salem (4) conducted a laboratory study on ..

V'_factors affectlng the shear strength of a one-51zed grading

rfine sand stabilized Wlth a cationic asphalt emuISion°~
TriaXial tests were employed to study the effect of emulSion
content on coheSion and angle of frlction of. stabllized sand,'
_Unconfined compression tests were employed to 1nvestigate the
»influence.of=the ViSCOSity of the base asphalt and also the
'effect'of'varying.the'initial moisturefcontent'on the'com— |
preSSive strength of . stabliized sanda | |
| Undrained tr1ax1al tests were carried out on 4 1nch
»1high by 2 1nch diameter air—drled speCimenscr The testS‘
.showed that the addition of emulsion to the sand had the
-’simultaneous.effect_of'increa81ng‘the'cohesion,and reduCing
"the-anglelof.frictional resistancegd_For.the particular test
'conditions, maximum cohesion wasvdeyeloped'when,the reSidual
asphaltlcontent was_4'to‘5—l/2 percent,. The angle of
frictional resistance fell linearly with residual asphalt.

| fThey carrieduout tests with different types of
cationic emulSion, and showed that cationic emu131on hav1ng
'the lowest penetration reSidual asphalt gave the highest

compreSSive strength. It was found that an optimum initial



11 -

»mOlSture content ex1sts for optlmum compress1ve strength°
It was shown that suff1c1ent water should be present durlng
the m1x1ng as long as it would not deleteriously affect.
Acompactlon, o | . | R

It was shown that the addltlon of filler to one-
sized gradlng sand 1ncreased the dry dens1ty and the-“
;meohanlcal_stablllty of sand, Cement flller greatly 1n—'
creasedlthe comhressive strength»of sand—cement—emu151on
ﬁixes and:was actinghas a stabilising_agent rather'than'a d:'
filler. |

USing a vibratory'COmnaotion it:was shown that the‘

addltlon of emu151on to sand had the effect of reduc1ng the

':»dry den51ty°

It was found that the order in which the 1ngred1ents
were added affected the ultimate strength of the material.
‘The hlghest strengths were obtalned by addlng the cement
hf;ller last, whlle the lowest_strengths'were obtained by
‘adding the»cement_filler first to‘drf.sand, This was ex—
‘plained'by'the.faot that the.ashhaltohas a chance to adhere nd
to the Sand‘beforevthe.cement'was added. ‘When the emulsion:
was added to theﬁsandecement mix, the_greater affinity of
asphalt'to the finer partiolesfmight result_in poor coating;
of the sand. . |

It was observed that the compress1ve strength of
'emu131on stablllzed sand 51gn1flcantly 1ncreased w1th the

increase of curing period. Tests of cured specimens in air7
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";dry conditions for three months showed that ‘the more emuls1on,
used the higher the strength. o | |

Dunn and Salemv(l3), in another paper; conducted a.
'laboratory 1nvestigation on the effect of temperature and

“the rate of loading on the shear strength of one—Sized

Jﬁfgrad1ng~sand stabilized~w1th cationic‘emu151on°"The shear

jstrength parameters C and ¢ were determlned uSing trlaXial
'htests,' It was found that preheating the sand and cationic
' emuls1on to a temperature between 45° and 75° c (113 167 F)
3 before mixing had an effect of increas1ng the ultimate |
strength of dry—cured compacted spec1mensa, The preheating
~had no s1gn1ficant effect on the angle of- shearlng res:Lstance°
It was shown that the 1ncrease in curing temperature
7 from 20 to 90 C (68 —194 F) w1ll increase the coheslve |
strength;of the stabilized sand. The angle of frictional
1resistance;was increased, but to a iessergextent{thanithe
" cohesion. ,It'Was noted.at curing temperatures above 1409F
'relatively 11ttle increase in strength occurred
. The effect of the testing temperature on C and @ was
investigated and it was found that the increase in tempera— |
_fture reduces both C and_¢;'vThe reductionrin C values are
significant compared to the reduction in g values with |
change in temperature from -5 to 50 c (21 5 C_122 F) |
It was observed that 1ncreas1ng the rate of loading
~ had the effect of 1ncreas1ng the C:and decrea51ng the ¢

values. However, the reduction in strength due to: change in
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~ the ¢.values are small compared w1th the 1ncrease in the C
o value,-and the net effect is a 31gn1f1cant increase in the, :

'dtotal strength° | | | |

Al Salloum (14) did a study on. fatlgue characterls—

‘tics of an asphalt stabilized dune sand (Yuma Dune Sand) .
‘The bitumen usedtovstabilise:the dune sandlwas'606702penefh
tration gradeiasphalt° 'lt was”found'that the Centrifuge:k
Ker051ne Equlvalent procedure to estlmate the "optlmum"
-'amount of asphalt was not appllcable to dune sand due to the
large surface area,"The optlmum content based on the
'Marshall stablllty alone was found to be 6 percent by the
welght‘of dry sand The Marshall and Hveem stablllty were |
';,tound to he SOOslbs, and 18;percent at 140°F, respectively.

. The relatiue.density.at 6 percent asphalt‘contenttwas about
A"7éipercent of the voidleSS mix. |
The Jlmenez deflectometer (15) was used to study the
g fatlgue properties of Yuma sand—asphalt It was‘found that
the fat;gure llfe 1ncreases w1th a) an 1ncrease.inAthe d?-,
o namic'modulus offelasticity, hl an increase in}spedimen'-
thickness, c) the’deCrease'in teSting teMperature,‘d) the
1ncrease 1n the initial support pressure,‘and e) the 1ncrease

in the radlus of the loaded area.’
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' Yuma sand—asphalt was characterlzed by its low |
.Stablllty value and fatlgure reSLStance due to the hlgh per—
centage of air voids and VMA;'ln the mlg°7
A tentative two—layertpavement:desfgn»procedure based
"von the'limitatlon of both the subgradeAvertical strain and
' the radial horlzontal straln at the bottom of the surfa01ng |
layer was suggested (14) It was found that roads bullt with
_Yuma sana—asphalt,,as ‘a surface layer, can res1st only llght
0o medlum traff:.c° By comparlng Yuma sand—asphalt to-. the
'conventlonal asphalt concrete, it mlght be stated.that one
inch of asphalt concrete is equivalent to aboutﬁfive inches,:
"of a sand-asphalt. Moreover, for a giyen thickness of_
asphalt concrete, it ‘may last up to 20 tlmes as long as the
»same thickness of sand—asphalt surfac1ng°
| _Curing'after'compaction iswprobably the most.impor—_
tant step in the process of emulsion,stabiliZation° The |
'strength.deyelopment_is_limited-to the rate of water loss in
>the~mi2ture° Therefore, it is important that the mixture
'drles out to the lowest poss1ble water content 1n order to
obtaln fully effectlve stablllzatlon, | |
Schmldt, Santuccl and Coyne (16) demonstrated the
imPOrtance of curing. They showed that after 30 days of

N

curlng, emulsion treated mixes made with dlfferent penetratlon

1.. VMA (Voids in the mineral aggregate) is the
. volume of air voids plus the volume of asphalt in the com-
pacted mix. :
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asphalt have re51llent moduli sllghtly hlgher than hot mixes
- made Wlth the same asphalt° It was also shown that complete
currng of emuls10n treated mixtures resdlts in resistance to
water damage approachlng that of hot mixes.

They showed that small addltlons of cement will 1m--f
prove the early cure of emuls;on treated mlxtures under’
adverse curing condltlons of‘cool temperatureror high,
Ihumidity,

B The:presence of.moisture in a'soilﬂprior to- the
additioh of the emulsion_generally aids ih mixing ahd also
provides sufficienttliquid in the mix to bring it to optimum
compaction, Current practice suggésts that the amouht of
water to be added to the soii prior to the adaition of emul-
sion must: be determined by observiné the asphaltvcoating over’
a wide range of moieture contents ahd choosing the content
that gires the beSt coating (17).

‘Yazdani (18) studied the effect of premixing water on
the stability and cohesiometer values of a well graded river
‘sand stabilized with anionic emulsioh° He shoWedvthat the‘
amount of premixing water did not affect the stability values
ahd aleo showed some siight improvement of coheeive strength
as.the mixing water increased from 5 to 7 percent.

From a practicai point of view, a higher level of
premixing water will require a more prolonged period for

drying to bring it to an efficient compaction. Usually the
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-mlxture is brought to optlmum moisture content for compac— |
'tlon(8 19 . | - N

Coyne and Rlpple (8) rev1ewed the mix design and
construction methods of emulsified‘mixes.r They suggested the
use of sand equivalent testhto detect,the presence of ex—
cessive amounts of clay. Material having.sand equivalent
vvalues between 25 and 35 should be evaluated by a laboratory'
-testvprlor to usew: Materlal having-a sand equlvalent value
'less than 25 is cons1dered not sultable for emu131on
stablllzatlon° |

It is 1mportant that the emuls1on be unlformly dls—'
persed in order to achleve the desired water res1stance andi,
ftensrlelstrength. Varlables found to affect dlsper51on are:.
f_gradation;rasphalt grade and amount(»water content, m1x1ng~
time, and:mixing temperature. The best way<terValuate the
effect‘of these variables when using asphalt emulsion is to
nake and‘test the ﬁig, _ _ | N

| Thedauthors (8) suggested.that pneuﬁatic‘tired

‘rollers‘are'well Suitable-for compactingAnormal thickness
pavement courses of denSe mix.. For thick 1ifts, vibratory
steel'roilers are preferredcd Mixes‘compacted'above optimum
water content maf shove and rut. .Mixesrcompacted below
optimum water content'may become stiff and unworkabie'and
raveling may~result° .

fnforder to develop the design strength the mixture

must be cured properly. _Thevauthors,(Bl stated that under



17.
favorable eurlng condltaons, pronerly de81gned emu131f1ed
mlxtures can be opened to trafflc 1n 45 mlnutes to one honr°
hUnder.adverse conditions of cool temperatures or hlgh -
humldlty the rate of strength development may be slow.

Emuls1f1ed asphalt mix de51gn crlterla based on the
'Resistance R—value and coheSLOmeter C—value after vacuum":
_saturatlon have been establlshed by the Asphalt Instltute
,(17) f'Emu151f1ed mlxtures hav1ng RT values (R + oOSC) of 78

minimum at 77°F were considered comparable to crushed rock

base°



. " CHAPTER III
. MATERIAL

This'Chééter>describes the éroperties of aune séhd,f.
" copper mill taiiings,:and-asphalts uéed° As mentioned
fpreVidusiy, twbﬁﬁypeéﬂdf emulsions were-used,,anionié-(SS—l)n
- and cationic (CSS—l)° The base>asphalt of.ss—l.emulSion
'(asphalticemént) was also used. ,Cobper'mill tailings~wére

blended with dune sand to modify the sand's gradation.

Yuma Dune Sand

Yuma’duné'sand was obtained from an area 16 miles
west of Yuma, Arizona. This éand’had a specific gravity of
2g66°  The»gradation of this material is:sﬁown'in~Figure 1
and Table 2 6f Appendix A,' Tﬁe-rééultSAindicéte thét 100
percent of the dﬁﬁe sand grainé‘aré paésing_number 30 sieve,
The aVerage‘grain'size iS'approxiﬁately .08 inch (.2 m,m.)f
‘The'moisture—dénsity relationshipiaccording to the modified
- AASHTO compaction is shown in Figure 2. The results indicate
an-optimum dry density of 109.5 pcf at optimum moisture
Cbntent of 11.2 percent. The moisture-density relétionship
_obtained by the Vibfatory kneading compaction and Marshall
compaction method are also éhoWn in Figuré 2. Values of the
dry densitieé at different moisture content is tabulated in
Table'3'and‘4 of Appendik A, The fesults indicate that the

18
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method of compaction has no appréciable effect on the dry

-density of dune sand.

Copper Mill Tailings

'Copper ﬁill tailings isAa fine powdery material dis-
cafded by the mining ihdustries after.thévextraction_of the
cqppef compounds from the copper ore (20,21). The spécific

lgravity of this materiél is 2,76° Thé gradation of this
.material is shown in Figure 3 and Table 2 of Appendix A.
N The-result indicates that lOO percenttof copper mill tail-
ings gfains pass the number 16 sieve.

'VA'blend of 70 percent dune saﬁd and 30 pércent copéer-
'mill tailith'was made énd itsvgradaﬁion is shown in Figure 1

" and Table 2 of Appendix A.

~ Asphalts |

‘Two emulsions, slow setting anionié-(SS—l) and slow
setting cationic (css-1), and the béée asphalt of SS-1 emul-
sion were obtained through the_courﬁesy of the Chevron -
Asphait Company in Tucson, Arizona. The propertieé,of the
asphalt emulsions .are éhown in Table i of Appendix A.

‘The emulsions were suﬁplied_in five galloh cans, and
transferred to one gallon plastic containers. The base
asphalt was supplied in one gallon containers° The asphalt

was stored at room temperature prior to use.
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CHAPTER IV
LABORATORY PROCEDURE AND EQUIPMENT

This chapter describes the procedure and equipment

used in this study.

Material Preparation

The_duné éénd and copper mill tailings were kept.in
. a forced-draft oven for twenty—-four houxs at l4b°F (GOOC),
to insﬁre ?roper drying, then alléwed to cool at room tem-
perature. The asphalt emuiéionsvwere étored in one galion
plastic‘containers‘and kept-at room temperature (77° ¥ 5°F).
The emulsion was'thoroughlyégitatéd upward and downwarg
prior to use to insure that the residue of the emulsion was
répresentative of the residue of the emulsion uséd. The
base asphalt was £ransferred from the one galloh containers
to pouring pots‘for heating asphalt;

Compaction and Strength_Test,of ﬁntrgated Spécimens

1

The oven-dried dune sand was mixed with predetermined

amounts of water in a Hobart laboratory mixer (C-10) for one
minute. Approximately 1000 grams of moistened sand was used
to fabricate a specimen of 4 inches in diameter and 2.5 + .1

inches in height. One group of specimens was fabricated

23
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using the vibratory kneadiné eompactor and the otherrgioup
was fabricated using the Marshall compactor.

The modified gradatioﬁ is abblend of 30 percent cop-
per mill tailings and 70 percent dune sand. The blend was
mixed thoroughly by hend,vthen'mixed in the Hobart mixer.

" The predetermined amount‘ef Wéter was added to the blend and
Vmiked for ene.minute, Approximately 1000 grams of;the mois-
ened mixture'was used to fabricate each specimen using the
vibratory kneading compactor. - : : ' N

Immedietely after»compaction the épecimeﬁ was ex-
truded from the mold and the total weight and heighﬁ of the
specimen in grams and inches, respectively, were recorded.
The moisfuregcontent at compaction'Was then determined
according to the ASTM procedure'numbef C—566;

| The dry density of the specimens was computed as

follows:

_ .3W ,100 . . o ’
¥a = H (lOO+M) ' A

ﬁd eis the dry density in pounds per cubic foot,
W .is the total.weight of the specimens in grams,
H _is'the height of the specimen in inches, |
M is the moisture conteht in percent.
Using the vibratory kneading compactor, samples of
dune sand and modified gradation dune sand were compacted at

10, 12, and 14 percent meisture content. Three specimens
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were prepared for each moisture content, then tested

immediately after compactionAwith the Hveem stabilometer.

Preparation of Asphalt Treated Specimens

Trial Emulsified Asphalt,Mikturés

',_The amount of»premixing water prior to the addition
~of ‘the emulsion, which results in:the best coating of sand
_particles, was determined. Approximately 500 grams of oven-
dried dune sand was mixed with varying amounts of water in a
Hobaft mixer for one minute, -then a seiected amount of emul-
sion was added and mixed for another minute. These mixes
containing the selected amount of asphalt emulsion and vary-
ing'amounts.of premixing water were allowed to air dry at
room temperaﬁure; Each mix was examined visually for the
suitability of the asphalt coating,. The uniformity of color
is a good indication of coating (17).

'Based on dry weight of sand, 5.5 percent, premixing
water gave the best coating, when using 9 percent SS-1 emul-
sidﬁ; and 6.5 percent premixing water gave the best coating
when using 8 percent CSS-1 emulsion due to the different
amount of water in the emulsions.

| Based on the above coating test, the prémixing water
will be adjusted so that the total moisture content (pre-
mixing water + water from emulsion) was approximately the

same for each mixture. For example, a mixture having
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‘pefcent SS—l emuléion and 5.5 percent premiking water, the
tdtai moiéture content was 9 percént° To obtain the total:
moistu:ércontent of 9 percent, using 8 percent SS-1 emulsion,
the premixing water.was increased to 5.9 percent. This
calculation is baéed on the S5-1 emulsion contains 61.6 per—v

cént asphalt and 38,4‘percént water.

Mixing
The Hobart laboratory mixer (C-10) was used for all

pfeparatioh of mixes (Figure 4). The required amount of
water was added to dune saﬁd_and mixed for one minute. The
desired,amount of asphalt:emulsion was added, théh the con-
tents were mixed again for one minute. Enough mixture was
prepared to fabricafe three specimens‘for eéch‘emuision'con—
tent. Approximately 1,000 grams of mixture was ;equired to
fabricate each specimen. |

' Tﬁe mixture Qf sand and baée asphalt was prepared by
heafing both the sand and the asphalt. Enough sand to make
three specimens waé introduced into the mixing bowl, then
hééted in a forced-draft oven at temperature of 280°F.
The base asphalt was heated to a temperature of 280°F in a
pbﬁring pot. The desired amount of hot molten-asphalt.was
poured in the mixing bowl, thenlthe contents were mixed for
approximately three minutes. The hot mix was kept in an
oven at 280°F in three separate pans, each containing épproxi-

mately 1,000 grams ready for compaction.



Figure 4. Hobart Laboratory Mixer (C-10)
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| Vibratory Kneading Compaction
The vibrétory kneading (V.K.) compactor developed by
Jimenez (15).is shown.in'figure 5. This'¢ompactor is be-
lieved to ‘be more appropfiate to compact sand since sand
grains respond better to Qibrétory compaction. . In this
method of compaétion, the top turntable is tilted, so that
:an horizontal componen£ of compéction force can be obt‘ained°
- The compaction is affected by'impéét, and;during compaction
the tiled mold was rotated“at'l7°57r,p.m,; After compac-
 tion, the turntable was leveled for a 1e€eling load.
This compactor:wés used to fabricéte specimens of 4
inches in diameter and 2.5 + .1 inches in.height,' Coﬁpac—
tion was conducted.ﬁsing 6ne layer and the angle of tilt of
one degree with a compaction period of two and a half .
.minutes, The leveling load period was 307seconds.
The densities of the emulsion treéted specimens on

a dry aggregate base were determined as follows:

_ .3W ,100
§r = 7 (Toorr

where:

¥T is the dr density of the treated mixture in
y dens
pounds per cubic foot,

W is the total weight of the spécimeh in grams,

H is the height of the specimen in inches,

F is the total liquid}content (emulsion + water) .
All specimens were compacted at room temperatﬂré;

'except those treated with the base asphalt. The hot mixture



Figure 5. Vibratory Kneading Compactor
(@) Loading System



Figure 5, Continued
(o) Turntable
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which was kept at 280°F, %as brought immediately from the
oven and coméacted in the preheated molds. Thé dry density
of the treated base asphalt épecimens were determined by
using the above formaia, The asphalﬁ content was considered

in the total liquid content.

Marshall Compaction

The Marshall compactor was a 10 pound hammer falling
through a height Qf 18 inches. Fof detailed information
réfer torreference (22)0.

Figure 6 shows a‘photograph of the compactor in
which the hammer was operating by an electric motorun Speci—k
mens of 4 incheslin diaméter and 2.5 + .1 inches were fabri-
cated usingASQ blbws applied to each end of the specimeh°

The dry densities of emulsion treated specimens were
.,determined aé for specimens cbmpacted by the vibratory
kneading ¢Ompact§r.

All specimens were compacted at room temﬁerature ex—
cept those with the base asphalt. The hot mixture which was
kept at 2809F, was«brought immediately from the oven and
compacted by using the preheated molds and hammer. The dry
densities were also determined as for Specimens compacted by

the vibratory kneading compactor.
Curing
The emulsion treated specimens were cured in an oven

at a temperature of 140°F for- twenty-four hours. This curing



Figure 6.

Marshall Compactor
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dries out the specimens com.pletely° The base asphalt treated
specimens were cured for twenty-four hours at room tempera-

ture (77° ¥ 5°F) .

Tesfing of Treated Specimens
The asphalt emuléion treated specimens and the base
asphalt treated specimens were tested for strength.using
' three apparatus, the'Hveem stabilometer, double punch, and
the Maréhall device. The specimens were tested at thréé

O

temperatures, 77 , 104°

, -and 140°F,'-F0r the first testing
condition, the specimens were Kept at thé room temperature
of 77°F for three hours prior to thé test. For the last two
testing conditions, the specimens are kept in an oven at |

104°

and 140°F for three hours before testing.
Samples were tested in triplicate for each test con-
dition, and the average of the three or two values, depend-

'ing on the reproducibility, was taken as the finél value and

reported.

- Hveem Stabilometer Tests

| The Hveem staBilometer developed by Hveem in 1930
(23), was used to test specimens for their stability "s" and
resistance "R" values. A aiagrammatic representaﬁion is
shown in Figure 7. 1In this test, when a vertical load is
applied to the specimen, a horizontal load is transmitted
through the diaphragm to the liquid. Thé magnitude of this

-horizontal pressure is read on a gauge. The Hveem
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NOTE—The specimen is given lateral support by the flexible ihlewaU, '*hich transmits horizontal
pressure to the liquid. The magnitude of the pressure can be read on the gauge.

Figure 7. Diagrammatic Sketch of Hveem Stabilometer
Source: The Asphalt Institute (22, pb54)
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stabilometer can be considered as a tria#ial testing device
of the closed type in which the horizontal pressure varies
with the application of thevvertiéal loads unlike that of the
con&entional triaxial test in which the horizontal pressuré
is kept constant and the specimen is loaded'until failure by
" a vertical deviator stresé° |

| :TheVstability and resistaﬁce values are influenced
pfimarily by internal resistance, and only slightly by the
resistancé'of'the materiai due to cohesion. The.resistanée
and the stability values of a mixture was computed on the
bases of the horizontal pressuré transmittedbat vertical
loads of 160 p,s,io.and 400 p,:s',i;'respectively° ﬁveem
ascribedAsfability as follows (24, p°7), "It was sdon
evident:that the étabilometer'principle (which was later
Adesignated in certain quarters as a triaxial shear or com-
pression test) primarily measures interparticle friction
which is the principle (SIC) variable that éontributed to
stability"e-

Hveem established an'arbitafy scale running from zero
to 100 for reporfing the stabilometer results. A value of
Zero correSponds té a liquid.having no measﬁréble internal
- friction to slowly applied loads, and in the othei extreme,

a value of 100 percent corresponds to a hypothetical solid

that will transmit no measurable horizontal pressure.
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The photographs in Figﬁres 8 and 9 show the Hveem

stabilométer-and testing machine. For the details of the

test refer to

reference (22) by the Asphalt Institute.

The stability, S values, are obtained by the follow-

ing relationship (23).

S is
P_is

P is
at

D is

22.2

Ph‘D,
Pv—Ph'

+  .222

the stability value expressed as a percentage,
the vertical pressure (400 p.s.i.),

the horizontal pressure (stabilometer reading
Pv = 400 p.s.i.),

the turns displacement reading.

The resistance values are obtained by the following

relationship

R =

where:
R is
P_ is

P, -is
at

(22):

100
2°5-.Pv' ,
D (F— - 1) +1

h

the resistance value expressed as a percentage,
the vertical pressure (160 p.s.i.),

the horizontal pressure (stabilometer reading
Pv = 160 p.s.i.), ‘

the turns displadement reading

Double Punch Test

A simple indirect tension test that was developed by

Fang and Chen

(25), was used recently by Jimenez (26) to

test asphaltic mixtures for tensile strength.



Figure 8.

Hveem Stabilometer
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Figure 9.

Hveem Stabilometer and Testing
Machine

38



39

This test consists of loading with. two one-inch
'diaﬁeter steel punches, centered on both the top and bottom
surface of a cylindrical s?ecimeno The loading rate was set
fof oﬁe inch per minute. The maximum léad registéred by the
testing machine was considered thé failure load.

The spécimens; éftei beiﬁgzimmédiately tested by the
Hveem stabilometer; were tested by ‘the double punch device.
Figure 10 shows a'specimen being tested,.

The tensile strength is calculated by fhe following
équation: . |

ot = 2 .

~r(1.2bH-22)

wheré:
Ut is the tensile Strength in p.s.i.,
p 1is thé maximum load in pouhds,
é is the radius of punch in inches,
b rié the radius 6f specimen in inches,

H is the héight of specimen in inches.

Vacuum/Soak Test

In order to assess the effect of Wdter on the emul-
‘sion treated specimens, a vacuum soak test was conducted
similar to the test developed by Dunning and Turner (27; in 17).
A modification of the test was maderby changing the amount
of vacuum and the period under vacuum saturation. The modi-
ficationvwas‘made by subjecting the cured specimens to 26

inches of mercury vacuum for 15 minutes, then soaking for



Figure 10. Double Punch Test
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another 15 minutes,vinstead of using 26 inches of mercury
vacuum for one hour;'theﬁ'soakiﬁg for another hour.

In this teSt, thé éured specimens iﬁ their molds &ere
placed in a bell jar with a cdver of water over the épecimens°
The bell jar was evacuated to 26 inches of mé:cury for 15
minutes;‘then the vacuum was released slowly'énd the speci-
.mens were allowed to soak in water for 15 minutes. Figure
fil shows the appératus being used for vacuum soakingO, The
Specimens were extruded from the molds and‘weighed-to deter—
mine the moisture pibk—up. Then the specimensvwere tested

immediately by the Hveem stabilometer and double punch..

Marshall Test - A

| The Marshall stability test itself is é‘type 6f uﬁé
confined compressioh test, in which the cylindricalAspecimen
was compressed fadially by a conétaﬁt rate of defdrmation of
2 inches per minute. The maximum‘load in pounds to cause
failure was recorded as the Marshall stability value (M.S.),
and the defofmation in:units of 0.01 inches was recorded at
failure as the.Mafshall fiow vaiﬁe (M;F,)é ,Fér details of
the teét refer to the reference (22) of the Asphalt Insti-

tute. Figure 12 shows the Marshall testing device.



Figure 11.

Vacuum Satruation Set Up
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Figurel2. Marshall Testing Device



CHAPTER V
DATA PRESENTATION AND ANALYSIS

Effect of Emulsion Content on the
- Vibratory Kneading Density -

Vibratory kneading was used to compéct the untreated
and emulsion treated dune sand with the results shown in
Figure 13 and Table.4land 6 of Appendix B. The results éhow
that the density of emulsion treated speéimens decreased with
the increase of the liéuid contént (emulsibnvplus water);
Specimens treated with'CSS-l emulsion gave higher densities
than those that were treated with SS-1 emulsion. This Was
due to the fact that SS-1 emulsioh,had lower penetration base
.asphalt than CSS-1 base asphalt (Table 1, Appendix A). The
harder the asphalt (low'penétration) contained in the mixture

the higher the resistance to compaction; which results in

lower densities.

Effect of the Residual Asphalt Content

Figures 14 and 15 demonstrate the effect of residual
-asphalt content on the resistance and stability values of.
emulsion treated dune sand spécimens° The amount of asphalt
influences the interparticle friction. With the increasing
quantities of asphalt, the interparticles friction was re-
duced, consequently:the resistance and stability values which
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® Dune Sand + Water + CSS-1
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(O Dune Sand + Water + SS-1

A

OQMIQQ ] N

°105
%
rd
é 'Oo
100
5 7 9 11 13 15
Compaction Liquid Content, Percent
Figure 13. Compaction Dry Densities versus Compaction
Liquid .Content for Untreated and Treated
Specimens (Vibratory Kneading Compaction)
Vibratory Kneading Compaction
Test Temperature 77°F
~ Css-1
H
Ss-1
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Residual Asphalt Content, percent
Figure 14. "R" versus Residual Asphalt Content

for Treated Dune Sand
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Figure 15. "S" versus Residual Asphalt Content
for Treated Dune Sand
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Figure 16. Tensile Strength versus Residual

Asphalt Content for Treated Dune
Sand
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are a measure of internal fridtidnAwere reduced. Figures 14
and 15 also show thét CSS¥l emulsion treatéd dune sand speci-
ﬁens gavé higher resistance»and stability values than those
treated with SS—l'emuision. These results could be attribu-~-
ted to the higher densities thained with the specimens
treated with CSS-1 emulsion. |

Figure 16 shows the éffect of residual asphalt con-
tent on the double punch tehsile strength véiues_of emulsion
ﬁreated dune sand Specimens° .The results show an -optimum
residﬁal asphélt content of 5.6 percent using SS-1 emulsion,
and 5.2 percent using CSS-1 emﬁlsion for maximum tensile
strength. The results al;o show higher teﬁéilé strength
obtained with CSS-1 emulsion treated specimens than those
obtained with SS-l emulsion treated specimens. These results
could be attributed:to.the higher densities obtained with
CSS-1 emulsion freated specimens and may be also due to the
preferenﬁial of.silicidus'material.(sand) to cationic emulsion
treatment.

Specimens of untreated dune sand compacted by the
vibratory kneading at 10, 12, and 14 percent moisture con-
tent, which were tested immediately after compaction showed»
higher resistance and étabiiity values than emuléioh treated
specimens (Figures 17 and 18). The effect of the increase in
moisture content on the resistance and stability'Values of

untreated dune sand was similar to the effect of increasing
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the residual asphalt content in decreasing the resistancé
and stability values of the emulsion treated dune sand speci-

mens.

Effect of Dune Sand Gradation

A modification to the gradation of dune sand was made
by adding'30 percent copper mill tailings to the dune sand
 (Figure 1). The effect of grading dune éaﬁd on fhe'densifies
of the untreated and treated emulsion specimens are'iilus—
tratea in Pigure lé and Tables 4, 6, and 8 of Appendix B.

The results show that the addition of the copper mill tail-
ings to the dune sand had the effect of_incréasing both the
untreated and treated emulsion specimens aensitiés.

Figures 17 and 18 show the resistance and stability
values'bf untreated dune saﬁd and ﬁodifiéd gradation speci—
mens compacted at 10, 12, and 14 percent moisture content.
Although the untreated modified gradatibn dune sand showed
higher-densities than untreated durne sand, the results show
no iﬁprovement in the resistance ana-stability values. The
increase in density for the modified gradation dune sand
might be caused by the high specific gravity of copper mill
tailings cémpared to dune sand alone, more than that of the
copper mill tailing acting as a filler.> A_

Figures 20 and 21 demonstraté the effect of grading
dune sand on the resistance and stability values of emulsion

treated specimens. The results show an increase in the
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resistance and stability valuesdby medifying the;gradation of
dune sand. The modified-gradation dune sand have higher
surface area than dune sand, therefore, at one residualv-
asphalt content, the modified gradation dune sand has a
thinner asphalt film coating~thevparticles compared to dune
sand. It may be for this reason that the modified gradation -

~sand gave higher resistance and stability valuee°

Figure 22 shows no improvement'in'the double punch
" tensile strength observed by modifying the gradation of dune
sand. This may be due to the noncohesive characteristic of -
copper mill tailings. | | |

_Figure 23 shows the effect of grading of dune sand

on the~air voids with VMA of the treated specimene° The
results indieate a very high percentage of air voids and
VMA. The addition of copper mlll talllngs to dune sand had
no 51gn1f1cant reduction in the percentage of air voids or
VMA. The results also indicate that an increase in residual
asphaltdcontent causes a reduction in the percentage of air
voids, but has no effect on the VMA.

The high percentage of air voids and VMA'may not be
critical for a base course, which is sealed with asphaltic
surfacing to keep out harmful air and water that might cause

a reduction in durability.
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Vacuum Socak Test

- To determine the waterproofing effect of ésphélt
emulsién, the stabilized dune sand specimens were subjected
to a Vacuﬁm soak test. The soaked resistance, stabiiity and
'double puﬁch tensile strength are shown in Fiéﬁres 24, 25,
.and 26. Theidetrimental effect on the strength values was
évident. The results indicated that moisture has a more
detrimental effect on the tensile strength than the resis-
tance'and'stébility valués° For thé emulsion treated dune
sand specimens, the moisture pick—ubl‘at residual asphalt
content 4.3, 4.9, and 5.6 percent, are 12.2, 12;3, and 12,4
respectively (Tab1e lO, Appendix B).

It should be recognized that the Asphalt Institute
design criteria for emulsified asphalt,roadvbase can not’ﬁe-
applied to the treated dune sand, since the method of com-
paction, soaking, andvtestipg are different than that used

in this study (17).

Effect of Testing Temperature on S, R, and Ut

'ﬁune'sand treated with SS-1 and CSS-1 emulsion were

© anda 14OOFlfor strength by the Hveém

tested at 77°, 104
stabilometer and double punch apparatus. Figures 27 and 28

show that the testing temperature had no effect on the

1. Moisture pick-up is found by subtracting cured
specimen weight from soaked specimen weight, then dividing
this result by the cured specimen weight.
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resistance and stability wvalues as expected. The frictional
resistance is independant of testing temperature.

Figure 29 indicates with the increase in testing
temperature, the double punch tensile strength drops sig-
nificantly . This is due to the thermoplastic characteris-
tics of asphalt in which its viscosity decreases with the
increase in temperature. The drop in the tensile strength
between 770-104°F temperature range was higher than the 104°-
140°F temperature range.

It can be concluded that at higher temperatures,
such as 140°F, the asphalt contributed nothing to the co-
hesive part of the stability, as measured by the double
punch. Also frictional resistance as measured by the

stabilometer remains unaffected by temperature changes.

Hot Mix versus Cold Mix Strength (R,S, t)
The base asphalt of SS-1 (asphalt cement) was mixed

with dune sand and compacted by the vibratory compactor using
the hot mix process. Figure 30 indicates an optimum asphalt
content of 5 percent for maximum density. Figures 31 and 32
show that the base asphalt treated dune sand specimens gave
higher resistance and stability values than SS-1 treated
specimens tested at 77°F. For example, at 5 percent residual
asphalt content the emulsion treated dune sand showed a
resistance value of 77 and a stability wvalue of 14.5 com-

pared to a resistance value of 82 and a stability value of 25
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for the base asphalt treated'dune.sand° This was probably
due to the'higher densities of the base aephalt treated _
spec;mens compared to the emuls;on treated _specimens.

Figure 33 lndlcates that the double punch tenSLle

strength of S8~ l base asphalt spec1mens Was hlgher than the ;:§H

double punch ten8lle strength of .85~ l emuls1on treated

. specimens. For example, at 5 percent residual content, the

tensile_strength is 5 p.s.i. for the SS-1 emulsion treated
dune sand compared to a tensile strength of 19 p;s,i,.of
baee as?halt treated'dnne sand. The reason for this was due:j
to the difference in coating'of the sand particles, The hot
mix gave a better coatlng of the sand partlcles than the cold
mix. In the cold mix it was observed that asphalt. failed to
coat all the'sand‘partlcles properly and some of the asphalt
was left in the form ofhglobules immediateiy after mix'in(j°
The base asphalt treated specimens became very soft‘
and failed to hold together When;subjected te-lO4°F tempera-
ture prior to testingo at 77°F temperature, the»SS—l base
asphalt treated dune sand is more stable than.és-l'emnléion
’treated specimens. 'At.high temperatures qf 104° and 140°F
the ss-1 base asphalt treated dune sand showed no strength

compared to SS-1 emulsion treated dune sand.
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‘Effect of Emulsion Content on Marshall Density

" The untreated and emulsion treated dune sand was
compacted by the Marshall compacfo: and the results are
shown in Figure 34; Tabies'4 and 14, Appendix Bg. The
results indiééte that the emulsion treated densities decrease
with the inérease in the liquid content (emulsion plus water).
The results also indicate that emulsion treated specimens
give lower aensities'than untreated specimens. Again, as
resulted with the vibratory kneading compaction, the CSS-1
emulsidn treated épecimehs gave higher_densities'than the
SS-1 emulsion treated specimens,,

The compaction results demonétrafed that the vibra-
tory kneading compaction gave hiéher densities than the

Marshall compaction.

Effect of Residual Asphalt Content on M.S. and M.F.

Figure 35 illustrates the effect of residual asphalt
on thé»Marshall stability (M.S.) of emulsioﬁ treated dune
sand épeéimens tested at 77°F. The stability wvalue of
treated specimens increases with the fesidual asphait content
until maximum value ié obtained, after which stability de-
creases. An optimum residuai asphalt was obtained for
maximum stébility at 4.9 percent using SS-1 emulsion, and 5.8
percent using CSS-1 emulsion. The CSS-1 emulsion treated
specimens show higher stability Vaiuesvthan SS-1 emulsion.

This is due to the higher densities resulted with the CSsS-1
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emulsion treated specimens and also may be due to the
preferential of silicious material totCationic emulsion
treatment. |

Figure 36 shows that an increase in the residual
asphalt content'has the effect of increasiﬁg the Marshall
flow (M.F.). Mixtures with low flow and high stability
valﬁes will not deform easily, but are likely to be brittle.
'Flow value of lees thaﬂ 8 is:generally considered brittle.
Mixtures with high flow value and low stability value will

deform easily.

Effect of Testing,Temperature on M.S. and M.F.

Dune sand specimens treated WithASS—l and CSS-1
emulsions were tested at 770, 104O and 140°F for the Marshall
stability and flow values. Figures 37 and 38 show that an
increase iﬁ testing temperature has the effect of decreasing’
the‘Marshall stability values and increasing the Marshall
"flow values. The drop ih Marshall stability is higher in the
ranhge 77°—lO4OF_temperature range than in the 104°-140°F
temperature range. |

Since the'Marshall stability and flow values are
affected by the testiﬁg temperatufe, this proves that the
Marshall\test was more of a measure of the cohesive com-

ponent of stability rather than the internal friction (28).



M.F. (0.01 in)

Marshall Flow,

(Ib.)

M.S.

Marshall Stability,

71

Ss-1
11 © Css-1 Marshall Compaction
Test Temp. 77°F
10
i
4.5 5.5 6.5 7.5

Residual Asphalt Content, Percent

Figure 36. M.F. versus Asphalt Residual Asphalt
Content for Treated Dune Sand

4.9 Percent Residual
Asphalt Content (SS-1)

5.8 Percent Residual
Asphalt Content (CSS-1)

1000
500
77 104 140
Temperature, °F
Figure 37. M.S. versus Testing Temperature for

Treated Dune Sand



*H

11
Figure 38.
- 110
U4
u
a
5105
c
D
Q
U
a
§100
b
E
o
U
4.5 5.0
Figure 39.

72

O 4.9 Percent Residual

Asphalt Content (SS-1)

0 5.8 Percent Residual

Asphalt Content (CSS-1)

77 104 140
Temperature, °F

M.F. Versus Testing Temperature for
Treated Dune Sand

Marshall 0 Base Asphalt of
Compaction Ss-1
Test Temp. 77°F

O Emulsion (SS-1)

1
5.5 12 13 14 15

Compaction Liquid Content, Percent

Compaction Dry Density versus Compaction
Dry Density for Base Asphalt and Emulsion
Treated Dune Sand



! . o 73

: Hotjmix versus Cold Mix (M.Ss., M.F.).

‘Specimens of dune sand treated with the base asphalt
of SS-1 emulsion Wefe preparea by the hot mix proceés ana
compacted by the Marshallrcompactor, and'the'éompaction re-
éults are shown in Figure 39.- The results indicate tha£ an
 ,optimum7ésphélt content exists for maximum dry dénsity°
Figure 40 shows that the'SS;l base ésphalt treated
- specimens gave higher Marshall stability values than those
treaﬁed with SS-1 emulsion. As mentioned earlier,vthis was
due to the hot mix process, because it gave better coating
of the particies than the hot mix. Figure 41 shows that

‘SS?l base'asphalt gave higher Marshall flow values than ghose
V‘treafed with SS-1 emulsion, because SS-1 base asphélt gave
rhigher Marshailfstability values than those‘treated with SS-1
:émulsioﬁ, | |

At 5 percent reSidﬁal aséhalt content the emulsion
treated dune sand shows a Marshall stability value of 840 ahd
‘a Marshall-flow value of 8.5, compafed to a Marshall stabil-
ity value of 3259 and a MarshallAflow value of 17.6 at 77°F
" for the basé'asphalt treated specimens (Figures 40 and 41) .

The base ésphalt treated dune sand bedame'?ery,soft and
failed to hold togetﬁer when subjected to 104°F temperature
Vprior to teéting; At'77OF’temperéture'the SS-1 base asphalt
treated dune sand is more stable than the SS5-1 emulsion

treated specimen. At higher temperatures. of 104° and 140°F
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the SS-1 base asphalt treated dune sand showed no_strength’

compared to SS-1 emulsion treated dune sand.



" CHAPTER VI
SUMMARY AND CONCLUSION

7 The resﬁlté'of stabiliéipg.dune Sahd'with»aéﬁhaiﬁ:b-
emuisions'and base ésphélﬁ aré reportéd»in this,study;‘ |
:Specimens fabfiéated by the Vibratdry knéading compaction
were tested for strength by the Hveem stabilometer and the
double  punch apparatus;  Specimens fabridétéd by the Marshall
compaction were test?d for strength by the Marshall‘device,

| | This study.inVestigated the -effect of type of emul-

"sion, the_éffect of residual asphalt content, the effect of
‘gradiﬁg ofvthe dune sand, the effgct of testing«temperaﬁure,
aﬁd the effect of the type of_mix on density and strength
values. . Some general.conqlusionslare presented below; how-
ever, it should he borne in mind that these conclusiqnslare
liﬁited to the scope of this investigation.

1. For‘the'given';ange of eﬁulsioh content, an increase
in the-%iquid qbntent (emulsion plus water) had the
effect of decreasing the dry:dehSity,

2. Specimens of dune sand treated with CSS~1 emulsion

| "gave slightly higher densitiesvtﬁanutﬁose treated
with SS~1 emulsion, using both types of compacﬁions,'

the vibratory and the Marshall.
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An increase in the residual asphalt content had the
effect of reduc1ng the stabllltv and the res15tance

values. - -

‘Specimens of dune_sand treated with CSS-1 emulsion;h

showed higher stability and resistance values than
those treated with the SS-1 emulsion.

There exists an optimum residual asphalt*content of

.5 6 percent using SS -1 emu151on and 5.2 percent

u51ng Ccss- l emulsion for max1mum ten81le strength°
Spec1mens of dune sand treated with CSsS-1 showed
higher tensrle strength and Marshall stablllty than.

those treated'with SS8~-1 emulsion=at 77 F'due to the

| hlgher den51t1es obtalned with the CSS 1 emulsionr

A}

treated spec1mens°

The modification of dune sand'grading by adding 30

-percent copper mill tailings to'the dune sand failed

to reduce the high percentage of air voids in the
emulsron treated spec1mens°
A modification of the grading of dune sand had a

slight effect on the increase of stability and the

resistance values, but had no effect on the tensile

strength of emulsion treated spec:l.'mens°

The vacuum soak test demonstrated the effect of

moisture on‘the”strength’Values of emulsion treated

dune sand. The results indicated that moisture had
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more detrimental effect on the'ténsilehstrength than

*'on the stablllty and res1stance values. _
An increase in the testlng temperature had the effect

. of reduc1ng the tensile strength but it had no major

effect on the stability and reslstance values°
An increase in thertesting'temperaturé had the effect
of redu01ng the Marshall stablllty and 1ncrea51ng the
Marshall flow values, o

There exists an optlmum residual asphalt content cf’
4,9 percent nsing Ss-1 emulSion’and 5.8 percent_using
CSS—l emulsion for maximum'Marshall st'ability°

An-increase in residual asphalt content-had'the-

- effect of increasing the Marshall flow values.

The base asphalt of SS-1 treated dune sand specimens
showed higher'strength values than the specimens
treated with SS-1 emulsion at 77°F. This is probably

due to the denser SS—l base asphalt treated specimens .

- compared to SS-1 émulsion treated specimens.

‘The base asphalt of SS-1 treated dune sand failed toj4

show any strength at temperature of 104OF,‘

The optimum asphaltpcontent for maximum strength_is
affected by’the type of emulsion, type Qf test, mode
of compaction, and type of mix. |

The Hveem stabilometer alonglwith the double punch

device can be utilized to study the strength of
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}_stablllzed material in terms of frlctlon ana co-~
hesive strength, respectlvely, _ |
18. Although emﬁision treated dune sand might not be
~ suitable for a,road base, addihg-asphalt'emulsion to
dune sand would ease oOmpaction by preVenting the |
tendency of sand particles to move laterally under

the action of compaction. -

vRecommehdationsrand Further-Research:

A comprehen51ve study of the effect of gradlng dune
sand by varylng the ‘amount of. sand passing a No. ZOO,Sieve
should be investigated. The_effeot of the addltloh of
Vcement, along with asohalt'emulsion in the dune sand should
| be'inveStigated also.

The effeot of mixiho‘temperature; curing:temperatﬁre{
and the period of cﬁringvshould be studied. ‘

It should be recognlzed that the Asphalt Institute
de51gn crlterla are based on test procedures not used in
this study, so that the dlfferences should be 1nvest1gated in

.the laboratory and fleld°
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Table 1. Properties of Emulsions

Test on Emulsion
Viscosity, Saybolt-Furol
77°F, Sec

Residue by Evaporation, %
Settlement, 5 days, %
Sieve, Retained No. 20%
Tests on Residue
Penetration, 77°F

100 gm, 5 Sec

Ductility, 77°F

5 cm per min

am.

Solubility in carbon
tetrachloride, $%

*

Arizona

Test Results

Ss-1

36

61.62

40-50

82

Specification*

CSsSs SSs-1 Ccss-1

32 20-100 20-100

64.67 57 min 57 min

- 5 max 5 max
.10 max .10 max

60-70 40-100 40-100

100 min 100 min

97.5 min 97.5 min



Table 2. Particle Size Distribution

Sieve Dune Sand Copper Mill Combination
Size Tailings % Passing

% Passing 70% % Passing 30% (Modified Dune Sand)

No. 38 100 70 100 30 100
No. 16 99.8 69.9 99.5 29.9 99.8
No. 30 99.4 69.6 97.5 29.3 98.9
No. 50 73.8 51.7 81.7 24.5 76.2
No. 100 22.0 15.4 54.5 l6.4 31.8
No. 200 3.2 2.2 31.8 9.5 11.7

Table 3. Modified AASHTO Compaction Moisture Density
Data for Dune Sand

Determination Moisture Dry
# Content % Density
pcf
1 5.4 106.6
2 7.3 106.1
3 9.1 108.1
4 11.2 109.5
5 12.3 108.4

6 14.1 105.5



Table 4.

Determination Moisture

#

Compaction Results by Different Compaction

of Untreated Specimens

Vibratory Kneading
Dune Sand

Content % pct
5.5 107.8
7.6 107.6
9.6 108.9

11.4 108.9
12.4 111.0

Modified Gradation
Dune Sand

5.5 111.3
7.6 111.9
9.6 114.1
11.3 115.6
11.4 114.8

Marshall
Dune Sand

Dry Density Moisture

Content %

11.7

13.6

Dry Density
pcf

105.2
106.0
104.6
106.5

106.3

34
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Table 5. Test Results of Untreated Specimens
(Vibratory Kneading Compaction)

Dune Sand Modified Grad. Dune Sand

Molding Molding Molding Molding Molding
Moisture R S R S

Content % Values $% Values $% Values % Values %
10 85.5 29.0 85.7 27.0
12 83.0 26.3 84.3 26.0

14 79.0 25.8 75.0 19.7
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Table 6. Compaction Results for Emulsion Treated Dune
Sand (Vibratory Kneading Compaction)

Emulsion Emulsion Mixing Moisture Compaction Compaction
Type Content % Water Content Liquid Content Dry Density
% % % pct
Ss-1 7 5.8 8.5 12.8 104.6
5.5 8.6 13.5 103.5
9 5.1 8.5 14.1 103.2
10 4.8 8.6 14.7 102.8
11 3.9 8.3 15.1 102.7
css-1 7 6.5 9.0 13.5 107.6
5.3 8. 13.3 106.3
9 5:4 8.6 14.4 107.3
10 4.6 8.1 14.6 106.5
Table 7. Test Results for Emulsion Treated Dune Sand at

Different Residual Asphalt Contents (Vibratory
Kneading Compaction)

Emulsion Residual R ] crt
Type Asphalt Values Values s i
Content $% % % p.s.1.

(Cured Dry) (Cured Dry) (Cured Dry)

Ss-1 4.3 80.7 l16.1 5.0
4.9 76.0 14.0 5.1
5.6 73.7 12.6 5.5
6.2 75.5 11.9 5.1
Css-1 4.5 79.6 19.0 6.6
5.2 68.5 18.5 7.2
5.8 78.4 18.3 6.7
6.5 72.6 15.3 3.9

Test Temperature: 77°F
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Table 8. Compaction Results for Emulsion Treated Modified
Gradation Dune Sand (Vibratory Kneading Compaction)

Emulsion Emulsion Mixing Moisture Compaction Compaction

Type Content Water Content Liquid Density
% % % % pcf
Ss-1 7 5.8 8.50 12.80 105.1
8 5.4 8.50 13.40 105.6
9 5.4 8.80 14.40 105.0
10 4.6 8.40 14.60 104.8
11 4.8 9.0 15.80 103.8

Table 9. Test Results for Emulsion Treated Modified
Gradation Dune Sand at Different Residual Asphalt
Contents (Vibratory Kneading Compaction)

Emulsion Residual R S ct
Type Asphalt Values Values p-s.i.
Content % % (Cured-
(Cured- (Cured- Dry)
Dry) Dry)
Ss-1 4.3 84.5 16
4.9 85.6 19
5.6 81.7 16
6.2 82.0 15
6.8 76.3 13

Test Temperature: 77°F
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Table 10. Test Results for Emulsion Treated Dune Sand at
Different Residual Asphalt Contents after Vacuum
Soak Test (Vibratory Kneading Compaction)

Emulsion Residual R S cTt Moisture
Type Asphalt Values Values p.s.1i. Pick-Up
Content % % %
% (Cured- (Cured- (Cured-
Soaked) Soaked) Soaked)
Ss-1 4.3 54.7 8.0 1.2 12.2
62.6 11.0 0.8 12.3
55.7 8.7 1.0 12.4

Test Temperature 77°F

Table 11. Test Results for Emulsion Treated Dune Sand at
Different Test Temperature (Vibratory Kneading

Compaction)
Test Temperature 77°F 104°F 140°F
Emulsion Residual Strength
Type Asphalt Values
Content % (Cured-Dry)

Ss-1 5.6 R 73.7 71.0 71.5
S 12.6 12.0 11.7
CTt 5.5 0.8 0.4

Css-1 5.2 R 68.5 73.5 72.7
S 18.5 16.3 16.2

(Tt 7.2 1.2 0.2



Table 12. Air Voids and VMA for SS-1 Emulsion Treated

Mixtures (Vibratory Kneading Compaction)

Theoreti-

Residual Bulk Max.
Asphalt Specific cal Specific
Content % Gravity Gravity
(Cured-Dry) (Cured-Dry)
Durte Sand
4.3 1.747 2.486
4.9 1.739 2.465
5.6 1.795 2.446
6.2 1.745 2.425
6.8 1.757 2.406

Air Voids

%

29.
29.
26.
28.
26.

© O o6 U J

Modified Gradation Dune Sand

4.3 1.756 2
4.9 1.769 2
5.6 1.791 2
6.2 1.782 2
6.8 1.771 2

.513
.491
.471
.450
.430

30.
28.
27.
27.
27.

R WO e R

20

VMA

36.
37.
35.
38.
37.

N O v b~

37.
37.
36.
37.
38.

[ N T Rt}

Table 13. Test Results for SS-1 Base Asphalt Treated Dune

Sand at Different Asphalt Contents

Kneading Compaction)

Asphalt Dry
Content Density
% pcf
4.5 111.7
5.0 115.3
5.5 109.1

R

Values

%

81.

82.

80.

Test Temperature:

0

0

7

77°F

(Vibratory
S t
Values P-s,i.
%
24.3 11.4
25.0 19.3
20.2 13.0



Table 14. Compaction Results for Emulsion Treated
Dune Sand (Marshall Compaction)

Emulsion Emulsion Mixing Moisture Compaction Compaction

Type Content Water Content Liquid Dry Density
% % % Content % pcf
Ss-1 7 5.7 8.40 12.70 101.5
5.5 8.60 13.53 101.5
9 5.0 8.40 14.00 100.7
10 4.7 8.50 14.70 100.5
Css-1 6 6.2 8.30 12.20 104.7
7 5.9 8.40 12.90 104.4
8 5.4 8.20 13.40 103.5
9 7.1 10.3 16.10 100.5
10 4.7 8.20 14.70 102.5
Table 15. Test Resulis for Emulsion Treated Dune Sand at
Different Residual Asphalt Contents (Marshall
Compaction)
Emulsion Residual M.S. M.F.
Type Asphalt lbs 0.01 in.
Content % (Cured-Dry) (Cured Dry)
Ss-1 4.3 788 7.3
4.9 854 7.5
5.6 785 9.7
6.2 681 11.0
Css-1 3.9 865 6.3
4.5 872 7.0
5.2 892 8.3
5.8 945 9.0
6.5 863 9.6

Test Temperature: 77°F



Table 16. Test Results for Emulsion Treated Dune Sand
at Different Test Temperature (Marshall

Compaction)

Test Temperature 77°F 104°F 140°F

Emulsion Type Residual Strength
Asphalt Values
Content % (Cured-Dry)

ss-1 4.9 M.S. 854 532 263
M.F. 7.5 7.3 8.7
css-1 5.80 M.S. 945 149 106
M.F. 9.0 9.3 11.0

Table 17. Test Results for SS-1 Base Asphalt Treated Dune
Sand at Different Asphalt Contents (Marshall

Compaction)
Asphalt Dry M.S. M.F.
Content Densit
" sovad 1bs 0.01 in
4.5 107.8 3149 17.0
K O 109.5 3259 17.6
5.5 108.9 2925 18.0

Test Temperature: 77°F
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