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INTRODUCTION

Statement of Problem

Many areas throughout the midwestern United States
are covered with a fine-grained, wind-deposited material which
is classified as loess. The thickness of deposits is highly
variable, ranging from a few inches in thickness to deposits
which will exceed one-hundred feet in depth. Figure 1 shows
the approximate boundaries of existing loess deposits., It
should be noted that the major portion of the loess deposits
are located within areas in which thirty inches of rainfall
occurs annually and freezing conditions exist for several
months of the year.

Failure of pavements on loess soils occurs almost
wniversally as a result of frost heave, shear failure, and/or
compressibility when high moisture conditions and freezing
temperatures exists For this reason, highway construction
customarily involves thick bases and subbases for protection

against pavement failure.

Purpose of the Study

The purpose of the study was to investigate a
possible reduction in capillarity head in loess through the
addition of hydrated lime, Agglomeration, a result of
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lime-soll reactions, increases the pore diameter of goil par-
ticles thereby causing an increase in permeability and attend-
ant decrease in capillarity head, In the midwestern United
States where the number and severity of freecze-thaw cycles
are high, the reduction of capillarity head is of great im-
portance,

Another potential benefit investigated was the pos-
sibility of inereasing the shear strength by only the agglomeration
of the soil particles. An increase in shear strength would make
possible a reduction in subbase, base, and/or pavement thicknesses
of highways.

The lime retention point theory was used as a basis for
lime contents in order to insure that the minimum amount of lime

will be used.

Scope of the Study

The scope of the study included a thorough review of
the literature in the field of lime stabilization. The intent
of the review will be to set forth the problems involved in
lime stabilization of both clays and silts and the methods
employed in solving the problems.

An experimental program was conducted on loessial soils
obtained from various locations in the Midwest, The sampling

locations are given by Table 1 and depicted by Figure 2.



The experimental program was conducted to determine

whether the addition of hydrated lime would improve

charaeteristics of the various loessial soils,

Approximate
Location Gounty
Atwoody Kansas Rawlins
Clinton, Iowa Clinton

Kansas City, Kansas Wyandotte
Omaha, Nebraska Pottawattomie

St‘ LO'IJiS, Hiﬁso'ﬂri St. LO'liliS

State

Kansas
Towa
Kansas
Towa

Missourdi

TABLE 1. Sampling Locations

the performance

Legal
Description
527, T 35, R3LW
S 6, T81N, R 7E
§12, TL1S, R23E
53k, TT6N, RLLW
S15, TuSN, R 5E
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LITZRATURE REVIEJ

Loess

Although loess is quite common in the Midwestern
United States, the published information relating to its
engineering characteristics is scarce, lost of the work
performed with loess has been of a geologicel nature dealing
with its origin and dewvelopmeni rather than its physical
properties,

Origin

Loess is a buff-colored sedimentary deposit con-
sisting of predﬁminately gilt size particles with some clay
and traces of fine sand. The thickness of most loess deposits
is only a few feet 2lthough some exist which hawve depths ex-
ceeding 16C feet, Usually, loess in nonstratified, homogene-
ous, calcareous, and porous and rmay have a weak vertical
structure resembling jointing,

Mineralogically, loess is composed primarily of
quartz (1,2). Smaller amounts of clay minerals, micas,
feldspars, hornblende, and pyroxene also add to the composi-
tion which is so variable that little is lmown about the rocks
from which the minerals originated,

Toess is thought to have been transported and de-
posited by the wind (3). Desert basins and active outwash

plains have long been thought to be possible sources of loess



because they are areas in which fine sediment is expcosed at
the surface, The distribution of both sources are closely
related to the distribution of loess deposits, thus leading
to the theory regarding its general source arcas.

Not all eolian deposits can be classified as loess,
only wind-blown materials that are deposited directly on the
ground surface from aerial transportation are defined as loesse
Generally, loess deposits were formed in arid or semi=-arid
climates although the large deposits found in Alaska show
that Arctic conditions were also favorable (L), The origin
of the loess must evolve from a rather dry climate because
winds are unable to transport intermixed wet silts and clays.

Physical Properties

The properties cf loess are related to the distance
of the deposits from their probable sources, The finer,
clayey loess was deposited farther from the source while the
coarse or more sandy is located nearer the source (5).

The wunique feature of loess is the particle size
which generally ranges from 0,01 to 0,05 mm (6) which is
verified by data accumulated by the Bureau of Reclamation (7).
0f 1h8 samples collected throughout the Midwest, 76 per cent
were classified silty loess, 18 per cent clayey loess, and 6
per cent were found to be sandy loess.

The specific gravity of loess ranges from appro:d.-
mately 2.57 to 2.79 with 2,65 as an average value in the Mid-

west (7,8)e



The Atterburg Limits of loess wary according
to the gradaticn., 1In the case of silty loess the ligquid
limits range from 25-35 while corresionding plasticity in-
dex values are 5~15. (7,8).

In the natural state, loess is characterized by a
relatively high permeability depending upon the gradation and
density. Reworking and recompaction of loess almost always
increased its density. In-place dry density varies from 66
to 104 pef while stendard density varies from 100 to 112 pcf
(748:9) e

The shear strength of loess varies as a function of
moisture content, density, and amount of clay present., The
angle of internal friction rangecs from 28 to 36 degrees while
the cohsesion varies from O to 70 psi. The strength of loess
in the natural state is attributable to the partial cementing
of soil particles by calcareous elements present, Complete
collapse of the soil structure may result when molsture is
introduced to the highly soluble calcareous elements (8)e

Consolidation is also affected by the amount of
clay present, moisture content, and density of the loess,

The resistance to consolidation is lowered greatly by the
presence of moisture. Some authorities consider loess among
the worst foundation materials for this reason, Initial den-
sity of the loess also governs its suscentibility to settlement

(758)e



Iime=-So0il Reactions

The addition of lime to soil causes various effects,
the degree of which is dependant upon the clay mineralogy and
the plasticity of the soil,

The mixing of lime and soil results in two primary
reactions; agglomeration of individual soil particles and
cemenbation of the soil., The increase in grain size caused
by the zgglomeration of the soil particles results in plasti-
city index and density reduction and an increase in permeabll-
ity.

Cementation or pozzolanic reaction, which is similar
to the hydration of cement, is quite time consuming and results
in appreciable strength gains of soil, Details of all reactions

are given in the Appendix,

Lime=-Loess Reactions

The stabilization of loess and silts through pozzolanic
reactions has been found to be uneconomical as compared to other
tyoes of stebilization (10). The majority of the investigations
involving lime have therefore been conducted with highly plastic
soils.

Ltterburg Limits

The effect of lime on loess is similar to that of line
with clays. The mexdinmum reduction of plasticity index occurs

with the addition of 1l-l per cent lime (10,11)., Some investigations



have found that the effect of lime was dependent upon the

soil horizon (11). The zlteration of the Atterburg Limits

of lime-treated B and C horizons vary as a function of the
clay content whereas the A horizon shows no definite rela-
tionship to the amount of clay vresant, Although the upper
horizons require lower lime quantities for maximum reduction
of olasticity index, the C horizon is better suited for lime
treatment. The decrease in plasticity index is accomplished
by & substantial inecreasc in plestic limit with little attend-
ant change in the ligquid limit.

Moisture~Density Relationships

The addition ef lime tc¢ loess increases the ovtimum
moisture content and lowers the dry density as measured by the
Standard Proctor T-99 test (10,12),

Compressive Strength

The strength of loess is generally increased by the
addition of lime, with the amount of strength gain dependent
on the soil horizon, Regardless of the lime percentage, the
C horizon is characterized by a relatively high strength gain,
with the A horizon showing little significant gain (11).

As measured Dy the Standard Proctor T=9Y test line-
loess mixtures have the characteristic of obtaining their mexdi-
mu strength value at the optimum moisture content. Investiga-
tions have shown that even a slight deviation from the optimum

moisture content results in substantial strength decrezses

10



(10,12), with the relationship holdinz true regardless of the
lime percentzge.

Although the most common additive, fly ash, acceler-
ates pozzolanic reactions in clay soils, little or no benefit
is obtained in lime-loess mixtures unless the fly ash is of
top cuality (10), Investigations of various salts have shown
strength benefits (13) although the extent of study in this

area has been limited,

Line Retention Point Theory

Ls stated previously, the mixing of lime and soil
will result in agglomeration or flocculation of the soil par-
ticles and cementation or pozzolanic reaction of the soil, The
reactions are the result of various chemical reactions occuring

in the lime-scil mixture,

Floceulation

Flocculation is the result of either of two chemical
reactions or a combination of both, The first reaction con-
sists of cation exchange in which the calcium ions from the line
replace the weaker metallic lons, such as sodium and hydrogen,
on the surface of the soil particles (1L), The second process
consists of attachment of additional calcium cations onto the
surfzce of the soil particles. The reactions change the elec=-
triczl charge of the soil particles causing an increase in bond

between 7 two soil particles thereby resulii in agglomeration,
by o



12

The floceculation process occurs mainly in the minus
two hundred (-200) material and ceszses only when the vH of the
soil atieinsg an avoroximate value of 11,0, Unon the attainment
of a critical »H, the soil will cease assimilating any appreci-
able quantities of calcium ions. Therefore, irrespective of the
quantity of line used, the soil will assimilate only a certain
number of calecium ions, The critical pH, which is also the lime
percentage at which the greatest increase in plastic limit is
observed, is termed the lime retention point (15). Lime-soil
mixtures containing lime guantities less than the lime reten-
tion point exhibit little or no pozzolanic reaction. The lime
causes a reduction in plasticity index and density, with an
attendant increase in optimum moisture content and permeability,
The limee-soll mixture becomes friable in texture in a matter of
a few hours.

Cementation

Cnce the lime retention point has been reached, the
free calcium ions are available for the pozzolanic reaction or
cementation orocess. The cementation process is believed to be
the result of aluminous and siliceous minerals of the soil re-
acting with lime to produce a gel of calcium silicates and cal-
cium aluminates., The gel tends to cement the soil perticles
together in a mammer similar to the hydratiocn of sortland cement,

thereby resulting in 2 strength gain (16).
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DESIGH OF ZXPERTIINT

The experimentzl program included testing which was
performed in the following order:
1. Raw soil

2. ILime retention point determination
3¢ Lime=treated soil

Raw Soil

Soil sarmmles were obtained from the locations identified
previously in the scope of the study. The raw soils were

subjected to all of the tests shovm hereinafter in Table 2.

Lime Retention Point Determination

Determination of the lime retention point required
ten Atterburg Limits test per raw soil, Samples were prepared
containing Oe5s leOy Lle5y 240y 245, 340y 35y Le0y lie5, and
503 hydrated lime by dry weight. The lime-soil mixtures were
mixed for three minutes at a moisture coatent of optirmm plus
five per cent, After mixing, the samples were slaced in a
controlled temperature of 140 + 3°F, for a period of 2L +1
hours, after which they were subjected to both the ligquid lirdt

and plastic limit tests.

Lime=Treated Soil

All tests showm in Table 1 were performed on the limew-

treated soils, The tests were performed at a lime content



corresponding to the lime retention point and at cne~half of
the lime retention point percentagc. The hydrated lime used in
the laboratory research was a high-caleitic type lime, the

charecteristics of which are showm in Table 2,

e relal . Available ILime Residue Retained
— Type Index as Ca(OH), #30 #0200
kel Growe  Thgh Gedelvie 93,75 0,165  1420%

TABLT Ze Characteristics of the Hydrated
Lime Used in the Ixperimental
Research

Procedure

Various soil properties tests were performed on the
soils throughout the experimental program, ALl of the apparatus
required for the tests was available in the laboratory., IThe
tests that were employed, along with their designation numbers

and sample sizes are shoun in Table 3.

Tyoe of Test Designation Sample Size
Grain Size
Analysis ASTH DL22 Ou> KEe
Atterburg Limits ASTH Dh23 Oe3 ke
Specific Gravity ASTM D85Y4 0e2 kga
Stendard Compaction ASTH D6SB 560 kge
Direct Shear Test Bureau of Remolded Sample

Public Roads 245" diameter

TABLE 3, Tests Employed in the Experimental Program



A11 soils were crushed to pass the Number ! sieve .rior
to being subjected to the Compaction Test and prior to molding
for the Direct Shear Test., Ths following criteria were used
with respect to lime treated soil:
1, The initial cure consisted of a controlled
terperature of 1L0 + 3°F, for a period of
2l + 1 hours,

2o The final curc consisted of a controlled
temperature of 140 + 39F, for a time period
of 120 # 3 hours. T{The only test in which
a final cure was utilized was the Direct
Shear., )

3. All gradation samples were soaked for 24 + 1
hours before washing.

The Direct Shear Test was conducted utilizing a controlled

strain rate of 0,052 inches per minute,

Total Testing Required

The totsl number of soils tested that were required

for the experimental program are shown in Table L.

Soil Atterburg Grain Size Specific Standard  Direct
Condition Limits Analysis Gravity Compaction  Shear
Raw Soil 5 5 5 5 15
Retention Point
Determination 50 0 0 0 0
50% Retention
Point 5 5 5 5 15
Retention Point 5 5 5 5 15
TOTAL T&EsSTS 65 15 15 15 L5

TARLE L, Total Tests Required
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PRESENTATICN OF DATA

All data is presented in such a mamner so that the raw
s0il, the lime retention point percentage, and one-half the lime
retention point percentage can be easily compared, i.c., for any
one locztion the information, at the three different lime contents,
is given sirmlitaneously.

Data is presented in graphical form herecafter in this
section, Data is also presented in tabular form in Apoendix A.

Lime retention point determination is shown in Figures
3=Te

Grain size analysis results are depicted in Figures
8-12, while compaction characteristics are showm in Figures
13-17. Figures 18-22 show the direct shear test results.

Table 5 shows the collective results presented in

figures 3=22,
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