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INTRODUCTION

One of the naturally occurring materials. man must work with is Loess.
Loess is defined as a non-stratified deposit of natural mineral grains of silt size.

It is commonly homogeneous, buff colored, calcaceous, and porous. This material
commonly exhibits low cohesion, medium angle of external friction, low unit weight,
and high capillary potential.

The loess deposits are found on all continents and cover broad areas of the
cenfral United States, The deposits in the Midwest are commonly found to be thickest
and coarsest along streams, thinning and becoming finer to the éast énd north from
the major stfea.ms.

Due to the abc.)v.e mentioned characteristics, loess presents serious problems
in the construction of highways, air fields and structuxfal foﬁndati@ns. The most .
serious problem in its use for highways ar_1d air field.s is the high potentia\i for _frost
heaving, but almost equally serious is the lack of its ability to reacf to loading when
saturated. Its use as a supporting material for foundations is seriously impaired by
its low strength and high compressiﬁilify. The loess, on the other hand, is easy to
excavate, move, and place in compacted fills. It is friable, breaking easily into
individual mine.ral grains and is eéSily wetted or dried. The research reported
herein was conducted to show the. Iﬁodificat_ion of the properties of loess by the addi-
tion of asphalt and the effects on its behavior in the engineering strﬁctures- in which

we use it.



Scope

The scope of this study was limited to determining the engineering properties
of three Kansaé loesses and the effect of an asphalt treatment on these properties.
The speéimens studied were from Rawlins County, Republ_ic County, and Wyandotte
County, Kansas.

The study included a review of the pertinent literature from geological,
eﬁgineering and agronomy sources for both loess and asphalt. Laboratory testing
wag used to determine the engineering properties of the loess and the loess and

asphalt mixtures.
Purpose

The purpose of this study was as follows:

a. To determine the engineering properties of the raw 1oess and compare
the properties of the raw loess with the é‘ngineering properties of loess 24 hours
and 60 days after treafnient with asphalt;

b. To analyze the changés in the engineering and project the laboratory _
results to similar field conditions;

c. To study the mechaniéms of the observed changes in the engineering

properties_.



LITERATURE REVIEW

To begin obtaining data for this study the literature available on loess from
geology, agronomy, and engineering sources was reviewed. Much of the literature
is not directly relevanf to this study, but the review of the available literature is in
itself a fasainating project. To complete the literature review, familiarity with a
broad field of specializations is a must. The literature involved covers the fields
of Geology (including Paleontology, Stratigraphy and Mineralogy), Agronomy, and
Engineering Soil Mechanics. Basic to the study is an understanding of Chemistry,
Physics, and Geography. The resultant broad view of the problems involved will
be discussed ﬁerein beginning with the geologic history of the staté of Kansas.

As Dunbar (1) shows, Kansas like much of the central United States, has a
geologic history that is primarily composed of depositional and erosional periods.
During the first portion of the Paleozoic Era, Kansas was for the most part an ex-
posed low-lying land mass. Some relatively short periods of marine deposition have
occurred, notably during the Ordovician and latter Devonian times. The depositional
periods did ﬁot necessarily cover the entire state at any one time nor was the deposi-
tional'period the same length in all portions of the state. The rock formations which
are the results of these periods of deposition are buried beneath later sediménts.

During the Mississippian, Pennsylvanian, and Permian Periods, Kansas was
in an inland seaway that agressed and reéressed across the state. From the sedi-
ments of these geologic periods come valuable minerals such as the salt in the
Wichita area; Many of the Pre-Permian sediments, primarily limestones and shales,

3



have been folded in the Nemaha Anticline and Central Kansas Uplift. These folded
sediments are exposed along axes and flanks of the two anticlines. Mississippian,
Pennsylvanian, and Permian sediments are exposed in roughly north-sound bands
across the eastern end of the state. (See Fig. 1).

Later, during the Cretaceous Period, Kansas was once again submerged
under inland seaways. The sediments of this depositional period have been eroded
and buried in many places. The Niabrara Chalk and Fort Hayes Limestone, two
major formations of this period, are eprsed in the northern poftions of west-central
Kansas. Large quantities of limestone from this period have been used for small
construction such as homes. The Fence Post Limestone, Cretaceous Age, was so
named because of the large amounts of this stone US.ed by early settlers for fence
posts. No significant valuable minerals have been found in the Cretaceous Age
rocks.

Most of the state is mantled by i’leistocene age deposits, usually uncon-
formably underlain by Pleiocene deposits of lacustrine, alluvial, and upland origin. -
- Two prhﬁary areas of deposition are easily recognized. In northeast Kansas, fhe
glacial till is of early Pleistocene age; Across much of the state, th:;: loess mantle
at the surface is also of Pleistocene age. No valuable minerals, such as oil; gas,
or gold, have been found in the Pleistocene deposits. However the fields 6f grain |
and herds of cattle that are raised on the loess, are annually the greatest assets of
the state.

Four major cycles of continental glaciation are recognized in the United

States. (See Fig. 2). The Nebraskan and Kansan glacial stages produced the surface
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till in qutheast Kansas. The Illinoisian and Wisconsin glacial stages produced
the loess that mantles much of the state. Using the Kansas Stratigraphic sequence
as described by Frye (2) the oldest loess is the Loveland Loess which was produced
during the retreat })f the Illinoisian glacier. During the-Sangamon Interglacial stage,
a soil profile was developed on the Loveland Loess that has been named the Sangamon
Soil. Both the Peoria and Bignell Loesses were the result of Wisconsin glacial sub-
stages. The Peoria Loess was deposited during the Iowan and Tazewellian sub- -
stage and developed the Brady soil during the post-Tazewellian-pre-Caryan sub-
stage. As the glaciers retreated for the final time during the Caryan and Makotan
substages, the Bignell Loess was deposited and in the time since has developed a
soil profile Wﬂich is the modern soil in areas of Bignell deposition. Figure 3
shows the distribution of loess in Kansas.

There can be little significant debate on the origin and mode of deposition
of the Kénsas loess. The tremendous quantities of accumulated evidence clearly
indicate that the Kansas Loess is a wind deposited material derived from .vall_ey-
train deposits in Arikaree, Republican, and Miss_ouri River valleys. These Va.lley—
train deposits accﬁmulated with seasonal fluctuation as the seasbnal te-mpera.ture
changes vaﬂed the rate of‘glacial_melting, resulting in seasonal high and low water
flows. During low water flows, the sediments were reworked by wind and rede-
positgad on the valley walls and uplands.. The evidence from strafigraphic, petro-
graphic, soil mechanics, paleontologic, and physics data clearly prove this mode
of deposition and origin of loess.

Swineford and Frye (3) fairly well summarize the evidence for edlian depo-
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sition from reworked valley-train deposits. They point out that .Wind is the only
known agent capable of depositing a relatively uniform mantle of material over the
highly discordant topography that the loess is deposited on. Not only is the loess
deposited on higth discordant topography, it is deposited on sediments of early
Pleistocene to Pennsylvanian age over an aerial extent of 30,000 - 40, 000. square
miles. Assuming an average thickness of 10 feet for the Peorian loess, the volume
of the loess is estimated at 57 tq 60 cﬁbic miles by Leonard and Frye (4). The
loess (particularly the Peorian, which has been thé most thoroughly studied) is
thickest along the river banks of the Arikaree, Republican and Missouri Rivers. -
It thins away from the valley-bluffs in a relatively uniform progression. This re-
lationship of ti]ickness to river valley is not shown in mbdern sand dune deposits
along the Saline, Solomon, and Smokey Hill Rivers which are not believed to have
had their origin in the respective river valleys. The gradation of the loess shows
a similar relationship to the river valleys that served as source areas. Texturally,
the loess is similar to modern wind blown silts and becomes progressively finer
away from the valleys.

The loess in Kansas has been analyzed by several reseafchers to-determine
its chemical and mineralogical composifion. ‘Some variation i‘n the chemical and
mineralogical anaiyses exists between different authors. However the variations
are primarily in the percentage composition of the loess rather than in the con-
stituent minerals. Some of tﬁe variatibné reported are probably due to the samp-
ling technicues and labqratory metﬁods employed by the particular feseéfeher.

Frye et al. (5) noted that there are variations in the loess with respect to geographic
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location and position in the stratigraphic column, The amount of weathering, 'slope,
vegetation and land use may affect the analytical results. For the most part the
reported variations are insignificant enough to be essentially ignored.

One of the most complete and, in this author's opinion, accurate analyses
of the Kansas loess was done in the Kansas State Geological Survey Laboratories
and reported in two publications by Swineford and Frye (3) and Frye et al. (5).
Swineford and Frye (3) in their report limited their study to the Peorian loess while
Frye et al. (5) in their 1949 study considered all three loess members. The cﬁemical
and mineralogical data reviewed in this paper is, except as otherwise noted, from
these two reports.

The primary mineral constitutent of all three loesses is quartz. The quartz
occurs primarily in the silt size fraction; though cristobalite, a quartz isomorph,
is found in small quantities in some western Kansas samples. Quartz c_omprisés
more than 50 percent of the silt fraction. About §ne-f6urth as abund#nt'as ql_lartz
in the silt fraction are the feldspars. They occur in the orthoclase, sodic plagioclase,
and microcline forms commonly, and occasionally in the calciclageoclase and sanidine
forms. The latter two are rare and limited to a few samples where they comprised
only a small percentage of the total feldspar. Volcanic-ash shards in the silt-frac—
tion were found in all samples in quantities of a trace to as much as ten percent.:
Micas are also present in the silt fracti_on where they comprise a,bou’; three percent:
of the total. Muscovite is the most common with biotite being more prevalent in
western Kansas than further east. Numerous minerals occur as minor access-qries

in the silt fraction. Among these minerals are chlorites, black and brown opaques,
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leucoxene, hornblende, epidote, colorless and pink garnet, various pryoxenes,
tremolite, actinolite, zircon, tourmaline, red and yellow rutile, staurolite,
titanite, sillimanite, and zoisite. Calcite and dolomite also occur in the silt frac-
tion as secondary deposits. Calcite is most common in Western Kansas while
dolomite occurs predominately only in extreme North-Eastern Kansas.

The clay fraction is composed of mostly montmorillonite and illite clay
minerals. Kaolinite may be present in very small quantities. g{-cristobalite,
feldspar, calcite, volcanic-ash shards, and quartz are also present in small
amounts across the state. Generally, in excess of 50 percent of the clay fr_action
is montmorillonitic or illitic clay minerals. Kaufman (6) working only in the A
horizon of moﬁern soil profiles identified the montmo-rillonitic mineral to be
beidellite. Brophy (7) working in Illinois with loess found vermiculite, particularly
in fossil soil profiles. The identification of these two minerals only names two of
the mémbers of the illite and montmorillonite families that are or may be present in
the loess.

As should be expected from the mineralogical composition of the loess, silica
~ (8i09) the prime chemical constitﬁent of the loess comprising 65-79 percent with the
higher values occurring in the weathering profiles. Alumina (Al203) is the second
most common chemical present, usually in the range of 9 to 15 percent. Lime as CaO
occurred in quantities of 1 to 6 percent and magnesia (MgO) and potash (K20) usually
totaled less than 5 percent. Numerous other chemicals appeared usually in quantities '
of a trace to 1.5 percent. Among these were titanium (TiOs), phosphorus (P20g),

and sulfur (SO3). The remaining material was reported as NasO which was determined
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by difference. This difference rarely, if ever, exceeded 4 percent and averaged

L 54 percent for the Peoria loess. Qualitative spectographic analysis indicated the
presence of manganese, vanadium, copper, silver, chromium, zinc, and zirconium.
The elements determined by spectrographic analysis are present in amounts usually
very close to amounts that would commonly be reported as traces. They are not
present in all samples and show variations when present. Table 1 shows the chémical
analysis of representative specimens across the state.

From the chemical and mineralogical data two trends become apparent. One
is a trend of change in an east-west direction across the state. The second is the
vertical variation through the section, The vertical trend is more pronounced than
the east-west’trend. Both are graphically.depicted in Figs. 4 and 5. Chemical
analysié data are used fo most discernably show the trends. |

The mineralogical data show the east-west trend most strikingly in the feld-
spars, micas and carbonﬁtes and the vertical trend in the quartz. Orthoclase, sodic
plagio_clase, and mierocline occur in the sé.me order of abundance across the stat.e.
However, the abundance of the feldspars and particularly of microcline decreases
mgrkédly from west to east. With the micas, the total qua;ntit.y of inica remaing more
conétant. The variable factor is the ratio of muscovite to biotite which increé.ses'in
the easterly direction. The carbonates undergo a transformation in dominance from
west to east. The carbonates are most abundanf in Western Kansas Whe';'e they appear
as qalcite. The total carbonate content decreases eastwa,rrd and in extreme Northeast
Kansas dolomite is the predominate carbonate. The vertical trend is best displayed

.in the quartz. The higher percentage quartz contents are found in the weathering



profiles. The carbonate concentration also varies through the vertical profile.
The highest carbonate concentrations occur in the B horizon of the developed soil
profiles.

The variations that have been noted here in are not the only variations that
are found. They are genefal trends that mdy be, for most purposes, used without
consideration of the other variations that appear. The other variations are very
local and seem to be more nearly geologic oddities, that at present, are unexplained
rather than significant evidence of geologic ra.ction othe: than thai: occurring with
the deposition of the loess. A pair of the local variations are presented here as

illustrations.



TABLE 1

REPRESENTATIVE CHEMICAL ANALYSIS OF LOESS MEMBERS

14

Locality SiOg Al203 FegO3 TiO2  MgO K320 NasO Igt. Calc
Loss CaCOg
Peoria Silt
Logan 72.57 13.63 3.69 1.24 2,08 3.16 1.45 2.37 9.20
Cheyenne 75.37 12.61 3.12 1.03. 1.73 3.47 1.02 1,54 8.27
Norton 73.82 14.9%0 3.40 1 2,02 2.. 64 1.04 2,60 4.56
Rice 76.47 11.48 3.74 0.76 1.10 4,21 2,15 2.33
Republic  71.74 12.83 4,22 0.85 2.28 2.16 2.46 3.40 2.67
Clay 77.14 11.14  3.61 1.02 1.06 3.30 | 1.81 L29 2,45
Doniphan 7.6. 08 11.57 2.95 -- 2.50 2,32 1.68 2.70 6.13
Average 74,75 12.21 3.53 0.98 1.82 4.39 2.29 5.15
Bignell Silt | '
Logan 74.11 13.48 3.29 0.83 1.73 4.50 1.90 7.95
Cheyenne 76.60 12,24 2.79 1.13 1.43 3.33 0. 54. 1.53 10; 90
Norton 74.32 12.83 3.43 0.64 1.66 3.25 0.75 2.96 4.82
Rice 73.98 12.02 3.25 1.43 1.13  4.30 3.89  1.50
Doniphan 75.35 11. 8.6- 3.30 - 2,66 4,38 3.27 7.47
Average  74.87 12.88 3.21 1,01 1.72 4.41 2.7 6.53

1Ti()z reported with Al203

Reproduced from Frye (5)
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Percent of Total Sample

Bignell silt i\ Ig. loss
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Peoria silt
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Loveland
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FIGURE 4
TYPICAL VERTICAL CHEMICAL C.OMPOSITION PROFILE

Reproduced from Frye (5)
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The Peoria loess in Norton County contains rhombical cross section rods '
measuring approximately 400.3&4003 in cross section and 0.1-3. 0 microns in
length. The composition of the structures is not definitely known. They are be-
lieved to probably be *{-cristobalite. The loess from Finney County contains an
unexpectedly large qtiantity of the coarser fractions., The origin of the coarSer
maf:erial, sand, is the Arkaﬁsas.River valley which apparently did not carry
significant silt sized glacial debris.

Geological studies oriented toward the petrography of the loess deposits
have been conducted by the Kansas Geqlogical Survey (3) and by Gibbs and Holland (Bj
of the Army Corp of Engineers. The Corp of Engineers studies were conducted
primarily in Nebraska, south of the Republican River. All studies found that the
silt sized and larger particles were subangular to rounded in shape. The particles
were found to .be partially to completely encased in plé.te shaped clay mineral
particles., The clay coatings were found fo be extremely difficult to remove. The
larger grains were found to form a matrix With the clay particles acfing as the
‘bonding agent rather than, as hétd been earlier proposed, carbon.ates acting as the
bonding agent.

The carbonates were found to be ‘chieflAy secondary deposits, with few detrital -
carbonates presernt. There have been several sources suggested for the carbonates,
including fossil land mollusk remaiﬁs and leaching produc.ts. The carbonates tended.
to be formed in the void Spacés between particles as diserete units seperate from °

the silt .particies. The presence of carbonate par-ticles has probably more influence
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on permeability than on the inter particle bonding and shearing characteristics.

The voids in the matrix were found to be indistinct and irregular in shape.
The voids tended to be more pronounced along vertical axes than along horizontal
axes at the same location. In many of the void spaces chemical ‘li.nings attributed
to plant foots and root hairs were found. The hypothesis has been that the greatest
portion of the voids are the result of or ganic agents within the loess deposits.
Laboratory permeability tests on undisturbed oriented specimens have shown that
the permeability is greater in the vertical direction than in the horizontal direction,
-Which tends to confirm the petrofabric analyses.

The geological studies show the loess deposits to be three distinet units of
unconsolidated material of primarily silt size. These units have been named,
oldest to youngest, Lovéland Loess, ‘Peori';a Loess, Bignell Loess. The loess is
an eolian deposit derived from the valley-train deposits of the retreating glacial
stages. It is composed of quartz, feldspar, mica, volcanic-ash shards and numerous
other miﬁerals. The_Lqess deposits aré massive in nature, being composeﬂ of
discrete grains with the clay minerals acting as the bonding agent in an open matrix

containing appreciable void space.
Engineering Properties

~ Loess is by engineering definition a soil. It is a loose, unconsolidated mate-
rial that is moveable by conventional earth-moving equipment. It generally behaves

as a slightly cohesive soil. The loess does have its own idehtifying soil mechanic's
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properties. The engineering properties of the loess, including gradation, Atter-
berg limits, moisture-density relationships, permeability, consolidation and
shear characteristics will be discussed.

The properties of the loess are interrelated and the various relationships
have been reasonably well documented. The unique interplay of the various
properties occurring. in the loess make it, in many respects, a difficult material
to work with from a design viewpoint. Many of the difficulties rencountered are
due to a lack of appreciation of the interrelation of thé various properties and
their resultant reaction in soils engineering problems. The discussion of the
properties of the loess will be oriented toward explaining the various properties
and their interactions.

The loess is_primarﬂy composed of silt siZe-particles. From samples
taken across the state and in all three loess members, Frye (5) reported that
from 50-75 percent of the particles fell i_n the 0.01-0. 05 mm. range and that 2-8
percent of the partiéles had diameters of less than 0.001 95. mm. Signiﬁceint
quantities of larger than 0.125 mm. particles were rarely found. Gibbs and
Holland (8) found 76 percent of their samples to be silty loess, 18 percent clayey .
loess, and six perc'ent sandy loess. Davidson (9) working in Iowa found the sand
(0. 074—2‘. 0 mm. ) content to vary with depth and geographic location and to average
between 0.7 and 3.2 percent. The clay (0. 005 mm) content varied also and averaged
between 15.3 and 25, 8. percent. The various size analyses reported show the effects

of location on the gradation of the loess.
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Jumikis (10) points out that a soil mass may éxist in a solid, semi-solid,
plastic, or liquid state depending on cohesion (adhesion) and water content as the
primary factors determining in which state it will exist. These consistency limits
have come to be called the Atterberg Limits, after the Swedish scientist who first
proposed them. They have since become one of the most popular methods for
describing and classifying soils.

Since the Atterberg Limits are dependent on cohesion (10) which implies clay
content, it would be expected that the limits would vary due to the variations in
clay content found in the gradational analyses. Gibbs (8) found extreme values for
the Liquid Limit (L. L. ) of 20~-44 percent and for the Plasticity Index (P.1.) of 0-21
percent. His results showed the effect of clay content as the upper values of th_e
L.L. and P I. were found in the clayey loesses. Frye (3) found ""Water of Plasticity"
values, which according to methods described by Plummer (11) compare favorably
with ASTM (12) method for Plastic Liﬁlit (P. L.'), of 15. 86-29.48 percent. The
values (5) seem to reflect stratigraphic and geographic differences in clay content.
Davidson (13) found that the P.T. range of 5.7-26.6 percent incxféased with increasing
clay content away from the assumed source area. The Shrinkage Limit (S.L.)
range of 17.8-24.7 percent decreased with increasing clay content and distaﬁce from
source area. |

The Atterberg Limits of loess vary with clay content which is a function of
location with respect to the source area. As a generalized rule, the coarser graded

loesses will have low P.I. and L. L. values and will have high S. L. and P, L, valies;
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while finer graded loesses will have higher P.I. and L. L. and lower S. L. and
P. L. values.

Two moisture-density relationships are important to loess. They are the
in-place density and moisture content relationship and the reworked moisture-
density relationship, usually specified as a standard test such as ASTM standard
D 1557 Method A (12). The insitu density-moisture is primarily useful in founda-
tions and other undisturbed uses of loess. The reworked moisture-density rela-
tionships are used in many earthwork projects such as fills, embankments, levees,
and subgrades.

Loess, as previously noted occurs, in an opeﬁ matrix particle arrangement
with considerable void space. Hence the loess generally has a relatively low
insitu density. Dry densities as IOW as 69.4 lbs, / cu. ft. have been reported (13).
Dry densities in the 70-90 lbs. /cu. ft. range being more common. Insitu moisture
contents of less than ten percent were reported as occurring frequently in Western
Kansas and Nebraska (8). Maximum insitu moisture contents possible have not
been reported, though Crumpton (14) states that open test holes near the Sangamon-
Peoria interface had a tendency to "flow" shut. This would indicate insitu moisture
contents above the Liquid Limit.

The remolded moisture-density relationship is used in almost all earth con-
struction. The Standard Proctor density for loess generally is 100-112 ibs./ cu. ft.
dry density. The maximum density is usually obtained at 15-18 percent water

content by weight. The higher densities are usually associated with higher clay
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contents,

The permeability of the loess is dependent on the gradation and density. .
The higher sand contents are associated with higher coefficients of permeability.
The density of the loess is inversely related to the coefficient of permeability.
Values of the coefficient of permeability for undisturbed specimens from 0, 5-100 ft./
year. Values for densified (maximurh Proctor) are 0.1-0.5 ft./ year‘(B).

The coefficient of permeability is not a true coefficient. It has dimensions
of length/unit time, while a true coefficient haé. no dimensions. The coefficient
of permeability (K) is usually determined experimentally bﬁ either variable head
or constant head permeability tests. Both tests are based on the equation -
Q=KAt/L, ﬁhere Q is the volume of water flowing through the specimen; A is the
specimen areay t is the time required for Q to flow through the specimen; and L is
.thé length of the specimen. The variable head test is probably somewhat more
like natural conditions than thé constant head test. |

The consolidation characteristics of loess seem to bévdirecﬂy related to
rthe insitu moisture cdntent and density. The load. applied does havé a definite
effect on consolidatibn. However, under a specific load the fate and amount of
consolidation is dependent. on the insitu moisfure and density. The rate of con-
solidation is apparently increased by increasing moisture contents. This trend
is particular}.jr noticeable as the insitu moisture content approac'hes the P. L.
The amount of consolidation is influenced by the insitu density. The more dense

loess tend to consolidate less than loesses of lower insitu density. The natural



occurring deﬁser loesses may be considered as partially preconsolidated for design
purposes. The maximum consolidation that will occur, will under normal con-
ditions, take place within a year. Changes in water content under a foundation
after a period of time may cause additional consolidation., This consolidation is
the difference between the amounts of consolidation thé.t would occur at the two

sets of conditions.

The shear characteristics of the loess are controlled by two processes.
These processes are cohesion and friction. The shear seems to first be resisted
by a cohesive force caused clay particle bopding forces. After the shear force
has exceeded the coh’esion, a volume change occurs and friction resists the shear
force. The cohesive force lis usually about 5~10 psi with values as high as 15‘ psi
reported (8). The anglé of .ijﬂ‘fernal friction (0) is usually about 200-25° though
values in excess of 30° have been reported (8).

Insitu moisture content and density affect the shear characteristics of the
loess. Low moisture _cont.ents.pf about 10 percent producé maximum shear res_ist-—
ance due to apparent cohesion. The mechanics of the apparenf. cohesive forces is
dependent on the thickness of the water fﬂm bound up by the clay particles. The
water films reach their minimum thicl;ness when the water content is apprqximaf:ely
10 percent._ Increased wate_r content, increﬁses the Water film thickn_ess and re-
ducés the associated tension forces. Hence the cohesion is decreased to essentially
zero at about the Plastic Lirﬁ-it.

The initial density affects the shear characteristics by particle rearrangement.
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Higher densities cause more particle to particle contacts which cause the friction
forces to be immediately activated by an applied shear force.

The engineering properties of the loess are interrelated. The insitu moisture
content and density of the loess may serve as indicators of the properties of the
loess. High moisture contents and low densities indicate relatively high perme-
ability, low shear resistance, and a potential for considerable, relatively rapid
consolidation. Low moisture contents and high densities indicate low permeability,

high shear resistanée, and lesser, slower consolidation.
Agronomy

Loess fhat mantles large sections of the midwestern United States is the parent
material for many of the highly productive soils of this area. Hence, it is of interest
to thé agronomist to determine certain properties of the loessial soils, Several
definitions are requifed before undertaking a discussion of the literature..

Soil, to an agronomist, refers to the material composed of finely divided
mineral fragments and organic matter capable of supporting plant life. Soil.is
divided into units, called horizons, for purposes of description, classification,
and naming. Three hoi'izons, the A,_'B_, and C, ar.e.’_the basic units of vertical
delineation. The three principle horizons and appropriate subdivisions, such as
A1, Ag, By, and Bg, c_omprise the soil profile. The A horizon, eomm@nly called
fhe topsoil, is the most altered material in the soil profile. The B horizon, commoniy

called the subsoil, is a zone‘ of elay accumulation. The C horizon or parent material
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is the material that has weathiered to form the A and B horizons.

Much of the work of the agronomists has been directed toward defining,
naming, and mapping the soils of the United States. This task has largely been
completed as evidenced by the Soil Surveys now available on a county by county
basis in every staté. These Soil Surveys, when properly used, .are of immense
value to the Soils Engineer.

The agronomists have devoted much time and numerous publicationé to
such things as: the catio.n exchangé capacity, pH measurements, chemical analyses,
fertility, mineralogical analyses, erosion and erosion control, and infiltration rates
and capacities of the soil mass. Much of this material is of little interest te the

_engineer and it tends to be somewhat local in nature. However, chemical and
mineralogical analyses, cation exchange capacities, infiltration rates and capacities
and erosion and erosion cos_ntrol information gatheréd by the agronomists is of
interest to the engineer. |

T.he chemical and mineralogical analyses of the soil mass, such as Kaufman
(6) and Brophy (7), are of value in predicting the behavior of a soil for engineering
purposes. Attempts have been made to relate the cation exchange capacity to
éngineering properties. T.hese. attelﬁpts have been largely unsucbessful. The
method employed determines to a large extent what the results will be. Further
the fest does not measure the 'catiop exchange capacity of the clﬁy minerals, but
father the cation exchange capacity of the pore fluid. The normal iralties for dif-

ferent clay minerals overlap, making any determination of clay materials at best a
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guess. _The relationship of cation exchange capacity to engineering properties is
too nebulous to be significantly useful.

The infiltration rates and capacities are of interest to both agronomists and
engineers. Infiltration and associated run-off are of particular interest to hydro-
logists. Much of the work that has been done in this area, has been done on the
basis of the soil series classification comparing the infiltration rates and capacities
of several soil series, Some studies have been limited to loessial soils.

| Results from these studiés, particularly Duley (15), (16) and McCalla (17),
show that loessially derived soils, though highly porous, have no special properties
which give them unique infiltration rates or caﬁacitiés. They found that loessial
soils, like all other soils, form a compressed layer that impedes infiltratién if |
unprotected by a vegetative cover or mulch. They also found that the parent material
tended to form the protective cover faster than did the developed A horizon. Infil-
tration capacities ranged from L 05-2.43 (mean 1.39) inches/1.5 hours for 'i_ﬁi‘ti&l
infiltration ar_xd 0.37-0.76 (meén 0; 51) inches/L 5 hours _for_inﬁltration capacity -

| after 24 hours from tﬁe initial test (15). These values are about the same as those
for soils of similar textural composition.

" Likewise, the erosional behaﬁor and erosion control practices applicable to
loess are about the same as those for any soil with similar texture and sf_ructure.
The loess itself may be slightly more susceptible to erosion due to its relatively
loose fram.emrk than other denser soils, However tolerable rates of _'erosion are

somewhat higher also in the loess. Generally it may be treated like any other silty
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or silty clay soil.

Agronomists have done some work of interest to engineers. It‘usually re-
quires that the reader be aware of certain differences in terminology and ﬁurpose
and that he use his judgment in applying the published results. With proper under-
standing of theif scope and purpose, the County Soil Surveys and soil constituent

analysis done by agronomists may be of invaluable assistance to the engineer.
Soil Stabilization

Soil stabilization is not a development of the twentieth century. McDowell (lé)
reports that thé Shensi ﬁyramids in the Tibetian-Mongolian Plateau, constructed
over 5, 000 years ago, were constructed from compacted clay and lime. C.hina,
India, and Rome used lime as an aid in construction and stabilization of dams,
u_nderground chambers, massive bridge footings and_. road sub bases. Despite
prirni'tive methods, lime stabilization has continued in use to the present time.

The use of ot]ﬁer' stabilizing agents, notably asphalt and portland cement,
have gained popularity oniy in the last few years. Both agents .fequired the develop-
ment of teéhnology to the point that the material could be used economically as a
" stabilizing agent. Even mofe recently additional chemicais have been used as ad
mixtures and as independent stabilizing agents. Most of the chemicals used have
been organic or organic derivatives. |

Yoder (20) explains that soil stabilization is accomplished by two basic

mechanisms. One is the cementation of soil particles to form stronger aggregates
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which are more stable under adverse conditions. The second ar.e waterproofing
agents which protect the soils natural cohesion from detrimental increases in
water content. Lime and protland cement are of the first type, while asphalt is
primarily a waterproofing agent.

Puzinauskas and Kallas (21) divide soil stabilizing agents into three classes,
cementing agents, soil modifiers or conditioners, and waterproofing agents. They
point out that the cementing agents are susceptible to detrimental effects from
freeze-thaw cycles andrin fine-grained soils often econqmically prohibitive. They

also point out that the soil conditioners are similarily limited.
Loess Stabilization

Loessial soils have been stabilized by many means. Asphalt, lime, and
- cement in various forms and with various additives have been studied by various
researchers among them Puzinauskas and Kallas (21), Hoover and Davidson (22),
Goecker et al. (23), Brand and Schoenberg (24), and Handy et al. (25). ’I_‘he in- |
vestigations condﬁcted by these authors are typical of many and are reviewed
herein because they presént the basics for understanding stabilization of loess.

In most stabilizatio-n problems, Ide ss8 behaves in much the sazﬁe manher as
a fine-grained soil of similar mineralogical composition. Asphalt stabilization is
a waterproofing procéss. The density and strengfh of well graded soils are reciuced
by low concentrations of asphalt. In more poorly gr-aded soils, much higher con-

centrations of asphalt are required to reduce density and strength. Soil-asphalt-



29

additive systems, where the additive was a cementing _material other than portland

cement, showed improved strength, density and durability. Additives which are

of the soil modifying or waterproofing types have much less effect than a cementing

additive and, in some cases, may be detrimental torthe system. Extensi_ve labora-

tory testing is necessary to determine the proper mixture of asphalt, additive and

water to give the best results (21).

Among the materials which could be classed as soil modifiers are organic
compounds such as Arquadl 2HT, Arquad 25, Armeen Residue, and Crude Amine.

. These chemiecals produced the largest. increases in strength of many tested.
However there are several problems as yet unsolved in the ﬁse of this'type chemical
among which are the effects of soil bacteria on the stabilizing agent and the develop-

~ment of construction techniques using these additives to maximum advantage .(22).

As previously mentioned, lime stabilization is one of the oldest methods of
soil sta_bilization known to man. In the past 25 years many significant improve-
ments have been made in the use of lime for soil stabilization. Fly-ash and
'chemicai additives have been investigated as methods of improving the lime-soil
systém. Fine and coarse-grained soils (23), field investigation (24) and trace
chemical additives to life-flyash systems (25) have been s’cudied_ in ‘some detail.

Lime stabilization consists of a two step process. The first step is a base
exbhange reaction in which the cations replace the weaker monovalent cations,
thus caﬁs‘ing floculation of the soil particles and the development of aggregates.

The second step is the pozzolonic reaction. The reaction causes calcium silicates
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and aluminates to develop which cement the soil particles in a manner similar to
portland cement (19, 23, 24). Sufficient lime for these reactions must be present
in the soil mass., The pozzolonic reaction rate is very slow and sufficient time
must be allowed for_curing, i.e., the pozzolonic reaction to take place. Various
chemicals, in trace amounts, tend to speéd the reaction. Among the more effective
are sodium sulfite (solution), sodium bicarbonate (solution), lithium fluoride (sus-
pension), manganous cloride (solution), potassium dichromate (solution) when used
in an-Ottawa sand-lime-flyash mortar treated with 0.5 percent of each chemical in
the mix water. The listed chemicals caused strength gains of 100 psi or greater
after a 4-month cufe and 24-hour immersion (25).

Cement stabilization is accomplished iﬁ the same manner as concrete is set.
The soil particles replace the aggregate in concrete to form the soil-cement mix-
f:ure. The cl_ay content and silica-sesquioxide ratio: are two of the. mpsf important
factors in determining the effectiveness of cement as a soil stabilizing agent (26).
In soils that are highly responsive to cement—.stabilization,l the degree'and uniformity
of mixing may be the contfolling factors in how the stabilized soil preforms (27).
Organic matter iﬁ the soil is usually detrimental to the effect of soil—ceménf stabili-
zation (26).

Soil-cement mixtures give best results when compacted to Proctor Density
at moisture contents n.ear' optiminn. High cement conténts, usually 8-14 peréent
are most efie;:tive for stabilization. Various types of cement (I, IA, III) preform

very well in soil-cement mixtures and behave much the same as in concrete. Care
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in construction to assure optimum conditions for the soil cement mixture is of
great importance to the quality of the final product.

In the area of soil stabilization, loess beha_ves in the same manner as any
similar fine-grained soil material. It may be stabilized by any of the methods

discussed in this section.
Asphalt Stabilization

Asphalt, a general name for heavy hydrocarbon cementing materials, is -
used in many ways in modern technological societies. One of the most fafniliar
is asphalt pavement on highways. Less familiar to. the average citizen but at
least as important, is the use of asphalié to stabilize soils. Most of the work in
this area is directly related to transportation facilities, particularly stabilization
of highway bases.

Asphalt is a waterproofing agent that retards or.blocks'the movement of
water through a soil mass, thus protecting the natural strength of the soil from
adverse effects of moisture-content increases. The asphalt acts by coating indi-
vidual particles in the soil m#ss. Ideally, évery soil particlé would be coated,
however this is not possible in real life. Hence the asphalt must be mixed with
the soil in such a manner that the ideal situation is approximated.

For soil Stabilization, asphalt is prepared by two basic methods, solution
or emulsion. Preparation.of asphalf by solution is accompliéhed by dissolving the

asphalt in an organic solvent, such as gasoline, kerosene, n:iptha, n-hexane and



32

carbon tetracloride (28). Emulsion preparation of asphalt is usually completed
using water as the carrying agent. Other agents may be used, though water is the
cheapest and easiest to handle. Other methods, such as foams and batch plant mix-
ing, have been tried with little practical success.

Three primary factors influence the asphalt's behavior. These are as fol-
lows: (1) Asphalt type; (2) Cutback solvent or emulsifier; (3) Additive. In any one
particular soil, a variation in any of the three factors will cause a variation in the
effectiveness of the stabilization. Various authors (21, 28, 29, 30, 31) have investi-
gated the effects of variations in one of the three- factors. Herrin (32) found .that the
drying phase was also significant in the performance of asphalt stabilized soils., He
found that the .bes_t -resulté were obtained from letting the soil-asphalt mix dry be-
fore éompac.tion..

Several suggested indexes for determining the usability of asphalt stabiliza-
tion have been proposed. These indexes use the percent passing the No. 200 sieve
and the P. 1. as controlling variables. Various authors (33, 34, 35, 36, 37, 38)
have suggested, based on cut back asphailts, that minimum values of 0-8 percent
and. maximum values of 15-50 percent passing the No. 200 _si‘eve-be used in con-
junction with P. I. values of 0-18 percent. Tv‘}o authors (36, 37) suggested that the
value of the P. 1. x Percent Passing No. 200 sieve be less than 60 and 72 respectively.
The Air Force said stabilization inde_x'system (39) recommends asphalt stabilizatioﬁ :

“be used if less than 25 percent passes the No.l 200 sieve, the P. I. is less than 6 and
thé P. I. x percent passing No. 200 sieve is lessl than 60.

If 35-100 percent passes the No. 200 sieve and the P, I, is greater than 10, it
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recommends that lime be used to reduce the P. 1. to less than six before using

asphalt to stabilize the soil.

Laboratory testing of a proposed asphalt-carrier-additive mix for a particular
soil and service conditions is the surest method of obtaining the required information

to predict the results of asphalt soil stabilization.



EXPERIMENTAL DESIGN AND PROCEDURES

Three loess samples were used in the experimental work. The samples.
were from the following 1ocations; (1) NE 1/4, Sec. 27, T 35, R 34W Rawlins
County, Kansas; (2) NE 1/4, Sec. 5, T 35, R 4W Republic County, Kansas; (3)
Sec. 12, T 115, R 23E, Wyandotte.Coupty, Kansas. The samples from Rawlins
~and Republic Counties were obtained from mineral filler pits operated by the
Kansas Highway Commiss:ion. Thé Wyandotte County sample was 6btainéd ffom
a cut on I-70 near the west edge of Kansas City.

The experimental work consisted of three test seriés on each Lbess;

The test seriés included specific gravity, Atterberg limité, gradatién, Proctor
density, permeability, triaxial shear; X-ray diffraction, and Infrared sbectro— i
meter. One test series was run on each raw 1oess, one test series was run on
each loess 24 hours after it had been treated with a CRS1-H emulsified asphalt

so that three percent by weight asphaltic cement remained in the sample, an& the
third test series was run 60 days after treatrﬂenf of the loess with the asphalf.
The test series run 24 h.ours Vafter treatfnent of the sample did not include specifié
gravity. The gradation run 24 hours and 60 days after treatment was a modified

. gradation which is described in Appendix B.

An analysis of the emuls_iﬁed asphalt used can be found in Table 2. The
asphalt was provided by Phillips Petroleum Company, who also provided the

analysis. -
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TABLE 2

PROPERTIES OF CRS1-H ASPHALT

35

API Gravity, 60°F
Specific Gravity @ 60°F/60°F
Specific Gravity @ 7T7°F/77°F
Saybolt Furol Viscosity @ 122°F, Sec.
Residue by Dist., Wt. %
Tests on Residue from bistillat‘ion:
Penetration of Residue, 100 gm. 5 Seé.
lDu‘ctiliil:y of Residue, .5 cm/min, @ 77OF
CC1y Solubility on Residue, Wt. %
‘Sieve Test, Wt.%
Particle Charge
5 DajflSettl-ement

Cement Mixing Test

8.1

1. 0136

1. 0098
23.1

67. 6

93
145+ |
99.5
. ﬁ37
Posgitive

<8
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Prior to beginning experimental work, it was necess.ary to build a usai)le
triaxial shear machine and to calibrate the equipment. Details of the triaxial
shear machine are contained in Appendix B. The permeameter, which had been
built previously by the author, was used. Details and operational procedur_e for
it are contained in Appendix B.

Mixing of the soil and asphalt was accomplished by use of a cement mixer.
The asphalt and enough additional water to bring the water content to approximately
optimum plus lﬁ percent for the raw soil was slowly added to the soil in the mixer.
The mixer was then operated for an additional five minutes to insure maximum
uniformity in the mix. The. water content used for mixing was determined by
several attempts to mix the soil and asphalt under various conditions, during
which the mixing §f the soil and asphalt and the final mixed product were closely
observed. The method used showed the least tendency to form superaggregates
cemented by the asphalt.

The samples were mixed using 4, 0 kg. of minus 20 loess which had been
cleaned of all visible foreign mattér .such as mollusk éhells. To the soil were
added: 178. 0 grams of the emulsified asphalt, which contained 120. 0 grams of
asphaltic cement. Approximatély 900 grams of water were also mixed with the
specimen to facilitate mlxmg The resultant mixture contains three percent as-
phaltic cement by weight. |

| The samples to be tested in 24 hours were cured and then oven dried to

allow exact moisture content controls for individual test specimens. The sample -
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to be tested in 60 days were placed in metal sample pans, covered, and periodically
resaturated by adding water. They were then oven dried to insure moisture content
control on individual specimens.

The individual specimens for triaxial shear and permeability were molded
at 95 percent maximum dry density and 105% of optimum water content, based on
the Proctor density determined for that particular sample. This requires that.
two batches of soil-asphalt mix be prepared for each loess-asphalt-curing period
combination. Care was taken to insure that each batchlwas subjected to identical
conditions,

Individuai test specimens were mixed in single specimen mixes by hand.

Thé water was slowly added as the mixture was stirred. The amount of time to
mix a specimen varied somewhat but would average about 15 minutes. The speci-
menj was molded and pléced in the appropriate test chamber and tested. The test
data was recorded and the results computed. The computer programs in Appendix
C were used to expedite the calculations.

Specimens for the mineralogical testing were prepared frém the prepared
samples. The KBr pellet technique, using a minipress, was employed for the
Infra-red Spectrometer analysis. The back-filling technique was used to prepare
the random ﬁowder samples and the slurry technique was used to prepare the

oriented slides for the X-ray diffraction testing.
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TABLE 3
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ENGINEERING PROPERTIES OF RAWLINS COUNTY LOESS

" ID NO 2

Raw 24 Hr Cured 60 Da Cured
Specific Gravity 2.59 N.D. 2.57
Plastic Limit 23.9 23.9 24,4
Liquid Limit 30.9 31.4 28.4
.Permeability cm/sec 2.36x10™7 9.61x108 3.39x10°7
# degrees 32.5 23.6 23.0
¢ psi 2.0 4.0 3.5
Proctor D_ens;ty
Dry Density 109.8 105.86 101.7
Water Content 15.0 17.0 18.1




Dry Density 1lbs. /cu. ft.

Rawlins County Loess : : Raw Loess
Proctor Density x 24 hr. cured
0 60 day cured

| N I I DR ST L
11 12 13 14 15 16 17 18 19 20 21 22

Water Content %

FIGURE 6

MOISTURE-DENSITY CURVES
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TABLE 4
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ENGINEERING PROPERTIES OF REPUBLIC COUNTY LOESS

ID NO 3 Raw 24 Hr Cured 60 Da Cured
Specific Gravity 2.67 N.D. 2.64
Plastic Limit Not Determinable
Liquid Limit Not Determinable
Permeability cm/sec 1 754x10-5  8,50x107° 1.856x1070
[ dégrees 35.0 31.5 33.5
Cc psi 1.5 2.5 1.5
Proctor Densi_ty
| Dry Density 103.6 104.2 101.3
Water Content 16.5 13.5 14.9
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FIGURE 11

MOISTURE-DENSITY CURVES
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TABLE 5

ENGINEERING PROPERTIES OF WYANDOTTE COUNTY LOESS

ID NO 5 Raw 24 Hr Cured 60 Da Cured
Specific Gravity - 2.63 N. D. 2,62
Plastic Limit 18.9 18.8 20.6
Liquid Limit 24,17 24,2 47,9
Permeability 9.23x10™7 2. 07x10~6 1.82x10"7
# degrees 19.4 20.8 14.0
c psi 0.5 4.5 4.5
Proctor Density
Dry Density 110.0 108.2 107.5
Water Content 15.0 14.4 14.1

51
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Wyandotte County Loess : : Raw Loess
Proctor Density X 24 hr. cured mix
0 60 day cured mix
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FIGURE 16

MOISTURE-DENSITY CURVES
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DISCUSSION OF RESULTS

The results discussed in this section are presented in the preceding section.
Each loess will be discussed separé.tely and then some characteristics that are com-
mon to all three specimens will be briefly discussed.

The behavior of the Rawlins County loess changed with the addition of the
asphalt. During the first 24 hours, and after 60 déys, significant changes take
Pplace in the engineering properties. The .init_ial changes that take place tend to
make the loess more cohesive, the angle of_ internal friction is reduced, increases
are shown in the Plastic Index and the optimum water content, and the perxﬁeability
and maximum. dry density are significantly reduced. Thus, this soil acquires some
of the behavior characterist_icé of a clayey soil.

After 65 days the loess undergoes a reversion to behavior more character-
istic of a granular material. The reduction of the plastic index, cohesion and maxi-
mum dry de'néitj with the increase in permeability indicate that the aggregation
shown by the gradation analysis is sufficiently strong so as to cause the material
to behave as a more gr-aﬁular material. The change is appa_rentiy related to the |
curing of the asphalt. "I‘he increased hardness of the aggfegation caused by the
asphalt is apparently caused bjr the decrease in ductility of the asphalt as it cures.
The reduction in speciﬁ(j gravity is the effect of the mixture of ‘soil and asphait and
is entirely expecta.blé. | |

The Republic County loess was initially fairly sandy. At no time did it act
as anything except a fine grained granular material. The loess was too saﬁdy at

87
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all times to make determination of liquid and plastic limits possible. The loess
showed a more cohesive behavior at 24 hours as indicated by an increase in the
cohesion and decrease in the angle of internal friction. The more cohesive be-
havior was largely lost at the end of 60 days when the cohesion had fallen to its
original value and the angle of internal friction had regained in excess of 50 percent
of the initial loss. The moisture-density relationships show no particular pattern.
After 24 hours the dry density was slightly increased with a reduction in water
content. After 60 days the water content again increased while the dry density
decreased. The reduction in the coefficient of permeability at both 24 hours and
60 days tends to indicate that asphalt-loess mixture formed a less dense, less |
porous mass than did the raw loess.

The Wyandotte County loess initially behaved as a slightly cohesive fine
granular material with low plasticity characteristics. The plasticity character-
istics remained essentially constant after the addition of the asphalt.. The.most
significant change was in the angle of internal friction which showed a slight in-
crease at 24 hours and a drastic reduction in 60 days. The cohesion was drastically
increased and remained constant to the end of the testing, 60 days after nux.mg
The behavior of the Wyandotte County loess at 60 days is very similar to that of a
fine grained cohesivelsoil_. The moisture-density relationships did not follow this
pattern. The maximum dry density decreased as did the optimum water content. N
The overall behavior is definitely unique to the loess-asphalt mixture. |

Each of the loess showed a reduction in specific gravity, in the angle of

internal friction, and in the maximum dry density. Each loess also showed a ten-
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dency to aggregate into larger aggregates of significant durability. Each loess |
showed that its engineering properties were modified by thé addition of the asp.halt.l
Each loess showed a tendenéy to be less friable and slightly more difficult to work
with after mixing with asphalt.

The three loess samples had characteristics that were unique to each sample.
Due to these characteristics it was possible to rapidly identify each sample. These
charal_cteristics were maintained throughout the test. Color, feel, and general appear-
‘ance remained ba_sica,lly constant., The loess showed individual behavior in their
plasticity characteristics andl in the permeability and optimﬁm water content. The
pattern and amount of change in the cohesion was also different in each loess.

The résults from the X-ray Diffraction and Infra-red Spectrometer were
inconclusive and yielded no information on the behavior of a loess-asphalt mixture

nor on the mechanisms by which the asphalt affects the properties of the loess.



CONCLUSIONS

The results of this study yield three main conclusions. First, three
percent emulsified asphalt will alter the engineering properties of loessial soils.
Second, the modification' of the engineering properties. is dependent on the physical
characteristics of the original loess. Third, laboratory testing is necessary to
determine if low concentrations of emulsified asphalt will produce. the desired mod-

_ 'iﬁcati_ons in the engineeriﬁg properties,

Three percent emulsified asphalt will alter the engineerihg properties of
loessial soils. The alteration in the engineering properties is time dependent.

The asphalt c;fmsed the loess to form larger aggregates and in the fine grained loesses
to increase cohesiqn,apd to reduce the P. 1. The angle of internal frictio’r_z is reduced,
but the overall effect of the asphalt on the fine grained loesses is to produce a small
increase in the strength and stability of the soil. Sandy loess is soméwhat weakened
by the addifion- of three percent emulsified asphalt, but the permeability is significanfly
reduced.

The modification in the engineering properties is dependent on the physical
characteristics of the original loess. Loessial soils that have a P, 1., in the i‘aw
state, such that the P. 1. x Percent-Passing No. 200 Sieve is approximately 60
respond favorably to emulsified asphalt stabilization. Loess that is complé_tely
non plastic does ﬁot respond favorably to loyv concentration emulsified asphalt
stabilization. Both P. I. and gfad:ition affect the success of emulsified asphalt
stabilization of loess. | |

60
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Laboratory testing is necessary to determine if low concentrations of emul-
sified asphalt will produce the desired modifications in the engineering properties
of loess. Loess varies in many of its engineering properties with respect to geo-
graphical location. This study has shown that loesses from different geographical
locations respond differently to low concentrations of emulsified asphalt. It is
therefore necessary to test the asphalt stabilized loess in the laboratory to assure

acceptable performance in the field.



AREAS FOR FURTHER RESEARCH

‘Two areas of further research appear to be of significant interest. The
first area is to study and catalogue the relationship of mineralogy to the effective-
ness of soil stabilizing agents. If def’ini.te relationships between mineralogy and
the effectiveness of soil stabilizing agents were found, it would provide a valuable
guide to engineers faced with a soil stabilization problem, The second area is an
investigation of the effects of various additives used with asphalt to determine the
effect of the additive on tl;e mineralogical properties of the soil mass, with respect

to the changes caused by asphalt alone.

2
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. The testing required to determine the engineering properties of the raw loess
and loess-asphalt mixtures were conducted according to the following ASTM Standards
or to the procedures explained in this Appendix. The ASTM Standards used are as
follows: Specific Gravity D854-58; Gradation D421-58 and D422-63; Liquid Limit
D422-66; Plastic Limit 424-59; and Moisture Density D698-667. The procedure for
the Modified Gradation is explained on page 83 of this Appe-ndix. The procedure and
description of equipment for the Permeability Test begins on page 88 and for the
Triaxial Cémpression, page 99. The data for the Proctor Density are on the fol-
lowing three pages.

For use with the computer it was necessary to be able to numerically idehtify
specimens. For this usea threé digit code was employed. The first digit identifies
the loess being tested: 2 is Rawlins County, 3 is Repﬁblic County, and 5 is Wyandotte
County. The secénd digit ideﬁtiﬁes the specimen as raw loess, 0; 24 hour cured
mixture, 2; or 60 day cured mixture, 6. The third digit identifies the test. Five (5) |

is permeability and 6 is triaxial compression.
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RAWLINS COUNTY LOESS

Raw Loess
Det. No 1 2 3 4 5 6
Weight 100. 4 104.0 108.4 109.5 104.0 99.3
Moisture
Content 10.7 12.0 13.2 15.4 18.0 19.9
24 Hour Cured
Det. No 1 ' 2 3 | 4 5 6
Weight 102.5 105.0 105. 2 103.1 - 100.5
Moisture | |
Content 14.6 16.1 17.5 19.0 19.8
60 Day Cured
Det. No .1 2 3 4 5 6
Weight 98. 8 101.0 101.7 10i. 1 . 98.3
Moisture

Content 15.2 16.5 18. 2 19.2 20.8



Det. No
Weight

Moisture
Content

Det. No
Weight

Moisture
Content

Det. No

Weight

Moisture
Content

REPUBLIC COUNTY LOESS

Raw Loess
1 2 3 4
103.5 104.0 103.9 103, 2
11.4 12.8 14.3 15.3

24 Hour Cured

1 -2 3 4
100.5 102.0 103.0 103.5

12.3 14. 0 15.3 17.4

60 Day Cured

1 2 3 4
98.0 100.8 101. 2 99,4
10. 4 13. 2 14.9 17.5

101.0

17.6

102.5

18.8

97.3

19.4
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Det. No
Weight

Moisture
Content

Det. No
Weight

Moi sture
Content

Det. No
Weight

Moisture
Content

WYANDOTTE COUNTY LOESS -

Raw Loess

1 .2 3
102.2 - 105. 4 109.5
7.5 10.2 18:7

24 Hour Cured

1 2 3
104. 0 107.3 108.1
11.8 13.1 14.1

60 Day Cured

1 2 3
103.3 105.3 107.5
12.0 12.9 14.1

109.5

16.2

108.0

15.0

105.9

15.5

104, 3

18.7

107.0

16.0

104,20

16.1

67

99.4

22,4

104.5

16.8

102. 2
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Modified Gradation

The Modified Gradation Test is designed to show the increase in aggregate
' _dime‘nsions accomplished by treatment with asphalt. It is a simplliﬁed gradation
test patterned after similar ASTM Standard Tests.

A 100 gm. sé,mple of loose treated soil will be crushed to basic aggregates
by use of a ceramic mortar and a rubber tipped pestel. The sample will -be hand
sieved on the U. S. Standard #40 and #100 sieves until all material that will has
passed the '#40_- sievé. The percentage retained on the #40 and #100 sieves will be
recorded. Modified Gradation Report- Forms are used to report the data. The

data collécted- are repofted on the following three pages.
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Modified Gradation
Sample: Rawlins County 24 hr. cured Date: 23/2/1971
Wt. of sample 100 gms. Sieve No. Wt. Retained Cumuiative % Retained
40 21.2 21.2
100 44.9 66. 1
‘Pam 33.9 100. 0
Sample: Rawlins County 60-day cured | Date 23/4/1971
Wt. of sample 100 gms. Sieve No. Wt. Retained Cumul-ativé % Ret.ained
40 18.1 18.1
100 15.2 | 33.3

Pam . 66.7 100.0



%0

Modified Gradation
Sample: Republic County 24 hr. cured Date:
Wt. of Sample 100 gms. Sieve No. Wt. Retained Cumulative % Retained
40 30.5 30.5
100 33.7 64. 2
Pam -35.8 100.0
Sample: Republic County 60 day cured - Date: 24/4/1971 |
Wt. of Sample 100 gms. Sieve No. Wt. Retained Cumulat-;ivé % Reta.in‘ed‘
| 40 39.95 39. 95
100 14.90 | 54.85

Pam 45.15 - 100. 00
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Modified Gradation
Sample: Wyandotte County 24 hr. cured Date:
Wt. of Sampleﬁ 100. 0 gms. Sieve No. Wt. Retained Cumulative % Retained
| 40 62,3 62.3
100 8.6 70.9
Pam 29.1 100.0
Sample: Wyandotte County 60 day cured : Date:
Wt. of sample: 100.0 gms Sieve No. Wt. .Retained Cumulative % Retained
40 36.1 36.1
100 10. 2 46.3

Pam 63.7 160.0
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PERMEABILITY TEST

SOIL SAMPLE 205 TESTED BY: JDC
PERMEAMETER DIAMETER 7.500 Cm. AREA 44.17864 Cm?2
STANDPIPE DIAMETER . 500 Cm. AREA .19634 Cm?
HO =190. 00 Cm. H1 =180.00 DATE: 1-5-T1
DET. SAMPLE TEMP TIME uT
NUM LENGTH DEG C T1 T2

1 2.b4 26. 00 1 20,60 11 22, 60 8.75

2 2.54 26. 00 1118.70 1118.70 8.75

3 2.54 26.00 1118. 00 120,70 8.75
AVERAGE PERMEABILITY AT 200C . 0000002360543673723997169

ot st e s ok sk sk ok ook ok ok sk sk ok ok ok sk sk ok sk ok sk ke skt sk st sk skt 3 sk ok sk ok ok sk s st ok ok ok s st sk ok 3k ok sk sk sk s ok sk ok ok sk dkeok 3 Kok ok 3k oK ok ok

SOIL SAMPLE 225 ' TESTED BY: JDC
PERMEAMETER DIAMETER 7.500 Cm. | AREA 44,17864 Cm?2
STANDPIPE DIAMETER ‘ . 600 Cm, AREA . 28274 Cm?
HO =191. Ob Cm. 7 H1 =180. 00 - DATE:_. 2-24-71"
DET. SAMPLE TEMP TIME | UT
NUM LENGTH DEG C Tl T2

1 2.54 21.80 5010. 00 -~ 5010. 00 | 9.65
AVERAGE PERMEABILITY AT 20°C .0000000961245232073985581

s sk ok ok ok sk ke sk o o ok sk o ok K oK ok 3 ok sk o ok oK 3 ok ok 3 ok ok o ok ok o ook ok ok oK ok ok o o ok ook ko sk ok ok ok R ok ok ok sk sk o ook ok ok sk ok ok ok ok

SOIL SAMPLE 265 TESTED BY: JDC
PERMEAMETER DIAMETER 7.500 Cm. AREA 44.17864 Cm?2
' STANDPIPE DIAMETER .600 Cm. | AREA  .28274 Cm2

HO =190. 00 Cm. ' H1 =180. 00 - DATE: 4-24-T1
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DET. SAMPLE
NUM LENGTH
1 2.54
2 2.54

AVERAGE PERMEABILITY AT 20°C

TEMP TIME
DEG C T1

22.50 1245, 00
22.50 1245. 00

74

UT
T2
1170. 00 9.45
187,20 9.45

. 0000003392696844172316085

s ko ks ok sk o ook o ofe ok o o ok o ok ok ok sk ok ok ok ok sk ok o ok o o o ok o o o o ok o ok ok sk ook ok ok ok ok ok ok o sk ok sk ook o o ok ok o o ok ok sk

SOIL SAMPLE 305

PERMEAMETER DIAMETER

STANDPIPE DIAMETER

HO =190. 00 Cm.

DET. SAMPLE
NUM . LENGTH
1 2,54
2 2.54
3 2, 54

AVERAGE PERMEABILITY AT 20°C

7.500 Cmi.
« 500 Cm.

H1 = 180. 00
TEMP
DEG C T1
26.30 14.90
26.30 15.00
26.30 14..80

TIME

TESTED BY: JDC:

AREA 44.17864 Cm?2
AREA . .19634 Cm?
DATE: 1-5+71
uT
T2

15.00  8.69
15.00 8.69
15.10 8.69

.0000175417129512873827355 -

e skok ok ok ok o ok ok o ook R S KK S ok sk ROk skt ok ok o sk ook ok ok sk ok stk kool sk ok sk ok ok ook st sk ok sk skl s ok kok ok ok ok

SOIL SAMPLE - 325

PERMEAMETER DIAMETER  7.500Cm.

STANDPIPE DIAMETER

HO =190. 00 Cm.

DET. SAMPLE
NUM LENGTH
1 2.54
2 2.54
2.54

AVERAGE PERMEABILITY AT 20°C

.600 Cm.

H1 = 180. 00 Cm.

TEMP
DEG C T1

21. 80 47.70
21.80 49.30
21. 80 48.80

TIME

TESTED BY: JDC

AREA 44.17864 Cm?

AREA  .28274 Cm?
DATE: 2-6-T1

UT
T2
50. 80 9,65
49.70 9.65

.0000085080465263017404685

s 3k e ok 3k 3k ok ok oK o 3k ok ok ke ok o K ok ook ok oF o ok ook sk ok sk sk ok ok st koo ok o St ok o i sk ke S R R L ok ok oK K ok sk ok sk KR Ok o
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SOIL SAMPLE 365 TESTED BY: JDC
PERMEAMETER DIAMETER 7.500 Cm. AREA 44.17864 Cm?
STANDPIPE DIAMETER .600 Cm. ' AREA  .28274 Cm?
HO =190. 00 Cm. H1 =180.00 Cm. DATE: 4-25-T1
DET. SAMPLE TEMP TIME UT
NUM LENGTH DEG C Ty 73

1 | 2,54 22, 50 220. 60 220, 60 9.45

2 2.54 22.50 222.40 222.40 9.45
AVERAGE PERMEABILITY AT 20°C .0000018561111263435860550

sk ok ok ok ok ok ok ok ok sk ok ok ok ok sk sk sk sk ok sk sk sk ok sk skook sk sk sk sk ok ok sk ok ok sk 3k sk sk ok K ok sk sk ok ok ok Sk ok ok sk sk sk ok 3k ok ok 3k sk ok ok skok ok sk ok ok ok k sk ok ok

SOIL SAMPLE 505 TESTED BY: JDC
PERMEAMETER DIAMETER 7.500 Cm. AREA 44.17864 Cm?2
STANDPIPE DIAMETER .500 Cm. AREA  .19634 Cm?2
HO =190. 00 Cm. H1 = 180. 00 Cm. ' DATE: 1-5-71
DET. SAMPLE TEMP TIME | UT
NUM LENGTH DEG C Ti T2

1 2,54 23.60 303.00 303.40 9,25

2 2.54 23.60 302.00 © 303.80 9,25

3 2.54 23. 60 301.50 301.60 9.25
AVERAGE PERMEABILITY AT 20°C .0000009236836502418360989

sk sk ok ok o ok ok ok ok ok ok o sk sk ok ok ok sk ook sk sk ok ok ok ok ok ok sk ok sk K sk ok Sk ok sk sk sk sk sk sk ok sk ok sk 3k oKk 3k ok 3 ok sk koK Sk sk sk sk sk sk o ok sk k ok sk K

SOIL SAMPLE 525 . TESTED BY: JDC
PERMEAMETER DIAMETER  7.500 Cm. AREA 44.17864 Cm?2

STANDPIPE DIAMETER . 600 Cm. _ AREA . 28274 Cm?

HO =190.00 Cm. - H1= 180, 00 Cmi. " DATE: 2-27-T71
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DET. SAMPLE = TEMP TIME UT
NUM LENGTH DEG C T1 T2 .
1 2.54 26. 00 125. 00 175.00 7.06
2 2. 54 -~ 26.00 141. 00 143.00 7.06
3 2.54 26. 00 147. 00 143. 00 7. 06
4 2,54 26. 00 155. 00 155. 00 7.06
AVERAGE PERMEABILITY AT 20°C .000002077611970027341 2176

sk ok s ok ok o sk o s o ok ok ok ok o ok sk ok e ke o sk st sk ok sk sk ok ok ok o ok ok e sk ke sk sk sk ok ok s sk sk ok ok ok ok sk sk sk Sk ke st sk ok ke sk s sk kb o ok sk sk ok sk sk ok ok ok

SOIL SAMPLE 565 TESTED BY: JDC

PERMEAMETER DIAMETER  7.500 Cm. © AREA 44.17864 Cm?
STANDPIPE DIAMETER 600 Cm.. ~ AREA  .28274 Cm?
HO =190. 00 Cm. HI = 180. 00 . DATE: 4-26-T71
DET. | SAMPLE TEMP , ~ TIME UT
NUM  LENGTH  DEGC T1 T2

1 254  23.20 2231, 00 2231, 00 9. 34
AVERAGE PERMEABILITY AT 20°C  .0000001967570588283433207

3k sk sk sk sk o ok ok ok sk ok ok sk sk sk st ok sk ok e st sk sk sk ok ok sk sk ok ok s ok s ok e sk sk ok sk ok s sk sk ol ofe e stk o s sk sk e ok e sk sk e e stk s ke ke sk ok ok
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IBM 1620 PROGRAMSV FOR DEVELOPMENT OF TEST DATA



THIS BOOK
CONTAINS
NUMEROUS PAGES
WITH COPY LINES
RUNNING
THROUGH THEM.

THIS IS AS
RECEIVED FROM
CUSTOMER.



182

/721
{
{ .-A®
 6d4¢  YIHYHOEXG* *WD

64 VIHYHIE XSS *W)

(/ =1HO9I3M N3W

3aYY9I1LIN3D *93

IUNLVYIIWIL ANY 1V ALTTISY3IWNId 4C INIIDII43CD InL SI d

...... ——— -

ONILSIL 45 3IWTL |
IH 1 THX

THXO0H L1¥0S 3H
1S3

e irvaE - h e e o : S PSR

1831 3ML 42 1dY1S 3HL LV QV3IH UILVYM IVILINI 3ML SI OH

1dv1lS QT3 HTLINCW

HGeE®*94¢ * YIALIWYIAHCTEXG¢  AdTJANYLISHTIT ) LYWAZ Y L

(YI1421Z¢2°942¢C€1EI LYW TT
T > 93¢ H1ION3T  WNNHBE)LYWESY 0T
IWIL dWil 30dnv *LI0HBE) IVWYCY 6
QTLSTLHOESXOZeHI4—HT#Z14-HT 21  FLVAHI)LVWHSS 8
(//72°WD HI9*G*]

A/ 2% WD HFGT

Im.w.a_. LAWY TIAHOTOXG* HILIWY IWY IdHT T LYWHT 4

o
(*SWOMRE 2L 4¢NIWIITFdS *1M TIVLICLIHBI¢XZL)LVANCIH §
(2SHWOHR ¢ 2L IXE6EHTLVYM *LIMHESXZE I LVWED ST %
(*SWOHB S 2O L4XF* IS AMA *LIMHIT*XZE)LVWYC Y &
I23dS TICSHIZAXNT*EL4XH*=3TdWVYS TICSHZT)LVWYCH ¢
/71531 ALINIQVIWYIGHLT*XZZ)ILVANSS T

Q 92 Ly ALITIEOVIWYID 4C INIID1443CD 3JIHL ST ndd

t

IV14WYS 3JHL 4C HION3IT 3JHL ST S

HILYM 42 SITLISCIOSIA 3IAT11D3dSIY I¥VY LN ONV 02N

_ JAVHOTINTD SIFUDIA NI 3I¥y SIHNLYUI4WIL Iy

V NIWIDIAS 1S31 IHL 45 JYNLVHIAWIL IHL ST dwIt

OH L¥DS Wo¥4 GVIH FHL 32NA34 CL IWIL 34l ST 21

AdICONYLS 3IHL 42 w3IYVY 3IHL SI SV

_ HI13IWv3Iwn3d IHL 42 v3Idv 3FHL SI1 dv

L Ol OH WCM4 OVAIM 3HL 3DNC3¥ CL1 3wWlL 3HL S1 T

L 3HL 48 ONI 3HL iv OV3IH ¥3LvM IYNTd 3HL ST TH

¥313IWYIQ 3AdI4ANYLS 3IHL S1 Sg

HILIWYIC HILIWYIWY3IA 3IHL S1 da

dYIA ONY SHINCW “AY¥Q 3IHL 3I¥VY ATl ONY $W14Q1

SAINT4 Q3NIVINZD 4C L1HOI3IM 3HL SI MM

1SS A¥Q 4C LHOI3M 3HL ST aM

quax<m 31VYH343S 42 ¥3GWNN 3HL ST WNN

S$13S vivag 42 ¥38WNN 3HL ST 1

¥3IGWNN NSTLYDI4IIN3IQT N2WID3dS TISS 3HL ST NQI
ALITIBV3IWY3d 4C IN3IDIJ43CD 3UANWSD CTL Wv¥9Zdd D
, OT9ZNANV 4»
X¥C422
82r 7L
ZOTO00ETT9E96116204206%20L002€0009€10L002€000%¢E

VULvuuuuuuvuuuuuUuLvuwuOuouuuuuuuuy



133

e e

Ca sa e e s ms s cem———

——r mem—— e WEE a

.../ 7 ¥C
{LN3

HOE xxnxs

(77

(02ZN/(LN*(C)d))=(r)02d
o 60°01=02N

(6187H62HEH 0%l TH/OHIOZS T % (( (ZL+TL)%dV )/ (ISxSV)I%E*2)=()d

PP I : -

ISLNSdW3L42L¢TL¢ETQVIY
1¢1¢1=r61CqQ

. O=N

(06)02d4*(NG)d NTSISNIWIQ
NTHINNG
© 6HDNNJ
1ZHONNd
ALSWISQI48HONNG
TH*OH* ZZHONNJ
SY*¢SQ*LHINNJ
dv*dQ*9HINNG
S SRLISGHDINN
MM yHMDONNG
QR®* L HONTY
NQl¢ZHDONNd

- THONNd
MM+QM=SM L
(*%/7(Z»xSA) ) %L2661HT1*E=5Yy
(*%/(2%x¥dQ) ) #L26GTIHT1*E=4dY
TH*OH* S04 da*Z21QaV3Y
ATSWISQI*MMEOMeWNNS TENGT*TLIOY3Y
: JANTLINSD

¥¥3  C*WOAN  02d 45 SINTIVA WM IUdWYS 30 CHNANHOG) LYWNYNZ 4

J2¥3d *134Q

(/7/7°WD Hpe 2oL 48

ALITNIOYIWYId FOVUIAY - "WYSHOG) LVWYECS A

(9°64XE*EIXLE ) LVHYCTY
(GZ°824XE*E])LVWYC A

THHGSXO0T* WD Hu¢2°*4¢ = QHHSG) IVWHSA
(//%22namenprerrennrrnnrtennernnnl

HRRABRERERARRERE RN R Z R R R AN N R e nnnnnnnxnHOG// ) IVWET S

162°823XE4G2824XE4e]) LvWNCS

202 LV J3S/WOHETSXRBT¢dWIL 1V DIS/WIHN TS XIS *WNANKY) LYWIC 5

{ALIT19vY3Wy3d

*13QHTH ) LVWYC S

(2°L3XG*Z°93dX242°QdXE4 I LIXECZ*I4IXE E])IVIWYTS
(2oL AXE*Z°LIXG T GdXE I LANXESZ L) IVHUCST

(2°6d442°GdX7*£°94Xn*E*°9d)LVAYETS

81
B¢
Le
5¢
9L
ez

1Z
Lt
ot
6l
b §
‘el

<1



134

S37dwWvS

_ aN3

g1 C1 29

jsnvd

C12HINNA

nZJVONaa NI¢GZHONNG

9 ocﬁt,,>_cNa<\ﬂ_zwomaqnﬂzgwoma_y;ﬁz__;mao
CICNH(T=W) 2ON=NT

T*UN*T=]CNEZCA

(W)NZdVeWe »ZHINN

4Y/{W)D2dl=(W)N2dVY

(V1) 02d+{W)02dLl=(nW)0Zd1

J+{T-W)xON=VT

TsaON*T=12¢243

0o0*"0=(WINZdl

T*WNN* [2WNE22Q

gZHONNJ

LZHDONMd

T-ON=IN

*l+4y=4Y

T4ON* 1=2NTECQ

UDH&Q

2e46296211~CN) 4!

WNN/ I =0N

92462867 (WANY 4L

.snwomac,aoamomaq.nomwamah NSISNIWLQ

HIOIINT KNY 30 1SNW WNN/T

_ SINAIVA 024 IHE NI ¥ZHY3 INIDH3I4 IHL 5N n2da
3dWYS 3L HCZ SINIVA QZd3HL 42 3OVI3AY JHL ST 0ddV
JVdWYS 3HL T4 GINTVA 02d 4C WNS 3HL ST 0ldl
4<Dou>moz~ NI d3¥¥3 »zmumua 31NdWCO ci 3SVHd WVY¥OTud

TCHONNG

INNILINCD
C(X)02d* (X d* N LTHONN
T¢1¢1=%0220

9THONNJ

STHONNJ

TZHONNd

JNNTLINSD
.w:.m».Hh.azm».am.z.¢ﬁxuz3a
T+N=N

62

£

0t

Ie
(4

92

0¢

61

vouuwue



135

(*A1Q/*SAT HOT*G L4X2°UT1IDOY4 NO Hp<mnmJ<u JJMU O£~o<<41ﬂmgqum(¢

L e o e i 3

0 mm e e e b e s i e == H G / £ ) LY WHO
N ‘ (Z°LAXE$ 2 LAXESG* L4 LVAYSS
APNIHE$Z*LAXESHLIONTT TVILINIHRT XSG ) Lyl
(*NIHE¢Z*L4XE4HILINVIA IVILINTHOL ¢XE) LYWETS

(A8 Q3ILSILHE¢XGZESNCISNIWIA NIWIDIJSHET/ ) LYWNTS

(*AI1Q/°S87 HOT¢G*L4X2°UCLOYA NOTLIVHBITVY ONIN ONIACUHIE) LVWHC S

{7/ %Il
‘;iiil!:iimdxﬂ.mm.lIa.Nﬂm

 3LYAHOEX0Z4E TS NOTLIVIIATINIOLD NIWIDAASHGZ ) LYWNS S
(/77 S1INSIY 1SL NOISSIHAWSD AVIXVINIMEES XEZ) LYWNT A

$G163) IVIXVIYL MO4 SILlvd € wwoIsS/T-

YWOIS m:h ozq mpmmp YYIHS 1D3MI0Q UCH SILYY IYWISN/¥VIHS 3HL ST Sa
*SSINLS IVWHMCN ¥VIHS 1D3¥IA 3HL SIS

UVIXY-E)SSIYLS IYOILIND IHL - US (HVYIHS LDANIQISSHULS ¥VIHS Jul ST |
C*3UNISSIUD YIHWVHD FINI2S8Y THL ST HD
*T VWOIS SI TS
~ '*5S3IYIS UIADNGNI AveT IVIXY IHL ST dv
*1S71 3HL NI 3WIL ANV LV v3d8V 3HL S1 ¥
C*HYIHS 1D3M!I0 ¥C4 INVEISNSD ¢ YAY¥y IVILIND 3ML 51 v
*AYCT TYWHSN JHL MC FHNSSTIUL MIGWYHD IHL ST CHD
*ONIQYIY 3IOVO NIVHLIS 3HL ST 9S

*HION3T IYILIND 3Hl ST 74
*U3L13WVIU IYILIND 3HL ST 10

~ *H¥CLOV4 NCILVHATITYD ONIY ONIACHd 3HL SI4D¥d
*SANCDIS ANV SIUINNIW NI a35dv713 3WIl 3H1- 3¥v LT ONy LI
L. *MV3IA ONY SHINCW “AVG 3HL 3¥Y AI*WIeQl

L . ~ *NCISSIUSWED dINT4NCONN S1 € *YvaHS
12319 s1 2 .J<Hx<~mm S1 T *AIOWAN NCILVDI4ILIN3QL 1S31 3IHL ST NIT
*A3WYHOCHd L3A ICN SI NCISSIUJIWTSD JINIINTONN

*2¥3Z CTL WANDI ST 3ANSS
.wzuzﬁuwum QANIVHG C1 A3LIWIT SI NCIS3II™WED TviXviyl

_.Jud_3dCd_*31

:;.t;;i..@d_a<um WA ONIACHd 3HL S1 Ud

6

O O~ @

c.
1

R
|

*SINICSd vIVQ 42 Y¥3IAWAN 3IHL ST dUN

+

b

o2 VAR "WYHOSHd MYIHS § DINVHIAW TICS 03ZIWHINID

D

(¥

CHVIVHCEVEVEVE VA UEVEVEVEVEVECE VRV AV GIVEVEUR &)

XdT4ZZ

C1¥VLS QICD> ¥CLINS z o NoﬁcomﬁH@mooﬁﬁmmo¢mooamoﬁocmmoooomﬁohocmmcoo¢w

f

I
i
1
i
i
1

l
!
E

A



136

GTHINNJ

#THDONNd

Lol cl1 &o-

£ THONNd

ZTHONNd
_E0T*SOT*GOT(Z-NLI}JI

OGS SRR SR S e —— e i m e i e = e

W e st + - AT 8 At b1 s et = -

CtlIs6THONNG
FIR—— S gHONNJ
3 : _ _ T1G¢ 9HONNG
m , 1Q¢ gHONNd
H#HONNd
o 3SNnvyd
%01 L C9
A2ud4¢eHONNd
>_.z_.c_.zg“.mxuzaa
OTHINNG
401 SL $9
_ 42¥d ¢ 6HINAd
ATCWI¢QISNQI*ZHONNG
ﬁ:uzna
E0T4201¢ Hoﬂﬁm N1T)dL]
_ TG IAC IDMdLaYIY
LOCLTONLICATOWNTI¢OIYJONSNQITTOYIY
L o A721s-HT021¢  AWTL J3SdVIANYT) LVWNTY
Am.hmxm.m LAXESZ huxm.m LAXE 7L AXE 2 G IXEC £ LAXESES L 4) VIS 4
lce hmxw. *l4XT%2°94)IVWYSS
_ {2=9dX2*2g

*CAXZ82Z L AXTZLANZEZ L 4X2 2% mxm.m hmxﬁ. *OIXZ42*BAXISZ°94) LVYWICH 9T
. 4 IVYWHESN 5S3YLS dve
uqmoNMqummwm»mg?;a!mumom:as:;.;u@@airf. *351q T WIGHLY I AVAICY 6T
_ ; . / 4V 3AHS TVWICSN  vWe T
CMCNHOZ*XGHYIHS  ¥VIHS  ONTACHd ¥YIHS MY IHSHIY ) LYWYHS Y %1
. _ (15d Coe18d U3
o *S3IUMHOEXGCAYCT  NIDS 1a/71> . 39VH IVIA *STUdHYH)I LYWEC S €1
: _ _ (831 £€5/715 1S g
VIXVHOESXH¢IVIXY  ¥Y3IYY _ NIVHLIS NIVYIS  ONIAYCST  "WYHDHGH) LYWHSH 21
_ R RFATARS S LA AT S AN 10 1ol I & S
(777 S17NG3¥ 1S3IL YVY3IHS LDONYIAHGZ*XLZ)IVWETY OT

90T

s0t1

201
EOT _

¢o1

101

a0t
61 .
8T
L



187

; _ I GN3
T E ool §1.99
. 3snvd
T 8HONNd
ANNTINCD
.q_mo.ﬁn_m.“Husxu.ﬂﬁ,P.ﬁ~,4<.~Hyoa,GH,Ju.ﬂH_om.mHquaa
(1)1S5/701)11=(1)S¢
oY/ L1ICHD=(1)S
o/t Iv=01) )
ol 1L 29
“H,»..ugmo..ﬁuﬁm.~u~a<.ﬂnu4<.”avq..mvm.amvom..ﬁwau.nM,:u.oﬁxuz:a
_ﬁ_.:u+nwvﬂm_\ﬁﬁ,H,xb*ﬁn_ﬁm,»mowx._,a<_;.ﬁup

. . fem aw AP (1YRD/Z7 11 1S=( 183

: : ‘ . (1)ev+lIYHo={1)18
LR THLIIQRD=(T)HD
SO VAR RIEAR T2

0ot1

o

anﬂo Oxll))="T)/0v=(10Y"

*entx(0/i1DY=(1)3

E0T*60T1*8NTNE-NLINAL:

801

(1195=-(1}95={1)1D

Ahawaalﬁwvoa,xmumauﬂmv4<

. *H/{Zxx Q) %L 26G61H1%E=0V
LAON* T=NS (NJOHD ¢ (NIODSC (N)Qd)*LTQVIY

(061G n6)L*106)SACL06)TISE(06)IHD NISISNIWIC

_omva<.ﬂomu<.ﬁoovu.nomeU..oaqu.gomvoruaﬁoovon..oovoa NCISNIWICQ
- 8HDNNd

T L SRR O i AT W SRR L

LsdGN*1=1 OTTICQ

LOT



LITERATURE CITED

Carl O. Dunbar, Historical Geology, John Wiley & Sons Inc., 2nd., 1960.

John C. Frye and A. Byron Leonard, ""Stratigraphy of the Late Pliestocene Loess.
of Kansas,'" Journal of Geology 59, 287-305.

Ada Swineford and John C. Frye, '""Petrography of the Peorian Loess in Kansas, "
Journal of Geology 59, 306-322.

A. Byron Leonard and John C. Frye, “Ec'ological Conditions Accompanying
Loess Deposition in the Great Plains Region of the United States,' Journal of

. Geology 62, 399-404,

5.

John C. Frye, Norman Plummer, Russell T. Runnels, and William B. Hladik,

~ "Ceramic Utilization of Northern Kansas Pliestocene Loesses and Fossﬂ Soils, "

7.

8.

10.

11.

12.

13.

State Geological Survey of Kansas Bulletin 82, 49-124,

Abraham Kaufman, "Analysis of Clay Minerals in Kansas Soils, ' unpublished
K. S. C. Master's Thesis, 1950.

John A Brophy, ""Heavy Mineral Ratios of Sangamon Weathering Profiles in
I]11n01s," Illinois State Geological Survey, Circular 273.

H. J. Gibbs and W. Y. Holland, "Petrographic and Engineering Properties of
Loess," Engineering Monographs No. 28, Bureau of Reclamation, 1960.

D. T. Davidson, R. L. Handy, and T. L. Chu, "Depth Studies of the Wisconsin
Loess in Southwestern Iowa: Particle Size and In-Place Density,'" Geologic and
Engineering Properties of Pliestocene Materials in Towa, Iowa State Umversny

- Bulletin, LIX, No. 28, 28-43.

A. R. Jumikis, Soil Mechanics, D. Van Nostrand Company, Inc., 1962, 101-146.

Norman Plummer and John F. Romary, "Kansas Clay, Dakota Formation,"
State Geological Survey of Kansas, Bulletin 67, 1947.

American Society for Testing Materials, ASTM Standards, pt 11, 1969.

D. T. Davidson and R. L. Hardy, "Property Variations in the Peorian (Wisconsin)
Loess of Southwestern Iowa,' Geologic and Engineering Properties of Pliestocene
Materials in I_owa, Towa State University Bulletin, LIX, No. 28, 14-27.

138



14.

15.

17.

18,

19.

20.

91,

22,

23.

25.

1389

Carl F. Crumpton and William A. Badgley, "A Study of the Clay Mineralogy
of Loess in Kansas in Relation to Its Engineering Properties,' State Highway
Commission of Kansas Research Department Report, 1965.

F. L. Duley and L. L. Kelly, "Effect of Soil Type, Slope, and Surface Condi-
tions on Intake of Water," Agricultural Experlment Station Research Bulletin

112, May, 1939, 1-16.

F. L. Duley, "Infiltration into Loess Soil, ' American Journal of Smence, No 5,
243, 1945, 278-282,

T. M. McCalIa, “Iﬁﬂuence of Biological Products on Soil Structure and Infiltra-
tion," Soil Science Society of American Proceedings, 7, 1942, 209-214.

T, William Lambe, Soil Testing for Engineers, John Wiley & Sons, Inc,

Cheste-r McDowell, "Stabilization of Soils with Lime, Lime-Flyash and Other -
Lime Reactive Materials," Highway Research Bulletin No. 231, Highway
Research Board, National Research Council, Washington, D. C., 1959.

E. J. Yoder, Principles of Pavement Design, John Wiley & Sons, Ine., New

- York, 1959, Chapter 10.

V. P. PuzinauSkas and B. F. Kallas, "Stabilization of Fine Grained Soils With _
Cutback Asphalt and Secondary Additives," Highway Research Bulletin No, 309,
Highway Research Board, National Research Council, Washington, D. C., 1961.

James M. Hoover and D. T. Davidson; "Organic Cationic Chemicals as Stabilizing .
Agents for Iowa Loess, " Highway Research Bulletin No. 129, Highway Research.
Board, National Research Council, Washington, D. C., 1956.

W. L. Goecker, Z. C. Moh, D, T. Davidson, and T. Y. Chu, "Stabilization of
Fine and Coarse-Grained Soils with Lime-Flyash Admixtures," Highway Research
Bulletin No. 129 nghway Research Board, Natlona.l Research Council, Washington,

D. C., 1956.

W. Brand and W, Schoenberg, "Impact of Stabilization of Loess With Quicklime

~on Highway Construction, " Highway Research Bulletin No. 231, Highway Research

Board, National Research Council, Washington, D. C., 1959.

D. T. Davidson, Manuél Mateos, and R. K. Katti, MActivation of the Lime-
Flyash Reactiion by Trace Chemicals," Highway Research Bulletin No. 231,

Highway Research Board, National Research Council, Washington, D. C., 1959,



26.

27,

28.

29,

30.

31.

32.

33.

140

Earl J. Felt, '"Factors Influencing Physical Properties of Soil-Cement Mix-
tures, " Highway Research Board Bulletin No. 108, Highway Research Board,
National Research Council, Washington, D. C., 1955.

Clyde N. Baker, Jr., "Strength of Soil-Cement as a Function of Degree of
Mixing,'" Highway Research Bulletin No. 98, Highway Research Board, National
Research Council, Washington, D. C., 1955.

Alan S. Michaels and Vytautas Puzinauskas, "Improvement of Asphalt-Stabilized
Fine-Grained Soils with Chemical Additives, " Highway Research Bulletin No. 204,
Highway Research Board, National Research Council, Washington, D. C., 1958.

Hans F. Winterkorn and Theodore Reich, "Effectiveness of Certain Derivatives
of Furfural as Admixtures in Bituminous Soil Stabilization, " Highway Research
Bulletin No. 357, Highway Research Board, National Research Counml

Washmgton, D. C., 1962,

R. K. Katti, D. T. Davidson, and J. B. Sheeler, "Water in Cutback Asphalt _
Stabilization of Soil, ' Highway Research Bulletin No. 241, nghway Research
Board, National Research Council, Waslnngton, D. C,, 1960.

Alan S, Michaels and Vytautas Pu'zinauskas, "Additives as Aidsto_Asphaflt
Stabilization of Fine-Grained Soils," Highway Research Bulletin No. 129,
Highway Research Board, Natmnal Research Council, Washington, D. C. y
1956

Moreland Herrin, "Drying Phase of So11-Asphalt Constructlon, "' Highway
Research Bulletin No. 204, Highway Research Board, Natmnal Research
Board, Natmna;l Councll Wash.mgton, D. C., 1958. :

Hans F. Wmterkorn, "Granulometric and Volumetric Factors in Bituminous

- Boil Stabxhzatlon," Highway Research Board Proceedmg, Vol 36, 1957,

34.

35.

Stabilization of So11 Wlth Aspha,lt Amerlcan Road Builder Assn. » Technical
Bulletin 200, 1953.

Asphalt M1xed—m—PIace {Road Mlg) Manual, The Asphalt Instltute, Manual
4, May 1965.

36. Specifications for Emulsified Asphalt Trea.ted Base Course, The Asphalt

Institute, Pamfxc Coast Division, 1953, rev., Aug. 1958.



37.
38,

39.

141

Moreland Herrin, ”Bituininous_—Aggregate and Soil Stabjliiation-, " In Highway
Engineering Handbook, (Woods, K. B. ed), McGraw-Hill, New York, 1960.

Bitumuls Base Treatment Manual, Chevron Asphalt Co., 1967, and supple-
ment 1969.

J. A. Epps, W. A. Dunlap, B. M. Gallaway, and D. D. Currin, "Soil
Stabilization: A Mission Oriented Approach," Highway Research Record

- Number 351, Highway Research Board, National Research Council, Washington,

s Cuy 1971



A STUDY OF ASPHALTIC STABILIZATION OF LOESS
by

JOHN D. COOPER

B. S., Kansas State University, 1970

AN ABSTRACT OF A MASTER'S THESIS

submitted in partial fulfillment of the

requirements for the degree
MASTER OF SCIENCE
Department of Civil Engineering

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1971



The study was undertaken to determine the engineering properties of three
Kansas lo,esses' and the effect of three percent asphalt by- weight added to the loess
in the form of a cationic emulsified asphalt. The loess-asphalt mixtures were
tested at 24 hours and 60 days afi;er mixing.

The engineering properties were evaluated by using specific gravity,
gradation, Proctor density, plastic limit, liquid limit, permeability é.nd triaxial |
shear tests. Testing was conducted in the Kénsas State University Civil Engineering
Soils Laboratory.

The study showed that asphalt stabilization improves the strength and
plasticity characteristics'of fine grained loesses and was detrimental ‘to the -
strength of sa'mdy loesses. It was also shoﬁvx.i that -th_e-‘ effectiveness of asphalt
stabilization was dependent on the physical characteristics of the raw loess. It
_ wés further shown that_laboratory testing was neéessary to assure satisfactory-

performance of an asphalt stabilized loess in the field.



