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Studies
of | ‘
Stabilized Soil~Asphalt Road Bases

Chapter I
The Problem and Its Scope

The Problem

The purpose of this report is to present a compilation of the common and
currently available information on the subject of soil-asphalt stabilized road
bases.
The Need for This Beport

Much of the widely scattered information on scil-asphalt stabilization is
minformative and contradictory, gince the science of making roadwsy mixtures
is of relatively recent origine.

A small portion of this information is available in different periodicals
and text books, but very few engineers have sufficient information readily

available to permit them to work intelligently with these materials.

one cover to enable the average engineer to work with confidenszs ¢n The stahile
izatlon of soilmasphallt road basess -
Delimif_sationg

This report is limited to the soils and the asphalts sultable for soile
asphalt stabilization (vith or without additiv\s)g somz of the additives
available to ald proper stabiligzation, the techniques of laboratory mizing
and curing, and some of the labhoratory test results of Sﬁabilize&.aaiiwaSFhali
mixtures. |

No attempt will be made to deseribe the machinery availabls for use in

~the actual construction of stabilized soileasphalt road basss, excepht in a



very general manner, and even then nobt designated by name,

No attempt will be made to describe the various possible road surfaces
may be used in conjunction with stablilized scil=asphall road bases.
Definitions

1. Soil

"The term soil, as used by engineers and as adopted in soil mechanies,
covers a much wider range of materials than the same term as used by
laymen or ag defined by agriculturists and geclogists, To the agri-
culturist, soils is the earth mold within which organic forces are
prominent and which iz adapted to the support of plant 1ife. To the
geologist also, soil is the material in the relatively thin surface
zone within which roots oceur. According to the broader engineering
interpretation, soils are considered to include a1l earth materials,
organie and inorganic, occurring in the zone overlying the rock srust
of our planst.”

2. Bitumen

3. Soil Stabilization

"The process of giving natural soils enough abrasive resisbance and
shear strength tc accommodate traffic or loads under prevals
conditions without debtrimental deformation. The methods employed ine
clude the use of admixtures, compaction; and densification by spacial
technical theory and lgboratory control. Optimum wabter conbtent is
fundamental with gradstion. Admixtures may be soil materials, de=
liquescent chemicals, solubions of electrolytes, soluble cementitious
chemicals, primes and neutralizers, and insoluble binders,"’

&

3o

Donald W, Taylor, Fundamentals of Soil Msghanies, mp. 8-9.
b

th Edition

b

2 John H, Bateman, Introduction to Highm@x;@gginegring? g
pe 166. (as defined by American Society for Testing Materisls).

3 Victor J. Brown, Scil Stabilization, pe 5.

H
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&
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Chapter II

The Hisbory of Soil and Asphalt

Soil

Granting that the earth was at one time a ball of flaming rosks and gases,
as scientists tell us to be a fact, we must realize that all soils as they
exigt today are descended in some mamner or other from rocks. 4s the over-
heated rocks began to cool, there was splitting and cracking of the larger
rocks until the size of the particles épproached soil dimensions. As tims
went on, the action of the winds, waves, and abrasive action of flying parbti~
cles, along with scouring action of moving ilce caps, ground more and more rocks
to a powder that soon covered the other rocks. As the crust of the earth
heaved, buckled, and heaved again, the quantities of soil increased and became
widespread. The alternate cycles of freezing and thawing, aleng with inter-
mittent frost action helped to build up the supply of soil, so that when God
placed man upon this earth, the soil was here before hime.

Asphalb

In the same furnaces and deep freeze cycles that promoted the growing
supply of soil, oils were compressed, heated excessively under pressurs, and
pools were formed into which vezetation, animals, and other debris wwere trapped.
Through long ages of changing, collecting of dead bodies, and boiling, burning,
and percolating through focks and minerals of the earth, asphalt took its plase
of repose in the earth, and on the surface as lakes and rivers of heavy slow-
flowing oils, tars, and varying grades of bituminous material.

We have disecovered the bones of animals, which no longer inhabit our
earth, preserved in, and excavated from, asphalt pits that were here befors
the advent of mankind.

The first traces that have been found of the use of asphalt by man ine



2

dicated man used an asphaltic material a8 an adhesive about 5700 to 5800 yesws
ago (about 3000 B. Cu)a o

We know that a mastic mixture of asphalt, clsy, gypsum, and organic
matter wés used for water-proofing some 5000 years ago (about 3000 B.C.) %ty
pre~historic races in India, \ |

Some 2500 years ago, Nebuchadnezzar (651-604 B;.C.), King of Babylon,

_ bullt houses, walls, and streete of bitumen and burned bricks, some of which are
bound tightly together now, desplte the ravages of time. Nebuchadnezzar builb
a sewer, with which to drain the city of Babylon, and lined it with hlocks come-
posed of a mixture of asphalt, loam, and gravele. The Inca Indians of Peru cone
structed an elaborate systems ofhighweys, some of which were paved with a com-
position not unlike modern bitwninous macadem, about 450 to 500 years age.

It would seem that solleasphalt stabilization, with or without additives,
iz an art that has been Yre-discovered" after being lost for a number of
genturies.

The present day history of soll=asphall mixtures appears to re=begin about
1900 A4 Dy &t which time a sbreet was constructed in Washington, Do Coy of an

intimate mixture of & soll and tar compound, coversd with chips of stons,
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Chapter| IIT

Constituents of Soil~Asphalt Stabilized Bases

Soil

) In general; the soils that are considered to be suitable for stabilization
vith asphalt, and without the use of chemical additives or other admixtures,
must be of a granular nature, and must coﬁform approximately to the suggested
specifications shown in Table 1,

Table i

, : Suggeéted SpecificationsE
‘ for -
Soils Suitable for Soil=Asphalt Stabilization
Percent passing number 3 5 sieve 50 &
Percent passing number : 40 sieve 50 - 100
Percent passing number ' ; 200 sieve not more than 45
Liquid 1limit of material passing huﬁber 40 sieve less than 30
L=P1astic index of material passing number 40 sieve less than 10

Some succeés has been achieved in both the laboratory and the field in
ignoring these suggested specifications wﬁen certain admixtures were used with

the soil to be stabilized,

Asphalt

There are a mumber of bituminous products, or grades and types of przducts,
that may be used for the stabilization of different soils. Under normal cir-
cumstances liquid asphalts are used for soil stabilization. The liquid asphalt
used should meet the specificationslof thé American Society for Testing Materiagls

for each grade and type of asphalt used in stabilization of road base soils.

4 Geprge H, Dent, "Stabilization of Soil with Asphalt’, American Read
Builders' Associstion, Technical Bulletin No. 164, (1949), 5.



The liquid cut—~back asphalts that ar% considered to be suitable, by the
American Road Builders! Association, for Eoil—aSphalt stabilization are shown

in Table 2.

Table 2

5

Liguid Cut=Back Asphalts for Soil-&sphalt Stabilizat

ion

Rapid~Curing Cut=Back, Grades
RC-1
RC=2
* RC~3
RGwl,

 Medium-Curing Cut-Back, Grades
MC-1
MCw2
MC=-3
MCe,

Slow=-Curing Cut=Back, Grades
SC~1
SC=2
SC=3
SC—4 j
I S — -
Cut=Back asphalts are the products of asphalt that have been reduced in

consistency by the addition of some solvent as a thinning agent.
Rapid=Curing Cut-Back Asphalt = Basi; Bitumen 4 Naptha or Gasoline.
Medium-Curing Cut-Back Asphalt = Basic Bitumen 4 Kerosene.
Slow-Curing Cut-Back Asphalt = Basic: Bitumen 4 Light End Oils.
Since these different types and grades of asphalt have a cutter-stock

that is susceptible to varying degrees'of:heat, Table 3 is included to show

Ibide, pe 5e
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the safe temperature ranges to which the aifferent asphalts may be heated for

Use e ‘

Table 3
Safe Heating Ranpges for Asphalts
Suitable for Soil-Asphalt Stabilization®
o Application
Material j ‘ Temperature
RG-1, RC-2, MC-1 o 80 = 150°F
MC=2 | 100 - 200°F
RC-3 | 125 - 175°F
MC-3 ' 150 - 200°F
MC=4, o 175 - 225°F
SC-1 ; | 80 —~ 200°F
SC-2 | 130 = 200°F
SG=3 o 150 = 225°F

The suggested procedures for the stabilization of soil with asphalt, as
described by the American Road Builders® Association in 1949, makes no mention
of emulsified asphalts,

A great number of miles of good road$ have bases in which emulsified
asphalts weré successfully used, The Kanéas Highway Departmeht has done con-
sideragble research with asphalt emulsion,iand has decided that it has a definite
place in their program of soileasphalt stabilizafion of road bases.

Bater ,

The water that is to be used on a soiluaSphalt road base must be free from

injurious quantities of organic’material,:acid, alkali, oil, or other deleterious

substances,

6 Ipid, p. 7.



Additives | |
The additives that mzy be used in scglnasphalt stabilization may be either
dry or liguid. AIl dry additives, whethei' powder or lump, should be added to
the dry soil on a percentage basis of the dry soil, The liquid additives will
generally be mixed into the liquid asphalt as a percentage of the entire asphaltic
material; however, in some instances the fiiquid additive may be added directly to
the soil, as in the case of an acid that w1l serve as a catalyst and act upon
some dry additive that has been mixed into the dry soile



Chapter| IV

Stebiiization Control

Lgborgto;z_ y Con‘brf); . .

To stabilize a soil road-base with a;phalt, the soil must be dampened with
water either just-prior.to, or during, the stabilizing procesé. The. soil must
‘be dampened with sufficient water to wet fhe soil, but the percentage of water
required will zlways be below the optinnm moisture for that soil. The water
required for proper working conditions wiil‘be governed entirely by the grain
sizes of the soil being stabilized, Less water is required for a coarse grained
sand than for a fine grained sand; less water 1s required for a sand soil than
for é‘soil having a high percentage of siit or clay. -

Laboratofy procedure has been developed whereby water is added to the soil
in such a quantity as to bring the soil to its "fluff-point; that is the water
content that causes the soil to have its maxﬁnmnbﬁmiﬁg?effect due to the large
number of vold spaces among the grains caﬁsed by arching wiﬁhin the structure
of the soil, |

Since the "fluffepoint” i1s the pointjwherefthe soil has the maximum void
spaces among the soil grains, it is a logical assumption, that has been cor-
roborated by tests; that the asphalt for Sfébilization should be added to the
soll when the soil has heen brought to *fluff-point® by the addition of water
to the dry =oil, |

The laboratory must mske the deciéioﬁ as to whether asphalt is to be added
to the moll for watemproofing purposes oﬁly, or whether it is desirable to
chenge the properties of the soil by use of additives such as Portland Cement,
hydrated lime, quicklime, gypsum, rosin, salt, ealelum chloride, calelum Ty
late, sodium thiosulfate, emmonium persﬁlfaté, anetic acld, or chemical nen-

stripping agents, prior to the mixing forjwater-proofing,



The proper percentage of asphaltic material, the best type and grade of
asphaltic material, the percentage of waﬁer to reach "fluff=point™, and the kind
and percentage of additive, or additives, required (if any), cen be determined
only in the laboratory by the use of experimental mixes usging the soil selected
for the projeet and varylng the percentages of the addibives and asphalts being
considered,

After all of the variables have been brought wder control by the laboratory,
the stabilization of the road base is ready to bhegine.

Road Control

There are nmumerous methods for mixing the materials on, or nearby, the road.
Some of the possible methods are lisbted so that their differences may bhe better
understood.

1. Continuous operation, single pass, mobile mixer, thalt uses scil in place,

This machine proportions the correct amounts of soil, water, and
asphalt as 1t moves along the road mixing and spreading the materials,

2. OContinuous operation, single pass, moblle mixer, that works the soil

from a windrow and proportlens the soil, waﬁer,»and agphalt as it moves

along the road,

3. Mobile mixer, that proportions only the soil and asphallt as 1%
The water mugt be placed on the soil by the use of trucks, tanlk wagons,
or gome vehlele capable of spreading the preoper smount of water abead
of the mixer.

e BRoad mlx by tho use of Mlldesere, scarlfiers, harvows, discing egulip-

ment, grader blades, and peneral famm equipment, along with Tt
or tank wagong, to digtribube water and ssphaltls materlal.
5o Continuous oporatlon, stationsry babeheplant mlmer, vhere all lne

gredients must he welghed inte a mlxing drume. Close control wuegt be
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maintained on the weights of all materials and the length of time that
is allotted to mixing of the matérials. This method is the one most
likely to cause lean spots, or rich spots, in the base material, Some
segregation is almost certain toi take p‘lace‘ since the centrally-mixed
base material must be hauled from the central plant to the road pro-
Ject. With this type of mixing, the plant operator will soon become
relaxed in his Job and try to overlead his mixer or cut the mixing
time to the bere minimum alloweble, The stationary mizer is the most
efficient method of mixing ainoejthe controls are by weights, and not
by volumes as in the case of all road mlxes.

' Regardlees of the mixing mathod; or machinery, used in the combining of the
materiels to form & road base of soil, additives, and bitumen, inspectlon must
be meintained on the job to assure proper and thorough mixing, seration, end
compaction, The inspector must{be an iqtélligent person that understands‘his
duties end can falthfully perform such duties, inspections, sampling, and testing

as may be required to insure construction as speclfied by the laboratory.
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Chapter V

CGuring of Soil=~Asphalt Mixbures

At the end of the mixing operation, regardless of what type of mixzer was
used, and irrespective of how well the mixing was done, thers is an excess of
both moisture and hydrqsarbon volatiles in th% nixture that mogt be zerated ovi
in order to get the best compaction, If the moisture and volgtilss are not reow
moved by asration, or some other method of drying, the base will not be stable,
and will shove under traffic loadings. It i1s a rare ocsssion when too much of
the molsture and volatiles are evaporated away, bub such cdses do exist, If
toc much of the meisture and volatiles are removed, the base will not seteup
~and will ravel at the edges and will break under repetitive loadinge

Tests can be performed in a matter of a very few hours to determine the
molsture and volatiles present in an goilegsphalt mixture. Liquid euteback
asphalts have from Fifty percent (50,0%) to twenty percenmt (20,0%) volatiles,
on a volume hagis, Tt is desirable that the volatiles be reduced by aerstion,
or In some other manner, to the approximate range of one-third to one-fifth
(l/BL- 1/5) of the original volatiles present in the aspheltic material.

-

There 18 no aset percentage, or range of percenbtages, %hat may be spsaified
as the quantity of water te aerate, or evaporategifrom 2 solleasphalt bage mix
ture prior to compaction. When the base 1s cured and ready to he compasted, the
percentage of water present should definitely be lesz than one-hslf (1/2) of the
percentage of water that was present when the scil was ab "fluffepoint® con
ditions prior to the mixing.

Jome persons are cbetinately of the epinien that the persentage of water
and volatiles present at the time of compaction 1z of no importance, and that
it 15 a waste of about $300,00 to $500,00 per mile to aerate the molzturs and

volatilee from the soll=asphalt egtabllized base mixbure prior %o compastion,
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v S’amples were taken from existing road bases that had been aerated, as well
as those that had not been serated, and 'bﬁe fallacies of the "no aeration" belief
were fully established. In every case where the soileasphalt ‘stabili:z;ed road
base had not been aerated, it was found that the road base had failed and dis-
in’cegrated within 18 months of the date of its compaction or it was in such a
state of dis—repair' as to require excessive maintenance.

One of the definlte advantages of soilwasphalt stabilized road base is the
ease with which it may be re-worked. It may bevscarified, or broken up in some
manner, so that it may be repulverized and re~worked with some type .of stabile
ization machinery. The only total loss in re-working a soil~gsphalt base is g

part of the money that was spent on the original project,
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Chapter VI

Field Curing in the Laboratory

In order to duplicate field curing in the laboratory, samples wers taken
behind a continuous operation, singie pass, mobile mixer; in June 1949, on
Oklahoma StatevHighway Number 199. A 1300 foot test section of the road, hav—
ing three (3) lanes of eight (8) feet each, was chosen east of Marietta, Love
County, Oklshoma, Samples were taken over the test section immediately behind
the mixing machiﬁe in each of the three lanes and after testé were performed
on the three samples, they were thoroughly mixed together to form a composite
gsample, Other samples were taken at different times until the road base was
ready to be compégted. Information concerning these samples is shown in Table
. _ :

By having taken a sample of the soil-asphalt mixture every day, it wae a
simple matter to determine, in the laboratory, the exact percentage of moisture
and volatiles present at any certain time. Knowing the perceht of moisture and
volatiles that was present when the road base was compacted, the problem became
one of working out a laboratory technique that wouvld allow a dupliecation of the
field results in'a shorter period of time. |

After a series of tests on the composite sample from the three lanes, it
was determined ﬁhat fleld conditions could be duplicated in the laboratory in
the following manner:

"Place 1000 grams of the soll mlx to be cured in the pan and place

"~ in a 140°F drying oven, The pan must rest on a shelf and not
directly on the bottom of the oven, At the end of one hour, remove
from the oven and stir for 30 seconds with a spatula or trowel. The
stirring should be accomplished by lifting the material on the
spatula or trowel and turning it over so that a homogenous mix is
obtalned throughout the depth of the material in the pan. Replace

the pan in the oven,

1At the end of another hour (2 hours total time), repeat the mixing
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oPePation and again replace the pan in the oven. This operation
is to be repeated esach hour, until a total of six hours have

elapsed from the time the pﬁm wes plared in the oven, After the
stirring has been performsd » the sixth hour, the mix iz ready
for molding°W7

This methed of laboratory duplication of field results allewsd the mizing,
euring, and eompacting of a sample in less than eight hours, 3u comparison o

approximately 255 hours in the field, This

iﬁ

g day of leboratory work as
compared with fiftteen days of field work. Such laboratory duplicatisn of field
conditions should enzble engineers to pradich, with aceuragy, the reastions

and stability of a soll=asphalt road hase the very next day after construchion

beging, If there has been sny mistake in the estimatss of m

design of the road base, or some error in setbing the

machine, it will show up immediately in the lsboratory ®

steps may be taken téward correcting the mistakss with the least possible delay,

o .1 Ty Seiiebophalt
Basges, (NU\TL_H‘bbﬁ“S '19»’ )3 77
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Ta’blei L

Field Dats for the Development of a Laborstory Curing Method®
- e e s
Sample No, Date Remarks

_ 6=16=49 | Mixing from gtation 215 to 228 began abt 7:30 a.m.

1 6=16=49 Paarroles taken irmedistely behind magchine in South Lane
from 7:30 a.m. to 9500 a.m, Samples combined to make
composite, ‘

2 6=16=49 | Samples taken Immediately behind machine in E‘I:“rc‘lﬂ I ane
from 1:00 pome to 2:30 poele oampleb combined to
composite,

3 6-16=49 | Samples taken immediately behind mashine in North Lane
from 2:45 peme to 4:30 Pello Samples combined to make
composite,

4 6=16-49 | After material had been windrowed, corposite sample was
teken at 5:00 p.mo

5 6=17=49 | Windrows not moved. Sampled 2:30 pole to 2815 pom,
Tempersture, 85 degrees. Wind *’urly strong. Clear sky

[ 6=18=49 | Sarple taken 10315 .. to 11:00 a.m, Tempersturs, 35
degrees, Falrly strong wind. Cloudy and hf.;z;y N

7 6=1%49 | Sarmle taken from 2:30 pole to 3:00 pom. Temperabure,
99 degrees., Slightly cloudy sky. Mo wind,

8 6=20=/9 | Sample taken from 12330 pom. to 1:00 pome Temperaturs,
99 degrees. Clear and hot,

9 62149 | Sample taken from 1:00 pom. to 1330 p.m. Temperature,
99 degrees, OClear and hot,

10 6=224,9 uample t‘;lee:n from 2500 pome t6 2330 pome Temperabure
98 degrees. Clear and hot,

11 6=23=49 | Sample taken 3300 poms. to 3330 pom, Termperaturs, 85
degrees. (Light shower in the night). Clear and windy.

1z =29 | Sarple 'Laknn 4elE pome to /.’,,Wg Do, Temperature, 58
degrees, Light wind., Tartly cloudy.

13 6-26~49 | Sanple taken from 3:30 p.fe t0 4320 pome Moved windrow

‘ Trom Sta. 222 4 00 to Sta. 228 4 00, Hoved from Bi. to
It. Temperature, 86 degrees. Strong wind. San ]a
taken after move, :

14 627l O | Sammple taken from 2330 p ,,mo to 3:00 pen. Windrows moved

‘ from Sta. 215 to Sta. 222 & 00, Moved from Ri, te Lt,
Terperature, 90 degrees with light wind, Sample faken
after move,

15 6289 | Sample taken from 1:30 pom, Temperature, 94 degrees,
Partly cloudy with light wind.

16 62949 | Sample taken from 1:30 pom. to 2315 peme Temperature,
0 degreeg, .

17 6-30-49 | Sample taken Lrom Zl. 30 polle B0 5:00 pole  Paih o winde
vow laid and rolled from ghbations 513 bo 28, Partls
eloudy. Samle taken from rell pulled oubt by Patrol as
it vas being laid.

18 T=l=t9 | Sarmple baken Just bmf’o:twa 1ﬂyiﬂgf was eommplat
Polta 0 3130 pome Temperature, 96 degree Olsar 9
hot, The laying wos done in spproximsbely feinch 13

e e e T T

8

J. Rogers Martin, "Development of a Laboratory Curing Method®, Soil-

Asphalt Bases, (November, 1949), 8-10.
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Tabls &
r== Curing Data for the Mevel’..o;oment of a Leboratory Gm,mg?:-{'sﬁlﬂ\ff 7
Sample Hoo Elspsed Time in % Water % Volatiles
Hours
1, 2, 3 0 (Plot 1) 6,60 Go720
I3 6,5 5,50 0,700
-5 16 3,80 0,608
6 41 466 0538
7 69 £e66 0,610
8 90 3065 0,560
9 114 3.35 0,518
10 140 3648 Go£480
11 163 2060 06450
12 190 1,60 Ce220
13 238 3,20 G o450
14 260 2040 0.35¢
15 280 2024 0,385
16 310 3030 0,385
17 330 3,50 36430
L,, 18 355 2004 06338
e P 0 M e St A e D il e et R R
? Jo Bogers Martin, "Development of a Laboratory Curing Method", Soile

Asphalt Bases, (November, 1949}, (Graph; page nol numbered)
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Table 6

- Soil Censtants of Soil—in Soil-g:alt S‘babili;:d Ba;: of
Oklahoma State Highway Number 1990
Liquid Limit | 18,50
Plastioity. Index ' 4650
Soil Specific Gravity - 2,51
Percent Coarse Aggregete (4 2,00 mm.) 18,20
Percent Cosrse Send (260 = W42 rm,) 18,00
Percent Fine Sand (o042 = 05 mm,) 50,60
Percent Silt - (405 = ,005 mm.) 9410
Percent Clay (sommm o005 1104 ) 4410
Percent Colloids (s 4001 111 ) -2 610
Soil Classification 4 = 2(0) Send

10 J. Rogers Martdin, (Bxtracted from Table No. 3), Soll-dsphalt Bases,
(November, 1949), (No page number),
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Chepter VIT

The Use of Additives on Soils With Plastieity Index Grester Than Tan

On Page Number 5 we spoke briefly of the suggested specifie%%ions for soil=~
asphalt stabilized road bases, and the possibilities of using additives to change
the characteristics of the soil to such an extent that they could be stabilized
without difficulty. This chapter will bring out more details on these items
vhich are of interest to every highway engineer,

For many years, it has been the expressed opinion of highway engineers in
general that time, matefial, and money was wasted when attempts were made to
stébilize a soil having a plaéticity index greagbter than ten, with anything other
than sand mixtures, Such thinking has been based on facts and a great deal ef
negative researchvpnﬁil‘récent years, Even now, the greabter amount of the re-
search aleng thisﬁline has been of a negative nature, but a few strides are
being made forward in spite of the many steps that lead to negative answers.

Somevhere there is at least one subsgtance that will react with a heavy
silt or clay soil andiallow its stabilization into a soil=asphalt road base
that will be the basié element of g superior rogd, Engineers ars constantly
looking for some such material, and some of the research being done gives hope
that the present day thinking about soil=~asphalt and the soils having plastice
ity index above ten is in line for some serious revision in the near future.

Twenty-five years ago attempts to stabilize gumbo with 1lime were failures
because there was no machine capable of combining the gumbo soil closely with
the lime.12 Machines are available now that can pulverize and grind the
materials together; consequently, unslaked lime is now being used in percenta

ages of from one to ten percent based on dry soil, with startling resultsolB

12 Editor, "Stabilizing Gumbo With Lime", Englneerlng News-Record,
(December 29, 1949) 11,

13w, g, Spangler, "Soil Stabilization", Engineering News-Record, (Dec-
ember 29, 1949), 16,
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The engineers of both the Army and Navy have been doing research on scil
stabilizabion for road hases, airport runweys, and landing beashes for heavy
equipment, The Navy has developed a machine that will sghabilize loosze heach

sand to earry an 11} ton truck at the end of 18 hoursy however, this test strip

onte the strip. The Army has developed a rubberized=soil-asphaltic mat that

. . 4 oo
will earry a 25«~ton load with impuni t,f.l“* The Army Engineers have shabilized

soil by use of 10 perzent saleium acrylate, with 1,25 persent sodimm thicsulfabe

catalyst anctivator, and 1,25 percent ammonium persulfate as the esbalystis agent

The eost of calecium acrylate is sxtremely high besause o

abilitys; therefore, it is not apt to hecome a popularly wides

agent for use in soil-asphalt road bases.
Some work has been done on an 11.6 plastie index soil with wnslaked lime
uaing acetis acid as a cabalysht to start the heabting astion of ths woslaked

Y,

lima, The heating asblon of the lime will help evaporate the exeess molsbure

in the mizture, This idea i sHill In the experimental stags, bul some method
of pubting the acetis scid into the soil immediately prior to the mixing of the
aophadt with the soll rust be found hefore the method wedld have value, It is

§

not deeiralle that the evaporstion of the weter and volatiles begin unbil the
asphal® hes baen thoroughly mimsd inte the scily therefors, this combinatbion
of additives and eabalyet mugt be investigated more completely befors 3t can

bhe used extensively,

14 Editor, "Army, Navy Shew OFf Their OulclkeRoads

(November 16, 19r03 3.

[~ am ot o
15 mattor, ”vaﬂriM@htnl Soil Solidifiention®,

29



Chapter VIII

Soil=Asphalt Stabilization of Road Bases in Oklahoma

2

On January 1, 1951, the State of Oklahoma had six hundred and seven (607)

miles of soil-asphalt stabilized road base under traffic. Since the western~

half of Oklahoma has a marlked lack of road-building stone, but has an over
abundance of sand, soll-asphalt mixbtures have become increasingly important

in the road development program of western Oklshoma.,

The oldest soll=asphalt stabilized road base, of which there is a record
- in Oklahoma, was built in about 1936 on a State Highway, and was in excellent

condition in 1949, when it was sampled and tested.

Even though many of our soii-asphalt stabilized road bases have been
built longer than ‘ten (10) years, the greater part of them have been con-
structed since 1946. Uthile most of the older soil-asphalt road bases are in
a good state of repair, a number of the bases bullt in more recent years
have dielntegrated to such an extent that they are no longer sulitable for
ell types of vehilcles.

These road bases in Oklahoma vary in thickness from four to eight
(4L - 8) inches. In general, these hases are six to eight (6 ~-8) inches
thick, according to the type of soil used in the stabilization.

It ie desirable that the soil to be stabllized have better than fifty
(50) pereont mand having angularity, Ocnsiderable tolerance may be allowed
in the sell gradation, In no ocase is round greined material, or material
of narrow gradation limits desired,

Soil that 4ip to be stabiliped showld not be a thoroughly washed, or
olean, material., Under normal working conditions, a better base will be
bullt if the material to be estabilized has a plasticity index in the range
from two to about five (2 = 5 P.I.), while giving all due considerations



b

to the angularity of the particles and the gradation of such particls

(’.}
®

Soil-asphaly shabilized road bases will carry loads and transmit such
loads to the subgrade, but these bhases will not withstand abrasiong therefore,
all stabilized bases of soil=asphalt must have a wearing surface to protect
them from the abrasive effect of vehicle tires.

The estimated cost of all maintenance, for 1951, on roade having soil-
asphelt stabilized bases was Five Hundred and Twenty-three Dellars (%52 3,00)
?ér mile, This estimgted cost included all expected, or planned, expendi=
tures for base repair, shoulder repair, and patching or resurfacing of the
wearing surface, Thig esbimgted cost was far lower than the estimated cost

for maintenance of any other type of road in the gtate.



Chapter IX o
Laboratory Results on Stabilizai:ion of Some Oklahoma Soils
With Mediumecuring Asphalt, Grade Three (MC=3),
and Additj.ves
This chapter will present a tsbulated and graphical picture of some of
the solls found in Oklahoma as they may be used for stabllization purposes
with the ald of asphalt and additives. Soils were chosen on both gradation
and plasticity index, with the range of plasticity index being the primary
consideration. The solls have been classified alphabetically as "Processes,"
according to the plasticity index.
Comparisons wdll be made of the soils and the additives used, with
speclal consideration being glven to one soill having a plastieity index

greater than ten.



Process Plastic ILiquid Specifie¢. Rock Coarse

————
nt———

Clay Colloids Soil

Optimm Percent

Number Index  Idmit ' Gravity +2.0- Sand gia?:l ?3]5-:5 -=005 ~001M{ Class loisture Foisture at
M 2.0~ 42 005 MM "Fluff-Point®
JL2MM  OSHM MM -
A 0.0 18,0 2.5 0.0 18,8 76.7 2.5 3.0 0.0 &3(0) 7.5 3.276
B 0.0 220 249 0.0 04 9.5 42 3.9 13 2300 U%O  3.776
c 2.2 22,5 2,65 0.0 0.2 67.6 19.1 13,1 7.7 A=4(2) 13.0 8,760
D 4.1 21,8 2,55 0,0 1.2 73.1 9.8 15.9 9.1 4&-2(0) 12.8 9.940
E 11.6 27,1 2.53 0.0 0.4 51.7 27.1 20.8 10.0 A-6(6) 13.4 10,930
F 15.9 . 36,0 2459 0.0 0. 22.9 45.0 31.7 14.2 A-6(10) 19.0  18.200
Table 7

Data On Soils Used In Research

§2



Table 8

Dry Hveem Stabilities of Different Soils and
Additive Mixtures With Varying Asphalt Contents

oot e it araca

—

e i e, Bl ——

Procesc Percent No. 3% Lime 3% Gypsum = 1% Nostrip

Number  isphalt Additive ‘
it 2 —————— 17.00 17.75 13,00
A 3 T 20 .75 19025 14000
A 4 14.75 19.50 18.25 13.25
4 5 10,00 15.75 19.25 12.00
A 6 13.25 15.75 16,00 10,00
A 7 14.25 17.00 19.00 8.00
B 2 19.75 30.50 26,00 20.25
B 3 21.50 20,00 24425 20,75
B L 18,75 19,50 25,00 19.75
B 5 19,00 25.00 2475 18.50
B 6 18,25 22,650 23.75 18.75
B 7 15.50 22,50 21.25 17.00
c 2 48,75 58025 50,50 L6.75
C 3 40450 53450 50475 42 .50
C 4 36,75 54675 4575 40.25
C 5 36.75 4750 41,50 39,00
c 6 32.25 49.00 37.75 33.50
c 7 30,00 49.00 35.25 31.25
D 2 43.25 41..50 46.75 40.50
D 3 A1.50 40,00 43.00 38.75
D 4 35,50 39.50 41.75 35,50
D 5 34,75 37.50 39.00 30.75
D 6 3425 41.50 33.75 30.25
D 7 33.00 39.00 35.25 29.75
E 2 72,00 72,50 7325 76.00
E 3 62,00 75.50 74,50 7275
E A 67.75 74.50 69,75 67 .50
B 5 60.50 73¢50 65 .50 60,25
L 6 55425 68,75 63,75 54475
E 7 52.00 59425 60.00 47 .50
F 2 78025 76.75 80,50 80,25
F 3 7'7 .00 76.25 7725 74,00
F A 74..00 73.50 76.50 73.25
F 5 71 .50 7450 74..50 70,50
F 6 73650 73 o50 66025 ‘ 64;00
T 7 60.00 67.50 62 .25 5975




Table 9

I

Percent Moisture Absorbed in Hveem Stability Specimens
(Seven Days Immersion Soaking)

Process Percent No 3% Lime 3% Gypsum 1% Nostrip

Number  Asphalt Additive
A 2 16,40 1.30 12,60 17,10
A 3 14.00 0,70 10.00 14,10
A 4 12.1 0,60 8.00 10.30
A 5 13.50 0,60 8,60 11,60
A 6 12.40 0,60 6420 10,30
A 7 9.60 0,60 6450 7,70
B 2 14.00 5.500 21,10 21.30
B 3 19.40 1.70 20,00 14.00
B 4 13.60 0.90 10,70 940
B 5 11.40 1.40 10,70 6,70
B 6 10.70 1.10 9,70 7,80
B 7 11.30 1.00 6,30 9,50
C 2 ——— ——— —— -
¢ 3 19.40 13.10 e 20,10
¢ 4 17.60 10,60 18.60 18,50
¢ 5 16,10 4,00 17,30 16,90
c 6 9,60 2,80 16,40 13.10
C 7 6.80 2,30 12,70 7.60
D 2 21,55 13.80 ——————— ——
D 3 19.00 9040 o 12,00
D 4 13.60 5,00 15,20 10.40
D 5 7.10 3.10 12,60 7.30
D 6 4030 200 7.80 6.00
D 7 5490 1.70 5.80 2,80
E 2 [, [ —— ————— -
E - J— —— — R
E L - —— —— ———
E 5 m———— 1 5 ° 10 0 eemew L e
E 6 @ em——- 770 s | eme———
E 7 —————— 4095 ——— | em—
F No specimens of process I survived the 7 day period of soaking.

s




Table 10

Hveem Stability Comparison of Lime and Gypsum Additives
in Soil=Asphalt Mixtures

First Number = Percent of Additive., Letters "L" and "G" = Lime and Gypsum,
1 = 24 Hours Air Cure; 2 = 24 Hours Air Cure Plus 7 Dgys Capillary Soakings
3 = 24 Hours Air Cure Plus 7 Days Immersion Soaking.

Specimen - 4% Asphalt 7/ Asphalt 10% Asphalt
3Ll 74050 59425 £9.25
312 e i 39,00
3L3 —— 41,75 31,00
511 76475 58450 5425
5L2 13.25 18,50 43400
51'3 11.50 19050 S —
711 74,050 70,00 68,00
L2 12.25 33025 60,75
7L3 e 29,50 52450

1011 74450 T1.25 € 050
1012 18,75 39625 62,50
10L3 13,50 28,00 45,50
3Gl 69.75 60,00 35000
3G2 e s 10,00
3G3 o i i
5G1 77425 67,50 35075
5G2 we— 31,00 s
5G3 mma e S
7GL 79,00 56050 37,00
7GR ————— ———n ————
7G3 - e v r——
10G1 7650 50,00 33,50
10G2 s e e e
10G3 st e ' ——imee st
NAL 68450 54,050 34000
NA2 e 21,00 17,75

NA3 S — ki
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Grgph Analysis

Figure Number 2 through Figure Number 9 give a comparison of the six soils
tested with different additives at varying percentages of medium-curing (MC-3)
asphalt, In general, all additives, except Nostrip, increased the stability of
the soil when it was tested after twenty-four (24) hours of air-curing. The
decrease in stability is noticeable in all soils as the percentage of asphalt
is increased. This decrease in stability indicates that the clay in the soil
has given the greater part of the stability to the specimen at the lower per—
centages of asphalt, but the soil grains have becoms lubricated and unstable
as the asphalt percentage is increased. This decrease in stability is more
noticeable in the soils having the greater plasticity index,

A comparison of the specimens that have been air-cured for twenty-four
(24) hours in relation to the companion specimens that have been immersion
soaked for seven (7) days after the twenty~four (24) hours air-curing, will
show that strength is a function of the plasticity index, percent of asphalt,
the type of additive, and the water-proofing effect of the asphalt which ine
volves all three of the other points mentioned,

All Hveem specimens were mixed and molded in the laboratory, as prescribed
in Bulletin No, 69.16 All dry additives were added to the dry soil as a per-
centage of the dry weight of the soil; Nostrip was added to the asphalt as a
percentage of the total bituminuous material. Capillary soaking of Hveem
specimens varied from immersion scaking in the respect that the capillary
soaked specimens were placed in a pan on a one~half (%) inch thick, fine=

grained, porous stone, and water waes allowed to stand around the stone but not

16 J. Rogers Martin, "Some Fundamental Principles in Relation to
Asphaltic Concrete Pavements as Applied to the Hveem=Gyratory Method of Design,®
Oklghoma Engineering Experiment Station Publication, Oklahoma Agrieculturdl and
Mechanical College, Publication No., 69, (November,1948), 42-44.
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allowed to toush the speeimen, while the immersed specimen was seb divectly
into the pan and the waber level was mairtained about 1/146 « 1/¢ inch below the
top edge of the specimen. In bobh cases, the pan and spscimen were placed in
a moist=proof cabinet that had water in the bottom of the eczbinet,

In goneral, the stability of the soaked specimens is less than the
stability of the specimens that have been air-cured., The shtability increases
as the percentage of asphalt increases sinece the additional asphalt provides
some degree of waber=proofing by more thoroughly coating the soil particles
and filling some portion of the voids among the soil grains,

Figure Humber 10 through Figure Number 13 shows the percentage of moisture
ahsorbed by the different soils at varying asphalt percentages during the
seven (7) days of soaking. Process "EV and "F" goils without additive did not
withetand the period of svaking to an extent to allow stability determinationsg.
The especimens thab had 3% Hydrated Lime were consistently the ones that abe
sorbed the leagt waber,

Flgure Number 14 through Figure Number 16 presents a comparison of the
stabilities of a goil having a plasticity index of 11.6 when used with lime
or gypsum, different percentages of meditmmcuring (MC=3) asphalt, and cured by
three methods for a comparison of the soaking possibilibties,

Sinee the sollmasphalt stabllized road bases in Oklahoma ars built in
the wesbtern part of the state where there is not a greab amount of rain each
year, and since there would hardly ever be a time in the history of such a
road hase when it would he submerged in water for a week’s period, the cap-
illary soaking was attempted In an effort Lo find a loglesal scaking period
that would simulate the worst conditiong found on the existing roadse

In geneﬁal, the eapillary method of soaking gave bebter stability values

than the lrmersgion soaking., The specimens having lime as sn additive gave



better results thar the specinens

centagee of additive.

with gypsum as an addit
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Chapter X

Summary, Conclusions, and Recommendations

Summary

Although soil and asphalt mixtures were used by pre~historic man, the
successful stabilization of soil, with asphalt, is considered to be a re-
latively new science.

Much of the available information agbout soil-asphalt stabilization is
inconclusive, incomplete, and uninformative. The genéral opinion of highe
way engineers has been that it was impossible to successfully stabilize any
soil that had a plasticity index greater than ten. Opinions vary as to the
best type aﬁd grade of asphalt that may be used for stabilization of soilss
however, much of the diversity of opinion is due to differences in.the soils
found in the various parts of the country.

Six Oklshoma soils have been stabilized with a medium curing (C-3)
asphalt in percentages varying from two to 10 (2 = 10) percent asphalt, with
and without additivés, in order to study the soils, the additives, and the
differences in additives as they apply to the various soils tested,
Conclusions

Soils may be stabilized with asphalt, or asphaltic materials, without
difficulty if the soil to be treated has a plasticity index less than ten.
Soils that have a plasticity index greater than ten must be carefully
analysed, tested, and experimented with in the laboratory before any con-
clusive facts can be knowm about the gbility to stabilize them, " Hydrated
lime shows excellent results on materials having more than a zero plasticity
index. Much more work needs to be done in the laboratory with both slaked

and unslaked 1ime. The unslaked lime might very easily be the answer that
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enginesrs ave seeldng for the stabilization of goll with asphalt and additives,
the answer cammot be fully determined until some egtalyst is found that will
gtart the reaction of the unslaked lime, At the present time gypsum powder does
not seem to be worthwhile as an additive in soileasphalt stabilization. Lump
gypsum, or a different powdering of gypsum, might give better results,

Nostrlp epparently neither helps nor hinders soil-asphelt stabillzation.
The non=benefit of Nostrip might be explained by the fact that it 1= supposed
to help adhesive mabterlsls, such as asphalt, stick to wet aggregates, whereas
the soil=asphelt mixtures must be moist in order to faeclllitate mixing., The
slze of the particles involved might elso be a factor that has not besn ine
vestigated.

The "Fluffepoint" of the scll 18 the boat place to add asphalt and ligquid
additives to the soll; since the "Fluffepoint! 15 that point at which there
1s a masimum of volds in the soll. |

When ouring sollsapphalt mixtures in the fleld, the volgbiles must be
cupedmout to some p@inﬁ in the range of onesthird to one=fifth (1/3 = 1/5)
of the ordiginal velatilam,

A study of ewlating molleasphalt road~hanen, and the lahoratory analyses
of the faste and theorles of soil-asphalt stabilimation has led to the re.
gommendation that is shown in Teble Ne, 11, Table No. 1l is an attempd 4o
glve o gonerel idsa of what must he expected in the way of & Bodl for 3041
asphalt worle, In the past, the speslfisations for this type of work hava
been far teo hrief (&s shown by Table Mo, 1L on Page Yo, 5),



Tabhle 11

#*

*#H

This Table of Suggested Specifications is not to be considered

Suggested Soil Specifications

Plasticity Index of minus rnumber 40 material

Soil=~Asphalt S£:§ilization 3
T sz ol

I Percent passing 2.5" sieve 100.0

Percent passing 1.0" sieve 90 = 100

Percent passing number L sieve 75 - 100

Percent passing number 10 sieve 65 - 100

Percent passing number 40 sieve 50 - 85 %

Percent passing number 200 sieve 20 = 50

Liquid Limit of mimus muber 40 material less than 30

less than 10 ##

#
This gradation is difficult to obtain in Oklahoma, and
should be 50 = 100 in most parts of Oklahoma,

%*
Best results will probably be achieved with a plasticity
index from 1 to 5.

|

— =1

as "Tron-Bound", Judgment must be exerecised by the engineer

in charge, sc as to allow for local soil conditions, road use,

ete,

Since soil~asphalt stabilized road-bases were originally a low-cost

method of using in-place materials for improvements on farm-to-market roads,

the specifications had to be "wide-open" to permit in-place materials to be

used in most cases,

If the materiel must be hauled-in, then the low=cost argument that favors

gsoil-asphalt stabilized road-bases is of no value, and the construction of such

road-hases will be slowed down,

In order that the cost may be maintained at its present low level, consid-

erable laboratory research, for an additive with which to aid the stabilization
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of soils having a plasticity index greater than ten, is more than justified,
Soil=-asphalt stabilized road-bases are ready to be promoted from farm—to-
market roads to first class highways in the State of Oklshoma, and since
OCklahoma has done much toward being the leader in the field of soil=asphalt

stabilization, other states will follow the trend once it has been started.
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