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CHAPTER |

INTRODUCTION

Subgrade soils need to have quality engineering properties in order to supporepa
structures efficiently. When a subgrade soil does not have treseries, the soil does not
provide adequate support for the pavement and shortens the pavemen@héfeical additives
can be used to improve a soil’'s engineering properties if a soil ispeathlezof supporting a
pavement. Chemical additives modify or stabilize a soil by improvintettiare, increasing the
strength and reducing the swell characteristics of various sdilemiCal additives that can be
used to improve a soil include: lime, Portland cement, cement kil{(@K&), and fly ash.
These additives can be used in a variety of ways, percentages, and combiaati have diverse
effects on different kinds of soils. A combination chemical additive gépetescribes the use
of lime to pre-treat (modify) a soil before another chemical addiikee QKD or fly ash, is used
to treat (stabilize) the soil. This is typically the treatmmanathod for soils with medium to high
plasticity, since the stabilizing chemical cannot be adequaigbdnuntil the plasticity of the soll
is reduced by the lime. Lime reduces the plasticity of the soil by regltteé surface chemistry
force and by causing clay particles to flocculate and agglomeréaie stabilizing chemical
causes cementitious pozzolanic reactions between the chemicailaodrerease the strength
of the soil. This report describes the ability of CKD, fly ash, and auatibhs of lime and CKD,

and lime and fly ash to improve the engineering properties of a moderatelglasticity soil.



Research Project Description

This research covers the effects of CKD, fly ash, lime and CKD, areddind fly ash on
a given soil. Three percentages of CKD and fly ash along with destjgercentage of lime with
varying percentages of CKD and fly ash were evaluated. The evalahiach treatment
included laboratory testing to determine the plasticity, shrink-gyeédintial, and strength
characteristics of the soil and chemical combinations. The untreatedhs evaluated to create
a base line for comparison of properties. The results of the labotesting for each treatment
(type and percentage) were compared against the untreated soiltaofcbthar chemical

additives.

Purpose of Thesis

The purpose of this thesis is to present the results of an evaludliime pfetreatment
for stabilization of high plasticity soil. A literature review wasnpleted to determine what
others know about lime pretreatment and gain a basic understanding of sutapiidatson. A
testing program was developed using standard procedures and non-standardegs dicadur
would produce results that would be comparable against one another stiffigegeogram
focused on the plasticity, shrinkage, and strength of the soil and chedditales mixtures. The
Atterberg limits, Bar Linear Shrinkage, and Unconfined Compressive Stresegé compared
between the soil and chemical additive mixtures as well as bethe@ercentages of chemical
additives in the mixtures to determine the best alternativesdfoitization of a high plasticity

soil.



CHAPTER Il

LITERATURE REVIEW

This chapter contains a discussion of the literature reviewed duringydstigation of
soil stabilization with lime, cement kiln dust (CKD), and fly a€tags C). Topics included in
this chapter are: chemical modification and stabilization; reasossatuifization; lime, CKD,

and fly ash stabilization; lime pretreated stabilization; and limggaenent recommendations.

Background

The use of calcium based stabilizers like lime, cement kiln dust (Ci@)fly ash for
improving pavement subgrade soil has been an option for decades. Theoflesigement
structures depends on the underlying soils having certain structuriéiegual resist shear
stresses and avoid excessive deformation from imposed loads. Soils doaystlzwe these
gualities and require improvement by chemical modification or statiiz to become a
sufficient load-supporting material. The heterogeneity of soil propdiite composition, soil
structure, water interaction, and overall variability require shiatspecific treatments and mix
designs for stabilization be developed. One such treatment alterisatieeuse of lime as a
pretreatment for cementitious materials like CKD or fly ash. Thigtigeais used in situations
where the soil needs to be stabilized and is not suitable for treatm€itbyr fly ash alone.

The soil is typically not suitable for treatment (CKD/fly ash aldmecause of high plasticity.

The difference between chemical modification and stabilization I iseeds to be
understood, before discussing pretreatment options. Soil modification is ¢hgoiration of

3



chemical additives into the subgrade to reduce the plasticihedubgrade and improve its
workability as a platform to support construction equipment (1). Soil modifrctetkes place
quickly, during and just after mixing, and results in a reduction in the gitastidex, change in
texture, and improved workability, as well as, a minimal increase in streagth. For
modification, there are little or no pozzolanic or cementitious reactionthdéueduction in
plasticity produces a minimal strength increase. Soil stabilizatithe imcorporation of chemical
additives into a subgrade to increase the strength of the subgradensioib provide structural
value for the pavement structure (1). The same physiochemictbreaoccur as in

modification with the additional development of pozzolanic cementing. Fol & &
considered stabilized, a significant increase in strength must,decg. 50 psi or greater increase
in unconfined compressive strength) (2). Stabilization is dependenteouf tagdration, pH of

the soil-additive mixture, and ambient temperature.

Reasons for Stabilization

Stabilized soils under pavements have lower deflections, distridade better, and resist
consolidation of supporting soils. Stabilized soil subgrades provideeastaiie platform for
pavement structures. An unstabilized soil has lower stiffness andiefdct more, resulting in
high pavement surface strains and eventual fatigue cracking of the pavétahilized soils
have higher stiffness, thus reducing pavement deflection, whicltisr@ssimaller surface strains
and extended pavement life. Stabilization will also prevent rutting beti@isebgrade soil will
undergo much less consolidation or movement. These concepts areditListiaigure 2.from

the Portland Cement Association (PCA): Guide to Cement-Treatex] (33s



Asphalt

Figure 21 Comparison of the amount of deflection betweestabilized and
stabilized subgradsoil, (3)

Imposed loads on unstabilized soils result in da#egs<distribution. Stabilized soils distribu

load more evenly because the stabilized layer iemigid. This concept is illustrated in Figt

2.2 (3).

riyuie z.acumpansun of load distribuuun vl unuinzeu anu stavmzeu

subgrade soll, (3).



Methods of Stabilization

Chemical stabilization of soils is the result of physiochemicatirecbetween the soil
and a chemical additive which means that the soil must be chemicaliyeeaq. fine grained
or cohesive soil. Lime, CKD, and fly ash are common soil stabilizers and workidny ca
exchange, particle flocculation, and development of pozzolanic reactidngsdo modify
and/or stabilize soil (2). Because fine-grained soils exhibit a getime charge, they attract
positively charged ions available in the soil-additive-water mixt@alcium will substitute for
monovalent cations (i.e. hydrogen and sodium) on the soil particle surfaceh{d exchange
results in lowering the soil particles surface chemistryefamed flocculation of fine particles.
Pozzolanic reaction products develop when sufficient additive is avatitatiissolve silica and
alumina from the soil particles. The pozzolanic reaction products prododeerm and long-

term shear strength increases as they “cement” the soil pattigktber.

Lime Stabilization

Lime, the product of the calcination of limestone, consists of calcium antesiag
oxides (5). Lime reacts with fine-grained soil in a two-step profiestscation exchange and
flocculation/agglomeration result in a change in texture and plastithg flocculated soil
particles are larger and more friable (2). Pozzolanic reactionsrerelépendent so little strength
is gained during the initial phase, strength gains occur as thaastidles are cemented together.
The pozzolanic reactions are dependent on the mineralogy of the soil. Thenreantinues to
occur as long as the pH is high enough to dissolve silicates and alurfioatélse soil. The
soluble calcium, silicates, and aluminates react together with tedfterm calcium-silicate-
hydrate and calcium-aluminate-hydrate (6); these compounds promote sti@ngtRazzolanic
reaction products typically require mellowing to begin development. i§ hypically twenty to

twenty-four hours to ensure sufficient hydration prior to compaction (7).



CKD Stabilization

CKD is the fines or dust collected from the exhaust of cement kilnsahsidered a
byproduct of Portland cement production (8). CKD contains between thirty angéocent
CaO and about twenty to twenty-five percent pozzolanic material (slizaina, etc.) (2).
Cation exchange, flocculation, and pozzolanic reactions are the primatgmedlat occur when
CKD, soil, and water are mixed. The free calcium hydroxide from the CkKiBeseclay particles
to flocculate, thus reducing the plasticity of the soil. This reduatigriaisticity is modification
and when enough CKD is added to the soil, strength gain occurs and stabilizthtiakenplace
(9). CKD contains reactive calcium, silicates, and aluminatesdhatupport cementitious and
pozzolanic reactions (2). Little mellowing time, less than two houtgpisally needed since the
hydration occurs quickly and strength gain is more rapid. Hydration will cordslang as the

pH of the mixture is high, e.g., excess lime is available.

Fly Ash Stabilization

Fly ash is a residue that results from the combustion of ground or powdered tizal tha
transported from the combustion chamber by exhaust gases of coal-fired powe(10). The
fly ash’s properties vary depending on the coal used and the processesthisgmaer plant.

Fly ash is divided into two types, Class C and Class F, dependent on the gsafdtie fly ash.
Class C is considered to be self cementing and contains at least pgecent Ca. Soil treated
with Class C fly ash becomes more friable because the calcium iondliyndkh cause a
reduction in plasticity. This happens because of cation exchange and thengrofwalilditional
ions around the clay particle, which changes the electrostatic dfatgeclay particles. The
change of electrostatic charge of the clay particles causesdretrect one another resulting in
flocculation. (11) The reaction of Class C fly ash is similar to thRbaland cement, in that the

hydration produces free Ca. The free Ca reacts with the silica anchalafithe soil and with



the pozzolans within the fly ash creating cementitious materials (@%s € fly ash contains less
than ten percent lime and is non-self cementing. Therefore, an additioniseglil lime or
Portland cement is needed to activate the pozzolans. The hydration and pozealzions of
fly ash require water to form the compounds that bind the soil grains totetian strength.

As with lime and CKD, a high pH is needed for long-term strength gain. Thewe) time of

Class C fly ash stabilized soil is similar to that of CKD, l&ssittwo hours.

Lime Pretreated Stabilization

Lime is capable of reacting with soils that contain little aag soils with low plastic
indices. If a coarse-grained mixed soil is not sufficiently reactives tan be combined with an
additional source of silica and alumina, (6) like CKD or fly ash. Thesgounds when mixed
with lime and water will harden into a cementitious mass that is @llehieve high compressive
strengths (12). The stabilization of granular or coarse grainediabatgith lime and CKD/fly

ash is possible because the CKD/fly ash provide the material fbmiaéo react.

Fine-grained soils with high clay content and medium to high plasticesdire
considered to be good candidates for lime pretreatment (6). Soil pretnetitdime will have an
increase in workability and mixing characteristics as well as a fieduntplasticity. This is due
to the lime intruding cation exchange and flocculation reactions (1®seTifeactions reduce the
plasticity and improve the workability of the soil, which allows the sdaoy additive (CKD or
fly ash) to be mixed thoroughly (6). Some pozzolanic reactions ocavedrethe lime and soil
S0 some strength gain is developed before the addition of the secondargritedthen the
secondary additive is mixed with the lime pretreated soil, morencaxchange and flocculation
takes place. The calcium, silicates, and aluminates that aretgreiee secondary additive
cause pozzolanic and cementitious reactions. These reactions proengthgiain and will

continue to occur as long as the pH of the solution remains high enough toedibsadilicates



and aluminates. The primary mix of soil and lime is typically mellofgetiventy-four hours

and the mixture with the secondary additive is mellowed for two additional hours.

Lime Pretreatment Mix Design Recommendations

Chemical Stabilization is achieved and the degree of stabiliziatigreatly affected by
the mineralogy and the fineness of the soil (13), therefore, a complete ngx eseeded to
determine the exact amounts of lime and CKD/fly ash for a particular@oé National Lime
Association suggests the use of lime pretreatment on plastic claysapplcation rate of two to
three percent (6). The Army and Air Force (12) recommends using a mixtume aind fly ash
to treat coarse-grained soils and uses a mix design that selectdrtheropine and fly ash
percentage based on unconfined compressive strengths. For fine-graméuesaimy and Air
Force suggests the use of a lime and cement combination. The mix desiged®b selecting a
lime content that improves the workability and reduces the plasticitye soil and the cement
content is selected from the soils USCS classification and then ogaditmjzunconfined
compressive strength testing. (12) The American Coal Ash AssociatibiA)states that the
typical fly ash contents vary from twelve to fourteen percent witrespanding lime contents of
three to five percent (14). Oklahoma Highway Department (OHD) L-50 (&3 ¢he
procedures for determining the stabilization practices for soilsifiasby American Association
of State Highway and Transportation Officials (AASHTO) M145, a3 aglthe procedures for
determining the percentage of lime for pretreatment. It recommend®atiegrA-6 soils with
four percent hydrated lime and pre-treating A-7 soils with five m¢dogdrated lime (15). After
pretreatment the percentage of CKD/fly ash is recommended based oetteated soils

AASHTO classification.



Summary

When subgrade soil does not have the qualities to efficiently suppastement, lime,
CKD, fly ash, or combination of lime and CKD/fly ash can be used to improve the engge
properties of the soil. Stabilized soils under pavements have lowectitafs, better load
distributions, and resist consolidation. Stabilization with chemicaliaéslits effective because
of cation exchange, particle flocculation, and pozzolanic reactionsré@e cementitious
compounds that decrease the plasticity and increase the strength of. ti@o#sithat are not
suitable for stabilization because the soil is not reactivieeosail has high plastic indices can be
made suitable using the technique of pre-treating the soil with limewted by addition of

cementitious chemical additives.
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CHAPTER Il

MATERIALS AND LABORATORY PROCEDURES

This chapter describes the soil, chemical additives, and testinglpresaused to
conduct the research. Tests were performed using standard proceduresjsimeath to

standard procedures or non-standard procedures are described in detail.

Soil

The soil used in this chemical additive evaluation was cladsifs a CL and A-6 (19) by
the Unified Soil Classification (American Society for Testing aradévlals (ASTM) D 2487) and
AASHTO Soil Classification (AASHTO M 145) Systems, respectivdlile sample was
collected from the south approach embankment of the Salt Fork River Bridgexiagiely
twelve miles north of Perry, Oklahoma on Highway US-77 near the junctibrState Highway

15.

Additives

The chemical additives used in the evaluation were lime, cement kil(GKis), and
Class C fly ash. The granulated quicklime was from the Texas Lomgpé&hy in Cleburne,
Texas. The CKD was produced by the rotary kiln at the Holcim US, Inc., AdarRbCement
Plant, in Ada, Oklahoma. The fly ash was produced at the OG&E Power PlaneqdeRpéX,

Oklahoma. The CaO of the quicklime, according to the National Lime Asisocis between

11



95-100% (5). The CKD contained between 30-40% CaO by National Cooperative Highway
Research Program’s definition (2). The Federal Highway Administratates that the typical
CaO content of Class C fly ash 24.3% (10). A tabulation of the soil-additkferes used and

the laboratory tests performed are shown in Table 3.1 and Table 3.2, regpective

Table 3.1 Soil Additive Mixtures

Sample % of Additive Additive
Untreated 0 0
CKD Treated 10 CKD
12 CKD
14 CKD
Fly Ash Treated 12 Fly Ash
15 Fly Ash
18 Fly Ash
Pretreated 4,10 Lime, CKD
4,12 Lime, CKD
4,14 Lime, CKD
4,12 Lime, Fly Ash
4, 15 Lime, Fly Ash
4,18 Lime, Fly Ash

Table 3.2 Laboratory Testing Standards

Test Method Standard

Soil Sample Preparation AASHTO T 87
Percent Minus U.S. No. 200 AASHTO T 11
Soil-Lime pH Test ASTM D 6276

Soil pH ASTM D 4972 Method A
Liquid Limit AASHTO T 89 Method A
Plastic Limit and Plastic Index AASHTO T 90

Bar Linear Shrinkage Tex-107-E
Moisture-Density Relationship AASHTO T 99 Method A
Harvard Miniature Correlation ASTM D 4609 Annex 1
Harvard Miniature Compaction ASTN D 4609 Annex 2
Unconfined Compressive Strength ASTM D 2166

Soil Sample Preparation

The soil was air-dried and broken up to pass a No. 4 sieve, removing any rockna orga
matter from the soil. A portion was then processed further to pass a No. 48rsiedied at

60°C for Atterberg Limits and other classification tests.

12



Soil and Additive Mixing and Mellowing

The soil sample and various additives were mixed together and allowesllow. For
samples treated with lime, CKD, and fly ash separately, the addigisenmxed uniformly with
the dry soil and water was added without mixing. The samples were sedlplheed in a
constant temperature container and mellowed. The mellowing time for kweatgéd with CKD
and fly ash was 2 hours and the mellowing for the soil treated with liméwesty-four hours.
After mellowing, the samples were mixed thoroughly, and then tested. Spiesamepared
with only one additive and mellowed before testing are referred to &sdreeor soil sample
pre-treated with lime, then treated with CKD or fly ash, the lime wdedand mixed with the
dry soil then water was added without mixing. The sample were sealed and mdédoweenty-
four hours. After mellowing the sample was mixed, then the second additiaslded and
mixed thoroughly, additional water was added to achieve the target maistieat without
mixing. The soil sample was then mellowed two hours prior to testing. 8glesthat were

pretreated with lime and then CKD or fly ash are referred to as pestreat

pH Testing

The pH of each additive was determined using procedure ASTM D 4972 Methbhig\
was done periodically to ensure the additives were active. Thewptpercentage of each

additive for stabilization was estimated using Soil-Lime pH Test,MBT16276.

Atterberg Limits

The Atterberg Limits of the untreated, treated, and pretreated ssitsdetermined in
accordance with AASHTO T 89 Method A and AASHTO T 90. The testing wealsfied

slightly with the addition of the mixing and mellowing steps discussed.
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Particle Size Analysis

Though a complete sieve analysis was not pertinent to the testing, riea@ssary to
determine the percent passing the U.S. No. 200 sieve (75 microns). One hundred greems of
dried soil that passed the No. 4 sieve was soaked, mixed, and washed ovéd@ ROB.sieve.
The soil retained on the U.S. No. 200 sieve was collected, dried, weighed so thatéhe pe

passing the U.S. No. 200 sieve could be calculated.

Soil Classification

Using the Atterberg Limits and percent passing the U.S. No. 200 sieve of ristecht

soil the classification was determined using AASHTO M145 and ASTM D 2487.

Bar Linear Shrinkage

Bar Linear Shrinkage tests were conducted on all of the soil andvadmbtnbinations.

The bar linear shrinkage was determined in accordance with test metKetDTEE.

Moisture-Density Relationships

Using the mixing and mellowing procedures discussed earlier the MoBamsity
Relationships were determined for each soil additive mix, following AASHT99 Method A, to
determine the maximum dry density and optimum moisture content for ettwh siil additive

mixtures.

Harvard Miniature Correlation

In order to prepare Unconfined Compressive Strength (UCS) test spsciancorrelation
between the Standard Proctor drop hammer and the Harvard Miniature kneading foet ham
was developed. This was done by preparing the soil additive mixtureoptiiteim moisture

content using the mixing and mellowing procedures for treated and preétsedte Then the

14



number of blows required with the kneading foot hammer to achieve the maximulendity

was determined. This was done in accordance with ASTM 4609, Annex 1.

Unconfined Compressive Strength

To produce the UCS samples, the correlation for each soil additiveraimhiwas used
to compact six specimens at optimum moisture content using HarvarduvniZzompaction
ASTM D 4609, Annex 2, without immersed specimens. Specimens of treathenigere not
completely tested (no Atterberg limits, BLS, etc, were run) were peadusing the properties of
the closest percentage of like additive, with the addition of two penaar to the optimum
moisture content. Three specimens were cured for seven days angéuraens were cured
for twenty-eight days. The specimens were cured in a constant tempe@ttainer and then

tested to determine the unconfined compressive strength following ASTM D 2166.

15



CHAPTER IV

PRESENTATION AND DISCUSSION OF RESULTS

The results of the testing program are described in this chagierresults include that

of untreated, treated, and pretreated soil samples.

Untreated, Treated, and Pretreated Soil Properties and Additive Regent

The untreated soil characteristics determined were Percent minusdJ B\ Atterberg
Limits (LL, PL, PI), Bar Linear Shrinkage (BLS), Moisture —Densigldaionship (Maximum
Dry Density and Optimum Moisture Content), and Unconfined Compresseeg8ir(UCS). A

Summary of the test results is shown in Table 4.1, Untreated Soil Respert

Table 4.1 Untreated Soil Properties

Percent Minus U.S. No. 200, % 91.0
Liquid Limit, % 37.9
Plastic Limit, % 16.6
Plastic Index, % 21.3
USCS CL
AASHTO A-6 (19)
Bar Linear Shrinkage, % 14.0
Maximum Dry Density, pcf 105.0
UCS, 7 Day Cure, psi 58.8
UCS, 28 Day Cure, psi 61.0

Based on the untreated soil's AASHTO classification of A-6 (19), it wesmdaed using OHD
L-50 Soil Stabilization Table (15) that the soil should be pretreatédfeut percent lime and
then treated with ten percent CKD or twelve percent fly ash. Thislarssby finding the

optimum lime content according to ASTM D 6276, Soil-Lime pH Test, which was
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eight percent, then performing Atterberg limits and determining ARSIdlassification of the
soil and lime mixture. The percent lime was reduced and tests repeatéueuntated soil's
classification returned to the untreated classification. The pesténte just prior to the return
was used as the pretreatment level. This process is shown idT2ahiene Treated Soll

Atterberg Limits and AASHTO Classification.

Table 4.2 Lime Treated Soil Atterberg Limits and AASHTO Classiion

Lime, % Liquid Limit, % Plastic Limit, % Plastic Index, % Classification

2 411 32.4 8.7 A5 (11)
4 36.9 30.6 6.3 A-4 (8)
6 39.3 29.3 10.0 A-4 (11)
8 35.9 30.2 5.7 A-4 (7)

The results indicated two percent lime, which was adjusted for commaticpsafor this type of
soil in this region to four percent. The six percent lime results w@nsidered to be an anomaly
and not considered, since the liquid limit and plastic limit were so higimguhe pretreated soil
classification of A-4, OHD L-50 Soil Stabilization Table (1%swsed to determine the
percentage of CKD or fly ash. For an A-4 soil, the table recommends temip@kD or twelve
percent fly ash. Table 4.3, Pretreated Soil Properties, showsting tesults for the pretreated

soils with the recommended CKD and fly ash percentages.

Table 4.3 Pretreated Soil Properties

Properties with Pretreatment 4% Lime + 4% Lime +
10% CKD 12% Fly Ash
Liguid Limit, % 37.5 36.0
Plastic Limit, % 30.8 28.3
Plastic Index, % 6.7 7.7
Bar Linear Shrinkage, % 2.69 2.09
Maximum Dry Density, pcf 99.9 102.4
Optimum Moisture Content, % 22.4 20.3
UCS, 7 Day Cure, psi 205.7 139.9
UCS, 28 Day Cure, psi 306.0 210.5
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The percentages selected for the mix design evaluations weredbmr, tand fourteen for CKD
and twelve, fifteen, and eighteen for fly ash. The lowest percentages&ected from

maximum recommended values given in OHD L-50, and increases were based on ctapsion s
used for the additive mix design procedures. The properties of theraplesareated with these

percentages of additives are presented in Table 4.4 Treated Soil iesopert

Table 4.4 Treated Soil Properties

Properties with Treatment 10% 12% 14% 12% 15% 18%

CKD CKD CKD FlyAsh FlyAsh Fly Ash
Liquid Limit, % 42.2 43.3 40.0 41.3 38.9 39.5
Plastic Limit, % 26.5 28.3 28.4 21.3 23.9 24.5
Plastic Index, % 15.7 15.0 11.6 20.0 15.0 15.0
Bar Linear Shrinkage, % 5.13 6.53 6.72 8.70 7.71 6.40
Maximum Dry Density, pcf 105.7 105.1 105.0 110.3 110.0 110.5
Optimum Moisture Content, % 16.9 17.8 19.8 17.0 17.1 15.5
UCS, 7 Day Cure, psi 126.2 161.0 184.7 69.7 86.4 106.3
UCS, 28 Day Cure, psi 148.7 202.9 206.1 85.0 106.8 148.8

Additional percentages for pretreatment were selected, but ordgviea and twenty-eight day
unconfined compressive strengths were determined. The percentages wiare 4%2%

CKD; 4% lime + 14% CKD; 4% lime + 15% fly Ash; and 4% lime + 18% fly ash.
pH Tests

The pH of the soil increased as the amount of additive was increHsegH of the soil
with no additive was 7.5 and increased with the addition of all of the weklitiThe pH values of
the additives alone were: lime, 12.5; CKD, 12.7; and fly ash, 11.8. The lowestiagpe of
additive required to develop constant pH conditions or the modification opt{iM@yfor the
lime was eight percent. The MO for CKD and fly ash were tecepéiand twelve percent
respectively. The percentage of CaO in CKD and fly ash is less thasf timae, so higher
amounts of the additives are needed to achieve modification optimum. Tl $est curves

are shown in Figure 4.1, pH of Soil Suspension Verses Percent Additive, and in Appendi
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Atterberg Limits

The addition of different additives at different percentages chlathgeAtterberg limits
of the soil. The liquid limit for all of the treated soils increisompared to the untreated, while
only the four percent lime and ten percent CKD pretreated soil indreaggared to the
untreated soil. Though the majority of the treatments and pretreatmeatalbeincreased the
liquid limit there was no consistent relationship among the spe@fitnhent types. The plastic
limit increased across all treatment and pretreatment types. Theapedtsoil experienced an
almost two fold increase in the plastic limit compared to the untresaié The increase in the
plastic limit resulted in a reduction in the plastic index for all ottbated and pretreated with
the exception of the twelve percent fly ash treated soil. The pladéges of the pretreated soils
were nearly one/third of the untreated soils plastic index. Comparing the pidstx of the
additives against like additives it decreased as the percent additeased. Figure 4.2, Liquid
Limit and Plastic Limit Verses Percent Additive, shows the liquid arstiplamits of the
untreated, treated, and pretreated soils, the difference betwdiguithdimit and plastic limit

points being the plastic index.
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The Atterberg limit test results for the untreated, treated, amct@ted can be seen in Table 4.5

Atterberg Limits, with the complete Atterberg limit test data in Ajujde B.

Table 4.5 Atterberg Limits

Treatment Liquid Limit, % Plastic Limit, % Plastic Index, %
Untreated 37.9 16.6 21.3
Treated with:

10% CKD 42.2 26.5 15.7
12% CKD 43.3 28.3 15.0
14% CKD 40.0 28.4 11.6
12% Fly Ash 41.3 21.3 20.0
15% Fly Ash 38.9 23.9 15.0
18% Fly Ash 39.5 24.5 15.0
Pretreated with:

4% Lime + 10% CKD 37.5 30.8 6.7
4% Lime + 12% Fly Ash 36.0 28.3 7.7

Soil Classification

The untreated soil classified as a CL according to the Unified_&skification System.
According to AASHTO Soil Classification the soil was an A-6 (19). €laassifications were
used to determine the appropriate additive percentages as dissadiged The classification of
the soil samples treated with CKD were: 10% CKD, A-7-6 (16); 12% CKD, A188 and 14%
CKD, A-6 (12). The classification of the soil samples treated withgh were: 12% fly ash, A-
7-6 (19); 15% fly ash, A-6 (15); and 18% fly ash, A-6 (15). The lime pretreateshagiles

were both classified as A-4 (8).

Bar Linear Shrinkage

With addition of an additive, the Bar Linear Shrinkage (BLS) genedaltyeased. The
treated and pretreated soils experienced a significant deanddk8 i when compared to the
untreated soil. The BLS of the CKD and fly ash treated soil were cansigth the increase in
additives, with the BLS of the CKD and fly ash treated soils around sixrpier€be pretreated

samples saw a reduction in the BLS with no real difference between ek ash treated
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soil, which was expected since the soils were pretreated with lime. Ufed3centages for the

untreated, treated, and pretreated soils are presented in Table 4.6dzarShirinkage.

Table 4.6 Bar Linear Shrinkage

Treatment BLS, %
Untreated 14.0
Treated with:

10% CKD 5.13
12% CKD 6.53
14% CKD 6.72
12% Fly Ash 6.70
15% Fly Ash 7.71
18% Fly Ash 6.40
Pretreated with:

4% Lime + 10% CKD 2.69
4% Lime + 12% Fly Ash 2.09

Maximum Dry Density and Optimum Moisture Content

Slight changes occurred in the maximum dry density and moderate chaogeedn
the optimum moisture content when the soil was treated and pretreatesoilTtresated with
CKD experienced little or no change in the maximum dry density, less thgthnréth an
increase in the optimum moisture when compared to the untreated sobptirhem moisture
content increase as the percentage of CKD increased. For the flgatshd goils compared to
the untreated soil an increase of five pcf was developed and a minineglseaf the optimum
water content was noted. There was no difference in the maximum dry desesithe range of
fly ash percents but the optimum moisture content decreased as¢hatpge of fly ash
increased. The maximum dry densities and optimum water contentstifetezl soils are shown
in Table 4.7 Maximum Dry Density and Optimum Moisture Content. The pretreail’'s
maximum dry densities and optimum moisture contents are also preJeitieé 4.7 Maximum
Dry Density and Optimum Moisture Content. A reduction in the maximum drytdemsl an
increase in optimum moisture content were noted in the pretreatedvieih compared to the

untreated soils. A plot of the compaction produced for each treatment type rsisHéigure
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4.3.A Compaction Curve for Untreated Soil, Figure 4.3.B Compaction Curves forf¢éated

Soils, and Figure 4.3.C Compaction Curves for Fly Ash Treated Soils.

Table 4.7 Maximum Dry Density and Optimum Moisture Content

Treatment Maximum Dry Density, Optimum Moisture Content,
pcf %
Untreated 105.0 145
Treated with:
10% CKD 105.7 16.9
12% CKD 105.1 17.8
14% CKD 105.0 19.8
12% Fly Ash 110.3 17.0
15% Fly Ash 110.0 17.1
18% Fly Ash 1105 155
Pretreated with:
4% Lime + 10% CKD 99.9 22.4
4% Lime + 12% Fly Ash 102.4 20.3
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Harvard Miniature Correlation

With the maximum dry density and optimum moisture content known from the Standar
Proctor compaction test, a correlation or calibration of the Harvanidtore kneading foot
hammer was conducted. An increase in the number of blows between the untréatedtad
was experienced as well as an increase between the untreated aatepreffbe number of
blows, the achieved densities, and moisture contents of the kneadihgifooier are shown in

Table 4.8 Harvard Miniature Correlation Results.

Table 4.8 Harvard Miniature Correlation Results

Number of  Achieved Dry Density, Moisture Content,

Treatment
Blows pcf %

Untreated 12 105.4 15.0
Treated with:
10% CKD 25 105.5 17.4
12% CKD 22 104.8 17.7
14% CKD 30 104.2 195
12% Fly Ash 25 109.5 17.5
15% Fly Ash 30 109.5 16.5
18% Fly Ash 30 109.2 15.8
Pretreated with:
4% Lime + 10% CKD 30 98.6 20.4
4% Lime + 12% Fly Ash 25 101.6 19.7

Unconfined Compressive Strength

The unconfined compressive strength (UCS) was found for each of theeohttesated,
and pretreated soil conditions at seven and twenty-eight days anduhg aee shown in Table

4.9 Unconfined Compressive Strength.
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Table 4.9 Unconfined Compressive Strength
7 Day UCS, 28 Day UCS,

Treatment . .
psi psi
Untreated 58.8 61.0
Treated with:
10% CKD 126.2 148.7
12% CKD 161.0 202.9
14% CKD 184.7 206.1
12% Fly Ash 69.7 85.0
15% Fly Ash 86.4 106.8
18% Fly Ash 106.2 148.8
Pretreated with:
4% Lime + 10% CKD 205.7 306.0
4% Lime + 12% CKD 249.4 344.8
4% Lime + 14% CKD 244.6 355.0
4% Lime + 12% Fly Ash 139.9 210.5
4% Lime + 15% Fly Ash 132.8 223.2
4% Lime + 18% Fly Ash 1295 223.0

The UCS of all of the treated and pretreated soils increased, sghtéysind other significantly
with the addition of additive. The soils treated with CKD experiencedrlargeases than the
soils treated with fly ash compared to the untreated soil. With an inénethigepercentage of
additive the treated soil experienced an increase in seven day ageighn day UCS when
compared against the lesser percentages of the same additive.eftyedight day UCS of the
soil treated with CKD began to level between the twelve and fourteen @ayeentAll of the
pretreated soils UCS for seven and twenty-eight days were higher thamthibs soils with the
same additive. The seven day pretreated CKD samples experienced aseittdCS between
ten and twelve percent CKD but the UCS decreased slightly between amelVeurteen percent.
The decrease between pretreated twelve and fourteen percent CKD saagppesbably due to
weak samples or the maximum seven day strength was met at twelve.p@&hisman be
assumed since the twenty-eight day UCS of the pretreated fourteentpg@kd® was greater than
the twenty-eight day UCS of the pretreated twelve percent CKDight slecrease in UCS was
produced in the seven day pretreated fly ash samples as the perceriiagsioinicrease. As the

percentage of CKD increased in the pretreated CKD sample the twghtyday UCS increased,
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more so between ten and twelve percent CKD than between twelve andrfq@anteent CKD.
For the pretreated fly ash samples the UCS increased between tae:Rigegn percent fly ash
and remained constant between the fifteen and eighteen percentagefisthé\kamples had
higher twenty-eight day UCS’s than seven day UCS'’s. Figure 4.4 and 4.5tHegillTS versus
the percent of additive for the seven day and twenty-eight day curing tirhesStress-Strain

plots are presented in Appendix C.
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CHAPTER V

CONCLUSIONS AND RECOMMENDATIONS

This chapter discusses the conclusions developed from the chemitigkagldiluation
and presents recommendations for implementation of these conclasans)] as

recommendations for further testing.

Pretreatment Usage

The treatment of a soil with lime prior to treatment with a cemeusitstabilizer is
considered pretreatment. Pretreatment of an A-6 soil resulted in acadifqgblasticity, Bar
Linear Shrinkage, and maximum dry density, as well as, an increase in the nedtonfi
compressive strength. It is recommended that pretreatment be used fabilfEgon of sub-

grade soils with A-6 or A-7 classifications.

Atterberg Limits

The Atterberg limits of a soil are used to determine the piiystif the soil and along
with the percentage of the soil passing the U.S. No. 200 sieve are usegtitardethe soil's
classification. The soil's classification and the plasticity candssl to estimate a soil’'s
engineering properties, like permeability, compressibility, and strefyttreatment reduces the
plastic index of soils; therefore, a change in the soil's claaidn and engineering properties

occurs. Lime pretreatment along with CKD or fly ash reduces theqilasf an A-6 soil more
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effectively than the same percentage of CKD or fly ash alone. Inogehs percentage of CKD
or fly ash reduces the plasticity of an A-6 soil, but even the highestmiage of CKD or fly ash

tested did not equal the reduction achieved by pretreatment.

Bar Linear Shrinkage

Bar Linear Shrinkage (BLS) test was used to determine the shrinkptetitial of the
soil. CKD and fly ash alone reduced the BLS of the A-6 soil, howeweirgatment with lime

more effectively decreased the BLS.

Unconfined Compressive Strength

The twenty-eight day unconfined compressive strength (UCS) of-theoll was
increased more with pretreatment than CKD or fly ash treatment aldreeCKD treated A-6
soil had significant increases in seven and twenty-eight day UCS Inetisveand twelve percent,
but minimal increases in UCS between twelve and fourteen percent. Thie figated A-6 soil
had consistent increases in seven and twenty-eight day UCS betwe@n #cincreasing
percentages. Pretreated CKD soil samples had higher seven anddighhtjay UCS than all
percentages of pretreated fly ash soil samples. Pretreated Akdarapies and the treated CKD
soil samples had similar increases in UCS as the percentag@ah€reased. No significant
strength gain occurred from increasing the percentage of fly aphefoeated fly ash soil

samples.

Summary

Stabilization of high plasticity soils with lime as a pretreaitrand CKD or fly ash as a
cementitious additive was more effective for improving the engimgeroperties of a soil than
using a single treatment like CKD or fly ash alone. Pretreatment ofGasoll improves the soil

by: decreasing the plasticity; decreasing the BLS; and increasingfe U
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Other Considerations

Some other considerations that should be taken into account include thecsuitate of
the soil being treated, the loss on ignition (LOI) of the additive, anthwagdability. Soils
stabilized with any chemical that contains lime should be checkedefpréisence of sulfate,
generally in the form of gypsum. Soils with enough sulfates that are benigsthusing a lime
based stabilizer will react adversely, due to formation of expansiveral compounds. LOI is a
measurement of the amount of unburned carbon present in the CKD or fly ash. Timednbu
carbon will hamper the stabilization process by not allowing the soifdditive to react because
the carbon effectively blocks reaction with the silicates and aktes. A complete cost analysis
of all available chemical stabilization processes should be corgidéen planning a project.
Lime generally costs roughly three to four times as much as CKD aasdtfythat is why
pretreatment came to existence, as a way to reduce the amount limeSased.chemical
stabilizers may not be available for use in some areas due to tridtance of the chemical
from the production site to the construction site. Other possible stdibitialternatives or
combinations include: Portland cement, Portland cement-fly ash combirties?ortland

cement combination; asphalt; and lime-asphalt combination.

Testing Recommendations

For future research in the area of pretreatment as an alteriwagtadilize sub-grade soil

the following recommendations are made:

1. More high plasticity soils should be tested to gain understanding efféuts of
pretreatment on the engineering properties of different soils.
2. Additional percentages and combinations of lime, CKD, and fly ash should &e test

ensure completeness of the evaluation.
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3. Future testing programs should include resilient modulus testing andeéilbtat selected
construction sites.

4. Lime, CKD, and fly ash are the most common chemical stabilizing agents redhis, but
additional additives could be evaluated to test their effectivexseassoil stabilizer (e.qg.

Portland cement, lime kiln dust, and asphalt).
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APPEDIX A

Soil-pH Test Data
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Lime FigureA.1 Percent Lime Ver ses pH

Adci;[)ive, pH of Soil Suspension
0 7.5 14
1 118
2 122 13
3 12.4
: il o /A—ﬁ—a—a—rﬁ—ﬁ—ﬁ—ﬁ—ﬂ
5 12.4 ‘r(
6 12.4
7 12.4 H
8 125
9 125 10
10 125
11 125 9
12 125

pH of Soil Suspension
\‘

—fe=| iMme

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Per cent Additive, %
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CKD

Ad%;c)lve, pH
0 7.5
1 9.8
2 10.5
3 11.0
4 11.3
5 115
6 11.7
7 11.8
8 11.9
9 12.0
10 12.1
11 12.2
12 12.2
14 12.3

pH of Soil Suspension

14

13

12

11

10

FigureA.2 Percent CKD VersespH
of Soil Suspension

===CKD

0

1 2 3 4 5 6 7 8 9 10 11 12 13 14
Per cent Additive, %
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Fly Ash

Ad%};c)lve, pH
0 7.5
1 8.6
2 9.3
3 9.7
4 10.0
5 10.1
6 10.3
7 10.5
8 10.8
9 11.0
10 11.1
11 11.2
12 11.3
15 114
18 11.4

14

13

12

11

10

pH of Soil Suspension
N

FlgureA.3 Percent Fly Ash Verses pH
of Soil Suspension

()]
o

==Fly Ash

2 4 6

8 10 12 14 16 18
Per cent Additive, %

20

41




APPEDIX B

Atterberg Limits Test Data
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Appendix B1

Untreated Atterberg Limits Test Data
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Appendix B2

Lime Treated Atterberg Limits Test Data
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Appendix B3

Treated Atterberg Limits Test Data
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Appendix B4

Pretreated Atterberg Limits Test Data

57



@ %01 + AT %¥

AysieAjun ajeyg ewoyepQ

SNONHUIIDY) 10 USUIEMAL] I JO UonEn{Esy Pajoid

|

L9 | Vit a0 %01 + 90T 1 %F
T

LN anon

:
?
&

!
L
;

|
}
B

T
I
a

X3ANI ALIDLSYd

o//

|

1108 Pajeall AMD %01 + dW %y 10) podey 3se) sHwW| IRseld pue pinbp Z1'g aunbyg |

58



4y A1d %21 + oW %¢

Aysieaun 83e3g ewoyepo

|

oS

"ON wel0id]|

STOTNUS]) 10§ WIWBN3ld Wi Jo tonenfeas j08(old

Wwelo

L

o1/T1/9%

1z

Q31dNVS 31V0 [ AFT13HLI0]| # TdNVS

rev ©ry

|
aal gu LT

ol

/

/

il

] &

XJANI ALIDILSYId

s

SMOTE 40 H3BNNN

[']3

3

6'rt

L'SE

A

S'8E

X

Sor

jENAEEE]

¥

X4

pajeas] ysy Ald %z} + ewl] %¥ 103 Moday 388] sIjwl IpSeld pue pinbq ¢}°g aunbjg

59



APPENDIX C

Unconfined Compressive Strength Test Data
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Appendix C1

Untreated Unconfined Compressive Strength Test Data
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Figure C.1 Untreated, 7 Day Cure

UNCONFINED COMPRESSION TEST

100 |
|
|
I

[
]

Compressive Stress, psi
g
|
|

25 -
0
0 1 F 3 ]
Axial Strain, %
Sample No. 1 2 3
Unconfined strength, psi 58.18 58.03 60.04
Undrained shear strength, psi 29.09 29.01 30,02 |
Failure strain, 2.1 22 24 !_
Strain rate, in./min. 0.03 0.03 0.03
Water content, % 14.4 13.9 144
Wet density, pcf 123.4 1239 1246
Dry density, pcf : 107.8 1088 | 109.0
Saturation, % i 67.0 66.2 | 68.6
Void ratio [ 0.5920 0.5781 : 0.5756
Specimen diameter, in. 1.31 1.30 1.30
Specimen height, in. 2.80 281 281
Height/diameter ratio 2.14 2.15 2,15
Description: Untreated Seil, 7 Day Cure
LL =379 | PL=166 | PI=213 | Assumed GS=2.75 | Type: Untreated
Project No.: Client:
Date: 6/22/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.1 Untreated, 7 Day Cure Stabilization of High Plasticity Soil
Unconfined Compression Test Location: US 77
Sample Number: 1
UNCONFINED COMPRESSION TEST
Oklahoma State Universi
Tested By: JU
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Figure C.2 Untreated, 28 Day Cure

UNCONFINED COMPRESSION TEST

75, s e e

Compressive Stress, psi
8

2
B =
o |
] 1 F]
Axial Strain, %
Sample No. | 1 2 3
Unconfined strength, psi | 5635 63.89 62.65
Undrained shear strength, psi | 28.17 31.94 31.32
Failure strain, 28 2.6 29
Strain rate, in./min. 0,03 0,03 0.03
Water content, % 15.2 14.9 15.0
Wet density, pcf 127.2 129.0 127.8
Dry density, pcf 1104 112.3 111
Saturation, % 754 1.4 75.9
Void ratio 0.5554 0.5284 0.5452
Specimen diameter, in. 1.30 I 1.29 1.30
Specimen height, in. 2.79 ' 2.80 2.80
Height/diameter ratio 2.14 ‘ 2.16 2.15
Description: Unireated Soil, 28 Day Cure
LL =379 | PL=16.6 [ PI=213 | Assumed GS=275 | Type: Untreated
Project No.: Client:
Date: 06/13/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.2 Untreated, 28 Day Cure Stabilization of High Plasticity Soil
Unconfined Compression Test Location: US 77
Sample Number: 2
UNCONFINED COMPRESSION TEST
Tested By: JU
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Appendix C2

Treated Unconfined Compressive Strength Test Data
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Figure C.3 10% CKD, 7 Day Cure

UNCONFINED COMPRESSION TEST
200
[
150~

7

@

g

[7]

£ 100 -

g 3

[=]

o

12
501 s
|
o |
0 z 3 r
Axial Strain, %
Sample No. 1 2 3
Unconfined strength, psi 113,74 126.08 138,90
Undrained shear strength, psi l 56.87 63.04 | 69.45
Failure strain, | 1.2 1.4 | 1.5
Strain rate, in./min. | 003 0.03 3 0.03
Water content, % | 17.9 17.9 ; 17.6
Wet density, pcf i 124.1 1243 i 124.5
Dry density, pcf [ 1052 105.5 105.8
Saturation, % 78.0 78.3 T8.0
Void ratio 06317 | 0.6280 0.6221
Specimen diameter, in. 1.31 | 1.31 1.32
Specimen height, in. 283 | 2.82 2.83
Height/diameter ratio 2.15 | 2.15 215
Description: 10% CKD, 7 Day Cure
LL=422 [ PL=265 [Pi=157 | Assumed GS=2.75 | Type: CKD Treated
Project No.: Client:
Date: 06/11/09
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.3 10% CKD, 7 Day Cure Stabilization of High Plasticity Soil
Unconfined Compression Test Location: US 77
Sample Number: 3
UNCONFINED COMPRESSION TEST
Oklahoma State Universi
Tested By: JU
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Figure C.4 10% CKD, 28 Day Cure
UNCONFINED COMPRESSION TEST

GEGH
|
150 - ——
8‘ ]
fﬁ ]
0 / ' 1
£ 10— BN :
: / =
2 | :
E
3
50 /| e
o |
(] 0s 1 15 2
Axial Strain, %
Sample No. 1 2 3
Unconfined strength, psi 131.10 134.95 180.16
Undrained shear strength, psi 65,55 67.47 90.08
Failure strain, 13 1.2 1.1
Strain rate, in./min. 0.03 0.03 0.03
Water content, % 171 16.9 172
Wet density, pof 1229 124.0 1242
Dry density, pcf 105.0 106.0 106.0
Saturation, % 74.0 75.2 T76.4
Void ratio 06350 | 06195 0.6200
Specimen diameter, in. 1.31 ' 1.31 1.31
Specimen height, in. 283 i 2.83 2.83
| Height/diameter ratio 206 | 216 2.16
Description: 10% CKD, 28 Day Cure
LL =422 | PL=265 [ PI=157 | Assumed GS=275 | Type: CKD Treated
Project No.: Client:
Date: 07/19/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.4 10% CKD, 28 Day Cure Stabilization of High Plasticity Soil
Unconfined Compression Test Location: US 77
Sample Number: 4
UNCONFINED COMPRESSION TEST
Oklahoma State Universi
Tested By: JU -
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Figure C.5 12% CKD, 7 Day Cure
UNCONFINED COMPRESSION TEST

200
1&. — - SIS W—

&

@

g

2 2

100 —

g \

[=]

o ! u

50— ' —f
1] | |
0 05 1 15 2
Axial Strain, %
Sample No. 1 2 3
Unconfined strength, psi 153.69 137.26 191.97
Undrained shear strength, psi 76.84 68.63 95.98
Failure strain, i1 1.3 1.1
Strain rate, inJ/min. 0.03 0.03 0.03 {
Water content, % 171 17.1 171 {
Wet density, pcf 1229 1237 122.7 ;
Dry density, pcf 105.0 105.6 104.7 {
Saturation, % 74.1 75.2 737
Void ratio i 0.6357 0.6257 0.6391
Specimen diameter, in. | 1.31 1.31 = 1.31
Specimen height, in. : 2.83 2.82 ' 2.83
Height/diameter ratio | 2.16 2,15 2,15
Description: 12% CKD, 7 Day Cure
LL =433 [ PL=283 [ PI=150 | Assumed GS=2.75 | Type: CKD Treated
Project No.: Client:
Date: 03/15/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.5 12% CKD, 7 Day Cure Stabilization of High Plasticity Soil
Unconfined Compression Test Location: US 77
Sample Number: 5
UNCONFINED COMPRESSION TEST
Oklahoma State University
TestedBy:JU

67



Figure C.6 12% CKD, 28 Day Cure

UNCONFINED COMPRESSION TEST
400 I
n& —— — —
g
7]
£
E
(=]
(& ]
j0aH——
1
3
2
o
0 0.5 1 15 2
Axial Strain, %
Sample No. 1 2 3
Unconfined strength, psi 19837 | 20515 205.08
Undrained shear strength, psi 99.19 _ 102.58 102.54
Failure strain, 1.0 | 1.0 L0
Strain rate, in./min. 0.03 0.03 0.03
Water content, % 16.8 ' 16.7 16.9
Wet density, pcf 121.8 ' 121.5 122.3
Dry density, pcf 104.3 . 104.1 104.6
Saturation, % 71.5 é 0.8 723
Void ratio 0.6459 | 0.6492 0.6407
Specimen diameter, in. 1.31 | 1.31 1.31
Specimen height, in. 2.83 - 2.84 2.83
Height/diameter ratio 2.15 | 2.16 2.15
Description: 12% CKD, 28 Day Cure
LL =433 | PL=283 | PI=15.0 | Assumed GS=2.75 | Type: CKD Treated
Project No.: Client:
Date: 07/20/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.6 12% CKD, 28 Day Cure Stabilization of High Plasticity Soil
Unconfined Compression Test Location: US 77
Sample Number: 6
UNCONFINED COMPRESSION TEST
Oklahoma State Universi
Tested By: JU
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Figure C.7 14% CKD, 7 Day Cure

UNCONFINED COMPRESSION TEST

Compressive Stress, psi

) 3
A0 |- 2
5 .
[1] 05 1 15 2
Axial Strain, %
Sample No. 1 i 2 3
Unconfined strength, psi 18790 | 20235 163.73
Undrained shear strength, psi 93.95 101.17 81.87
Failure strain, 1.6 : 1.2 13
Strain rate, in./min. 0.03 0.03 0,03
Water content, % 19.1 192 192
Wet density, pcf 124.2 124.1 : 124.6
Dry density, pcf 104.3 104.1 ; 104.5
Saturation, % 813 813 | 822
Void ratio | 0.6463 06499 | 06427
Specimen diameter, in. 1.32 132 | 1.31
Specimen height, in. , 2.83 283 ' 283
Height/diameter ratio | 2.15 215 E 2.15
Description: 14% CKD, 7 Day Cure
LL = 40.0 | PL=284 | PI=116 | Assumed GS=2.75 | Type: CKD Treated
Project No.: Client:
Date: 03/15/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.7 14% CKD, 7 Day Cure Stabilization of High Plasticity Soil
Unconfined Compression Tesi Location: US 77
Sample Number: 7
UNCONFINED COMPRESSION TEST
Oklahoma State Universi

Tested By: JU
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Figure C.8 14% CKD, 28 Day Cure
UNCONFINED COMPRESSION TEST

400
m e . —— — -

2 _

g

g ' o 1

2 200 :

g T~ 3

£ T~ 2

[=]

(5]

W N
100 e
0
0 0.5 15 2
Axial Strain, %
Sample No. 1 2 3
Unconfined strength, psi 231.37 179.93 207.04
Undrained shear strength, psi 115.68 89.96 103.52
Failure strain, 16 1.3 1.2
Strain rate, in./min. 0.03 0,03 0,03
Water content, % 19.8 19.6 19.6
Wet density, pcf 1248 124.2 1240
Dry density, pcf 104.2 103.8 103.7
Saturation, % 84.1 82.6 82.3
Void ratio 0.6482 0.6534 0.6557 ;
Specimen diameter, in. 1.31 1.31 1.31 |
Specimen height, in. 2.83 283 2.84 |
Height/diameter ratio 2.16 2.15 2.16 |
Description: 14% CKD, 28 Day Cure
LL = 40.0 [ PL=284 [PI=116 | Assumed GS=2.75 | Type: CKD Treated
Project No.: Client:
Date: 07/20/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.8 14% CKD, 28 Day Cure Stabilization of High Plasticity Soil
Unconfined Compression Test Location: US 77
Sample Number: §
UNCONFINED COMPRESSION TEST
Oklahoma State Universi
Tested By: JU
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Figure C.9 12% Fly Ash, 7 Day Cure

UNCONFINED COMPRESSION TEST

Unconfined Compression Test

Figure C.9 12% Fly Ash, 7 Day Cure

100
?5 e

2

]

o

]

2 w

3 3

(8]

25 2
0 |
0 15 3 45
Axial Strain, %

Sample No. 1 2 3
Unconfined strength, psi 68.43 68.40 72,32
Undrained shear strength, psi 34.21 34.20 36.16 ,
Failure strain, 4.1 33 43 |
Strain rate, in./min. 0.03 0,03 0,03
Water content, % 18.1 18.0 18.0 |
Wet density, pcf 130.1 130.0 1300 |
Dry density, pcf 110.1 110.1 1102 {
Saturation, % 89.2 88.6 888 i
Void ratio 0.5590 0,5586 05582
Specimen diameter, in. 1.31 1.31 1.31 [
Specimen height, in. 2.82 282 281
Height/diameter ratio 2.16 2.16 2.15 {
Description: 12% Fly Ash, 7 Day Cure
LL =413 | PL=213 | PI=20.0 | Assumed GS=2.75 | Type: Fly Ash Treated
Project No.: Client:
Date: 08/04/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious

Stabilization of High Plasticity Soil
Location: US 77
Sample Number: 9
UNCONFINED COMPRESSION TEST

Oklahoma State University

Tested By: JU
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Figure C.10 12% Fly Ash, 28 Day Cure

Remarks:
Figure C.10 12% Fly Ash, 28 Day Cure

UNCONFINED COMPRESSION TEST
100
7? S
A
b
&
1751
| "
E |
[=] I
(5] i
ﬁ - I: — _—
2
i
0 | ]
0 15 3 45 [
Axial Strain, %
Sample No. 1 2 3
Unconfined strength, psi 90.92 85.50 78.96
Undrained shear strength, psi 4546 4275 39.48
Failure strain, 35 39 32
Strain rate, in/min. 0.03 0.03 0.03
Water content, % 17.4 179 17.7
Wet density, pcf 130.6 130.0 | 130.3
Dry density, pcf 111.2 110.3 ; 110.7
Saturation, % 88.2 #8.4 | 886
Void ratio 0.5436 0.5562 | 0.5508
Specimen diameter, in. 1.30 1.30 1.30
Specimen height, in. 2.81 283 ] 2.81
Height/diameter ratio 2.16 2.16 2.16
Description: 12% Fly Ash, 28 Day Cure
LL=413 [ PL=213 | P1=200 | Assumed GS=275 | Type: Fly Ash Treated
Project No.: Client:
Date: 07/14/10

Praject: Evaluation of Lime Pretreatment for Cementitious

Stabilization of High Plasticity Soil
nconfined Compression Location:
v Co Test Smp:nﬂl.lljnsl::n 10
UNCONFINED COMPRESSION TEST
Oklahoma State Universi
Tested By: JU
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Figure C.11 15% Fly Ash, 7 Day Cure

UNCONFINED COMPRESSION TEST

100

?5

Compressive Stress, psi
8

3
25 —
0
0 i 2z 3 rl
Axial Strain, %
Sample No. 1 | 2 3
Unconfined strength, psi 86.38 | 87.37 85.43
Undrained shear strength, psi 43.19 | 43.69 42,72
Failure strain, 1.5 ; 1.9 1.9
Strain rate, in./min. 0.03 Z 0.03 0.03
Water content, % 16.3 | 16 8 16.8
Wet density, pcf 1298 ' 129.8 129.8
Dry density, pcf 1116 111.2 1111
Saturation, % 83.2 848 84.9
Void ratio 0.5382 0.5444 0.5459
Specimen diameter, in. 1.31 1.31 1.31
Specimen height, in. 2.82 281 2.81
Height/diameter ratio 2.16 2.15 2.15
Description: 15% Fly Ash, 7 Day Cure
LL =389 | PL=239 | PI=15.0 | Assumed GS=2.75 | Type: Fly Ash Treated
Project No.: Client:
Date: 03/16/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.11 15% Fly Ash, 7 Day Cure Stabilization of High Plasticity Soil
Unconfined Compression Test Location: US 77
Sample Number: 11
UNCONFINED COMPRESSION TEST
Tested By: JU
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Figure C.12 15% Fly Ash, 28 Day Cure
UNCONFINED COMPRESSION TEST

Compressive Stress, psi
8

0
[i] 1 2 3 4
Axial Strain, %
Sample No. 1 2 3
Unconfined strength, psi 96.71 109.12 114 46
Undrained shear strength, psi . 48.36 54.56 i 57.23
Failure strain, 19 1.9 | 22
Strain rate, in./min. | 0.03 0.03 ] 0,03
Water content, % i 16.9 16.8 | 16.6
Wet density, pef | 1299 1303 | 1318
Dry density, pcf | 111.1 111.5 113.0
Saturation, % 85.2 85.8 88.0
Void ratio 0.5454 0.5397 0.5195
Specimen diameter, in. 1.31 | 1.31 1.30
Specimen height, in. 2.81 | 281 281
| Height/diameter ratio 2.15 | 2.14 215
Description: 15% Fly Ash, 28 Day Cure
LL =389 [PL=239 TPI=150 | Assumed GS=2.75 | Type: Fly Ash Treated
Project No.: Client:
Date: 07/16/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.12 15% Fly Ash, 28 Day Cure Stabilization of High Plasticity Soil _
Unconfined Compression Test Location: US 77 |
Sample Number: 12 |
UNCONFINED COMPRESSION TEST :
___Oklahoma State University |
Tested By: JU
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Figure C.13 18% Fly Ash, 7 Day Cure
UNCONFINED COMPRESSION TEST

Compressive Stress, psi

[

2 3 4
Axial Strain, %
Sample No. | 1 2 | 3 |
Unconfined strength, psi 114,45 102.87 101.38 i
Undrained shear strength, psi 57.23 51.43 50.69 '
Failure strain, 1.4 1.1 1.1
Strain rate, in./min. 0.03 0.03 0.03 |
Water content, % 15.5 155 156 |
Wet density, pcf 128 8 | 128.9 128.4
Dry density, pcf 111.5 1116 1111
Saturation, % 79.1 ; 79.2 78.7
Void ratio 05398 | 05382 | 05456
Specimen diameter, in. ! 1.31 | 1.31 | 1.31
Specimen height, in. 281 281 L 28I
Height/diameter ratio 215 2.15 i 2,15
Description: 18% Fly Ash, 7 Day Cure
LL =395 | PL=245 [ Pi=150 | Assumed GS=275 | Type: Fly Ash Treated
Project No.: Client:
Date: 03/15/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.13 18% Fly Ash, 7 Day Cure Stabilization of High Plasticity Soil
Unconfined Compression Test Location: US 77
Sample Number: 13
UNCONFINED COMPRESSION TEST
Oklahoma State Universit
Tested By: JU
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Figure C.

14 18% Fly Ash, 28 Day Cure

UNCONFINED COMPRESSION TEST

Compressive Stress, psi
8

I

Unconfined Compression Test

Figure C.14 18% Fly Ash, 28 Day Cure

™~ ' 3
|
1] I
0 1 Z 3 4
Axial Strain, %

Sample No. 1 ; 2 3
Unconfined strength, psi 158.98 i 141.84 145.67
Undrained shear strength, psi 79.49 | 7092 72.84
Failure strain, 1.1 1.0 1.4
Strain rate, in./min. 0.03 0,03 0.03
Water content, % 14.9 15.1 15.0
Wet density, pcf 128.4 127.7 128.4
Dry density, pcf 111.8 110.9 111.7
Saturation, % 76.3 75.8 ! 76.7
Void ratio 0.5362 | 0.5473 0.5368
Specimen diameter, in. 1.31 | 1.31 1.31
Specimen height, in. 2.81 2.81 2.81
Height/diameter ratio 2.14 2.14 2.15
Description: 18% Fly Ash, 28 Day Cure
LL =39.5 | PL=2435 | PI=15.0 | Assumed GS=2.75 | Type: Fly Ash Treated
Project No.: Client:
Date: 07/19/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious

Stabilization of High Plasticity Soil
Location: US 77
Sample Number: 14

Tested By: JU

UNCONFINED COMPRESSION TEST

Oklahoma State Universi

76



Appendix C3

Pretreated Unconfined Compressive Strength Test Data
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Figure C.15 4% Lime + 10% CKD, 7 Day C

UNCONFINED COMPRESSION TEST

3;?0 LIRS TSN,

Compressive Stress, psi

100 \
T3

] 05 1 15 2
Axial Strain, %
Sample No. 1 2 | 3
Unconfined strength, psi ! 196,78 211.63 208.72
Undrained shear strength, psi | 98.39 105.82 104,36
Failure strain, f 0.9 o 1.0
Strain rate, in./min. 5 0.03 0.03 ’ 0.03
Water content, % | 20.0 20,6 207
Wet density, pcf @ 118.1 1n7s | 1178 |
Dry density, pcf i 98.4 97.4 . 97.6 i
Saturation, % L 140 %3 | 749 |
Void ratio | 07448 0.7623 ‘ 0.7585 |
Specimen diameter, in. 1.31 131 1.31 {
Specimen height, in. 2.83 2.83 ‘ 2.83
Height/diameter ratio | 2.16 2.16 2.15
Description: 4% Lime + 10% CKD, 7 Day Cure )
LL =375 | PL=308 | PI=6.7 | Assumed GS=2.75 | Type: Lime Pretreated / CKD Trea
Project No.: Client:
Date: 06/12/09
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.15 4% Lime + 10% CKD, Stabilization of High Plasticity Soil
7 Day Cure Location: US 77
Unconfined Compression Test | Sample Number: 15
UNCONFINED COMPRESSION TEST
Oklahoma State Universi
Tested By: JU _
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Figure C.16 4% Lime + 10% CKD, 28 Day C

UNCONFINED COMPRESSION TEST
400
# — -
2
[
2 20
E
(=]
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100 |- — ~—— |y
Q 3
2
]
0 05 15 2
Axial Strain, %
Sample No. 1 2 3
Unconfined strength, psi 305.18 310.76 302,07
Undrained shear strength, psi 152.59 155.38 151.03
Failure strain, | 0.9 1.0
Strain rate, in./min. | 0.03 0.03 0.03
Water content, % | 20.5 20.0 19.7
Wet density, pcf ; 118.2 118.0 118.4
Dry density, pcf ' 98.1 983 98.9
Saturation, % ; 75.3 73.6 73.7
Void ratio ' 0.7504 0.7459 0.7357
Specimen diameter, in. | 131 1.31 1.31
Specimen height, in. 283 284 283
Height/diameter ratio | 2.16 2.16 2.16
Description; 4% Lime + 10% CKD, 28 Day Cure
LL =375 | PL=308 | PI=67 | Assumed GS=2.75 | Type: Lime Pretreated / CKD Treates
Project No.: Client:
Date: 07/21/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.16 4% Lime + 10% CKD, Stabilization of High Plasticity Soil
28 Day Cure Location: US 77
; Sample Number: 16
Unconfined n Test
SN UNCONFINED COMPRESSION TEST
_Oklahoma State Universit
Tested By: JU
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Figure C.17 4% Lime + 12% CKD, 7 Day C

psi

UNCONFINED COMPRESSION TEST

Compressive Stress

100

0 05 1 15 2
Axial Strain, %

Sampie No. 1 2
Unconfined strength, psi 247.11 251.59
Undrained shear strength, psi 123.55 125.79 |
Failure strain, 1.1 L0 |
Strain rate, in./min. 0.03 0,03 i
Water conlent, % 214 21.0 '
Wet density, pef 118.2 118.0
Dry density, pef 973 975
Saturation, % 77.1 76.0
Void ratio 0.7639 0.7616
Specimen diameter, in. 131 132
Specimen height, in. 2.83 2.83
Height/diameter ratio 2.15 2.15

Description: 4% Lime + 12% CKD, 7 Day Cure

LL= | PL= [ PI= | Assumed GS=2.75 | Type: Lime Pretreated / CKD Treatet
Project No.: Client:
Date: 08/25/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.17 4% Lime + 12% CKD, Stabilization of High Plasticity Soil
7 Day Cure Location: US 77
Unconfined Compression Test Sample Number: 17
UNCONFINED COMPRESSION TEST
Oklahoma State Universi
Tested By: JU
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Figure C.18 4% Lime + 12% CKD, 28 Day C

UNCONFINED COMPRESSION TEST

400
= /7’<\
g !
. N\
2 |
|
1
2
[=]
o
1m — s
0
] 05 1 15 2
Axial Strain, %
Sample No. 1 2
Unconfined strength, psi 342.04 347.64
Undrained shear strength, psi 171.02 173.82
Failure strain, 1.1 1.2
Strain rate, in./min. 0.03 0.03
Water content, % 21.6 21.6
Wet density, pcf 118.5 117.4 |
Dry density, pcf 97.5 96.6 |
Saturation, % 77.9 76,2
Void ratio 0.7616 0.7777
Specimen diameter, in. 1.31 1.32 E
Specimen height, in. 283 283 [
Height/diameter ratio 2.16 2.15 |
Description: 4% Lime + 12% CKD, 28 Day Cure
LL= | PL= | PI= | Assumed GS=2.75 | Type: Lime Pretreated / CKD Treate
Project No.: Client:
Date: 09/15/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.18 4% Lime + 12% CKD, Stabilization of High Plasticity Soil
28 Day Cure Location: US 77
Unconfined Compression Test Sample Number: 18
UNCONFINED COMPRESSION TEST
Oklahoma State Universi
Tested By: JU
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Figure C.19 4% Lime + 14% CKD, 7 Day C
UNCONFINED COMPRESSION TEST

Compressive Stress, psi
8

100 z
1
0
0 2
Axial Strain, %

Sample No. 1 ] 2
Unconfined strength, psi 4370 | 24558
Undrained shear strength, psi 121.85 | 122.77
Failure strain, 11 1.2
Strain rate, in./min. 0,03 0.03
Water content, % 22.0 22.4
Wet density, pcf 119.0 1189
Dry density, pcf 97.6 97.2
Saturation, % 797 80.3
Void ratic 0.7599 0.7665
Specimen diameter, in. 1.31 1.31
Specimen height, in. 2.84 2.84
Height/diameter ratio 216 216
Description: 4% Lime + 14% CKD, 7 Day Cure
LL= [PL= [PI= | Assumed GS=275 | Type: Lime Pretreated / CKD Treated
Project No.: Client: |
Date: 08/25/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.19 4% Lime + 14% CKD, Stabilization of High Plasticity Soil f
7 Day Cure Location: US 77 |

Compression Sample Number: 19 |
Unconfined Tost UNCONFINED COMPRESSION TEST :

Oklahoma State Universi
Tested By: JU
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Figure C.20 4% Lime + 14% CKD, 28 Day C

UNCONFINED COMPRESSION TEST
400
xp . ]
&
a2
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£ ™
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g 1
E
5]
100 . B
2
0
0 Z 3 3
Axial Strain, %
Sample No. ] 1 2 |
Unconfined strength, psi [ 348 365.17
Undrained shear strength, psi ! 172.41 182.58
Failure strain, | 1.6 1.3
Strain rate, in./min. | 003 0.03
Water content, % L3 22.3
Wet density, pcf | 1187 119.3
Dry density, pcf L 970 97.5
Saturation, % i 79.7 0.8 !
Void ratio | 07691 0.7610 |
Specimen diameter, in. ‘ 1.32 1.32 '
Specimen height, in. 2.84 283
Height/diameter ratio | 2.15 2.15
Description: 4% Lime + 14% CKD, 28 Day Cure
LL= | PL= | PI= | Assumed GS=2.75 | Type: Lime Pretreated / CKD Treate
Project No.: Client:
Date: 09/15/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.20 4% Lime + 14% CKD, Stabilization of High Plasticity Soil
28 Day Cure Location: US 77
UNCONFINED COMPRESSION TEST
Tested By: JU
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Figure C.21 4% Lime + 12% Fly Ash, 7 Day C
UNCONFINED COMPRESSION TEST

150

Compressive Stress, psi

S50 ! 23
li]
] 05 15 2
Axial Strain, %
Sample No. 1 2 3
Unconfined strength, psi 130.19 140,13 149 43
Undrained shear strength, psi 65.09 70,07 74.72
Failure strain, 0.9 1.0 ; 1.0
Strain rate, in./min. | 0.03 0.03 | 0.03
Water content, % ; 19.0 18.8 . 18.9
Wet density, pcf L1208 120.6 121.5
Dry density, pcf 101.3 101.6 102.2
Saturation, % L7152 748 76.5
Void ratio | 06953 0.6900 | 0679
Specimen diameter, in. | 1.31 1.31 - 131
Specimen height, in. 5 2.82 2.82 ; 2.82
Height/diameter ratio | 215 2.15 215
Description: 4% Lime + 12% Fly Ash, 7 Day Cure
LL = 36.0 | PL=283 | PI=77 | Assumed GS=2.75 | Type: Lime Pretreated / Fy Ash T
Project No.: Client:
Date: 06/12/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.21 4% Lime + 12% Fly Ash, Stabilization of High Plasticity Soil
7D o i
: ple Number:
Unoonfined i Test UNCONFINED COMPRESSION TEST
TestedBy:JU
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Figure C.22 4% Lime +2% Fly Ash, 28 Day Cure
UNCONFINED COMPRESSION TEST

Compressive Siress, psi
g

1 7

3
2
1
0
o 05 1 15 2
Axial Strain, %
Sample No. 1 2 3
Unconfined strength, psi 213.91 213.82 203.83 !
Undrained shear strength, psi 106.95 106.91 10191 |
Failure strain, 1.1 09 1.2
Strain rate, in./min. 0.03 0.03 0.03
Water content, % 19.0 18.8 18.9
Wet density, pef 121.7 1216 1219
Dry density, pcf 102.3 | 1023 102.5
Saturation, % 769 | 764 76.9
Void ratio 06789 | 0.6780 0.6741
Specimen diameter, in. 1.31 1.31 1.31
Specimen height, in. 2.83 282 282
Height/diameter ratio | 215 2.15 215
Description: 4% Lime + 12% Fly Ash, 28 Day Cure
LL =36.0 | PL=283 | Pi=77 | Assumed GS=2.75 [ Type: Lime Pretreated / Fly Ash T
Project No.: Client:
Date: 07/21/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.22 4% Lime + 12% Fly Ash, Stabilization of High Plasticity Soil
28 Day Cure Location: US 77
Unconfined Compression Test Sample Number: 22
UNCONFINED COMPRESSION TEST
Oklahoma State Universi
Tested By: JU
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Figure C.23 4% Lime + 15% Fly Ash

UNCONFINED COMPRESSION TEST

Compressive Stress, psi

X ,
\ :

0
0 05 1 1. 2
Axial Strain, %
Sample No. 1 ] 2
Unconfined strength, psi 12479 | 14088
Undrained shear strength, psi 62.40 . 70.44
Failure strain, 1.2 0.9
Strain rate, in./min. 0.03 | 0.03
Water content, % i 18.4 18.6 |
Wet density, pcf | 119.6 120.0 i
Dry density, pcf 101.0 101.2
Saturation, % 72.4 73.5 ;
Void ratio 0.6992 0.6969
Specimen diameter, in. 1.31 131
Specimen height, in. 2.81 281
Height/diameter ratio 2.14 2.15
Description: 4% Lime + 15% Fly Ash, 7 Day Cure
LL= [PL= | P1= | Assumed GS=2.75 | Type: Lime Pretreated / Fly Ash T
Project No.: Client:
Date: 08/27/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitions
Figure C.23 4% Lime + 15% Fly Ash, Stabilization of High Plasticity Soil
7 Day Cure Location: US 77
Unconfined Compression Test Sample Number: 23
UNCONFINED COMPRESSION TEST
Oklahoma State Universi
Tested By: JU
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Figure C.24 4% Lime + 15% Fly Ash, 28 Day C

UNCONFINED COMPRESSION TEST

Compressive Stress, psi
8

] 05 1 2
Axial Strain, %

Sample No. 1 2
Unconfined strength, psi 21497 23145
Undrained shear strength, psi 107.49 115.73
Failure strain, 1.0 1.0
Strain rate, in./min. 0.03 0.03
Water content, % 19.0 19.0
Wet density, pef 120.6 1206
Dry density, pcf 101.3 i 101.3
Saturation, % 75.2 | 754
Void ratio 0.6943 | 0.6946
Specimen diameter, in. 131 1.31
Specimen height, in. 2.81 | 2.82

| Height/diameter ratio 2.14 ‘ 2.15

Description: 4% Lime + 15% Fly Ash, 28 Day Cure

LL= [PL= [Pi= | Assumed GS=2.75 | Type: Lime Pretreated / Fly Ash T
Project No.: Client:
Date: 09/17/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.24 4% Lime + 15% Fly Ash, Stabilization of High Plasticity Soil
28 Day Cure Location: US77
. Sample Number: 24
Unconfined Compression Test
UNCONFINED COMPRESSION TEST
Oklahoma State Universi
Tested By: JU
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Figure C.25 4% Lime + 18% Fly Ash, 7 Day C

UNCONFINED COMPRESSION TEST
200 !
|
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i
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g 10
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E
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50 e : 2
] L
0 05 15 2
Axial Strain, %
Sample No. 1 i 2
Unconfined strength, psi 12726 | 13174
Undrained shear strength, psi 63.63 65.87
Failure strain, 13 1.2
Strain rate, in./min. | 0.03 0.03 |
Water content, % 20.2 19.6 |
Wet density, pcf ! 1229 123.6
Dry density, pcf 102.2 103.3 |
Saturation, % I 819 81.6 |
Void ratio 0.6797 0.6614
Specimen diameter, in. 131 1.31
Specimen height, in. 2,83 2.82
Height/diameter ratio 2.15 2.15
Description: 4% Lime + 18% Fly Ash, 7 Day Cure
LL= [ PL= | PI= | Assumed GS=2.75 | Type: Lime Pretreated / Fly Ash T
Project No.: Client:
Date: 08/27/10
Remarks: Project: Evaluation of Lime Pretreatment for Cementitious
Figure C.25 4% Lime + 18% Fly Ash, Stabilization of High Plasticity Soil
7 Day Cure Location: US 77
Unconfined Compression Test Sample Number: 25
UNCONFINED COMPRESSION TEST
Oklahoma State Universi
TestedBy: JU
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Figure C.26 4% Lime + 18% Fly Ash, 28 Day C

UNCONFINED COMPRESSION TEST

Compressive Stress, psi

1] a5 1 15 2
Axial Strain, %

Sample No. 1 | 2
Unconfined strength, psi 214.47 231.44
Undrained shear strength, psi 107.24 115.72
Failure strain, 1.4 1.3
Strain rate, in./min. 0.03 0,03
Water content, % 20.0 20.0
Wet density, pcf 123.2 122.5
Dry density, pcf 102.7 102.1
Saturation, % 82.0 80.7
Void ratio 0.6722 0.6813
Specimen diameter, in. 1.31 1.31
Specimen height, in. 283 2.83
Height/diameter ratio 2.16 2,15

Description: 4% Lime + 18% Fly Ash, 28 Day Cure

LL = [ PL= [ PI= | Assumed GS=275 | Type: Lime Pretreated / Fly Ash T
Project No.: Client:

Date: 09/17/10

Remarks: Project: Evaluation of Lime Pretreatment for Cementitious

Figure C.26 4% Lime + 18% Fly Ash, Stabilization of High Plasticity Soil
28 Day Cure Location: US 77
Unconfined Compression Test Sampie Number: 26
UNCONFINED COMPRESSION TEST
Oklahoma State Universi
Tested By: JU
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