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Abstract— This paper presents shear strength test results and structural changes in clay soils with
acetic acid. Two different clay soils were used, kaolinite and another containing montmorillonite
with a mixed mineralogy, while pure water and various contents of acetic acid (20%, 40%, 60%
and 80%) were used as pore fluids. Clay-pore fluid slurries prepared with a water content of twice
the liquid limit of each acetic acid content were consolidated under a 100 kPa pre-consolidation
pressure. Direct shear tests were conducted on samples taken from pre-consolidated mixtures in
order to determine changes in shear strength. Additionally, optical microscope images and
scanning electron photomicrographs were obtained in order to observe structural changes under
the influence of acetic acid.

According to the experimental results, significant increases occurred in peak shear strength
and shear strength parameter values in both clays in parallel with increasing acetic acid content.
These increases were higher in the clay with montmorillonite; in particular, there were substantial
changes in the internal friction angle. Increasing liquid limit values with increasing acetic acid
contents in kaolinite resulted in a substantial decrease in the other clay. The optical microscope
images and scanning electron photomicrographs indicated that lumpy formations occurred in both
clays with the addition of acetic acid, and their structures began to resemble that of a silt and fine
sand form.
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1. INTRODUCTION

Today, many sites have become contaminated with various organic fluids such as acetic acid. It is possible
for fluids to seep into the soil, particularly in solid waste storage units, industrial buildings, mines and
their waste repositories, where organic fluids are in contact with the ground. The variation of pore fluid
properties in soil has a major effect on soil behaviour. This effect is a function of pore fluid properties and
soil mineralogy [1]. In particular, clay soils are highly affected by changes in pore fluids, due to their
particle surface forces and all of their engineering properties becoming altered. Determining changes in
the engineering properties of soils is important for understanding and taking precautions according to the
behaviors of these soils when used as foundation soil or infill soil.

The effects of organic fluids on clays have been investigated by many researchers [2-4]; it was
reported that the behavior of montmorillonite was dependent on changes in diffuse double layer repulsive
forces, whereas the behavior of kaolinite was less affected by these forces. Mitchell [5] attributed the
insignificance of the diffuse double layer theory in kaolinite to the large particle size of kaolinite. The
behavior of kaolinite under the influence of organic fluids is controlled by van der Waals attractive forces
[6]. Clays tend to flocculate and behave almost as if they were silt soil in the presence of organic fluids,
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which have a lower dielectric constant than water, in accordance with the change in van der Waals
attractive force and diffuse double layer repulsive force between clay particles [7].

One of the most common organic fluids in geotechnical engineering applications is acetic acid, due
both to its formation and being an intermediate product. Although it is a weak acid, acetic acid has a
significant effect on the behavior of clays due to its low dielectric constant and its interaction with some
minerals within the clay. Various researchers have used acetic acid in their studies in order to represent
organic fluids [8-11].

Some researchers [12, 13] explained that the variation in the diffuse double layer thickness affected
the Atterberg Limits. Kaya and Fang [14] associated the decrease in the liquid limit (LL) values of the
soils with the net increase in the attractive forces due to a considerable decrease in the repulsive forces
between the particles and the collapse of the diffuse double layer. Sridharan et al. [15] reported that the LL
values of montmorillonite consistently increased with an increase in the dielectric constant of the pore
fluid, whereas those of kaolinite decreased. The experiments performed on kaolinite by the former
researchers showed that the LL values increased with increasing acetic acid contents and the decreasing
dielectric constant of the pore fluid [8, 11, 16]. A study of Georgia Kaolinite obtained LL values of 58%
for pure water and 80% for acetic acid [17].

Many researchers have studied changes in the strength behavior of clay soils brought about by organic
fluids [18-24], especially in recent years. The results have shown significant variations, as both the nature
and geometry of clay particles in clay-fluid systems are extremely changeable; characteristics of pore
fluids are very different and sample preparation systems can greatly influence results. Sridharan et al. [23]
stated that the shear strength behavior of kaolinite under the influence of organic fluids differed greatly
from that of montmorillonite and that, while the undrained shear strength value increased in kaolinite, it
decreased in montmorillonite. In tests of compressed kaolinite using water and various organic fluids,
Moore and Mitchell [25] found that shear strength changed significantly with the decreasing dielectric
constant of pore fluids, which was in harmony with the change in attractive force. In tests on kaolinite,
Yildiz [8] found that, while there was no change in shear strength behavior up to 50% acetic acid content,
there was a decrease in strength beyond that point. Likewise, in triaxial compression tests on kaolinite,
Anandarajah and Zhao [9] obtained higher peak shear strengths using acetic acid, which had a very small
dielectric constant, instead of water.

Almost all previous studies reported strength changes in clays under organic fluids relative to
cohesion (c) and internal friction angle values (¢). Al-Yaqout et al. [22] conducted direct shear tests within
the scope of a geotechnical study on the Al-Adan solid waste store in Kuwait. They reported that the
effective ¢ value varied between 26.7° and 50°, while cohesion varied between 7.43 kPa and 35 kPa. In
triaxial compression tests of samples taken from urban solid waste landfills, Zhan et al. [24] found that
cohesion fell from 23.3 kPa to 0 kPa, but the ¢ value rose from 9.9° to 26°. Soule and Burns [18] found
that the ¢ value increased from ¢=7"to ¢=34-37"in bentonites that were treated with ammonium cations.

The present study examined how changes in pore fluids affect the behavior of clays using two clay
soils differing mineralogy and acetic acid contents. Atterberg limit tests were carried out, then direct shear
tests were performed in order to determine changes in shear strength. Optical microscope images (OM)
and scanning electron photomicrographs (SEM) were also obtained to observe structural changes in the
clays.

2. EXPERIMENTAL PROCEDURE
a) Materials

Two different clays were used in the experimental study. The first was kaolinite, which was obtained from
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Boziiyiik (Turkey); the other clay was taken from a field in Aksaray City (Turkey) and called Aksaray
clay. X-ray diffraction (XRD) was used to determine the clay mineral contents (ASTM 1972) [26] (Table

1). The geotechnical and physical properties of the clays are given in Table 2.

Table 1. XRD results of the clays

Clays All rock analysis® By mass (%) Clay mineral’ By mass (%)
Clay 80.0 Kaolinite 91.0
Kaolinite Quartz 16.0 Illite 9.0
Feldspar 4.0
Clay 41.0 Montmorillonite 49.0
Dolomite 30.0 Sepiolite 33.0
Aksaray clay Calcite 24.0 Kaolinite 12.0
Quartz 2.0 Illite 6.0
Feldspar 3.0
* According to ASTM (1972) Catalogue [26]
®: According to Grim [27], Brindley [28] and Wilson [29]
Table 2. Geotechnical and physical properties of clays
Properties Kaolinite Aksaray clay
Clay mineralogy (dominant) Kaolinite Montmorillonite-sepiolite
Percent finer than No.200 sieve (%)* 99.0 99.0
Percent finer than 0.002 (mm) (%)* 54.0 55.5
Particle size range (mm)* 0.00012 - 0.4 0.00015-0.4
Average diameter (dso) (mm)® 0.0015 0.0014
Specific gravity of solids (G,)> 2.59 2.61
Activity (A.) 0.40 1.26
Cation exchange capacity(CEC) (meq/100g)* 11.76 24.13
Specific surface area (m?/g)? 15.29 206.13

#According to ASTM D422-63 [30]
bAccording to ASTM D854-02[31]
€According to Na method [32]
4According to methylene blue method

According to the XRD pattern, the behavior of the first clay was directed by the kaolinite mineral and
the behavior of the Aksaray clay was determined by montmorillonite, which formed 49% of this clay.
Moreover, large amounts of calcite and dolomite minerals within the Aksaray clay played an extremely
important role in the behavior of the clay due to their special reactions with acetic acid.

Pure water and acetic acid, which can dissolve in water in any percentage, were used as pore fluids in
the study. The chemical formula of acetic acid is CH;CO,H and its dielectric constant (g,=6.2) is much
lower than that of water (¢)=80.4) [33]. Acetic acid tends to enter into chemical reactions with the clay. In
the experiments, acetic acid was added to pure water in proportions of 20%, 40%, 60% and 80%.

b) Methods

In the experimental study, the two clays were dried at 105°C and pulverized. Then, Atterberg limit
tests were conducted at different contents of acetic acid and the Casagrande Test was applied according to
ASTM D4318-95b Standard Test [34].

Although the direct shear test is mostly performed on sands rather than clays, it was thought that
direct shear tests would be more appropriate for determining the shear strength of clays due to the
tendency of clays to turn into a silt and fine sand form in the presence of acetic acid. In order to prepare
direct shear test samples, slurries prepared with a water content twice the liquid limit (w=2LL) (in Table
3) of each acetic acid content were pre-consolidated by placing them into a cell 220 mm in diameter and
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200 mm in height, designed to allow fluids to exit from both the top and the bottom. The specimens
obtained from the pre-consolidated slurry, using a gradual load increase up to 100 kPa, (12.5, 25.0, 37.5,
50.0, 62.5, 75.0, 87.5, 100.0 kPa), were used for the direct shear tests.

Table 3. The Atterberg limit test results of clays

Liquid limit (LL) Various acetic acid content
Clays Plasticity index (PI) (According to the weight) (%)
(%) 0 20 40 60 80
LL 41.90 47.85 52.80 57.26 58.21
Kaolinite PI 18.33 21.72 25.14 29.51 27.54
Aksaray clay LL 125.83 83.72 56.80 47.66 44.97
PI 89.12 46.70 18.97 6.45 4.2

After pre-consolidation of the slurries, at least three samples were taken in rings with circular sections
of 62.5 mm internal diameter and 20 mm in height. Direct shear tests were conducted according to the
ASTM D-3080 Standard Test [35]. Vertical pressures of 32.6, 65.2 and 130.5 kPa were applied to each
sample, respectively. The samples were cut at a horizontal speed of 1 mm/min.

For the OM investigation, amounts of 5% (m/m) clay were dispersed in the acetic acid/water
mixtures. The suspensions were prepared in 10 ml glass tubes and shaken for approximately 2 min. Then,
one or two drops were taken from the suspensions, dripped onto a glass surface and photographic images
were immediately taken using an optical microscope (x100 magnification). For the SEM images, parts of
the samples that were used in the experiments with different acetic acid contents were dried and images
were produced using a ZEISS EVO SEM at 20.00 kV and a beam current of 53 pA in the Konya
Technocity at Selcuk University. The SEM images were taken at x2500 magnification and a 10 mm
working distance, which enabled visualization of the general pore distributions and fabrics as well as the
pore geometries.

3. TEST RESULTS
a) Kaolinite

The kaolinite presented a plastic property for the various acetic acid contents, and the liquid limit and
plastic limit tests were easily performed. In general, increasing acetic acid contents led to increasing LL
values, although the plasticity index values (PI) did not increase by much (Table 3). The maximum shear
strength values and corrected failure envelopes for kaolinite obtained from the direct shear tests are shown
in Fig. 1. Maximum shear strength values were obtained in parallel with the increasing acetic acid
contents. Values obtained for the 80% acetic acid content were on average 2.5 times higher than those for
pure water. Likewise, an increase was observed in the cohesion and the ¢ values in parallel with increasing
acetic acid contents (Table 4). Increases in the maximum shear strength values and shear strength
parameters were attributed to the following:

The two fundamental physico-chemical factors that cause structural and shear strength changes in
clay particles are the van der Waals attractive and diffuse double layer repulsive forces. The behavior of
kaolinite is controlled by van der Waals attractive forces between the particles [6]. Diffuse double layer
repulsive forces are minimal in kaolinitic soils in comparison to montmorillonitic soils [4]. Zhao [17]
calculated the change in physico-chemical forces of kaolinite particles for nine organic fluids with
different dielectric constant values [33], as shown in Fig. 2, in the event that the distances between
particles for the kaolinite are 0.003um and 0.001um, respectively. According to Fig. 2, if the dielectric
constant of a pore fluid decreases, the net force between the clay particles will be an attractive force. In
this study, the dielectric constants of pore fluids decreased with increasing acetic acid contents. So
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accordingly, in kaolinite, the highest attractive force between the particles should be for the sampled with
80% acetic acid content (from Fig. 2) because the net attractive force between the clay particles increases
due to the decreasing dielectric constant of the pore fluid [14]. Thus, the particles formed clusters through
a flocculation process and began to demonstrate increased resistance. The strength values obtained in the
direct shear tests were in concordance with this change.

Table 4. Shear strength parameters of the kaolinite for various acetic acid contents

Acetic acid content (%)
0 20 40 60 80
Cohesion ( ¢ ) (kPa) 9.44 13.53 19.50 23.00 23.72
Internal friction angle (¢") 3.66 4.97 5.59 5.96 8.25
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Fig. 1. The results of direct shear tests of the kaolinite for various acetic acid contents
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Fig. 2. The change of physico-chemical forces versus dielectric constant for kaolinite
a) particle seperation=0.003um, b) particle seperation=0.001pum

b) Aksaray clay

Both the LL and PI values of Aksaray clay decreased with increasing acetic acid content and the
decreasing dielectric constant of pore fluid (Table 3). The liquid and plastic limit tests were difficult to
apply, as the clay particles turned into a silt and fine sand form due to excessive lumping during the tests,
especially at higher acetic acid contents. In Aksaray clay, just as in the case of kaolinite, the maximum
shear strengths increased in accordance with the increasing acetic acid contents (Fig. 3). These increases
began to be more obvious, especially with the 40% acetic acid content. The values obtained for the 80%
acetic acid content were three times higher than for pure water. Whereas the Aksaray clay had both
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increased cohesion and ¢ values, the changes became more conspicuous, especially in the ¢ values (Table
5). The changes in maximum shear strengths and shear strength parameters were attributed to the
following:

The clay fraction of Aksaray clay mostly consists of montmorillonite mineral. The behavior of
montmorillonite clays depends on the diffuse double layer repulsive force rather than the van der Waals
attractive force. Theoretically, the diffuse double layer thickness in montmorillonite is 40 times greater
than that of the thickness of the clay mineral [36]. A decrease in the thickness of the diffuse double layer
caused by organic fluids reduces electrical repulsive forces, and this causes flocculation in the clay [37].
Chen [6] investigated the interaction energy with changes in the dielectric constant of pore fluid between
particles of montmorillonite clay minerals using organic fluids (Fig. 4). The attraction energy (E..)
between the particles in montmorillonite showed very small values and was almost negligible in
comparison to the repulsive energy (E,). The total net interaction energy (E.) depends on the change in
repulsive energy.

Table 5. Shear strength parameters of the Aksaray clay for various acetic acid contents

Acetic acid content (%)
0 20 40 60 80
Cohesion ( ¢ ) (kPa) 22.09 25.08 25.85 29.67 30.16
Internal friction angle (¢") 2.52 4.15 11.86 20.44 24.84

In the case of the pore fluid being acetic acid, the diffuse double layer between the clay particles
collapsed together with a decrease in the dielectric constant, and repulsive forces decreased. The net force
that occurred between the particles due to the decrease in the repulsive forces between particles increased
in such a way that the attractive force became more dominant. As a consequence of this change, the clay
particles underwent flocculation by approaching each other and the permeability of the clay increased. The
water content of the clay decreased with the increase in permeability. The clay demonstrated higher
resistance to external forces due to the low water content, flocculation of the particles and the more
effective mechanical contacts between the particles. Thus, the clay demonstrated behavior almost similar
to that of over-consolidated clay [38].
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Fig. 3. The results of direct shear tests of the Aksaray clay for various acetic acid contents

Additionally, the excessive strength increase obtained under the effect of acetic acid can be explained
by the reaction of 30% dolomite (CaMg(CO;),) and 24% calcite (CaCOs) in the clay with the acetic acid.
As a result of the treatment of calcite with acetic acid, calcium acetate (Ca(CH3CQO,),), and the treatment
of dolomite with acetic acid, calcium acetate (Ca(CH3CO;),;) or magnesium acetate (Mg(CH;CO,),)
compounds were formed (Egs. (1, 2)) [39].
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CaCO; +2 CH;COOH

MgCO; + 2 CH;COOH

= Ca(CH3C02)2 + HZO + COz

= Mg(CH3C02)2 + Hzo + C02
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Fig. 4. Variation of interaction energy in montmorillonite with dielectric constants of pore fluids [6]
a) repulsive energy, b) attractive energy, c)total energy

The behaviors of these compounds can be better understood by analysis of their open structures (Fig. Sa,

5b). The open structure of these compounds clearly shows that there are unbonded minus (-) loads on one

edge of the oxygen (O) atoms that are bonded to the carbon (C) atoms. Metals such as iron (Fe), aluminum
(Al), sodium (Na) and potassium (K) are bonded to these edges in unbonded oxygen atoms. This
relationship continues in a chain. Due to these chains, the structure becomes more resistant to external

forces [40].
" Fe ‘ Jz'&_l ----- h Fe' .zz\sl """
: 6 5 :
iy - ! !
53— s CH; —C —CH;
\O_ Cas o'/ \o' wd o'/
(a) (b)

Fig. 5. Open structural display of the calcium acetate (Ca(CH3CO,),) and magnesium
acetate (Mg(CH;CO,),) formations in the chemical reactions, a) Calcium acetate
(Ca(CH;3CO0,),), b) Magnesium acetate (Mg(CH;3CO,),)

4. DISCUSSION OF RESULTS

The increase in maximum shear strength in the presence of acetic acid was lower in kaolinite than in

Aksaray clay (Fig. 1, 3); however, the increase in cohesion was higher in kaolinite than in Aksaray clay.
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This phenomenon can be accounted for by the fact that the kaolinite turned to gel as a result of the effect
of acetic acid. Kaolinite minerals are composed of alumina silicate at a ratio of 1:1, which can decompose
by entering into a reaction with acid under the appropriate conditions. Due to the formation of gel-like
silica aluminium hydroxide as a result of the reaction between kaolinite and acetic acid, filtration became
difficult, the filtration speed decreased and viscosity increased. As a consequence of this reaction, it
became difficult for the excess fluid within the slurry that was subjected to pre-consolidation to flow out,
and the initial water content of the samples used for the direct shear tests increased. Thus, the increase in
the shear strengths became limited. Due to gelification, the viscosity between the particles increased and
therefore the cohesion values demonstrated a more conspicuous increase.

Both kaolinite and Aksaray clay showed increases in ¢ values with increasing acetic acid content.
When an external force was applied to both clays, which tended to acquire a silt and fine sand form in the
presence of organic fluids, the mechanical contacts between particles increased and the friction resistance
that occurs as a result of the contact caused when particles are forced to displace, increased. Changes in
the ¢ value of the clay became far more obvious than changes in cohesion, especially for Aksaray clay.
The ¢ value was 24.84° for the 80% acetic acid content, which was 9.86 times greater than that of the
value obtained for pure water; this increase in ¢ value is very important for shear strength. Likewise,
Olgun and Yildiz [10] carried out undrained-unconsolidated triaxial compression tests (UU) on Aksaray
clay, using samples pre-consolidated with different acetic acid contents, to analyze changes in shear
strength. It was found that cohesion values did not vary with increasing acetic acid content, whereas the ¢
values increased from 3.97° to 14.71°. In this case, the theory proposed by Schmertmann [19] that the
rigidity and the increase in resistance in the presence of organic fluids are due to ¢ value rather than
cohesion was verified for Aksaray clay. However, it should be noted that excessive increases in the ¢
value of Aksaray clay are related to the reactions of calcite and dolomite with acetic acid, as well as a
decrease in the dielectric constant of pore fluid (Egs. (1) and (2))

For Aksaray clay, the change in the ¢ value caused the clay to behave almost like a silt and fine sand.
According to Table 6, which shows typical ¢ values for different soils [41], Aksaray clay had ¢ values
similar to loose silt or silty sand at 60% acetic acid content and similar to hard silt or silty sand at 80%
acetic acid content. Similarly, Ratnaweera and Meegoda [20] reported that, in the presence of organic

fluids, their clay soil samples exhibited behavior similar to that of granular soils.

Table 6. Typical values of internal friction angle for different soils [41]

Soil class Internal friction angle (¢°)
Hard, well graded, coarse sand 37-60
Hard, uniform graded fine sand 33-45
Loose dry sand 28 -34
Loose silt or silty sand 20-22
Hard silt or silty sand 25-30

According to the liquid limit test results, whereas the LL values in kaolinite increased slightly with
increasing acetic acid contents, the effect of acetic acid on the LL value was limited. Kaolinite is affected
by external factors less than other clay minerals (illite, montmorillonite) due to kaolinite’s powerful
hydrogen bonds and the thinner diffuse double layer with respect to its dimensions [36]. However, some
increase in the LL values resulted from the gelification process and water molecules, which were in the
buffer zone between the particles in different acetic acid contents that were pulled through the particle
surface [17]. On the other hand, the LL values in Aksaray clay demonstrated a substantial decrease with
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increasing acetic acid contents. This situation is related to the thickness of the diffuse double layer around
the clay particles. The diffuse double layer thickness of the montmorillonite is proportionally much greater
than for the other clay minerals. The diffuse double layer thickness is directly proportional to the square
root of the dielectric constant of the pore fluid [42]. Consequently, the diffuse double layer thickness
decreased with the decreasing dielectric constant of the pore fluid in the tests. In other words, the amount
of fluid around the clay particles and the LL values of the clay decreased considerably with the decreasing
diffuse double layer thickness.

Despite the increase in LL values in kaolinite, the shear strength parameters, especially the cohesion
values, increased slightly due to van der Waals attractive forces. In other words, the shear strength
parameters changed in direct proportion to the increasing LL values. Unlike kaolinite, the LL values in
Aksaray clay decreased quite significantly due to flocculation of particles. Therefore, the shear strength
parameters, and in particular the ¢ wvalues, increased significantly. Specifically, the shear strength
parameters showed changes that were inversely proportional to the decreasing LL values.

According to the OM images, it was observed that the particles in both clays were separate and there
was no visible interaction among the particles in the presence of pure water (Fig. 6). It was clearly
observed that clustering and flocculation of particles increased in accordance with increasing acetic acid
content. The increase in clustering and flocculation manifests itself more conspicuously in Aksaray clay
than in kaolinite. For example, while a ball-like and totally clustered structure was observed in Aksaray
clay at 80% acetic acid content, it was observed that there were particles in kaolinite that were partially
clustered and indistinct and still tended to cluster. The finding that images in kaolinite were indistinct can
be interpreted as being a result of gelification in the structure of kaolinite, caused by acetic acid [40].

The degree of flocculation and the sizes of the clusters that formed in the OM images were in parallel
with the results obtained from the shear strength experiments. The behavior of the clays that resembled silt
and fine sand also underwent changes in this manner [43]. For example, in Aksaray clay, greater shear
strength and ¢ values were obtained in the 80% acetic acid content than in the 40% acetic acid content,
and the amount of clustering and flocculation were also in concordance with this change (Fig. 6e and 6f).

SEM photomicrographs of both kaolinite and Aksaray clay (Fig. 7) show that the fabrics had variable
particle sizes, ranging from 1 to 30 um in diameter. These particles were randomly distributed throughout
the samples. Similar to the optical microscope images, the images obtained from the SEM were clearer in
Aksaray clay than in kaolinite. There was no evidence of flocculation for pure water in either of the two
clay types (Fig. 7a and 7e); however, ettringite formed when acetic acid was used. Large amounts of
ettringite crystals are clearly visible in Figs. 7b, 7c and 7f. Conversely, the SEM images of the 80% acetic
acid content in kaolinite and the 40% and 80% acetic acid contents in Aksaray clay only show a few
ettringite crystals with the flocculation particles. Aluminium silicate hydrate (Al-S-H) gel formed between
the particles and the ettringite rods joined together, resulting in increased strength in the kaolinite (Fig.
7d). On the other hand, a denser structure formed in Aksaray clay under the influence of acetic acid,
especially at contents greater than 40%. Figures 7g and 7h show a greater portion of sand and silt size
grains throughout the samples than in 7e and 7f, corresponding to the greater shear strength of Aksaray
clay, especially with the increasing ¢ value. Larger pore spaces are shown in Figs. 7g and 7h, compared
with the fabric in Fig. 7e. These large pore spaces are important for increasing permeability and
decreasing LL values under the influence of acetic acid in Aksaray clay.
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a) Kaolinite — pure water d) Aksaray clay— pure water

-
b) Kaolinite - 40% acetic acid
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e |

) Kaolinite - 80% acetic acid f) Aksaray clay— 80% acetic acid
Fig. 6. Optical microscope images of two clays obtained for pure water, 40% and 80% acetic acid contents

- Ak lay - t
a) Kaolinite — pure water ¢)Aksaray clay - pure water

Fig. 7. Scanning electron photomicrographs of two clays obtained for pure
water, 20%, 40% and 80% acetic acid contents
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Figure 7 Continued.

b) Kaolinite - 20% acetic acid f)Aksaray clay —20% acetic acid

¢) Kaolinite - 40% acetic acid

XM 8

€ g3 > & & & g &
d) Kaolinite - 80% acetic acid h) Aksaray clay — 80% acetic acid

5. CONCLUSION

The following conclusions may be drawn from this study;

(1) The shear strength values and structural changes of the clays under the influence of organic fluids were
affected by the type of clay minerals and changes in the dielectric constant of the pore fluid.

(i1) The presence of acetic acid in Aksaray clay led to the collapse of the diffuse double layer particles and
thus the LL and PI values of the clay decreased significantly. Conversely, the LL and PI values of
kaolinite under the effect of acetic acid increased slightly due to gelification.

(ii1)) The increases in the shear strength of kaolinite were lower than those in Aksaray clay due to
decomposition and gelification caused by acetic acid in the structure of kaolinite, which contains alumina
silicate.
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(iv) Besides a decrease in the diffuse double layer repulsive forces in Aksaray clay, the increases that
occurred in the shear strength of Aksaray clay due to the chain-like formation caused by the reactions of
calcite and dolomite with acetic acid were far more conspicuous than those in kaolinite.

(v) There were increases in the ¢ value of both clays in accordance with the increase in acetic acid
contents. The increases were very prominent at acetic acid contents greater than 40%, especially in
Aksaray clay, and the increases that occurred in shear strength resulted from changes in the ¢ value rather
than changes in cohesion.

(vi) The increase in cohesion that occurred in kaolinite due to gelification of the structure was higher than
that in Aksaray clay. The increases that occurred in the shear strength of kaolinite can be attributed to
increases in cohesion; however, the ¢ value slightly influenced shear strength changes at acetic acid
contents greater than 60%.

(vii) In kaolinite, both the LL and shear strength parameters, especially the cohesion values, increased
with increasing acetic acid content. Conversely, in Aksaray clay, the shear strength parameters, especially
the ¢ values, increased with increasing acetic acid content whereas the LL values decreased.

(viii) Although there was a tendency towards silt and fine sand structures in both kaolinite and Aksaray
clay with increasing acetic acid contents, this was more evident in Aksaray clay. This change was quite
clearly visible in the OM and SEM images obtained for both clays. The amount of flocculation of the
particles shown in these images supported the changes in shear strength observed experimentally. This
leads to the conclusion that the chemical composition of acetic acid is important for the long-term shear
strength gain of stabilized clay, especially clay containing montmorillonite, calcite and dolomite.

Acknowledgments: This study is a part of a Ph. D. Thesis Study of Murat Olgun named “The
investigation of shear strength and consolidation behaviors of clay soils consolidated with chemicals of

various concentrations” and is supported by Selcuk University Scientific Investigation Projects Directorate
[40].

REFERENCES

1. Ouhadi, V. R. & Goodarzi, A. R. (2007). Factors impacting the electro conductivity variations of clayey soils.
Iranian Journal of Science & Technology, Transaction B: Engineering, Vol. 31, No. B2, pp. 109-121.

2. Bolt, G. T. (1956). Physico-chemical analysis of the compressibility of pure clays. Geotechnique, Vol. 6, No. 2,
pp- 86-93.

3. Brown, K. W. & Anderson, D. C. (1983). Effects of organic solvents on the permeability of clay soils. EPA-
600/83-016, Municipal Environmental Research Laboratory, U.S. Environmental Protection Agency, Cincinnati,
Ohio, pp. 153-161.

4. Sridharan, A., Rao, S. M. & Murty, N. S. (1988). Liquid limit of kaolinitic soils. ASTM Geotechnique, Vol. 38,
pp. 191-198.

5. Mitchell, J. K. (1960). The application of colloidal theory to the compressibility of clays. Commonwealth
Science and Industry Research Organization, Melbourne, Australia, Vol. 2, pp. 92-97.

6. Chen, J. (1996). Physico-chemical analysis of contaminated clay. Ph.D. Thesis, Johns Hopkins University,
Baltimore, Maryland.

7. Wienberg, R. (1990). Zum einfluB organischer schadstoffe auf deponietone — Teil 1: unspezifische
interaktionen. Abfallwirtschafis J., Vol. 2, No. 4, pp. 222-230.

8. Yildiz, M. (1998). The stabilization of hydraulic and strength properties of base material in the solid waste
stores. Ph. D. Thesis, ITU, Istanbul.

9. Anandarajah, A. & Zhao, D. (2000). Triaxial behaviour of kaolinite in different pore fluids. J. of Geotech. and
Geoenv. Eng., ASCE, Vol. 126, pp. 148-155.

1JST, Transactions of Civil Engineering, Volume 36, Number CI February 2012



Influence of acetic acid on structural chance and... 37

10. Olgun, M. & Yildiz, M. (2010). Effect of organic fluids on the geotechnical behavior of a highly plastic clayey
soil. Applied Clay Science, Vol. 48, pp. 615-621.

11. Uppot, O. J. & Stephenson, W. R. (1989). Permeability of clays under organic permenants. J. of Geotech. Eng.,
ASCE, Vol. 115, pp. 115-131.

12. Foreman, D. E. & Daniel, D. E. (1986). Permeation of compacted clay with organic chemicals. J. of Geotech.
Eng., ASCE, Vol. 112, pp. 669-681.

13. Bowders, J. J. & Daniel, D. E. (1987). Hydroulic conductivity of compacted clay to dilute organic chemicals. J.
of Geotech. Eng., ASCE, Vol. 113, pp. 1432-1448.

14. Kaya, A. & Fang, H. Y. (2000). The effects of organic fluids on physico-chemical parameters of fine-grained
soils. Canadian Geotech. J., Vol. 37, pp. 943-950.

15. Sridharan, A., El-Shafei, A. & Miura, N. (2000). A study on the dominating mechanisms and parameters
influencing the physical properties of Ariake clay. Int. Association of Lowland Tech. J., Vol. 2, pp. 55-70.

16. Moore, C. A. (1968). Mineralogical and pore fluid influences on deformation mechanisms in clay soils. Ph.D
Dissertation, U. of Calif. at Berkeley.

17. Zhao, D. (1996). Experimental study of stress-strain and shear strength behavior of contaminated cohesive soils.
Ph. D. Thesis, Johns Hopkins University, Baltimore, Maryland.

18. Soule, N. M. & Burns, S. E. (2001). Effects of organic cation structure on behaviour of organobentonits. J. of
Geotech. and Geoenv. Eng., ASCE, Vol. 127, No. 4, pp. 363-370.

19. Schmertmann, J. H. (2001). Triaxial behaviour of kaolinite in different pore fluids. J. of Geotech. and Geoenv.
Eng., ASCE, Discussion, Vol. 127, No. 5, pp. 463.

20. Ratnaweera, P. & Meegoda, J. N. (2006). Shear strength and stress-strain behaviour of contaminated soils.
ASTM Geotech. Testing J., Vol. 29, No. 2, pp. 133-140.

21. Dolinar, B. & Trauner, L. (2007). The impact of structure on the undrained shear strength of cohesive soils. Eng.
Geology, Vol. 92, Issues 1-2, pp. 88-96.

22. Al-Yaqout, A. F., Hamoda, M. F. & Al-Sarawi, M. A. (2007). Engineering properties of soil/solid waste at
closed unlined landfill — A case study. Kuwait J. of Sci. and Eng., Vol. 34, No. 2B, pp. 1-16.

23. Sridharan, A., Hayashi, S. & Du, Y. J. (2007). Discussion of structure characteristics and mechanical properties
of kaolinite soils. I. Surface charges and structural characterizations. Canadian Geotech. J., Vol. 44, pp. 241-
242.

24. Zhan, L. T., Chen, Y. M. & Ling, W. A. (2008). Shear strength characterization of municipal solid waste at the
Suzhou Landfill, China. Eng. Geology, Vol. 97, Issues 3-4, pp. 97-111.

25. Moore, C. A. & Mitchell, J. K. (1974). Electromagnetic forces and shear strength. Geotechnique, Vol. 24, No. 4,
pp. 627-636.

26. A.S.T.M. (1972). Inorganic index to the powder diffraction file. Joint Committee on Powder Diffraction
Standards, Pennsylvania, p. 1432.

27. Grim, R. E. (1968). Clay mineralogy. McGraw Hill, New York, p. 596.

28. Brindley, G. W. (1980). Quantitative X-ray mineral analysis of clays. In:Crystal structures of clay minerals and
their X-ray identification. London Mineralogical Society, pp. 125-195.

29. Wilson, M. J. (1987). 4 handbook of determinative methods in clay mineralogy. Blackie, London, p. 308.

30. Standart test method for particle-size analysis of soils, ASTM D422-63 (1990). American Society for Testing
and Materials 1916 race ST. Philadelphia, Pa 19103.

31. Standart test method for specific gravity of soil solids by water pycnometer, ASTM D854-02, (1990). American
Society for Testing and Materials. 100 Barr Harbor Dr., West Conshohocken, Pa 19428.

32. Chapman, H. D. (1965). Cation exchange capacity in methods of soil analysis. Edited by C.A. Black, pp. 891-
901.

33. Lide, D. R. (1994). Handbook of chemistry and physics. CRC Pres, Cleveland, Ohio.

February 2012 1JST, Transactions of Civil Engineering, Volume 36, Number C1



38

34.

35.

36.

37.

38.

39.

40.

41.

42.
43.

M. Olgun and M. Yildiz

Standard test method for liquid limit, plastic limit and plasticity index of soils, ASTM D4318-95b, (1990).
American Society for Testing and Materials. 100 Barr Harbor Dr., West Conshohocken, Pa 19428.

Standart test method for direct shear test of soils under consolidated drained conditions, ASTM D3080-04,
(1990). American Society for Testing and Materials. 100 Barr Harbor Dr., West Conshohocken, Pa 19428.

Das, B. M. (2002). Principles of geotechnical engineering. Thomson Learning Academic Resource Center, USA,
pp. 26-28.

Bowders, J. J., Daniel. D. E., Broderick, G. P. & Liljestrand, H. M. (1985). Methods for testing the
compressibility of clay liners with landfill leachate. ASTM STP 886, Hazardous and Industrial Solid Waste
Testing, Fourth Symposium, American Society for Testing Materials, pp. 233-250.

Richards, A. F. & Hamilton, E. L. (1967). Investigation of deep sea sediment cores, III. Consolidation. Marine
Geotechnique, pp. 93-117.

Blinkova, E. V. & Eliseev, E. 1. (2005). Dissolution of calcium carbonate in aqueous solutions of acetic acid.
Russian J. of Applied Chemistry, Vol. 78, No. 7, pp. 1064 -1066.

Olgun, M. (2008). The investigation of shear strength and consolidation behaviors of clay soils consolidated
with chemicals of various concentrations. Ph. D. Thesis, Selcuk University, Konya.

Aytekin, M. (2005). The experimental soil mechanics. Trabzon.

Van Olphen, H. (1977). An introduction to clay colloid chemistry. Wiley Interscience, New Y ork.

Kaya, A. & Fang, H. Y. (2005). Experimental evidence of reduction in attractive and repulsive forces between
clay particles permeated with organic fluids. Canadian Geotech J., Technical Note, Vol. 42, pp. 632-640.

1JST, Transactions of Civil Engineering, Volume 36, Number CI February 2012



	Microsoft Word - Olgun-36C1.doc
	Microsoft Word - Olgun-36C1.doc


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




