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SUMMARY

In this -Investigation a study was made of the effect of chemical
wettipg agents on the density of two soils when compécted at a constant
moisture content and compaétive effort with different percentages of
wetting agent added to the water used for_compaction;

The ‘soils used in this investigation were a light brown, well
graded micaceous silty sand from the Atlanta, Georgia area and a reddish
brown finely graded cléy:from_Giles County;_vipginia.

The chemicals used were-ali_cémﬁercially availéble sﬁrfactants
doﬁated by the.manufaﬁturefs.' | |

‘The method of evaluating thé-surfactants'-effectiveness was to.
-compact the soilslto their Standard Proctor density at a 13 and 25 per
cent meisture content, respectively, using percentages.of surfactant
admixture ranging from 0 to 3 per cent of the total soil moisture con-
tent. The test increments were 0.25, 0.50, 0.75, 1.0 and 3.0 per cent.
The treated samples were then compared to a sample of the same soil com-
pacted, without the admixture, at the same moisture content and compac-
tive effort.

Test results for the four categories of admixtures tested
(amphoteric, anionic, cationic and nonionic) showed that increases in
percentage of admixture of all surfacténts caused an inerease in density
of the clay soil. The most effective surfactants were the anionic and
- nonionic types and the least effective were the cationic and amphoteric

typés. The largest increase in density occurred at percentage admixtures




between 0.25 and 0.50 per cent. The average increase at these percent-

ages was 9.0 per cent. Increased percentages of admixture above 0.50

per cent caused diﬁinishing increases in density in all cases.

The éilty soil was_quite.insensitive to the addition of the sur- -
factants to the compaction moisture. Increases in the percentage of
admixture caused the density to decrease when the catiopic and ampho-
teric-surfaétants were used. The maximum decrease was 3 per cent and
occurred at a 3 per cent.concentration of surfactant; The anionic and-
nonionic- surfactants caused an increase in density of 2 per cent at a
percentage admixture of 3 per cent. The largest increase or decrease in
density occurred at a percentage admixture between 0.25 and 0.50 per

cent.




' CHAPTER I
INTRODUCTION

_Génefélin

The. term "soil stabilization" in its broadest sense refers to any
precess, natural or artificial, in which aﬁy property of .a scil is
altered to improve its engineering performance.

Almest every building, dam, road, -airport, etc., rests upon seil,
and many of these structures employ soil as an integral part of their
construction.

In the past decade the United States has been involved in one of
the largest highway and airfield construction programs ever experienced
by any country. Mountains have been leveled, swamps filled, and the sea
held back-in the construction of new airfields. The dream of a super-
highway from coast to coast is now a reality. The completion of these
feats would not have.been possible without seil compaction..

During this period of phenomenal expansion, and in future expan-
sionsg, the choice of building sites has been severely restricted, often
with the poor site, from an engineeringfpoint of viéw, being the only one
available., Thus, working with and using inferior material, more as a
rule than as an exception, has focused more attention on means of_éoil
stébilization as a method of obtaining the desired product with the
avallable material.

Often it is - desirable to treat a soil to make it more manageable




in éddition te impreving its engiﬁeering properties (e.g., treatment of .
certain clay soils with lime té aiﬁ'cem§§c£ion);.

This research was underfakeh to study two soils and té evaluate
the:effectiveness of céﬁﬁercially-évailable surface active agents in
altering the density of the soils. The admixtures used in this research
were 25 organic wetting agents, a commercial laundry detergent, and
hydroxyacetic acid.

The use of surface active agents in seil stabilizatien has been
limited to essentially laborafory studies. Most of these studies have
been conducted using only . a cationic surface active agent. Although
iaundry detergents are a relatively old surface acfive agent, they have
not .been used in soil stabilization. Hydroxyacetic acid is a relatively
new -chemical product and ﬁﬁs enjoyed some success as a concrete admix-
ture, but has not been used in scil stabilization.

The phrase 'surface active agent" frequently is used inter-
changeably with "wetting agent.' Wetting agents, howevér, are merely a
group of compounds within the more general class of agents known as .
surface active. A surface active agent does not necessarily have good
wetting power; it may be more effective as a dispersing and/or as a
emulsifying agent.

A wetting agent is a material that reduces the surface tension of
water and also lewers the interfacial teﬁsien between water and another
surface, by collecting or aggregating at the solid-liquid or liquid-
liquid . interfaces.

| Chemicals displaying surface activity may be divided into four .

classes according te their electro-chemical behavior:




1. Anionic--those yielding, in solution, surface-active ions
beéring a negativé'charge.
- +
R-C0O0 +N(CQH40H)3
(Fatty acid soap)
2. Caticnic--those yielding positively charged surface-active
ions in solution.
+ -
R—NHQCQHuOH +C1 | -
(Fatty monoethanolammonium .chloride) -
3. Nonionic--thode which do not ionize in solutien.
R-COO (IC2H40)XH

(Fatty acid polyglycol es@éfﬁl-

4, Ampholytic or_AmphOteﬁié-ﬁthéSe which are cationic in acid
media and anionic in basic media. .
R-CH-COOK €1~

(Fatty ammonium chloride—cationic)

R-CH-COOH
NH, ' NaOH

R-CH-CO0 Na™

NH2

(Fatty acid soap-anionic)



file:///NaOH

In géneral, anioniq~and.cationic compoundé cannot be used togéther
bgqause they tend to neutralize in thé'éaﬁe'Syétém each other's effec-
tiveness. Nonionic compounds can be :used alone or in the presence of
either anionic or'cétibnic types.

The degree of surface éctiyity of_thé§e'agehEs depends primarily
on the ratic of hydrophiliec (water attracting) to hydrophobié {water

repelling) constituents. This ratio or balance is affected markedly by

the nature of the antagonistic groups and by their relative positiens in

the melecule as well as by the presence, concentratioh, and chemical
nature of other ingredients in the system.

The effect of ;urface active agents on surface tension is infiu-
enced by the presence of water sdluble salts, such as sodium chloride
and sodium sulfate,. The salts affect the hydrophilic nature of the
water-soluble portion of the surface active agent making it less water
soluble.

The criterion used to evaluate the admixtures was the Standard

Proctor Density of the two soils.

Previous Studies

During the past 20 years the.array of ofganic chemicals which in-
volve the phenomenon of surface tension and its related manifestations
has expanded treméndously. These chemicals have enjoyed wide use in
industries ranging from textiles to cosmetics.

. & .
In 1949 Davidson and Glab (1) conducted a laboratory investiga-

- % Numbers in parentheses refer to corresponding numbers in the
Bibliography.




tion of the effectiveness of certain cationic organie compounds to in-

crease the all-weather stability of soils.

This research on two soil-

aggregate mixtures having plasticity'indicies higher than considered de-

sirable for highway subgrade material produced the following conclusions:

1. Plasticity was decreased.,

2. 6&hrinkage was decreased,

3, Maximum modified AASHO density and optimum moisture content .

were decreased.

4, Unsoaked California Bearing Ratio was decreased.

5. Swelling was reduced.
6. Soaked Califofnia-Bearing Ratio
7. All percentages of the chemical
the rate of reduction decreased
increased.
Michaels (2} in 1952 described four
face active chemicals that involved solely
characteristics of soil particles and that

water in a soil system.

was increased.
reduced the plasticity but

as the per cent of admixture

treatments of soil with sur-

modificaticn of the surface

affect mainly the solvation

Maclean (3) discussed a method for stabilizing cchesive soils by

incorporating small percentages of surface

active chemicals. The object

was to prevent a seriocus loss of bearing strength under wetting condi-

tions by reducing the rate of water adsorption in the soil.
Reseérch by Whitesell (4) showed that organic cations tend to de-
crease the maximum dry density of clay soils.

With this and other research as background, this study was under-




taken to determine the effects of the four typessof surface active agents

en the dry density of the two different soils.




CHAPTER 11
MATERIALS AND TEST EQUIPMENT

The soils selected for this study are typical of these .encountered
in roadbuilding and airfield construction in the geﬁeral.area from which
they were obtained. The two soils were a Georgia silt and a Virginia
elay and throughout the remainder of this report will be referred to as
Seil I and Soil 1II, respectivelyT Soil I'is'a liéHt brown, well graded
micaceous silty sand. Secil II is a reddish brown finely graded clay.
Scil IT was obtained from.a side hill cut in Giles County, Virginia.

It is typical of soils in this Appalachian Region of Southwest Virginia,
Soil I was obtained from within the state of-Georgia and is typical of
soils encountered in the Atlanta area., A descriptiﬁn of each soil is
given in Table 1 with the grain size distribution shown in FPigure 1.

Figures 2 and 3 are x-ray analyses ef Soils I and II, respectively.

Admixtufes
The chemicals qsed-were donated by the manufacturers and -are all
commercially available. The product name, ionic type, chemical type,
manufacturer and pertinent data on the chemicals used are shown in Table
3.
The water used in the compaction of the test samples was tap water
from the soils labofatory.' Results of a water analysis are contained in

Table 2.




Test Equipment

. The moisture-density tests and the density samples were all pre-
parédlusing'the Standard Proctor compactien equipment cénsisting of a
. mold 1/30 cubic foot volume and a 5.5 pound cdmpacting hammer falling
12 inches with the soil compacted in thFee layers with 25 blows on each

layer. . (Reference ASTM Standard D-698-58T.)

Table 1. Description of Scils

Soil Number | o I 11.

Location by County and State L Fulton Giles
. S T - . Georgia .  Virginia

Textural Analysis % Finer by Weight

Sieve No, 6 ' 98 99
Sieve No. 20 - | 86 95
Sieve No. 40 | | 75 88
Sieve No. 60 | 64 75
Sieve No. 120 46 56
Sieve No. 200 | 32 us
Total Silt % 13 26
Total Clay % | o 5. 22
Specific Gravity 2.66 2.70
Liquid Limit ' 36 49
Plastic Limit NP 29
Plastic Index ' -- 20
BPR Classification _ ' A=Yy A-7-5(7)

Unified Seil Classification ML CL




s e

Table 2. Mineral Analysis of Tap Water

Constituent P.P.M,
Silica (Si02) 9.5
Chlorine Residual 1.2
Carbon Dioxide'(COz) | 0.00
Diésolved!SdlidS'(Conductivity) 30.00
Hardness (CaCOB) 22.0
Ircn (Fe): 0.02
Sulphates ,(SOL}) 4,00
Alumina (Al) 0.05
Chloride (C1) 4.00
Calcium (Ca) 7.1
Magnesium {(Mg) 1.0
Manganese (Mn} 0.02
Carbonate (COS) 3.6 .
Bicarbenate (HCO4) 12.2
Dissolved Oxygen {Per Cent) 97.00
pH (Colorimetric) 6.8
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Table 3. Wetting Agent Data

'Chémical_Type

Condensate
Quaternary

.Product Name. Ionic Type Manufacturer. Remarks -
Alkanol 189-S Anioniec Long Chain - Dupont Reddish-brown
B Hydrocarbon Sodium Liquid

Sulfenate
Alkancl B Apionic Alkylnaphthalene - Dupont Light cream
' Sodium Sulfonate Powder
Alkancl DW . Anionic. Alkylaryl Sodium Dupont . Clear yellow
Sulfonate ' Liquid
Duponol WN . Anionic Short Chain Fatty Dupont Pale yellow
Alcohol Sodium Liquid
Sulfate
Duponol WA Anionic Lauryl Sodium’ Dupont White opaque
Sulfate Paste
Avitex SF Anionic - Cetyl Sodium Dupont White paste.
Sulfate
Alkanol OJ Nonionic Ethoxylated: Dupont Soft light tan
Fatty Alcohol Paste
Product BCO Amphoteric Cetyl Botaine Dupont Clear brown
. Liquid
Avitex Y . Cationic. Fatty Acid Amine Dupont . Yellow viscous liquid

70° te 100°F: non-

pourable paste at 5Q°F.

£T
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Table 3.

Wetting Agent Data (Continued)

Product Name

Ionic Type

Chemical Type

Manufacturer

Remarks

Hydroxyacetic Acid

Tergitol NPX

Tergitel TP-9

Aerosol 0T-75%

Polytergent B-300

Polytergent L-405

Nacconol NR

Nacconol DB

Nacconol 40 DB

Nonionie
Nonionie
Anionic
Nonionic
Nonionic
Anionic

Anionic

Anionic

Alpha Hydroxy

Carboxylie Acid

Nonyl Phenyl .
Polyethylene
Glycol Ether

Nonyl Phenyl
Polyethylene
Glycol Ether

Sodium Dioctyl
Sulfosuccinate

Ethoxylated
Nonylphenol

Polyalkoxy-
Ether
Sodium Alkyl .

Aryl Sulfonate

Sodium Alkyl
Aryl Sulfonate

Sodium Alkyl
Ayl Sulfonate

Dupont
Union Carbide
Union Carbidé

American Cyanamid
0lin Mathieson

0lin Mathieson

National Aniline
National Aniline

National Aniline

70% technical aqueous
selution; clear yellow
liquid -~

Slightly viscous
Qlear liquid

-Slighfly viscous

Clear liquid

Clear slightly

_ Viscous liquid

Pale yellow, slightly
Viscous liquid

.Pale yellow

8lightly viscous
Liquid

White flake, dry
strength 40%

Dense bead dry,
Strength 40%

Fine white beads,
Dry strength 40%

w1



Table 3.

Wetting Agent Data (Continued)

Product. Name

Ionic Type

Chemical “Type

Manufacturer

Remarks

Naceonol DBX
ﬁaccqnol-uo-Dﬁx
Nacconol Begds
Racconol Z;
Nacconel NRSF
Naceconol Qd 1b
Raceconol S0 F
Nacconol 40 F

Ivory Liquid. . .

_ Anionie

Aniénic
Aniénic
Anionic
Anionic
Anionic
Anionic

Anionic

Sodium Alkyl
Aryl Sulfonate

Sodium Alkyl
Aryl Sulfonate

Sodium Alkyl

Aryl Sulfonate

Sodium Alkyl
Aryl Sulfonate

Sodiuvm Alkyl .
Aryl SBulfonate

Sodium Alkyl-
Aryl Sulfonate

Sodium Alkyl .
Aryl Sulfonate

Sodium Alkyl-
Aryl Sulfonate

National Aniline
National Aniline
National Aniline
National Anilipe
National Aniline
National Aniline
National Apiline
National Ani;ine

Proctor & Gamble

Extra dense bead,
Dry -strength 40%

Extra dense bead,
Dry strength u40%

Light bead, dry
strength 40%

Ivory flake, dry
strength 85%

Light yellow flake,

dry strength 92.5%

White beads, dry
strength 40%

Ivory flake, dry
strength 90%

White powder
40% dry strength

Commercial detergent,

slightly viscous
white opaque
liquid

6T
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CHAPTER III
TESTING PROCEDURE

General
The basic festing program was designed te measure the change in
density of the two soils when cempacted at a specified moisture content
with water treated with the varicus admixtures. Some of the desirable.
features in this testing program were:
1. A standard size sample and methed -of compactien which is
suitable for testing the various types soils.
2. An admixture that is water soluble.
3.  Evaluation by comparing the densitf of the treated seil to
the density of the untreated seil.

4, Consistency in compacfing the mold samples.

Preparation ¢f Soil and Mixing

S0il I was air dried to a uniform moisture content and sieved
threough a No. H_éieve with only the materiél passing bging used in the
tests, BSo0il-II was oven dried at 110°F for 48 hours and.sieved through
a No, 4 sieve with only the material ﬁaséing being used in the test.
Both soils were predominantly minus four material with the majority of
the discarded maferial bging.hghdéned lumps and roots. The initial
moisture content of both soilé_before mixing began was approximately
2 per cent.

‘Mixing was done in a Reco .Two-Speed mixer at a speed of 72 RPH,
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Both soils were mixed. for three minutes after_the prepared solution had
been added. "To ensure a uniform moisture content throughout the soil be-
fore compaction, the soil was further mixed by hand using 20 strokes with

a large spoon.

Establishment of a Stahdard”for Comparison -

The Standard Proctor moisture-density curve for both soils was
determined by performing a minimum of eight tests for each scil. The
~moisture density curve for Soil i can bé fbund_ih Figure 4 and for Soil
I1 in Figure 5. From these curves the maximum density and optimum-mois-
ture content of both soils can be determined. The moisture content and
dry density selected as a standard of comparisen for the treated soils
is less thén_the optimum moisture content and maximum dry density for
each seil. The deéision to compact all the test samples at a moisture
content_less.tﬁan optimum.was-entirely arbitrary. The density of Soil.
I produced at the specified moisture content is 98.5 per cent of the
maximum Standard Procter ﬁensity at obtimum~moisture content for_Soil,I.
The density of Seil II prﬁduced at the specified meisture is 98,6 per
cent of the maximum Standard Proctor Density at optimum moisture content
for Soil.II., The moiéture contents used in the compaction of the samples
were:

Soil I 13%

Soil II 25%
Therefore, the”standard for comparison for Soil I is the dry density of
Soil I at 13 per-cent meisture or 102.65 pouﬁds.per cubic .foot, and for

Soil II the dry density of Seil II at 25 ﬁer cent meisture of 90.05
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pounds per cubic. foot.:

Preparation of Chemicals

Special handling and preparation of the chemicals was not re-.

quired. The weight of chemical required to give the per cent selution of -

meisture to be added to thé soil was added to.the water prier to mixing
of the water with the s0il. The water and chemical were mixed fer 30
seconds in a Hamilton Beach Model 33 mixer and then added te the seil.
The_ﬁer cent of admixture to be added to the compaction meisture was
computed on a per cent by weight of total moistﬁre content basis (e.g.,
100 grams of moisture to preduce a 13 per cent moiéture-content would
be comprised of 10 grams of admixture and 90 grams of water and would
constitute a 10 per .cent solution). Regardless of the initial moisture
content at the time of .sample preparation, the weight of agent was based
on the total moisture that would be required for compaction. For clarity
an example calculation using Seoil I is shoﬁn below:

Weight of air dry soil per sample..........4.6 lbs, -

Initial moisture CONTENt..ivevrsvesssenens 2 per cent

Solution strength desired........i.vvev..s0l per cent

Water required to produce a
13 per cent m/C SAMPlé..csvsverrraesioarves 223 grams

E{EE%EE': 4.4 1bs = dry weight of seil:

4.4 x 454 gm/lb x 13 per cent = 259 grams total water required for
13% m/c.

259 x 1 per cent = 2,6 grams-weight of chemical for required con-
: centratioen. :

Thus. feor a 1 per cent'solution, 2.6 grams of chemical and 223 grams of
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‘water would be added and mixed with 4.5 pounds of aip-dried soil. This
would yield.a'sample treated with a 1 per cent sclution and compacted at

13 per cent moisture{

Coﬁtfoi'of'Variance.in.MoisturelContent
Any appreciaﬁle-varianée in the moisture content of the compacted
sample would affect the density, thus leading to a misinterpretation of
the performance of the wetting agent. To guard against this occcurrence
a méisture content sample was taken from the center of each compacted

sample. If the actual moisture content did not vary more than 1 per cent-

~above or below the specified value it was conslidered acceptable. Those

samples exceeding these limits were discarded.

Selection of Per Cent Solutions to be Used

Technical data furnished by the chemical manufacturers did not
provide any information concerning recommended concentrations. The
first six agents tested were mixed in solutions with concentrations
ranging from 0 per cent to 12 per cent. Evaluation of these tests
showed that percentages above 3 per cent produced insignificant changes
in the dry density; therefore, the remaining chemicals were tested in
solutions.ranging frem 0~3 per cent. The test increments were (.25,
0.50, 0.75, 1.0 and 3.0 per cent solutions. Throughout the body of
this report the percentéges of admixtures mentioned are computed on a
per cent by weight of final moisture content basis. The corresponding
percentages in terms of the dry weight of the soil for both soils are

shown below:
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Soil I and II : Seil I Soil II

Per Cent by Weight  Per Cent by Dry Per Cent by Dry
of Final Moisture o Weight Weight
Content of Soil . @f Secil
0.25 ' 0.028 0.06
0.50 0.05 0.12
0.75 : 0.084 ' - 0.18
1.00 G¢.11¢ 0.25
3.00 - 0.330 0.75 .

Reliability of_Value Selected as Standard
To insure the accuracy of the values chosen as standards from the
moisture density curves in Figures 4 and 5 the first sample compacted
in the testing of a chemical was at 0 per cent selution, i.e., pure
water. . Each of these-vélues haérbeen included on the respective meis-~
ture-density curve in an effort to define more precisely that portion

of the moisturefdensity curve used for evaluating the treated samples.

Mixing Equipment

All mixing equipment and implements were thorcughly washed and
dried after their use in testing one specific chemical. This precaution
was taken to remove any residual amounts of chemicals from.the equipment

before testing began with another chemical.
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CHAPTER IV
EVALUATION OF TEST RESULTS

Genefél
Testing of the two-sbils'and.the'soi;s‘combined-with the various
admixtures involved determining the dry density of the scils at the
moisture contents selected, both wifh and without the admixture.
'Bach soil used in this study was compacted to its Standard Proc-
tor density for the specified moisture content with the water used for

compaction treated with the various admixtures in the fellowing incre-

ments: 0.25, 0.5, 0.75, 1 and 3 per cent. All percentages of -admixtures

were based on the total amcunt of water required to produce the specified

final moisture. content.

Admixture-Density

An admixture-density curve was plotted for each soil with the
test increments of admixture as noted above. Exceptions to this were
admixtures Alkanel DW, Alkanol 0J, Avitex Y, Alkanol 189-5, Product BCO
and Ivery Liquid which were tested at increments of 0.5, 1, 3, 5, 7,

and 9 per cent.

For clarity in,hiscussion the admixtures have been grouped in the
follewing categories:
1. Amophoteric
2. Anionic

3. Cationic
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4, INohiOnic.
D Miscellaneous

Product BCO is the.éﬁlyiédﬁiiéQre that falls in the category of
an a?§h¢térid'surface-activeiagent;_‘Evaluétion of Figure 6 for Soil I
shoﬁg théf'increasing percénféées éf admixture cause a.slight decrease
in.density: This decreésé.is_épproéiﬁéféiyjl.ﬁ per cent and occurs at a
9 per cent concentration of admixture. For Soil IIT increaéing perceﬁt—
ageé of admixture cause an increase of density up to 3 per cent admixture
while at higher percentages {he,dénsity-graduallyIdecliued to a value
only 5.5 per-cent-iarger than the untreated_density. The density of
Soil IT at 3 per cent admixture was 8.5 per cent greater than the un-
treated density.

Within the category of anienic 'surface active agents, 18 -admix-
tures were tested. Of this total,'ll:are'éf the trade name Nacconol.
These '11 are all the same chemically with the only difference between
them being their dry strength and physica; appearance.

Evaluation}of'Figure 7 shows that increasing percentages of
Aercosol OT-75 per cent causes and increases in density of both Soils I
and IT, with Soil 11 experiencing the greatest.increase; approximately
11 per c¢ent. Both soils experienced the greatest increase in density at
percentages of admixture below 0.50. Percentage admixtures above this
value cause a diminishing increase in density.

Figure 8 shows that increasing percentages of Alkanecl 189-5 cause
an inerease in density of Soil II. 8Seil I experienced a decrease in
density of 0.50 per cent at 1 per cent admixture but increased in density

above its untreated value by 2 per cent at 9 per cent admixture. The
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density of Seil II was increased 8.75 per ceﬁt at 0.25 pér cent admixture
with percentages above that value causing a diminishing increase in
density.

The effect of.Alkanol B on Scils I.and II is shown in.Figure 9.
Increasing percentages of admixture cause increasing density in beth
soils with Soil II the most responsive to the admixture. Again the
greatest indrease in density is caused at relatively.small admixtﬁre
percentages. Percentéges higher than 0.25 per cent cause only an addi—_
tionai ihcféasé-df l§5 ber cenfiin S&il II. The increase in density over
untfeated séil at 0.25 perhcent.Admixture ié 5.5 per cent for Soil II.

0f all the énioﬁic7wéttiﬁg'agéﬁtéﬁtested,'Alkéhol DW caused the.
least response in Soil Ii. Figure 10 shows that a peﬁcentage of:bns per
cent increased the dry density at 25 per cent moisture from 90.05 pef te
93.4 pef, an increase of 3.5 per cent. Increasing the concentration from-
0.5 to 9 per cent caused a further increase in density of 1.25 per cent
to a density of 94.7 pcf. The density of Seil I_increased.ffom 102,7 pef
to 104.3 pef at 5 per cent admixturs an increase of 1.6 per cent over the
untreated soil. Further-incréases in concentration .caused a gradual de-
crease in density towards the untreated value of 102.7 pef.

With increases in concenfration of Avitex SF, the density of: Seil
II increased sharply at low cdncentpétions and' increased at a decreasing
rate at higher concentrations. {Figure 11) Soil I was only slightly af-
fected with a 3 .per cent concentration causing an increase in density
of .1 per cent.

Evaluation of Figure 12 shows that increases in cencentration of

Duponol WA cause an increase in the density of.Seil II to 99.4 pcf at
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0.25 per cent admixture, increasing concentrations above this value
causes .a slight decrease in demsity te 98.7 pcf.at 3 per cent admixture.
This ié a total increase of 9.5 per cent over the untreated value of
90.05 pcf. The density of Seil I is decreased from 102.7 pcf to 101.9
pef by increasing the concentration from 0 to 0.25 per cent. - Fﬁrther
increases in concentration cause a gradual increaée of density back to
the untreated value of 102.7 at a concentration of 3 per cent.

Figuré 13 shows that increasing concentrations of Duponel.WN cause
an increase in the density of Seil II to 95.5 pcf at 0.25 per cent cen-
centration, Increasing the percentage concentration to 3 per cent causes
a further increase in density of just 1.25 per cent. The density of Soil
I is decreased with increasing ceoncentrations of admixture to a minimum .
value of 101.6 pcf at 0.75 per cent éoncentration. Concentrations above
this value cause a gradual increase to a value slightly above that for
the untreated soil:

Figureé 14 throﬁgh 21 are for the Nacconeol surface adtive agents
having a dry strength of Iy per cent. Examination of these figures show .
that the density_effsoil_II is increased to a minimum value of 96.9 pef
at 3_per cent for Nacconol 40 LB and a maximum value of 98.9 pcf at 3 per
cent foriNaccohol-HD F. For concentratiéns of 0.25 per cent the minimum
density was 96.3 pcf for Nacconel 40 LB and the maximum value 98.5 pef
for Nacconol NR. The density of Soil I varied from a minimum-value of
103.9 pef to a maximum value of 106.3 pef -for a 3 per. cent cencentration.
This is a range of increase from 1.2 te 3.5 per cent over the untreated
soil.

Figure 22 shows the effect of Nacconel Z on the dry density of

)
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Seils I and II. The density of Soil II is increased some 8.3 per cent to
a value of 97.6 pef-at a concentratidn of 3 per.cent. A concentration of
0.25 per cent -caused an increase to 96.5 pef, only 1.1 per cent less than
at a 3 per cent concentration; Soil I showed little response to treat-
ment with the agent. The density wés-increased a maximum of 1 per cent
at 3 per cent concentration of'admixfpre.

Nacconol 90 F had -a dry strength of 90 per cenf and caused the
largest increase in density of Soii'II of all the Naccenol agents tested.
Figure 23 shows that the density of Scil IT was increased to 99.4 pef at
a concentration of 2 per cent, an increase of 10.5 per . cent over the
vaiue of the untreated soil. The densify at 0,25 per cent concentration
was increased to 98.1 pcf an increase of 9 per . cent over the untreated
seil. The density of Scil I was increased by only 1 per cent at a con-
centration of 3 per.cent.

Figure 24 shows that -increasing the admixture causes an increase
in density of Soils I and II. Nacconol NRSF has a dry strength of 92.5
per cent. This admixture, like Nacconel 90 F, causes the greatest in-
crease in density eof Seil II to eccur at concentrations less than 0.5
per cent. Increased concentrations above this value cause a diminishing
increase in density. Soil I responded only slightly with a total in-
erease in density of,04?5.per cent.

Avitex Y waé the only cationic surface activg agent that was
available for testing. Its effect on Soils I and II is shown in Figure.
25. As the per cent concentration increases .the density increases until
a concentration of 1 per cent. Increases abqve this value cause a de-

crease in the density to a value of 95 pcf at 9 per cent. -This is an




" DRY DENSITY--PCF

DRY DENSITY--PCF

36

106 I
104

102 -

100 [—
% |-
% [

Y U B § R

Soil I

Soil II —----

0.2%

0.50 0.75 1.0

3.0

Per Cent Admixture--By Weight of Total Moisture Combent

Figure 22, Relationship of'Dry Dengity and Admixture

Nacconel Z for Seils I and II.

106 F
04 F : - _ QJ
fo— ¢ & 7 J
102 F - -
00 |- | _ 4
% A= —————t T
7
9% I /
/
9}+ . / - Beil I
_ / ]
92 Q/ So.ll IT ——-=-
0.25 0.50 0.75 1.0 3.0

Per Cent Admixture--By Weight of Total Moisture Content

Figure 23. Relationship of Dry Dehsity and Admixture
Nacconol 90 F for Scils I and II.°




37

106

104

;__,_’—-f""k e — ¢4 .o-
R | | __-_l

= B
o L]
o o]

DRY "DENSITY--PCF
0
==

7~
ag} /
Ehl g /. Soil I
92;// _ Soil IT -----
0.25 0.50 .0.75 1.0 3.0

Per Cent Admixture--By Weight of Total Moisture Content

Figure 24. ReIafiQnsHip of Dry. Density and Admixture
Nacconol NRSE. for Soils I and II.

106
o4}
B102 \
a7} . ’ /’o
[
J.100 1 4|
=
% 98 T
= B / S
=3 // \\Q
~ 96} ™
2 / -t
9y // ‘ Seil I -—
g0 _// S$0il II -=-ec
0.50 1.0 3.0 5.0 7090 12.0

. Per Cent Admixture--By Weight of Total Moisture Conten

Figure 25. Relationship-of Dry Density and Admixture
Avitex Y for Soils I and II.

t




38

increase of 5.6 per cent over the ﬁntréatéd-density; The ﬁensity of Soil
I is.decreased-as.the concentration increases until a concentration of 1
per cent. Further increases inucoﬁéentratidn of admixture increasé the
density to a value 1.5 per cent less than the .untreated density. The
response of both soils to treatment with Aﬁitex Y is quite similar to
that of hoth soils treated with Product BCO, the amphoteric agent. This
would indicate that Préduct BCO had been.used in an acid media thus re-
acting as a cationic surface active agent. The tap water used proved to
be slightly.écidic when tested with litmus.

The results of tests with the nonioﬁic wetting-agenf; are shown in
Figures 26 through 30. As a general rule, the nonionic types are chemi-
cally less efficient than the cationic and anionic types. However at
stmall percentages of admixture their effecf on the density was as sig-
nificant as .the other type agents.

Figure 26 shows that increasing pergentages of admixture cause an
increase in‘density_for both Seils. In contrast to previous agents dis-
cussed, the effect of Alkancl OJ on Scil II was not as pronounced at low
concentrations of admixture. At 1/2 per cent admixture the per cent in-
crease in density was only 3.5 per cent. The same concentration for Soil
I caused an increase in density of 2.3 per cent.

Polyfergent 300 (Figure 27) was a very effective admixture. The
density of Soil II was increased 11 per cent to a value of 99.9 pef with
the addition of 0.75 per cenf admixture, Increases above this value
cause a gradual decrease in density to a minimum value of 99.2 pef at 3
per cen% admixture. Soil Irincreasgd in density with.increasing admixr-

ture to a value of "103.9 pef at 3 per cent admixture. This was an

-
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increase of 1 per cent over the untreated densitf.

Figure 28 shows that increasing percentages of Polytergent L-405
cause increases in the density of Scil II. The maximum increase of 8.8 .
per cent occurs at 0.25 per cent admixture. Increasing the concentra-
tion to 3 per cent causes a.fﬁrther increase in density of only 0.6 per
cent. The density of Soil I increased a total of 0.8 per cent with in-
creasing percentages of admixture.

Evaluation of Figure 29.shows that increasing the percentages.
admixture of Tergitol NPX causes the density of-Soii II to increase to a
maximum. value of.ge.u pef at 3 per cent admixture. The largest per cent
increase though, occurs at an admixture percentage of 0.25. This is an
increasé in density bf 6.7 per cent over the untreated density.  Increas-
ing the percentage admixture to 3 per cent réises the density only an
additional 2.7 per -cent. The density of Seil I increases slightly wifh
increases in admixture but percentages above 0.50 per cent cause only a
diminishing increasg in density. - |

Figure 30 shows that increasing percentages of admixture Tertitel
fR—g causes an increase in density of Soil II to a maximum valué of 99.5
pcf-at:0.75 per cent admixture. Increases in admixture above this value
cause a.gradual decrease in the density. The density of Soil I is in-
cpeased 0.8 per cent with the percentage admixture at 0.25 .per cent.
Further increases preoduced no changes in the density of Seil I.

The admixtures Ivory Liquid and Hydroxyacetic Acid are catagorized
as miscellaneous agents.,

Figure 31 shows that increasing the percentage of Ivory Liquid to

a value of 5 per cent caused a 7 per cent increase in density of Soil II.
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Increases of admixture above.this-value-cause a further increase in den-
sity of only.2 per cent. The maximum density obtained for Soil II was -
98.4 pcf, an increase over the untreated density of 9.3 per cent. The
density of Soil I was first increased then decreased as the percentage
admixture increased.

The results of tesfing with Hydroxyacetic Acid are shown in
Figure 32. The density of Soil II was increased with increasing percent-
ages of admixture. Percentages above 0.25 per cent caused only a slight
increase in density. The-densify_pf-Soil'I was -decreased éame 0.75 per.
cent as the percentage of gdmixturg.increased.

Evaluation of-al; the -surface aétive agents tested shows that the
density of Seil I is eonly slightly influenced by the addition of a wet-
ting agent during compaction. This can be attributed to the relatively
large particle size of Soil I or the clay minerals present. As the
particle size increases from clay size to silt size the importance of
particle surface charge or forces becomes less significant. Thus the
addition 6f-admixtures to reduce surface and interfacial tension on indi-
vidual soil particles has little or no effect en_fhe:particles whose
gravitational forces are predominqnt-in controlling the density.

Soii 1I, as shown throughout the discussion, is quite sensitive to
the Surfaée active agents. This soil has been classified as fine
grained, thus its behavior is influenced to a marked degree by particle
surface force phenomenon. The primary purpese of adding water in com-
paction of clays is to reduce these surface forces to alléw (1) easy
manipulation of the soil particles and (2) to allow tighter packing which

produces an increase in density. The addition of a surfactant te the.
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compaction meisture would reduce both watef-surface tension and water-
soil particle interfacial tension. This would cause a mere.uniform
coating of each soil particle as well as more efficient wetting of each
particle, ahd in turn a further decrease of particle surface attractive
ferces. The final result. would be an increase in density for the same
moisture content and COmpactive effort over the soil compacted with water
not treated with a surfactant.

The3clay_minerals_presenf.iﬁ.§éilﬂll were'Kéolinitezéﬁd illite.
Both clay minerals would nof-ﬁe:subﬁééf'tb isomqrphous_sﬁbsfifution_with_
the surfactants added. Therefore aﬁy inéreasezin deﬂsity gf Soil II
could net be attributed to this pheﬁome;bﬂ;. Even if-the clay minerals
present had been of the Montmorillonite family and-had exéanded latti-
cies, isomorphous substitution with the surfactant to produce a con--
tracted lattice prebably would not have occurred, since the &ajority of
.the surfactants are of a sodium base. It is possible that if the lattice
were collapsed initiaily it would have expanded in the presence of.the
surfactants, thus preducing a decrease in demsity. The listing eof the
sﬁrfactants-in Table 3 shows that the;majority are of the.sulfonate
family. The sulfonate materials are one of a wide variety of chemicals
that are used as dispersants.

The surfactants, in addition to reducing the mixing water surface

tension, also act as a dispersant, which increases the electric repulsion

between the adjacent clay particles, reducing thé cohesion between them
and causing the particles to disperse slightly.
When reacting with the soil the surfactant (acting as a disper-

sant), employs the following three mechanisms:
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1. Sequestrgtion—-the pelyanionic part of the surfactant removes
and inselubilizes any mgpoﬁqlent exchangeable ions.

2. Ion Exchange--thé surfactanf.furnishes monovalent ions for
exchange reaction ﬁifh-tﬁe éoil; | | |

3. Anion Adserption--the -surfactant furnishes polyanionic groups

for adsorption_by the soil parti¢les.

The adsorbed water decreases the particle attréctiye forces and
the seceondary dispersént action of-the.surfabtaﬁt increases particle re-
piulsion which causes an apparent decrease in particle size. Thus adjacent
seil particles in the treated soil do not tend te cohere as strongly., but
repel each other so they can be moved easily relative to each other.
Therefore, for the same compactive.effort and moisture content, Seil II
when treated with the surfactant was forced into a mass of higher densi-
ty than for the same soil withaut the surfactant. In all cases the com--
pacted samples were charaqﬁenized by a iaminated-appearance of the com-
pacted soil. The laminations appear-in a plane perpendicular to the
plane of application of the compactive effort, and are to be expected in
fine grained seils treated with dispersants since a nearly parallel ar-
rayed soil.structure is produced.

When Soil II and the treated water were mixed, the soil appeéred
to be finer grained (although it did not-act as such) than when the soil
was mixed with untreated water. This phenémenon supperts -the previous
statement concerning the apparent decrease in particle size of a soil
when -treated with a dispersant.

Thus the increases in density caused in Seil II were the combined

result of reduced surface tension in the water giving increased wetting
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efficiency-and the secondary disperéant éffects of .the surfactants.

All of-the_surface active agenté-tested_caused the largest in-
creases in density in Soil II betweén admixture percenfages of 0.25 and
0.75 per cent: This result can be attributed primarily to the surfac-
tants themselves. The surface tenéién-value for a particular liquid by
a-surface active agent is a function of the cchesional forces acting
between the .molecules in the film. If a liquid film is under compressive
forces due to surface crowding the surface tension is affected., It is
important to note that the surface crowding obtained by high cencentra-
tions of the surfactant, can be carried too far, resulting in the piling
up of the surfactant in local drops. Hence, higher concentrations than
the critical are valueless . in effecting increased_reauction of surface
tension.

Figure 32 shows the relationship between per cent.changé-in”densi—
ty.and admixture concentrations for the surface active agent categories
for Soil I. Of the two surfactants causing a decrease in density, the
cationic type caused the largest decrease, a total of 3 per cent at 3
per cent admixture. The amphoteric type caused a decrease of 1 per.cent
at 3 per .cent cencentratien. fhose surfactants causing increases in-
density were the_anionic and nonionic types. Of these two, the anionic
was the more effective causing 1.5 per cent mofe increase than .the non-
ionic, | |

Evaluation of Figure 34 shows that, by type surfactant, the most
effective surfactanf at 3 per cent admixtufe was'the anionic type for
Soil II. The nonionic types were scme 2 per. cent less effective than

the anicnic. The cationic was. the least effective of all tested.
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At a percentage admixture o%%O;S per cent the anioniec, catiénici
and nonienic all cause an increase in density of -approximately 9 per
cent. | |

Any study dealing with admixtures used in seil stabilization is.
not complete until the cost of the stabilizing admixture can be compared
te costs of currently used metheds. Tank truck carload prices ﬁere ob-
tained for the follewing surfactants:

Polytergent B-300 | 30;158/lb.'
Polytergent L-405 $0.345/1b.

Examination of Figure 27 shows that the largest percentage in-
crease in density of Soil II was caused by a per cent.admixture (by
weight of soil moisture) of 0.25 per c¢ent. In terms of dry seil weight
this - is 0.06 per-éent. Therefore the cost per.cubic yard for treatment
of Soil.iI at 0.06 per cent admixture is as follows:

From Figure 5:

Maximum dry density at. optimum
moisture content _ 91 pef

91 pef x 27 Fto.yd> = 2,457 1bs/yd>

Pounds of Polytergent B-300

Required at 0.06%

2,457 1bs/yd> 'x 0.0006 = 1.47 lbe/yd>

Cost per cubic yard

1.471 1bs/yad°> x $0.158/1b = 23.2 cents/yd>

This unit cost is somewhat higher than the unit cost of moest con-

ventional methods used: currently to_obtain higher densities but under

certain soil and weather conditions, it would possibly be used competi-

tively with current methods.




study:

ll

51

CHAPTER V

CONCLUSIQNS

The following cenclusions have been reached as a result of this.

The addition of surface active agents affects the density of

a soil when molded at a constant moisture content.

2. The density of certain soils can be increased by the addition

of certain surface active agents.

.30'

The density_of Soil CL was increased by all the .surface

active agents.

of the

da.

L,

Density increased with increased amounts of surface
active agent.

The greatest rate of increase is at percentages of

admixture less than '0.50 per cent.

Higher percentages of admixture caused a diminishing rate

of increase in density.

Soil CL wasfthe most responsive to treatment by the

surface active agents.

The_anionic type surface active agent effécted.the-greatest_
inerease in density.

The density of Soil ML was increased and decreased by some

surface active agents.

.

Density increased a maximum of 2 per cent with increased
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amounts of anionic and nonionié¢: surface active agents.
b. Density decreased a maximum of 3 per cent with increased .

amounts of amphoteric and cationic surface active agents.
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CHAPTER VI
RECCMMENDATIONS

The following recommendations are_ﬁade.for further study:

1. Further testing of effeﬁts on scil density treated with
surface adtive agents at very low percentage admixture.

2. An evaluation of the long-term effect of surface active

agents on sdil serviceability_pnder_actual weather conditions.
3, A-stﬁdy of fhe effects of surface active agents on the angle .
of "internal frictién and cohesion of a soil, | |
4, A study of the effect of surface active agents on the pore
water pressure in compacted clays,

5. A study of the effect of surface active agents on soil

permeabilify.
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Figure 37. Relationship of Per Cent Increase or Decrease in Dry

Density and Admixture Alkanocl B for Soils I and II.




PER ‘CENT INCREASE OR DECREASE IN DRY DENSITY

58

10—

i | T | ) |

0.25 0.50 0.75 1.0.1.25  1.75 2.25 3.0
Per Cent Admiiture--By Weight of Total Moisture Content

Figure 38, Relationship of Per Cent Increase or Decrease in Dry
' Density and Admixture Duponol WN for Soils I and II,
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Figure 39, IRelatidnéHip of Per Cent Increase or Decrease in Dry

Density and Admixture Nacconol 90F for Soils I and II.
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Figure u40. Relationship.of Per Cent Increase or Decrease in Dry

Density and Admixture Polytergent L-405 for
Seoils I and II.
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Figure ﬁl, Relationship of Per Cent Increase or Decrease’ in Dry

Density and Admixture Tergitol NPX for
Soils I and II.
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