I European Journal of Science and Technology
Ozel Sayi, 34, S. 267-272, Mart 2022 P, Special Issue 34, pp. 267-272, March 2022
© Telif hakki EJOSAT a aittir » A Copyright © 2022 EJOSAT

ol SN
Arastirma Makalesi www.ejosat.com ISSN:2148-2683 Research Article

Avrupa Bilim ve Teknoloji Dergisi

Engineering Performance of Fly Ash Stabilized Catalagz clay

Emrah Dagli'”, Omer Faruk Capar?

1* Zonguldak Bulent Ecevit University, Faculty of Engineering, Departmant of Civil Engineering, Zonguldak, Turkey, (ORCID: 0000-0002-5744-8151),

emrahdagli@beun.edu.tr
2 Adana Alparslan Tiirkes Bilim ve Teknoloji University, Faculty of Engineering, Departmant of Civil Engineering, Adana, Turkey, (ORCID: 0000-0002-6325-8223),

ofcapar@atu.edu.tr
(2nd International Conference on Applied Engineering and Natural Sciences ICAENS 2022, March 10-13, 2022)

(DOI: 10.31590/ejosat.1081214)

ATIF/REFERENCE: Dagli E.& Capar, O. F. (2022). Engineering Performance of Fly Ash Stabilized Catalagzi Clay. European Journal
of Science and Technology, (34), 267-272.

Abstract

Stabilizing of soils can be done with physical, chemical and hydraulic methods. Chemical stabilization is one of the most widely used
method among them. In this study, low plasticity Catalagzi clayey soil is chosen as a research material. F type of fly ash are used as a
chemical additive. Soil is mixed with various amount (0%, 10%, 20% and 30%) of fly ash. Index tests (hydrometer, specific gravity,
liquid limit, plastic limit and standard compaction) were performed on clayey soil. Then samples prepared with optimum water content
obtained from standard compaction test were exposed to unconfined compressive strength (UCS), moisture condition value (MCV) and
California bearing ratio (CBR) tests. Curing time are selected as 0, 7 and 28 days for UCS test. Curing for CBR test includes 28 days
air curing and 4 days full soaking. MCV has no curing time. Addition of fly ash increase the UCS of untreated soil. UCS of samples for
S10FA, S20FA and S30FA having 7 day of curing time is 1.46, 1.51 and 1.53 times of the Catalagzi clay of having no curing time. Rate
of increase in UCS gets slow down after 7 days. MCV of S10FA is 18.3 while it is 12.2 for Catalagzi clay which means 50% increase.
Fly ash content after 10% have no significant change and even decrease slightly. CBR values are increased with an addition of fly ash
also. It has been concluded that this type of fly ash increases the engineering performance of untreated clay but it is not suitable to be a
subgrade for highway when taking into account of CBR value

Keywords: Clayey soil, California bearing ratio, Fly ash, Moisture condition value, Unconfined compressive strength

Ucucu Kiille Stabilize Edilen Catalagz1 Kili Miihendislik Performansi

Oz

Zeminlerin stabilizasyonu fiziksel, kimyasal ve hidrolik yontemler ile yapilabilmektedir. Kimyasal stabilizasyon, bu yontemlerin
arasindan en yaygin kullanilanidir. Bu ¢alismada, diisiik plastisiteli Catalagzi kil numunesi aragtirma malzemesi olarak secilmistir. F
tipi ugucu kiil kimyasal katki olarak kullanilmistir. Zemin ¢esitli oranlarda (0%, 10%, 20% ve 30%) ucucu kiil ile karistirllmistir. Killi
zemin lzerinde indeks deneyleri (hidroemetre, 6zgiil agirlik, likit limit, plastik limit ve standart kompaksiyon) gerceklestirilmistir.
Sonra, standart kompaksiyon deneyinden elde edilen optimum su igeriginde hazirlanan numuneler, serbest basing (UCS), nemlilik
sartlart (MCV) ve Kaliforniya tasima oran1 (CBR) deneyine maruz kalmistir. Kiir siiresi UCS deneyi i¢in 0, 7 ve 28 giin olarak
secilmigtir. CBR deneyindeki kiir 28 giin havada kiirlerme ve 4 giin tam suda beklemeyi icermektedir. MCV igin kiir siiresi yoktur.
Ugucu kiil ilavesi zeminin UCS degerini artirmaktadir. SIOFA, S20FA ve S30FA numunelerine ait 7 giin kiirlii durumdaki UCS
degerleri, kiir siiresiz Catalagiz kilinin 1.46, 1.51 ve 1.53 katidir. UCS artis hiz1 7 giinden sonra yavaslamaktadir. S10FA i¢cin MCV
18.3 iken Catalagzi kili i¢in 12.2 olmustur bu da yaklasik 50% artis anlamina gelmektedir. Ugucu kiil katki oran1 10%’den sonra 6nemli
bir degisim olmamis hatta biraz azalmistir. CBR degerleri de ugucu kiil ilavesi ile artmustir. Ugucu kiiliin, kilin miihendislik
performansinin artirdig1 fakat CBR degeri diisliniildiigiinde yol alt dolgusu olmak i¢in yeterli olmadig1 sonucuna varilmistir.

Anahtar Kelimeler: Killi zemin, Kaliforniya tasima orani, Ugucu kiil, Nemlilik sartlari, Serbest basing
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1. Introduction

Fly ash is a waste product generated in coal/lignite based
thermal power plants. They are formed as a result of the transport
of coal, which is burned by grinding very finely in thermal power
plants, with flue gases. Since they will adversely affect the
environment, fly ash is prevented from leaving the power plant
chimney and mixing into the air. For this purpose, ashes are
collected by mechanical and electrostatic methods and stored
around the power plant or in other suitable places. Amount of fly
ash produced is 600 million tons per annum in the world [1]. Fly
ash has numerous applications in construction, ceramic industries,
soil stabilization for highway construction [2-8]. In fact, fly ash
can be even used as a potential raw material for the synthesis of
nano porous materials such as zeolites or mesoporous silica due
to its high silica content [9]. Although the global use of coal to
prevent global warming decreased by 4.4% in 2021, the global
market value of fly ash is 3,757.911 million dollars. Million tons
of fly ash, which is still stored in the form of waste produced by
thermal power plants, is stored for future use.

In this study, low plasticity Catalagzi clay and F type of fly
ash was used as a research material. Index parameters of soil were
obtained from physical identity tests (specific gravity,
hydrometer, liquid limit, plastic limit and standard compaction).
Specimens for strength tests were prepared with an optimum
water content of soil obtained from standard compaction test.
Unconfined Compressive Strength (UCS) tests were carried out
for all mixtures and curing time was used as 0, 7 and 28 days.
Moisture Content Value (MCV) tests were conducted without
curing. California Bearing Ratio (CBR) test was also performed
for specimens by 28 days air curing + 4 days full soaking. The
aim of this study is to evaluate the impact of F type fly ash on
clayey soil’s engineering properties.

2. Material and Method
2.1. Materials

Catalagz1 clayey were used in this study. This soil was
obtained from Kilimli district of Zonguldak. Index parameters of
the soil is presented in the Table 1.

Table 1. Index parameters of clay

Material Soil
Soil Type CL
Clay (%) 55
Silt (%) 45
LL 36
PL 19
Pl 17
Gs 2.63
Pd(max) 1.70 g/cm3
Wopt (%) 16.97

Grain size distribution of the soil is obtained with a hydrometer
test, details of it is given in ASTM D7928-17, 2017 [10] standard,
in order to find out silt and clay percentages of soil. Clay and silt
percentages of the clay is 55% and 45% respectively.

This soil is classified as CL (low plasticity clay) according to
plasticity chart identified in ASTM D2487-17¢! [11] standard.
Maximum dry density and optimum water content is 1.70 g/cm?®
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and 16.97% respectively as a result of standard compaction test
conforming to ASTM D698-122 (2012) standard [12].

Fly ash was taken from Eren Enerji Thermal Power Plant.
Chemical composition of fly ash used in this study was
determined with XRF analysis. Results are given in Table 2.

Table 2. Chemical composition of fly ash

Component Concentration

(%)
SiO; 48.20
Al;O3 21.08
Fe,O3 18.32
K20 3.88
CaO 2.49
TiO; 2.35
MgO 1.89
SO; 0.98
Na,O 0.57

This fly ash is classified as F type according to ASTM C618
(2019) standard [13] since it meets both criteria of having CaO <
18% and SiO2 + A1203 + Fe203 > 70 %.

2.2. Method

In this study, varying fly ash additive (0%, 10%, 20% and
30%) and curing time (0, 7 and 28 days) were used to evaluate the
UCS performance of untreated and treated Catalagzi soil. CBR
tests were carried out for all mixtures cured for 28 days following
4 days full soaking (28 + 4i). MCV tests were also carried out.
Detailed experiment program and codes for mixtures are given in
Table 3.

Table 3. Experiment Program and Mixture Codes

Material Code Test
Catalagz Soil S IE/I%?/ ,(O(’:;’Fezfzg?f.))
Fly Ash EA
Soil + 10% FA | SI10FA k’/lgf/ f%éhzégﬁ))
Soil + 20% FA | S20FA k’/lgf/ f%éhzégﬁ))
Soil + 30% FA | S30FA k’/l(éf/ f%;iqz(szgﬁ))

2.2.1. Unconfined Compressive Strength Test

This test was carried out according to ASTM
D2166/D2166M-16 standard [14]. Samples of unconfined
compressive strength (UCS) tests were prepared with Harvard
mini compactor equipment having a 33 mm diameter and 71 mm
height. All samples exposed to UCS tests were compacted in a 5
layer with 10 blows to give same energy with standard
compaction test. Three identical samples (having same curing
time and additive ratio) were used. Samples having 7 and 28 days
of curing were stored at desiccators. After that, samples ready for
tests were placed on the test device. Semi-automatic GDS test
device was used to get data. Rate of loading was approximately
0.71 mm/min which is equal to 10% displacement in 10 minutes.
Axial stress-axial strain graphs were plotted. Maximum stress
determined from that graph is defined as the unconfined
compressive strength.
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2.2.2. Moisture Condition Value Test

The test was performed with regarding to BS EN 13286-46
(2003) standard [15]. Moisture condition value (MCV) test was
developed by British Highways. Aim of this test is to check the
suitability of embankments in highways. It is not a time-
consuming test that it is the main advantage. This test ensures the
evaluation of compactive effort in terms of blow numbers (B). In
this test, approximately 1.5 kg soil specimen were mixed
thoroughly with optimum water. Hammer of 97 mm diameter and
7 kg weight were dropped from 25 cm vertical distance on the
compacted specimen. Blow numbers were used as 1, 2, 4, 8, 16,
32, 64, 128 and 256. Penetration numbers (n) were recorded after
per blows. Steepest straight line is drawn and extended till it
intercepts 5 mm of penetration difference. X axis of interception
point gives the “B” value that is used for MCV calculation.
Moisture condition value (MCV) is equal to 10 times logarithm
of B (MCV = 10logB). Fig. 1 is the number of blows-penetration
difference curve of Catalagzi clay which is a typical example of
soil.

Moisture Condition Value (MCV)

0 5 10 122 15 20
25 Il Il Il

Penetration Difference (n-4n) mm

100

Number of Blows

Fig. 1 Penetration difference-blow curve for soil
2.2.3. California Bearing Ratio Test

California bearing ratio (CBR) tests were performed
according to BS EN 13286-47 (2012) standard [16]. Samples
were prepared with an optimum water content of soil. Compaction
were performed with an automatic compactor equipment by
applying 61 blows per 3 layers. Samples tested are all exposed to
28 days of air curing time following 4 days of full soaking. Load-
penetration data were recorded to find the CBR value

3. Results and Discussion
3.1. Results

Axial stress versus axial strain curves obtained from UCS
tests are shown in Fig. 2, 3 and 4. Numbers written in the figure
indicates the ith of 3 identical sample.
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Fig. 2 Stress-strain curves of all mixtures for no curing

Fig 2 indicates that, axial strain value of maximum stress for
untreated soil is approximately between 5% and 6%. Fly ash
addition has a decreasing effect of Axial Strain Occurring at
Maximum Stress (ASOAMS) as clearly seen. ASOAMS
decreases 3.5% for S10FA and minimum value of it is 1.5% for
S30FA.
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Fig. 3 Stress-strain curves of all mixtures for 7 days curing

Similar stress- strain behaviour is shown in Fig 3. Distinct
difference is observed for untreated clay that ASOAMS reduces
to 3% which can be attributed to curing time and reactions
occurred. SIOFA, S20FA and S30FA mixtures tend to behave
similar for 7 days curing and ASOAMS is between 2% and 3%.
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Stress-strain behaviour of mixtures cured for 28 days are é 10
almost same with same curves of Fig 2. Main reasons for that is F a
type of fly ash having low cementing agent (especially CaO) did s c
not change the failure behaviour from ductile to brittle for SIOFA, s
S20FA and S30FA. Furthermore, hydration and cementing 2
reactions are still in progress after 28 days a O
1 10 100
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<
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Results of various fly ash additive and curing time of €
unconfined compressive strength tests are presented in Figure 5. < 20
This figure shows that fly ash tends to increase slightly the UCS £
of Catalagzi clay. UCS of S10FA, S20FA and S30FA for 7-day of § 15
curing are 1.46, 1.51 and 1.53 times of untreated clay of 0 day g
curing respectively. These values of S10FA, S20FA and S30FA £ 10
reaches 1.54, 1.60 and 1.68 times for 28-day of curing. 2
o
UCS results of the test indicate that increasing fly ash content § >
to 10% and 20% enhance UCS value apparently. However, after %
20% fly ash, UCS value seems nearly same even a little increase. a 0
1 10 100

Increasing rate of UCS after 7 days is distinctly slower than first
7 days. Similar results are also obtained from the literature Number of Blows
[3,5,7,18]. Since fly ash used in this study is F type, its hydratation
and cementation reactions are not as effective as C type fly ash.
This make no distinct change in UCS after 7 days curing.
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Fig 6, shows the penetration difference-number of blows
graphs of all mixtures (S, SI0FA, S20FA and S30FA). Increase
in the blow number enhance slightly (nearly same) the penetration
difference and sharp decrease is occurred after 4 blows. Different
behaviour of fly ash stabilized mixtures and untreated clay are
seen especially for the first 4 blows. Penetration difference-
number of blows graph of S30FA mixture is decreasing
monotonic while others have no behaviour like that.

o | ©)
—

MCV

15

0 5 10 15 20 25 30
Fly Ash (%)
Fig. 7 Effect of fly ash on MCV of soil

Fly ash effect on MCV of soil is shown in Figure 7. Increasing
fly ash additive from 0 to 10% increase the MCV of soil
approximately 50% and it is the top value. MCV of S20FA and
S30FA mixtures are 17.1 and 16.6 respectively which is lower
than S10FA

MCYV results of all mixtures including clay is higher than the
lower limit of MCV value of 8.5 accepted [19]. MCV test contains
no curing time and thus make the results of SI0FA, S20FA and
S30FA mixtures close to each other. By comparing MCV values
with an exception of clay, minimum MCYV of treated mixtures of
S30FA is 0.91 times of STOFA.
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Fig. 8 Penetration-load curves of CBR for all mixtures

Load-penetration curves of all mixtures seems to be typical
as shown in Figure 8. Approximate CBR values of all mixtures
can be clearly understood that they are very close to each other.
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For the first 2.5 mm penetration, load increase for all samples are
fast compared to other 12.5 mm penetration. Curves of S20FA and
S30FA mixtures separate from S and S10FA after 3 mm
penetration. However, CBR values of them is not far away even
it seems that some increase occurs when observed for Figure 9.

CBR values are increased with an increase in fly ash content
as seen in Fig 9. CBR of untreated clay is 2.66%. Fly ash addition
of 10% enhance the CBR value to 3.18%. After 20% fly ash
addition, there is no significant change in CBR. Maximum CBR
value is obtained for S30FA mixtures and it is 3.97%. This
increase has no sense even it seems 50% from untreated clay to
S30FA. According to Turkish Highway Technical Specification
(KGM, 2013) [17], soil has minimum of 15% of CBR value to be
used as a subgrade in highways. There is no mixture of this study
that satisfying this condition.

< 7 ©)

CBR (%)
2
|

0 5 10 15 20 25 30
Fly Ash

Fig. 9 Effect of fly ash on CBR of soil

CBR results of all mixtures are close to values of published
literature. Pandian et al. (2001) [2] evaluated the maximum CBR
value of 4.85 value for the mixture containing 20% fly ash.
Brooks et al. (2011) [4] also found CBR value of 4.00 for 25%
and 2.50 for untreated soil. Similar results are obtained by other
studies [8,20].

4. Conclusions and Recommendations

This study is performed to investigate the effect of fly ash
additive on engineering properties of clay soil. F type of fly ash
was used. UCS tests were conducted for the various curing time
(0, 7 and 28 day) and fly ash additive ratios (0%, 10%, 20% and
30%). MCV tests were also performed for same fly ash additive
ratios but with no curing time. CBR tests were carried out for all
mixtures for curing time defined above. The conclusions written
below are obtained.

1) Catalagz clay is a typical low plasticity clayey soil and
engineering properties of it are in line of expectations.

2) Addition on fly ash increased the UCS of clay soil.
However, after 20%, fly ash has no prominent effect on UCS.

3) Increasing curing time enhanced the UCS of all mixtures
including clay. On the other hand, UCS of the samples having 7
and 28 days curing are close to each other since the usage of low
cementing fly ash.
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4) MCYV results of fly ash stabilized mixtures are not far
away from each other. One of the reasons of that there is no curing
time. MCV of S10FA, S20FA and S30FA mixtures are higher than
untreated clay.

5) CBR results indicates that, fly ash addition on clay
increases CBR value but it is not acceptable to be a highway
subgrade material. Low CaO fly ash (F type) has no sufficient
effect to increase the CBR value at least 15%.
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