
Introduction

Lime stabilization is one of the most commonly applied
soil improvement techniques in the world. As a result of
lime stabilization, clay particles stick to each other and
form larger particles (Broderick and Daniel 1990). The
following changes are observed in the soil in short term:
optimum water content values increase, proctor densities
decrease, plasticity indices reduce, proctor curve levels
out and CBR values increase. Based on the studies
conducted by Thomson (1969), lime has been found to
reduce the plasticity indices of the clayey soils and has
further been determined to transform the soil into a
structure that could be worked on more easily. In their
studies, Newbauer and Thompson (1972) have found
changes in the water content–density relationships as a

result of the reactions between the lime and the soil.
They have also found that the optimum water contents
of the lime-stabilized soils were higher when compared
to that of the natural soils. Moreover, the maximum dry
unit weight values were lower and the compaction curves
became more horizontal. Hence, lime stabilization
technique is widely used in the subgrade, subbase and
base layers of road construction. There are several
advantages of lime stabilization in road construction. In
addition to its use in clayey soil, it could also be used to
transform soils with inconvenient large-sized materials
due to their high clay content into more convenient
forms. In such soils, clay with its low strength and
geotechnical properties could react with lime and
transform the soil’s micro structure into a more partic-
ulate form, thus would reduce the swelling potential and
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Abstract This study presents the
improvements achieved as a result of
the lime stabilization application
conducted by the joint effort of the
Turkish Association of Lime Indus-
trialists and the General Directorate
of Rural Services on the 200 m long
section of the Ankara Province
Yukarı Yurtçu Village road where
green and brown clays are domi-
nant. The study also numerically
demonstrates the impacts of these
improvements on the road section
based on the results of various lab-
oratory and field tests. The lime
stabilization in field conditions was
performed with 5% lime for both
clays and was applied as a 30 cm
thick single layer. In the soaked
California bearing-ratio (CBR) tests

conducted in the laboratory, in-
creases that reach up from 16 and 21
times compared to initial soaked
CBR values were observed in green
and brown clays, respectively, at the
end of 28 days. The high increases
observed in soaked CBR values
would reduce the upper layer thick-
ness of the roads. The similar
improvements are also achieved in
unconfined compression and plate
loading tests. The comparisons per-
formed with the plate loading tests
clearly demonstrated the behavior of
the surface to lime and its cure im-
pact.
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increase the strength of the material making it more
suitable. The use of lime stabilization for road con-
structions reduces the thickness of the upper layers due
to high CBR values and makes the overall construction
more economical.

Lime stabilization dramatically reduces environmen-
tal impact through construction and ongoing use of the
access road pavement (e.g., minimal excavation and
compaction required, minimal effect on visual amenity
during construction). The minimal cut and fill volumes
during construction works decrease the damages over
the rock quarries.

As a result of lime stabilization, liquid limit values
and proctor densities decrease while unconfined com-
pressive strength, plastic limit, optimum water content
and CBR values increase in the short term. The proctor
curve becomes flatter in this period. In the long term, the
CBR values, unconfined compressive strength, shear
strength and tensile strength further increase, stability
against swelling and shrinkage intensifies and the
resistance to freezing rises.

In addition to the changes observed in the geotech-
nical properties of the soil with lime stabilization, radical
increases are experienced particularly in the unconfined
compressive strength values. In studies conducted by
Kavak (1996), pure bentonite and kaolinite clays were
lime-stabilized and unconfined compressive strengths
were analyzed. His studies revealed that the unconfined
compressive strengths of the clays were shown to in-
crease 6 times for bentonite and 12 times for kaolinite in
1-month time. The long term cured samples have shown
to experience further strength increases.

The lime stabilization not only creates high increases
in the strength of the soil but also results in a change in
the behavior of the soil. The unconfined compressive
strength test results of the brown clay used in this study
under no-lime, 5% lime 7 days cured and 5% lime

1-year cured conditions are presented in Fig. 1. The
unconfined compressive strength of the lime stabilized
brown clay has increased from a value of 340 kPa under
natural conditions to 1,300 kPa in 1 week and to
1,600 kPa after 1 year. The unit deformations at the
failure instant have reduced from 3 to 1%. As the
unconfined compressive strength is increased, modulus
of elasticity has had a definite increase. This behavior
was also clearly observed in lime stabilization studies
conducted previously with pure clays such as bentonite
and kaolinite reported in the literature (Baykal 1987;
Kavak 1996; Kavak and Baykal 2001).

As a result of their study, Clare and Crunchley (1957)
have determined a total of four factors that creates a
stress increase in soils after lime addition. These factors
could be stated as follows: (1) the formation of calcium
hydroxide crystals that behave like cement as a result of
the reactions between the lime and the clayey soils; (2)
the exchange of calcium ions found in lime with other
ions found in clay’s surface and the resulting amplified
attractive forces between clay particles that results in
larger clay units; (3) the calcium carbonate formation as
a result of the reactions with the atmospheric carbon
dioxide; and (4) the formation of calcium silicate and
calcium aluminate, which behave like cement minerals as
a result of the reactions between the clayey soils and
lime.

Lime stabilization has a detrimental effect on soil
behavior if adequate amounts of sulfate are present in
soil. Sulfate induced heave of soils stabilized with cal-
cium based stabilizers occurs due to the presence of
primary and secondary sources of sulfates in soils (Rao
and Shivananda 2005). Excessive sulfate in the soil will
lead to ettringite formation. Ettringite will lead to
excessive heaving or swelling due to its needle like shape.
Wild et al. (1999) and Veith (2000) stated that slag at
predetermined percentages will decrease this effect. Wild
also stated that if the sulfate content is less than 1%,
sulfate will not have an effect on swelling.

The objective of this study is to analyze the impacts
of lime stabilization on road construction. In addition to
the 28-day laboratory experiments, subsequent field
studies were also conducted to achieve this objective.
Although one might think that 28-day period is a fairly
short period of time for laboratory analysis, it is ex-
tremely important as the construction works in the field
could not wait that long. The field CBR and plate
loading tests that were conducted on the field within the
28-day period have provided an opportunity to perform
a lot of comparative analysis and to obtain numerous
new data.

For these purposes, a lime stabilization application
was performed on the road to Ankara Yukarı Yurtçu
Village that was given to the Association of Lime
Industrialists by the General Directorate of Rural Ser-
vices. In order to achieve this objective, the surface soilFig. 1 Unconfined compression tests of brown clay
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on which the road will be constructed would need to be
in situ improved. The application was done in two
stages. The first stage included the laboratory analysis of
the materials that will be lime stabilized and the second
stage consisted of the construction works and the field
experiments. During the field applications, the surface
soil was improved in situ as it consists mostly of clay
material. The quality control studies were done during
construction and after construction with field experi-
ments.

Materials and methods

A lime stabilization application was performed on the
road to Ankara Yukarı Yurtçu Village that was given by
the General Directorate of Rural Services. The selected
road was first visually inspected and was found that it
consisted of brown and green colored clay types. Al-
though the application was initially planned as two stage
operations including the laboratory analysis in the first
stage and the field application in the second stage, the
analysis of the results from these stages has necessitated
another group of laboratory analysis.

Within the scope of the laboratory studies, sieve
analysis, hydrometer method, liquid-plastic limit analy-
sis, proctor experiments and CBR tests were performed
to determine the geotechnical properties of the material.
In the next stage, the lime amount to be used in the
stabilization process was determined. The Eades and
Grim (1963) pHmethod and Atterberg limits are used for
preliminary design lime percent. Experiments for opti-
mum lime determination were conducted on the samples
by mixing different amounts of lime to the materials.
Based on these experiments, the optimum amount of lime
to be used in the field application was determined to be
5% of the dry weight for both materials.

The modified proctor experiments were conducted to
find out the optimum water content and the maximum
dry unit weight value of the lime stabilized materials.
The experiments were performed after waiting for 1 h to
let the first reactions to take place upon mixing the
determined amount of lime and water to the pure sam-
ples.

For the soaked CBR tests, the samples were mixed at
the optimum water content and optimum lime ratio and
waited for 1-h before they were compacted in the molds.
Then, the samples were cured at room temperature for 1,
7 and 28 days and kept waiting in water for 4 days. The
swelling amounts in the lime stabilized soil samples were
found to be below 1%. The samples were intentionally
cured at room temperature such that the field conditions
could be better represented. After decreases in the CBR
values were observed, the experiments were repeated
under controlled temperature and humidity in order to
understand the causes for these decreases.

In the second stage, the field studies were conducted
with the help of the construction machinery of the An-
kara Regional Directorate of Rural Services. For the
field application, the 200 m section at the entrance to the
Yukarı Yurtçu Village was selected and this section was
further divided into 25 m long portions. The first 100 m
of the selected 200 m long section consisted of brown
clay where as the second 100 m consisted of green clay.
For comparison purposes, the first 25 m portion of the
brown clay section was excavated 30 cm thick and then
compacted at optimum water content without lime. Of
the remaining 175 m, a 75 m long portion remained
in the brown clay zone whereas the other 100 m was left
on the green clay zone. The compaction operation
was done with a single layer. At the beginning of the
operation, the entire road was excavated at a depth of
25–35 cm such that the soil was made loose. The lime
stabilization was applied on the 175 m long portion of
the road at a compacted thickness of 30 cm. The opti-
mum lime dosage was applied on the 75 and 100 m long
portions of the road where brown and green clays were
present, respectively, as determined amounts in the
laboratory tests. The determined lime amount was
programmed, adjusted and applied by a lime sprinkler
machine. The sprinkled lime was later mixed with the
natural soil by construction machinery, watered by a
water sprinkler, compressed and ironed by a vibration
road roller. The quality of the compression operation
was in situ tested by density experiments.

The improvements achieved by lime stabilization on
the experimental road were tested by field plate loading
tests and field CBR tests. These tests were conducted
separately on natural surfaces, compacted surfaces
without lime and lime stabilized surfaces. The experi-
ments were repeated on the field immediately after
stabilization, after 1 day and after 28 days, and com-
parisons were made.

Physical and chemical properties of clays used
in the study

When the field that will be lime-stabilized was examined,
it was seen that there were two different types of clays in
the field. One of these clays was brown and the other one
was green in color. The geotechnical properties and
chemical analysis of both clays are given in Tables 1 and
2, respectively.

The properties of lime used in stabilization

The standard calcium hydroxide lime produced by three
factories, which are members of the association, is used
in this study. The standard chemical and physical
properties of the lime used are given in Table 3.
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Results

Particle size analysis

A sieve analysis was performed for both clays in
accordance with the standards depicted in ASTM D 421
and 422. The purpose of this analysis was to determine
the gradations of the material and to classify them.
When the results of this experiment were analyzed, it
was seen that both materials contained 99% clay and
silt.

Atterberg limits

The Atterberg limits were conducted on the samples by
mixing 2, 3, 4, 5 and 6% lime (by weight) to the green
and brown clays. In cases where lime was used, the
experiments were performed after clay–lime mixtures
were rested for 1 h allowing the first reactions to occur.
The mixtures were selected such that the plasticity index
was roughly below 10% and/or considering the econ-
omy of the lime used in the mixture. The experiments
were conducted in accordance with the ASTM D 4318
standard. The results of this analysis are given in Table 4
for both the materials.

Based on the experiments conducted, it was seen that
as the amount of lime in the mixture was increased,
substantial reductions in PI values were observed.
Accordingly, the PI value of the natural brown clay is
34% without lime, which has reduced to 23% when
mixed with 2% lime and further reduced down to 1%
when mixed with 6% lime as could be seen from Table 4.
Similar reductions were also observed for the green clay.
While the PI value of the green clay in its natural state
was 24%, it reduced to 4% when mixed with 6% lime.
According to the Atterberg limit tests, the 5% lime
mixture that essentially reduced both clays’ PI value
below 10% appears to be suitable.

Table 1 Geotechnical properties of brown and green clays

Brown
clay

Green
clay

Natural water content (%) 7–10 7–10
Soil classification CH CH
Clay + silt (%) 99 99
Clay (%) 34 23
Liquid limit (%) 71 57
Plastic limit (%) 37 33
Plasticity index (%) 34 24
ck (kN/m3) (modified) 15.5 15.3
Optimum water content (%) (modified) 20.5 20.0
Soaked (CBR) 4 6
pH value 7.7 7.8
Activity 1.31 0.62

Table 2 Chemical analyses of brown and green clays

Brown
clay (%)

Green
clay (%)

SiO2 61.60 39.14
Al2O3 13.31 6.67
Fe2O3 5.27 3.75
TiO2 0.75 0.59
CaO 4.31 34.19
MgO 4.52 9.47
Na2O 0.57 0.55
K2O 1.76 1.09
Cr2O3 0.03 0.01
BaO 0.03 0.00
SO3 0.08 0.09
Loss of ignition 6.27 2.82
P2O5 0.08 0.17
MnO 0.14 0.06

Table 3 Physical and chemical properties of lime

Chemical name Calcium
hydroxide

Physical appearance Dry white powder
Boiling temperature (�C) 100
Heat of fusion (�C) 580
Bulk density (kg/m3) Max. 500
Specific gravity 1.2–1.5
Over 90 lm (%) 3–6
Over 63 lm (%) 7–10
pH (25�C) 12.4
Ca(OH)2 (%) 80–86
Active CaO (%) 60.6–65.15
CaO + MgO (%) 83–93
MgO 1–2
Insoluble material (%) Max. 1
Bounded H2O (%) 19.4–20.85
S Max. 0.5
R2O3 (Al2O3 + Fe2O3) (%) Max. 1

Table 4 Atterberg limits of brown and green clays

Lime (%) Brown clay Green clay

Liquid
limit,
LL (%)

Plastic
limit,
PL (%)

Plasticity
index,
PI (%)

Liquid
limit,
LL (%)

Plastic
limit,
PL (%)

Plasticity
index,
PI (%)

0 71 37 34 57 33 24
2 69 46 23 53 41 12
3 63 47 16 49 40 9
4 64 47 17 56 44 12
5 60 53 7 53 45 8
6 58 57 1 51 47 4
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pH determination

The pH experiments were conducted by using the
method of Eades and Grim (1963) in order to determine
the amount of lime. The pH tests were performed on the
samples by mixing 1, 2, 3, 4, 5 and 6% lime with the
natural soils. The results of this analysis are given in
Table 5.

The pH tests revealed that the natural pH values of
brown and green clays were found to be 7.7 and 7.8,
respectively. It was also observed that lime increased the
pH value of the medium for both clays. The amount of
lime that increased the pH value to 12.4 has been found
to be the optimum lime amount as described by Eades
and Grim (1963). These results were in parallel with the
results obtained from the Atterberg limits.

Determination of optimum lime amount

The optimum lime amount was jointly determined by
making use of the lime amount that reduced the plas-
ticity index value below 10% with 1 h Atterberg limit
method and the lime amount that increased the pH value
to 12.4. When the changes in the plasticity index values,
the pH values and the economies of scale were consid-
ered, the optimum lime amount was selected to be 5%
by weight. This value was used in all field studies.

Compaction tests

The optimum water content of the lime-stabilized clays
and the maximum dry unit weights were analyzed by the
modified Proctor tests in accordance with ASTM D
1557–1578. The Proctor tests were performed for both
clays under their natural states and after mixing with 5%
lime. The results are given in Table 6 and are present in
Fig. 2.

According to the Proctor experiment results, the
maximum dry unit weight of the brown clay has reduced
from 15.51 to 14.60 kN/m3, whereas the optimum water
content has increased from 20.5 to 26.0%. On the other
hand, the maximum dry unit weight of the green clay has

reduced from 15.30 to 14.88 kN/m3, whereas the opti-
mum water content has increased from 20 to 23%.
When the proctor graphics are analyzed, it could be seen
that lime addition has reduced the maximum dry unit
weight and increased the optimum water contents of
both clays. Furthermore, the slope of the graphs was
reduced and slightly leveled out. The obtained results
were as expected and demonstrated parallelism with the
literature values.

CBR tests in the laboratory before field application

In the CBR experiments performed in the laboratory,
the materials were prepared at their optimum water
content by adding 5% lime and were compacted. The
prepared samples were rested for different cure times
before soaked CBR experiments are performed in
accordance with ASTM D 1883–1887. Cure conditions
included the following: (1) the ambient laboratory
temperature varied between 10� and 25�C for a period
of 28 days and (2) the ambient humidity has been be-
low 60%. The soil samples in the experiments were
cured at room temperatures in order to better observe
the conditions in the field. The results obtained from

Table 5 pH values of brown and green clays

Brown clay Green clay

Natural 7.7 7.8
1% Lime 10.8 10.8
2% Lime 11.8 11.5
3% Lime 12.1 11.9
4% Lime 12.3 12.3
5% Lime 12.4 12.4
6% Lime 12.4 12.5

Table 6 Maximum dry unit weight and optimum water content
values of brown and green clays

Brown clay Green clay

Max. dry
unit weight,
ck (kN/m3)

Optimum
water
content,
w (%)

Max. dry
unit weight,
ck (kN/m3)

Optimum
water
content,
w (%)

Natural clay 15.51 20.50 15.30 20.00
Clay + 5% lime 14.60 26.00 14.88 23.00

Fig. 2 Compaction (modified Proctor) test results of brown and
green clays
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CBR tests are given in Table 7 and are present in
Fig. 3.

As seen from Table 7 and Fig. 3, the soaked CBR
values of the materials have shown significant increases
when they were mixed with lime. After 28 days, the CBR
value of the brown clay with 5% lime has increased 21
times when compared to its natural state. This increase
was observed to be 16 times in the green clay. These
results clearly demonstrated the fact that addition of
lime to clays definitely increased the CBR values. Hence,
the selected lime amount was found to be suitable for

these soils. Obtaining soaked CBR values that were
within the range of filling materials demonstrated the
success of lime stabilization. Swelling values of less than
1% were observed in lime added soaked CBR tests. As
seen from the Fig. 3, the soaked CBR values exhibited a
slight decrease in 28-day values. After the field applica-
tions, the CBR tests were cured under controlled tem-
perature and humidity and the experiments were
repeated in order to understand the cause of this de-
crease. The cause of this decrease is discussed in details
in the studies performed after the field applications.

Field CBR tests

Field CBR experiments were performed on the test road
with cure times reaching up to 28 days and the changes
in CBR values after stabilization were analyzed. The
results of the experiments are given in Table 8 and are
present in Fig. 4.

The field experiments were performed on an area
where two clays exist on the road surface. The field
CBR values of the clays were found to be 18 and 15 for
brown and green clays, respectively. The field CBR
value slightly increased to 20 in an area where brown
clay was present and where compaction was done
without lime. When lime compaction was done, the
field CBR values of both soil reached 41–42 in 1 day.
In the area where green clay was present, the 1-day field
CBR value of 41 has decreased to 35 in 28 days. In the
brown clay case, however, the increase in the field CBR
value continued and has reached 54. Although the lime
stabilized green clay has experienced an increase as
compared to the natural conditions, the observed de-
crease in 28-day sample was attributed to the drying of
the clay’s surface.

Soaked CBR tests after field application

As a result of the soaked CBR tests performed in the
laboratory as well as the field applications, it has been
observed that the green clay exhibited significant de-
creases in 28-day tests both in the laboratory and in the
field. In brown clay, however, the decreases were ob-
served in the laboratory tests performed on 28-day cured
samples. The reason for the decreases in both the labo-

Table 7 CBR values of brown and green clays

Soaked CBR,
brown clay + 5% lime

Soaked CBR,
green clay + 5% lime

Natural 4 6
1 h 68 68
1 day 72 79
7 days 106 114
28 days 84 97

Fig. 3 Soaked CBR values of brown and green clays

Table 8 Field CBR values of brown and green clay

Natural
without
lime

Natural
compacted

1 h,
with 5%
lime

1 day,
with 5%
lime

28 days
with 5%
lime

Brown clay 18 20 42 54
Green clay 15 24 41 35

Fig. 4 The variation of field CBR values for brown and green clays
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ratory and the field tests was believed to be attributed to
the absence of pozzolonic reactions due to lack of water
as a consequence of lime stabilization and/or the frac-
ture of the formed cement minerals as a result of
shrinkage effect (Kavak et al. 2005).

In the literature, these reactions were defined as fol-
lows: when lime and clay were mixed and compacted,
cementation emerged among the surface of clay parti-
cles. After reaction between lime and clay, calcium sili-
cate and calcium aluminate gels occurred and this
created cementation among particles. These cement
minerals were similar to the minerals in Portland cement
(Ingles and Metcalf 1972).

The following studies were applied to prevent that
effect. The material needed water so that lime could get
into reaction with clay. In order to better understand
these decreases, two groups of CBR tests were per-
formed in the laboratory. In all these tests, the previ-
ously determined lime amount of 5% by weight was
used. In the first group of tests, the prepared samples
were cured under controlled temperature (22�C) and
humidity (95%) for 28-days and soaked CBR experi-
ments were performed. In the second group of tests, the
samples were watered as in the case of concrete pro-
duction. The samples were watered for the first 7 days.
The water was applied at a rate of 9 l/m2 every day and
it was only applied to the surface of the CBR mould.
These samples were rested in room temperature. During
this period, the room temperature was in the range of
10�–26�C and the humidity was below 60%. The results
of these tests and their comparisons are given in Table 9
and are present in Fig. 5.

When the results of the experiments were evaluated,
it was seen that the soaked CBR values did not de-
crease and continued to increase under controlled
temperature and humidity. Once watering was per-
formed, high increases were observed despite the fact
that there were no controlled temperature and humid-
ity. As seen from the table and the figure, the soaked
CBR values have reached 100 in lime stabilized brown
clay and 105 in green clay as a result of the watering
effect. Based on these results, surface watering after
application was understood to be extremely beneficial
for lime stabilization studies performed particularly in
summer.

Plate loading tests

The effect of lime stabilization on the road was analyzed
by plate loading tests. The experiments were performed
with 30 cm diameter circular plate. The tests are com-
pleted and either the stress reaches 1,000 kPa or the soil
collapses. The failure or collapse of the soil is the point
where deformations reaches and passes 2.5 cm in the
stress-deformation graph. In all the plate loading
experiments conducted, all samples were initially loaded
to 1,000 kPa or collapse of the soil and then unloaded in
order to make comparisons.

For each stress level, it was kept waiting in each level
till deformations stopped. The selected 1,000 kPa load-
ing was much higher than the traffic loadings that would
normally be exerted on the lime stabilized road surfaces.
As a result of this loading and unloading behavior, plate
loading unloading figures, modulus of sub grade reac-
tion values and the permanent deformations that occur
on the surface were evaluated and compared. Just as in
field CBR values, the experiments were conducted on
natural surfaces, on areas where brown clay was com-
pacted without lime and on areas where brown and
green clays were lime stabilized. In lime stabilized areas,
the plate loading tests were conducted at the end of 1st
and 28th day. The moduli of subgrade reaction values
are given in Table 10 and are present in Fig. 6.

When the results of the plate loading experiments are
examined, the modulus of subgrade reaction values in
both clays was observed to increase sharply after lime
stabilization. While this increase was eight times in
brown clay, it was about four times in green clay.

The permanent deformation values were obtained
and also the details of the plate loading tests are shown
graphically in Figs. 7 and 8. Based on these figures, it is
clearly seen that the permanent deformations decreased
significantly for lime stabilized brown and green clay
soils. In brown clay, these permanent deformations were
originally 24 mm and then reduced to 4 mm in the

Table 9 CBR values for 28 days cured brown and green clay

In room
temperature

Wetting Controlled
temperature
and humidity

Brown clay with 5% lime 84 110 109
Green clay with 5% lime 97 105 100

Fig. 5 CBR tests for 28 days cured brown and green clay
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experiments performed after 28-days. In green clay,
these permanent deformations were originally 18 mm
and then reduced to 1 mm.

According to the stress-deformations graphs formed
as a result of the plate loading tests, it can clearly be seen
that lime stabilization was extremely effective in the
behavior of both clays. The permanent deformations
that occurred on the soils have reduced significantly in
lime stabilized cases despite the amount of the loading.
Moreover, the plastic behavior of the soil has changed
and became more rigid

The permanent deformation values obtained as a
result of plate loading tests has reduced from the natural
value of 24 to 3 mm after 28 days in lime stabilized

brown clay and from the natural value of 25 to 6 mm
after 28 days in lime stabilized green clay. It is also seen
from Fig. 9 that the pozzolonic reactions continued in
the field and the permanent deformations reduced every
other day.

This field application of the lime stabilization study
was considered to be successful based on the experi-
ments conducted and the observations made. This was
further supported by the observations made after the
rains that occurred on the area after 3 months. While no
noteworthy deformations were observed in the lime
stabilized portion of the road under real-time traffic
load, the first 25 m long portion that was compacted
without lime has totally deformed.

Scanning electron microscopy

The studied green and brown clays were also analyzed
under scanning electron microscope. Both the natural
and the lime stabilized, compacted and 6 months-cured
green and brown clays were analyzed and compared
under electron microscope with 200 and 2,500 times

Table 10 Modulus of subgrade reaction of brown and green clays

Natural
clay

Natural
compacted

1 h, 5%
lime

1 day,
5% lime

28 days,
5% lime

Brown clay
(kN/m3)

41,079 58,366 101,118 312,428

Green clay
(kN/m3)

32,863 92,018 116,118 122,041

Fig. 6 Modulus of subgrade reaction of green and brown clays

Fig. 7 The results of comparative plate loading tests for brown clay

Fig. 8 The results of comparative plate loading test for green clay

Fig. 9 Permanent deformations of brown and green clays obtained
from plate loading tests
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magnification. These are presented in Figs. 10, 11, 12,
13, 14, 15, 16, 17.

These examinations were done again after the sam-
ples were compacted at the optimum water level and
cured for 6-months and the results were compared.
These examinations were done for both the brown and
the green clay under 200 and 2,500 magnification. Based
on these examinations, the silica and aluminum of the
clay particles were easily detected and it has been ob-
served that they have dissolved as a result of lime and
water impact and have reacted with lime surrounding
them. The soil structure has transformed from a particle
based form to a more integrated composition.

The reactions led to form alumina and silica hydrate
gels, which are cementation products of lime stabiliza-
tion. This process is called pozzolonic reaction. The
reason for strength increases of lime stabilized soils in
the long term is mainly due to the pozzolonic reactions.

Fig. 11 Brown clay ·200, 5% lime, 6-month cured

Fig. 12 Brown clay ·2,500, without lime

Fig. 13 Brown clay ·2,500, 5% lime, 6-month cured

Fig. 14 Green clay ·200, without lime

Fig. 10 Brown clay ·200, without lime
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Conclusions

1. The optimum lime contents obtained from Atterberg
limits and Eades and Grim pH method was found to
be suitable for both clays based on the results of
performance tests such as CBR and plate loading
tests. As they could be conducted quickly, these two
methods could be effectively used together with lime
stabilization applications.

2. The results obtained from the experiments were in
harmony with the literature values. The results of the

plate loading tests, the increase in modulus of sub-
grade reaction values as a result of lime stabilization
and the definitive decrease in the permanent and
maximum settlement values revealed that the defor-
mation of the road under traffic loads would be low.
The comparisons made in the plate loading tests
demonstrated that the plate loading test clearly
exhibited the fill’s performance. Hence, it is beneficial
to use it seldom in quality control studies.

3. When mixed with lime, the wet CBR values of the
materials have exhibited significant increases. At the
end of 28 days, the wet CBR value of 5% lime added
brown clay has increased 21 times compared to the
natural state of the same material. Similarly, the wet
CBR value of 5% lime added green clay has increased
16 times compared to the natural state of the same
material. The swelling values of both clays were be-
low 1%. Based on these results, there will be reduc-
tions in the thickness of road layers with the design
methods that depend on CBR values.

4. It has been observed that the 28-day CBR values were
lower than the 7-day CBR values in the initially
conducted CBR experiments. No decreases were ob-
served in the 28-day CBR values when watering was
applied. Hence, it is recommended to water the sur-
face after lime stabilization is completed for a period
of 1 week, minimum of 3 days, particularly for field
applications in hot climates in order to prevent
strength loses. In future applications, it would be
beneficial to apply watering in the field.

Fig. 17 Green clay ·2,500, 5% lime, 6-month curedFig. 15 Green clay ·200, 5% lime, 6-month cured

Fig. 16 Green clay ·2,500, without lime

996



References

Baykal GI (1987) The effect of micromor-
phological development on the elastic
moduli of fly ash, lime stabilized ben-
tonite. Ph.D. dissertation, Louisiana
State University

Broderick GP, Daniel DE (1990) Stabiliz-
ing compacted clay against chemical
attack. ASCE J Geotech Eng Div
116(10):1549–1567

Clare KE, Crunchley AE (1957) Labora-
tory experiments in the stabilization of
clays with hydrated lime. Geotechnique
VIII:97–111

Eades JE, Grim RE (1963) A quick test to
determine lime requirements for lime
stabilization. Highway Research Board,
Record No. 139, pp 61–72

Ingles OG, Metcalf JB (1972) Lime stabil-
ization, soil stabilization, Melbourne,
pp 127–167

Kavak A (1996) The behavior of lime sta-
bilized clays under cyclic loading. Ph.D.
dissertation, Bogazici University

Kavak A, Baykal GI (2001) The behavior
of lime-stabilized clays subjected to re-
peated loading. Proceedings of the 15th
international conference on soil
mechanics and geotechnical engineer-
ing, Istanbul

Kavak A, Keskin E, Yılmaz C, Mutman U
(2005) Lime stabilization and its effects
on road cross-section. GEOPROB
2005—international conference on
problematic soils, Famagusta, N.
Cyprus, 25–27 May 2005

Newbauer CH, Thompson MR (1972)
Stability properties of uncured lime-
treated fine grained soils. Highway
Research Record 381, HRB. National
Research Council, Washington DC, pp
20–26

Rao S, Shivananda P (2005) Impact of
sulfate contamination on swelling
behaviour of lime-stabilized clays. J
ASTM Int 2(4):1–10

Thomson MR (1969) Engineering proper-
ties of lime-soil mixtures. J Mater
ASTM 4(4):968–969

Veith G (2000) Essay competition green,
ground and great: soil stabilization with
slag. Build Res Inf 28(1):70–72

Wild S, Kinuthia JM, Jones GI, Higgins
DD (1999) Suppression of swelling
associated with ettringite formation in
lime stabilized sulphate bearing clay
soils by partial substitution of lime with
ground granulated blastfurnace slag.
Eng Geol 51:257–277

997


	A field application for lime stabilization
	Abstract
	Introduction
	Fig1
	Materials and methods
	Physical and chemical properties of clays used�in the study
	The properties of lime used in stabilization
	Results
	Particle size analysis
	Atterberg limits 
	Tab1
	Tab2
	Tab3
	Tab4
	pH determination
	Determination of optimum lime amount
	Compaction tests
	CBR tests in the laboratory before field application
	Tab5
	Tab6
	Fig2
	Field CBR tests 
	Soaked CBR tests after field application
	Tab7
	Fig3
	Tab8
	Fig4
	Plate loading tests 
	Tab9
	Fig5
	Scanning electron microscopy 
	Tab10
	Fig6
	Fig7
	Fig8
	Fig9
	Fig11
	Fig12
	Fig13
	Fig14
	Fig10
	Conclusions
	Fig17
	Fig15
	Fig16
	References
	CR1
	CR2
	CR3
	CR4
	CR5
	CR6
	CR7
	CR8
	CR9
	CR10
	CR11
	CR12
	CR13


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


