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A B S T R A C T 

Too much CO2 is released during cement production. In many researches, the use of 
natural or recycled compounds plays an important role in the cement composition. 

The use of these components contributes both to reducing the amount of waste and 

to protecting the environment in nature. It is possible to produce an environmentally 

friendly concrete, thanks to its being a fly ash thermal power plant waste and its use 
as mineral additive in terms of its composition. In this study, it is aimed to produce 

impermeable concretes with the use of C type fly ash as substitutes for cement in con-

crete composition in substitution rates of 10 %, 30 % and 50 %. In order to reduce the 

permeability of concrete in this direction, as a result of grinding the fly ash in the ball 

mill for 0, 10, 20, 30, 45 and 60 minutes, concrete samples were prepared with and 

without admixture (Reference). Capillarity test was performed to determine the per-

meability at the end of cure periods of 28 and 90 days on concrete samples. According 

to the results obtained at the end of 28 days, the best impermeability was achieved in 

the mixture with 50 % fly ash replacement and 60 minutes grinding time. In 90 days, 

the best impermeability was obtained in the mixture with 30 % fly ash replacement 

and 0 minutes of grinding time. As a result, it was seen that permeability decreased 

with increasing thinness and substitution rate of fly ash in concrete composition. 
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1. Introduction 

The presence of rich lignite deposits in our country, 
easy to supply, short-term and low-cost operation in 
terms of electrical power generation is one of the most 
preferred reasons for thermal power plants. The in-
crease in electricity production in the 21st century is an 
indicator of economic and social development and is one 
of the factors facilitating human life (Özcan et al., 2014). 
As of the end of July 2017, the number of power plants 
generating electricity in our country increased to 3,098 
(including unlicensed plants). 613 of the existing power 
plants are hydroelectric, 40 are coal, 186 are wind, 33 
are geothermal, 288 are natural gas, 1,773 are solar and 
have other sources. Afşin Elbistan thermal power plant 
has the highest electricity generation capacity among 

these power plants and the installed capacity was deter-
mined as 2795 MW in total A and B plants (MENR, 2018). 
In our country, the amount of fly ash released in these 
plants and other coal-fired thermal power plants is cal-
culated as 18 million tons annually (Bilir et al., 2015). In 
the world, this amount is 780 million tons annually (To-
niolo and Boccaccini, 2017). 

The waste material, which is not involved in the act of 
burning as a result of the burning of coal in thermal 
power plants, which is inorganic and small in size, is 
transported by flue gases and collected with the help of 
electron filters and cyclones is termed fly ash. The for-
mation mechanism of this product is brought to fine 
grain structure by the grinding of coal in ball or roller 
mills during electricity production. The carbon in the 
coal starts to ignite in the combustion chambers, which 
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have a temperature of 1037-1482°C and are fed by con-
tinuous air. Subsequently, as a result of the continuous 
combustion of the coal, the volatiles evaporate and the 
carbon is heated in the pipes in the boiler. Inorganic ma-
terials such as clay, quartz and feldspar melt and slag is 
formed in the combustion chambers. Hardened melts in 
the flue gas are separated from the combustion cham-
bers and spherical grained fly ash particles are formed 
(Hoffman, 2006). 

With the increase in the need for energy and the sup-
ply of energy from coal in our country, the amount of fly 
ash released from thermal power plants has increased. 
The increase in the amount of ash led to the idea of eval-
uating waste in other areas. It is considered as a suitable 
material for use in the construction sector. However, it is 
more widely used in cement and concrete construction 
due to its composition and many other properties. Espe-
cially the fly ashes’ having pozzolanic properties leads to 
energy saving in concrete and cement technology and to 
an increase in the strength and durability of concrete by 
the introduction of new features in fresh and hardened 
condition. Afşin Elbistan increases the ultimate pressure 
of concrete by increasing the cohesion by using fly ash 
with high CaO content such as fly ash. In addition, large 
masses such as dam structures reduce thermal shrink-
age in concrete. Fly ash is collected in the chimneys and 
used as it can be of fine grain thickness without any 
treatment. Occasionally, when grain fineness is not suit-
able for use in concrete and cement composition, it is 
rendered suitable by sieving and grinding processes. In 
particular, the use of fly ash with fine grain structure in 
the composition of concrete makes a great contribution 
to the production of impermeable concrete (Binici et al., 
2009). In addition, environmental problems and con-
sumption of natural resources will be reduced by the use 
of fly ash in concrete and will contribute to the national 
economy with the efficient use of waste products.  

Cement is an important and integral component in 
concrete composition. However, producing excess ce-
ment and using it in concrete composition increases the 
heat of hydration, shrinkage and cost. Fly ash is a waste 
product that form spontaneously in thermal power 
plants and is used instead of cement. The use of fly ash in 
concrete is very common and serves to reduce the heat 
of hydration and the microcrack structure. Thus, green-
house gas emissions stemming from cement production 
are reduced. Particularly, fly ashes’ having fine-grained, 
spherical grain structure and smooth surface character-
istics, reduces the need for water in concrete and in-
creases processability. However, the fly ashes’ having 
pozzolanic properties also helps to regulate the gap 
structure (Qiu et al., 2014). 

The bearing property of the concrete depends on the 
durability and service life of the concrete. Permeability 
of water is an important factor for concrete durability. As 
it activates the acid mechanical reaction together with 
chlorine, sulfate ions and water in the concrete, it accel-
erates the deterioration of the concrete structure. Per-
meability of concrete depends on the permeability of ce-
ment paste. The void structure of the concrete is the 
most important factor controlling the transport proper-
ties of the hydrated cement paste. 

The pores of the aggregates in the concrete composi-
tion have no effect on the permeability of the concrete 
because the pores in the aggregate are wrapped with ce-
ment paste and permeability in concrete is affected by 
the porous structure of the cement paste (Neville, 1995). 
Permeability in cement paste is provided by capillary 
voids. Capillary void size is between 0.0110 m and 10 µm 
and voids less than this size are called gel voids. In addi-
tion to the capillary gaps, the other gap parameters, gap 
size and the interconnection of gaps also affect the per-
meability (Sant et al., 2011). 

Fly ash is used to change the properties of concrete. 
The grain size in fly ash affects the performance of ce-
ment and concrete. For example, it increases strength, 
abrasion and freeze-thaw resistance in fly ash added 
concrete. The optimum grain size of fly ash has an effec-
tive role in the development of pozzolanic activity and in 
the compaction of concrete (Sevim and Demir, 2019). 

In this study, fly ash taken from Afşin Elbistan thermal 
power plant was milled into fine grained material. Fly 
ash, of which different fineness values were obtained 
through grinding was substituted for cement in ratios of 
10%, 30% and 50% by weight and reinforced concrete 
samples were produced. The effect of different fineness 
values and substitution ratios of fly ash used in concrete 
on the permeability of concrete was investigated. In this 
context, 28 and 90 days of capillary tests were per-
formed to determine the permeability. As a result, it was 
found that the increase in the fineness of the fly ash and 
substitution rate decreased the permeability property. 

 

2. Material and Method 

2.1. Material 

In this study, concrete samples were produced by us-
ing limestone aggregate, cement, fly ash and city water 
of Gümüşhane Municipality. 

2.1.1. Aggregate 

The aggregates used in the concrete composition 
were grouped as 0-4 mm, 4-11.2 mm and 11.2-22.4 mm. 
These aggregates were composed of limestones specific 
to Gümüşhane region (Fig. 1). Granulometry curves of 
the limestone aggregates used in the study are given in 
Fig. 2. 

According to granulometry of the aggregate used in 
the study, curve A forms the representative curves show-
ing the particle size distribution of aggregates with a di-
mension range of 11.2-22.4, curve B with a dimension 
range of 4-11.2 mm and curve C with a dimension range 
of 0-4 mm (Fig. 2). 

2.1.2. Cement 

CEM I 42.5 R type cement was used for the concretes 
produced in the study. This cement was supplied from 
Gümüşhane Aşkale cement factory. The specific physical, 
chemical and mechanical properties of the cement are 
given in Table 1.   
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Fig. 1. Limestone aggregate. 

 

Fig. 2. Granulometric curves of aggregates according to TS 802 standard (TS 802, 2016). 

Table 1. Properties of CEM I 42.5 R type cement. 

Chemical Analysis (%) Physical Tests 

SiO₂ 18.59 Thinness (45 μ over the screen, %) 8.58 

Al₂O₃ 4.69 Specific Gravity (gr/cm³) 3.08 

Fe₂O₃ 3.04 Blaine (cm²/gr) 4145 

CaO 60.34 Initial Setting (lllehour-min) 2hrs-33min 

MgO 1.92 Final Setting (hour-min) 3hrs-18min 

SO₃ 2.89 Volume Expansion (mm) 0.7 

Loss of ignition 7.19 Water Requirement (%) 29.9 

Na₂O 0.11   

K₂O 0.64   

CI 0.0189 Compressive Strength ( N/mm²) 

Unmeasurable 0.57 2. day 23.9 

Total 100 28. day 51.1 

Free CaO 0.38   

Additive Content % 17.87    
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The specific weight of the cement used was 3.08 
gr/cm3, its specific surface area was 4145 cm2/gr and 
8.58% over 45 μ sieve. According to the results of chem-
ical analysis, ignition loss is 7.19%, free CaO 0.38%, SiO2 

18.59%, SO3 2.89% (Table 1). 

2.1.3. Fly ash 

Fly ash was obtained from Afşin Elbistan thermal 
power plant in Kahramanmaraş Province. It is composed 
of unburned carbon grains in fly ash as shown in Fig. 3 
and is dark brown. The physical and chemical properties 
of Afşin Elbistan fly ash were determined by performing 
the relevant experiments in the Gümüşhane Aşkale Ce-
ment Plant laboratory (Table 2). 

According to ASTM C 618 standard; S+A+F (SiO2 + 

Al2O3 + Fe2O3) sum was ≥70% and CaO˂10% it was 
termed as class F (low level of lime), and if  S+A+F (SiO2 

+ Al2O3 + Fe2O3) sum was ≥50% and CaO˃10% it was 
termed as C class (high level of lime) fly ash. According 

to this, Afşin Elbistan fly ash was S+A+F: 47.40%, CaO: 
37.84%, and the amount of S+A+F in it was less than 
50%, but since the CaO content was greater than 10% it 
was termed C class fly ash. Ignition loss was obtained as 
2.31%, free CaO as 4.51% and 45 μ oversize as 50.68% 
(Table 2). 

 

Fig. 3. A view of Afşin Elbistan fly ash.

Table 2. Chemical and physical properties of fly ash. 

Chemical Analysis Physical Tests 

Component,% Fly Ash Physical Properties Components 

SiO2 29.24 
Thinness (45 μ over the screen, %) 50.68 

Al2O3 11.49 

Fe2O3 6.67 
Specific Gravity ( gr/cm³) 2.54 

CaO 37.84 

MgO 1.86 
Specific Surface (cm²/gr) 1834 

Na2O 0.38 

K2O 0.69 
Initial Setting (hour-min) 2hrs-30 min 

SO3 4.70 

Cr2O3 0.054 
Final Setting (hour-min) 3 hrs-15 min 

Mn2O3 0.059 

P2O5 0.494 
Volume Expansion (mm) 0 

TiO2 0.49 

ZnO 0.001 
Water Requirement (%) 27.4 

KK 2.31 

Total 96.27 
Water Content (gr) 137 

Free CaO 4.51 

2.1.4. Mixing water 

The water used for the construction of concrete sam-
ples consisted of city water belonging to Gümüşhane Mu-
nicipality. 

2.2. Method 

In this study, concrete samples of C25 strength class 
were produced. Impermeability and capillarity values of 
these concrete samples were determined by being kept 
in curing pool up to 28 and 90 days. 

The concrete produced in this study was designed ac-
cording to the TS 802 standard and the samples given in 
Fig. 4 were produced. 

2.2.1. Capillarity determination 

100 x 200 mm cylinder concrete samples were re-
moved from the curing pool at the end of the curing period 
of 28 and 90 days and allowed to dry for 3 days in an air 
circulation oven at 50±5°C. The lateral surfaces of the 
samples were then placed in a water-filled container with 
liquid-tight material (silicone), with 2±1 mm soles touch-
ing water. These samples were kept in water for 1, 5, 10, 
20, 30, 60, 120, 180, 240, 300, 360, 600, 1440, 2280, 4320, 
5760, 11520" min and their mass gains were determined 
by weighing up with a sensitivity value of 0.01 g. Capillary 
water absorption (CWA) values of concrete samples were 
calculated according to Eq. (1). The cumulative capillary 
water absorption values were plotted according to the 
square root of time. The amount of water absorbed by the 
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capillary concrete is directly proportional to the surface 
area and the square root of the elapsed time. The number 
K, which is proportionality constant and is also called the 
capillarity coefficient, is a property of the cavities of the 
concrete. The weight differences of the samples were cal-
culated according to their initial weights and their CWA 
values were determined. Eq. (2) shown below was utilized 
used to calculate the capillarity coefficients. The capillar-
ity coefficient was calculated to interpret the volumes of 
water leaking from each unit area (ASTM C 1585, 2013).  

𝐼 =
𝑚𝑡

𝑎/𝑑
 (1) 

In this equation; 
I : Capillary water absorption (mm), 
mt : the change in mass of concrete, for example,  
   in time (t) grams 
a : area of sample (mm2) of concrete exposed to the test, 
d : density of water (gr mm3). 

𝐾 =
𝑄2

𝐴2𝑡
       (cm2/sec) (2) 

In this equation; 
K : Capillarity coefficient (cm²/s), 
a : Area in contact with water (cm²), 
t : Elapsed time (s), 
Q : The amount of water absorbed is (cm³). 

 
Siliconization of the lateral surfaces of concrete sam-

ples used for capillarity testing (Fig. 5). 
Examples of concrete dried in a drying oven and 

placed in a water-filled container for the capillarity test 
are shown in Fig. 6. 

Measuring the mass changes as presented in Fig. 7 by 
removing the samples from the water-filled container at 
the end of the specified periods.

 

Fig. 4. Examples of fly ash added concrete. 

      

Fig. 5. Siliconization of the samples to be tested for capillarity. 
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Fig. 6. Holding the concrete samples in the water filled container in the installed order. 

      

Fig. 7. Measurement of mass changes at the specified time in the capillary test apparatus.

3. Results and Discussion  

Capillarity test was performed in order to determine 
the permeability properties of reinforced concrete sam-
ples, produced by substituting Afşin Elbistan fly ash ma-
terials generated with different grinding times for ce-
ment. The results of the capillarity test performed on 28-
day concrete samples with 10%, 30% and 50% fly ash 
substitution and the obtained capillarity coefficient val-
ues are given in Fig. 8. 

It was observed that the increase of fly ash fineness in 
10% fly ash added concrete samples reduces the perme-
ability in concrete. The lowest water absorption rate of 
concrete with a substitution rate of 10% was determined 
as 0.76 mm for 60 min ground fly ash added concrete 
samples. The maximum amount of water absorption was 
calculated as 1.45 mm in the reference concrete sample. 
The concrete sample with a 60 min grinding time re-
duced the water permeability by about half by reducing 
it to -47% relative to the reference concrete (Fig. 8a). As 
a result of the refining of fly ash by grinding, it was seen 
that it forms more impermeable concretes by filling the 
gaps in concrete. Capillarity coefficient values decreased 
with increasing the grinding time according to the capil-
larity test result by filling the gaps in concrete. As shown 
in Fig. 8d, the lowest capillarity coefficient value among 

the 10% fly ash substitute concrete samples, i.e. the im-
permeable concrete sample, was determined as 8.45E-
09 in the concrete sample having 60 min grinding time 
compared to the reference sample. The permeability 
value relative to the reference sample showed a decrease 
of -72.3%. 

When the amount of fly ash substitution in concrete 
was increased to 30%, it exhibited a similar behavior 
with 10% fly ash substituted concrete and decreased the 
permeability value. The lowest water absorption rate 
was 0.75 mm in 60 min ground fly ash reinforced con-
crete samples and the maximum water absorption rate 
was 1.45 mm in reference concrete samples (Fig. 8b). 
30% fly ash ground according to the reference sample 
reduced permeability by -46% in concretes. As shown 
in Fig. 8e, as the fly ash substitution rate and grinding 
time increased, the amount of water absorbed through 
the capillary channels in concrete decreased by about 
half. 

When the fly ash substitution rate in concrete was in-
creased to 50%, the amount of water absorbed by capil-
lary channels was determined as 0.50 mm in the highest 
grinding time concrete sample and 1.4 mm in the refer-
ence sample (Fig. 8c). The fly ash reinforced concrete 
sample contributed to the formation of more impermea-
ble concrete by absorbing - 66% less water than the ref-



 Demir Şahin et al. / Challenge Journal of Structural Mechanics 6 (2) (2020) 73–83 79 

 

erence sample. As shown in Fig. 8f, the capillarity coeffi-
cient value contributes to a significant reduction in per-
meability of approximately 80% and above in all milling 
time samples, except for a 50% unsaturated ash added 
concrete sample with respect to the reference sample. 
Fig. 9 shows the capillarity test results at the end of the 
90-day curing period. 

Capillary water absorption and capillarity coefficient 
values of Afşin Elbistan volatile reinforced concretes af-
ter 90 days curing period are given in Fig. 9. After the 90-
day curing period, the highest water absorption value in 
Fig. 9a was observed in the concrete sample having a 
grinding time of 20 min as 3.24 mm. The water absorp-
tion value of the reference sample was determined as 
1.94 mm, and the 67% fly ash added concrete sample had 
a higher water absorption value. The capillarity coeffi-
cient value was found to be 179.2% higher than the ref-
erence sample. The lowest water absorption value was 
observed in the concrete sample with 60 min grinding 
time, and the capillary water absorption value decreased 
by-3% and the capillarity coefficient value by -5,2% 
compared to the reference sample, causing the permea-
bility to be reduced. 

Capillary water absorption and capillary coefficient 
values of 30% substituted concrete samples are given in 
Figs. 9b and 9e. In Fig. 9b, the highest water absorption 
value is seen in the concrete reinforced sample with a 
grinding time of 45 min. The water absorption change in 
mm was 22% and the capillarity coefficient was 49.7% 
higher than the reference sample and it was found to be 
a more permeable concrete. The lowest water absorp-
tion value was -1,3% lower in the original fly ash rein-
forced concrete compared to the reference sample and it 
was more impermeable concrete. 

Capillary water absorption and capillarity coefficient 
values of 50% substituted concrete samples are given in 
Fig. 9c and Fig. 9f. The highest water absorption value 
was 141% and capillarity coefficient increase was 483% 
higher in the concrete sample ground for 20 minutes 
compared to the reference sample and showed more 
permeable concrete properties. The lowest water ab-
sorption value was determined as the reference concrete 
sample. 

Using Afşin Elbistan fly ash in concrete at different 
grinding times and substitution rates has greatly re-
duced the permeability after 28 days of curing time. In 
the 90-day concrete samples, water absorption values of 
concrete samples with some grinding times were calcu-
lated as higher than the reference. In general, according 
to the results of the capillarity test, fly ash contributes to 
decrease in the permeability of concrete. Shaikh and Su-
pit (2015), in their study, maintained that fly ash rein-
forced concrete samples decreased permeability value 
by 6-11% compared to the unmixed samples. The prop-
erties revealed that the use of fly ash in concrete as high 
as 40% contributed greatly to reducing the permeability 
volume. As a result of the capillary water absorption test 
applied on concrete samples, the capillary water absorp-
tion coefficient of volatile ash concrete was found to be 
lower than those of unmixed concrete samples. As a re-
sult of their study, they concluded that fly ash reduces 

the permeability of cement paste and the transition zone 
around the aggregates and minimizes the permeability 
value of concrete. The effect of fly ash fineness and sub-
stitution rate on the permeability of concrete increases 
due to the increase in the fly ash's fineness, resulting in 
the formation of a tighter or gapless material by filling 
the voids. A gap-free material absorbs less water (Naga-
nathan and Linda, 2013). It provides higher specific sur-
face area compared to cement by fly ash grinding. In fly 
ash reinforced concretes with high specific surface area, 
the capillary cavities of the fly ash concretes were less 
and showed less water absorption properties since it re-
duces the volume of the binder and the thickness of the 
transition zone between the binder and aggregate (Saha, 
2017). Fly ash reduces the risk of exiting calcium hydrox-
ide with the C-S-H gels they form due to their pozzolanic 
properties and also reduces permeability. Fly ashes the 
porosity of concrete, regulates grain distribution by mi-
cro-aggregate effect and provides optimum compaction. 
Thus, they increase the resistance of concrete against ex-
ternal effects. In addition, due to its spherical and 
smooth surface structure, they increased the processa-
bility of fresh concrete (Unal and Uygunoglu, 2004). 

That in the 90-day concrete samples reinforced with 
fly ash, capillarity value was higher compared to the ref-
erence sample stemmed from the fact that it had larger 
grain sizes than the cement. Since the pozzolanic activity 
in fly ashes develops in the long term, the grinding time 
up to 60 min for the development of pozzolanic activity 
was not sufficient to improve the pozzolanic activity of 
the fly ash. Furthermore, due to the grinding of fly ash, 
the round grain structure was disrupted and caused the 
formation of irregular grain structure. The deterioration 
of grain structure decreased the effect of filling the cavi-
ties and consequently caused an increase the porosity 
and permeability (Sinsiri et al., 2010). 

Slowly filling the cavities with the hydration products 
during the hydration of the cement reduces the water 
permeability. Regarding the use of fly ash in the concrete 
composition and the development of pozzolanic reaction 
in the concrete, while fly ash reinforced concretes with 
the same water/binder ratio have more permeability in 
a short curing time compared to unmixed concrete, they 
have less permeability in a long curing time (Naik et al., 
1994). 

The permeability of concrete varies depending on wa-
ter / cement ratio, crack structure, curing conditions and 
the type, fineness and quantity of mineral admixture. 
The effect of fly ash, which is one of the mineral additives 
and is widely used in concrete, on the permeability prop-
erty varies according to grain size, grain shape, fly ash 
type and usage amount. Since the processability of the fly 
ash reinforced concretes formed of round grain struc-
ture increased, the water requirement of the mixture 
was reduced. However, due to the grain structure of the 
concretes prepared with the admixture of Afşin Elbi-
stan ash having irregular grain structure, permeability 
in 28 days curing time was lower than that of reference 
concrete but permeability values of 90 days due to sub-
stitution rate and fineness were also higher (Bıparve, 
2012).
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Fig. 8. Capillary water absorption and capillarity coefficient values of 28 days varying fly ash  
and substitution rate fly ash admixtures. 

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

0 200 400 600 800 1000

C
ap

il
la

ry
 w

at
er

 a
b
so

rp
ti

o
n
 (

m
m

)

Time (sn-1)

Capillary water absorption values of concrete added 10%

Reference 0 min

10 min 20 min

30 min 45 min

60 min

a)

0.00E+00

1.00E-08

2.00E-08

3.00E-08

4.00E-08

3
.0

5
E

-0
8

2
.3

0
E

-0
8

2
.0

7
E

-0
8

1
.2

5
E

-0
8

1
.6

2
E

-0
8

1
.5

4
E

-0
8

8
.4

5
E

-0
9

C
ap

il
la

ri
ty

 c
o
ef

fi
ci

en
t 

(c
m

2
/s

)

Grinding Time (min.)

Capillarity coefficient values of 10% added samples

d)

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

0 200 400 600 800 1000

C
ap

il
la

ry
 w

at
er

 a
b
so

rp
ti

o
n
 (

m
m

)

Time (sn-1)

Capillary water absorption values of concrete added 30%

Reference 0 min

10 min 20 min

30 min 45 min

60 min

b)

0.00E+00

1.00E-08

2.00E-08

3.00E-08

4.00E-08

3
.0

5
E

-0
8

1
.4

7
E

-0
8

1
.2

5
E

-0
8

1
.1

5
E

-0
8

1
.0

9
E

-0
8

8
.1

7
E

-0
9

8
.7

4
E

-0
9

C
ap

il
la

ri
ty

 c
o
ef

fi
ci

en
t 

(c
m

2
/s

)

Grinding Time (min.)

Capillarity coefficient values of 30% added samples

e)

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

0 200 400 600 800 1000

C
ap

il
la

ry
 w

at
er

 a
b
so

rp
ti

o
n
 (

m
m

)

Time (sn-1)

Capillary water absorption values of concrete added 50%

Reference 0 min

10 min 20 min

30 min 45 min

60 min

c)

0.00E+00

1.00E-08

2.00E-08

3.00E-08

4.00E-08

3
.0

5
E

-0
8

9
.6

2
E

-0
9

4
.7

5
E

-0
9

5
.6

4
E

-0
9

3
.9

5
E

-0
9

4
.7

5
E

-0
9

3
.5

7
E

-0
9

C
ap

il
la

ri
ty

 c
o
ef

fi
ci

en
t 

(c
m

2
/s

)

Grinding Time (min.)

Capillarity coefficient values of 50% added samples

f)



 Demir Şahin et al. / Challenge Journal of Structural Mechanics 6 (2) (2020) 73–83 81 

 

      

               

      

Fig. 9. Capillary water absorption and capillarity coefficient values of 90 days different fly ash  
and substitution rate fly ash admixtures. 
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In the study, after the curing period of 28 and 90 days, 
the differences between the samples obtained with dif-
ferent grain sizes of fly ash and the permeability value of 
the reference concrete showed differences from the con-
nected cavities in the cement paste, micro cracks in the 
concrete, and the difference of the paste-aggregate inter-
face. In particular, the voids and associated voids in the 
concrete are influenced by the water / cement ratio, the 
degree of hydration and the degree of compression. The 
different sizes of fly ashes caused a difference in the per-
meability properties of concrete samples since they af-
fected the water / cement ratio, hydration degree and 
compression ratio. It consists of macro and micro crack 
system in concrete. In particular, the water permeability 
is determined by the capillary cavities. A cake’s water / 
cement ratio and degree of hydration determine the total 
capillary voids (Mehta, 1990). 

The particle size and distribution of aggregate in the 
concrete, the inner surface of the cement, the water / ce-
ment ratio, the degree of compaction of the fresh con-
crete, the curing condition, the humidity of the environ-
ment and the thermal history of the concrete are the fac-
tors affecting the micro-crack system of the concrete. 
With the use of fly ash of different Blaine fineness in con-
crete, it was aimed to change the microcrack structure of 
the concrete and to produce more impermeable con-
crete. Because permeability in concrete is determined by 
total porosity and distribution. In particular, permeabil-
ity in concrete is associated with correlated voids. The 
fact that the concrete has a high void structure does not 
mean that it will have a high permeability; on the con-
trary it can show a low permeability. Sometimes con-
crete with low void structure can exhibit high permea-
bility. The main reason for this situation is that the gaps 
are dependent and independent from each other. There-
fore, the lack of void structure associated with fly ash re-
inforced concretes with a different fineness of 28 days 
caused low permeability compared to the reference. 
However, after 90 days curing period, that fly ash fine-
ness was not effective on permeability stemmed from 
the formation of the correlative cavity structure (Chia 
and Zhang, 2002). 

 

4. Conclusions 

In this study, fly ash taken from Afşin Elbistan thermal 
power plant was milled into fine grained material. In the 
fly ash concrete, of which different fineness values were 
obtained by grinding was substituted for cement, in ratios 
of 10%, 30% and 50% by weight and reinforced concrete 
samples were produced. The effect of different fineness 
values and substitution ratios of fly ash used in concrete on 
the permeability property of concrete was investigated. In 
this context, 28 and 90 days of capillary tests were per-
formed to determine the permeability. As a result; 
 The amount of water absorbed by concrete samples 

prepared through capillary channels decreased as a 
result of the increase in the amount of fly ash in the 
concrete and the fineness with the effect of grinding. 

 The reason for the decrease in capillary water absorp-
tion amount due to increase of fly ash ratio and fine-
ness, decreased the amount of water absorbed by fly 
ash particles clogging the capillary channels. 

 At the end of the 28-day curing period, the permeabil-
ity values between the ground fly ash reinforced con-
crete samples and the reference sample were dis-
cussed more clearly. However, at the end of the 90-
day curing period, the permeability values were close 
to each other in the ground concrete samples and the 
reference sample. 

 In the 90 days fly ash reinforced concrete, Ca(OH)2 
and Si and Al compounds of fly ash formed as a result 
of cement hydration with fly ash reacted to form CSH 
and CAH structures. In these structures, they filled the 
gaps in the concrete and decreased permeability. 

 Permeability in concrete changed, depending on vari-
ables such as the amount of binding material, water 
content, aggregate and grain distribution, curing con-
ditions. 

 Capillary cavities are not the only factors affecting wa-
ter permeability in fly ash added concrete. However, 
the connection of capillary cavities is a critical factor 
in water permeability in unmixed and fly ash rein-
forced concretes. 

 As a result of thinning of fly ash in terms of grain size, 
it decreased permeability by increasing pozzolanic 
activity and making the matrix more dense as a result 
of forming additional hydration products and increas-
ing compressibility. 

 Filling effect of fine-grained fly ashes, the develop-
ment of pozzolanic activity due to fineness and ce-
ment hydration reduced the porosity and permability 
of the concrete thanks to the triple combination. 

 The porosity and permability curing time of fly ash re-
inforced concretes were found to change in line with 
the fineness and substitution rate of the material. Ac-
cording to these parameters, the ideal substitution 
rate and fineness value of fly ash was at a level of 
10% and 60 min grinding time, thus reducing perme-
ability. 

 That fly ash did not provide a significant reduction in 
permeability, especially during the 90-day curing 
time was associated with its not reaching the fineness 
of cement until 60 min of grinding time and not 
providing the ideal grain size. In addition, it did not 
contribute to the significant development of poz-
zolanic activity in the long cure period since it did not 
have the appropriate fineness value. 
 

Publication Note 

This research has previously been presented at the 3rd 
International Conference on Advanced Engineering 
Technologies (ICADET’19) held in Bayburt, Turkey, on 
September 19-21, 2019. Extended version of the re-
search has been submitted to Challenge Journal of Struc-
tural Mechanics and has been peer-reviewed prior to the 
publication. 
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