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ABSTRACT In this study, effect of fly ash, silica fume and blast furnace slag to the permeation
of concrete was investigated. The differences in the absorption, capillary sorption, and ultrasound
transmission speed of concrete with and without mineral additives have been studied. Mineral
additives have decreased the absorption and sorption of 1-month concrete due to their fine
structure by acting as sealant to the pores of concrete. However, when long term (36-month)
concrete absorption and sorption is considered, the rate of decrease in permeation of concretes
without mineral additives was higher than those with mineral additives because of the effect of
carbonation. It was observed that the concrete samples with highest water absorption and
capillary water absorption at the 1st month had the lowest water absorption and capillary water
absorption at the 36th month. While the permeation of concrete with mineral additives is lower
than that of concrete without mineral additives at early-ages (1 month), the permeation of concrete
with mineral additives is higher than the concrete without mineral additives at future ages (36
month). The changes in the absorption and sorption of concretes were found to be compatible with
the changes in the ultrasound transmission speed.
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1. INTRODUCTION

Mineral additives are commonly used in concrete.
Mineral addition in concrete and the effect on the
properties of concrete is one of the most researched
subjects [1-4]. The most preferred mineral additives in
concrete include silica fume, fly ash and blast furnace
slag [5]. These three are side products of industrial
activity and are environmentally hazardous materials,
besides they have few application areas apart from
concrete sector. Utilization of these at the concrete sector
prevents hazard to the environment and enables
improvement in properties of concrete as well as cost
effectiveness [6,7,8]. Silica fume, fly ash and blast
furnace slag, effects fresh and hardened concrete
properties such as setting time, consistency, and

especially durability [3,7,9]. These are materials which
present pozzolanic properties. Pozzolans are materials
which do not have self-bonding properties, however, they
show bonding ability when mixed with compounds
which include calcium. Pozzolans react with CH, formed
as a hydration product in fresh concrete, and transforms
CH structure into calcium silicate hydrates (CSH). CH
has a structure which does not have bonding
characteristics and can easily separate from concrete
body as a result of external effects. Mineral additions
contribute to the durability of concrete via transforming
CH structure into CSH structure [10,11].

Concrete is under the influence of degradation
mechanisms due to the internal and external media at the
environment it is utilized. Intrusion of aggressive ions
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from external media into concrete causes degradation.
Permeation of concrete has first degree significance in
intrusion of hazardous materials, such as carbon-dioxide,
chloride and sulfate into concrete [12]. Concrete with low
permeation exhibits good performance against chemical
degradation mechanisms. Silica fume, fly ash and blast
furnace slag decreases the permeation of concrete due to
their fine pozzolanic structure [13,14,15]. Permeation of
concrete is the main factor in durability of concrete
[16,17].

Permeation properties, which include permeability,
absorption, diffusivity, capillary etc. [17]. Permeability
of concrete may directly be determined by various
methods using gas, liquid, chloride or sound waves
through concrete. However, permeation of concrete can
easily be estimated by measuring its water absorption and
capillary water absorption. The use of water absorption
and capillary water absorption of concrete is a method
which can be applied more easily and quickly than other
concrete permeation measurement methods.
Carbonation is another degradation mechanism that
damages concrete. Carbon-dioxide in the air reacts with
hydration products of concrete and concrete hydration
products transform CH and CSH into calcium carbonate
[18,19,20].

CH+C0O2 — CaCO3

The high alkaline environment in the concrete
reduces as a result of carbonation. This phenomenon
causes concrete to lose its steel protection characteristic
[21]. Another harmful effect of carbonation is to form
fractures on concrete [22]. Carbonation is a phenomenon
that decreases permeability of concrete. Carbonation may
also slightly increase compressive strength of concrete
[23]. Mineral additives decrease the permeability of
concrete and therefore cause a reduction in carbonation
[24]. Permeation of concrete is the main factor in
durability of concrete [16,17,25].

The permeation of concrete includes properties
such as permeability, absorption, diffusion and capillarity
[17,25]. The permeation of concrete is measured by
these methods using liquids, gases or chloride ion. The
use of water absorption and capillary water absorption of
concrete is a method which can be applied more easily
and quickly than other concrete permeation measurement
methods. Permeation of concrete can easily be estimated
by measuring its water absorption and capillary water
absorption.

Studies investigating the effect of mineral addition
on permeation of concrete indicate that silica fume, fly
ash and blast furnace slag reduce the permeation of
concrete because of their thin pozzolanic structures
[13,14,15,25,26]. Mineral addition reduces the
permeation of concrete by filling the pores of both the
interface and the bulk phase because of their micro filler
structure [15]. In this study, the effect of mineral addition
on permeation of concrete in time is investigated. The
mineral addition was detected to decrease the permeation
of concrete in early ages. The effects of mineral addition
on permeation of concrete at later ages were found to be
different. The change in the permeation of concrete with
mineral addition due to carbonation was determined.
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2. EXPERIMENTAL
2.1. Materials

2.1.1. Bonding agents

In this study, CEM 1 42,5R class cement has been used.
Mechanical and physical properties of bonding agents are
shown in Table 1. Chemical compositions of cement, silica
fume, fly ash and blast furnace slag are given in Table 2.
2.1.2. Aggregates

Four types of aggregates with their gradation, specific
gravity and water absorption values given in Table 3, were
mixed together at 10, 15, 25 and 50%, respectively, and were
utilized in concrete. Mixture gradation of the aggregate used in
the concrete is given in Table 3.

2.2 Concrete design and production

Six groups of concrete were produced within the context
of the study. NC-1 and NC-2 concretes were produced without
mineral addition. In NC-1 and NC-2 concretes, 300 and 360 kg
cement per m3 were used, respectively as given in Table 4.
SFC-1 and SFC-2 series concretes had silica fume addition.
SFC-1 concretes were produced by using 300 kg cement and
60 kg silica fume per m3 concrete. SFC-2 series concretes were
produced by adding 36 kg of silica fume to 324 kg of cement.
Concretes with fly ash addition (FAC) and blast furnace slag
addition (BFSC) have been produced by adding 60 kg of fly
ash and blast furnace slag to 300 kg cement. Concretes were
designed for water/bonding agent ratio to be 0.5 in NC-2, SFC-
1, SFC-2, FAC and BFSC concretes, and 0.6 in NC-1
concretes.

Concretes were mixed in a mixer of 120-liter capacity.
Concrete samples were molded by a single person in a manner
to avoid segregation. A total of 32 cubic concrete samples with
15 cm dimensions were obtained from a single concrete
mixture. A total of 192 cubic samples having 15 cm dimensions
were produced in six runs.

2.3. Water absorption and capillary water absorption
Concrete samples were placed in water for 48 hours before
water absorption and capillary water absorption experiments.
Then the samples were taken out of water, water film on the
surface of the concretes was cleaned and their wet mass was
weighed. The air-dried mass of the samples was weighed after
they were dried at ambient temperature. After the samples were
air-dried, they were dried at oven at 70°C until they reach a
constant mass and then their dry mass was weighed. The cubic
samples having 15 cm dimensions were coated with paraffin by
leaving the bottom 3 cm open. The remaining uncoated
concrete surface was placed in water, and capillary water
absorption amounts at 1st, 2nd, 4th, 6th, and 24th hours were
determined. The water absorption amount of concretes per unit
area (Q) was plotted against the square root of elapsed time (Vt)
and a simple linear regression analysis was used to determine
the equation of the line according to the relation: Q=k.\k.
Capillary water absorption coefficients of concretes were then
computed from the slope of that line.

Water absorption values of concretes were determined by
subtracting the dry mass from air-dried mass and dividing this
by the dry mass.



I. Ustabas. Effect of mineral additive use on permeation properties of concrete and the relationship between permeation and carbonation. Turk. J. Mater.

3(1) (2018) 38-52.

2.4. Compressive strength, tensile strength, ultrasound
transmission rate and surface hardness of concrete

After a standard cure of 28 days was applied to the
concrete, the 28-day compressive strength, tensile strength,
ultrasound  transmission rate, surface hardness, water
absorption and capillary water absorption values of concretes
were measured. Compression test and tensile strength test were
applied to three samples each from every concrete series.
Ultrasound transmission rate and surface hardness (via impact
testing hammer), were measured from six samples used in
determining the compressive and tensile strength of the
concretes. If there was a sample deviating considerably from
the average during the tests, the value acquired from this sample
was omitted and a value acquired from an auxiliary sample was
utilized in the determination of an average value. After the first
month test, the remaining samples were left in an environment
with a moisture changing between 40 and 80% and a
temperature ranging between 0 and 30°C. Compressive
strength, splitting tensile strength, ultrasound transmission rate
and surface hardness of concretes were measured at 10th and
36th months. Surface hardness of concretes was measured with
a Schmidt hammer. A total of 12 measurements, using the
Schmidt hammer, were taken from each concrete sample and
total of 10 surface hardness measurements were taken into
consideration by omitting the highest and lowest values. After
ultrasound transmission rates and surface hardness of the
samples were determined using the Schmidt hammer,
compressive and splitting tensile strengths of the same samples
were determined. Surface hardness, compressive strength and
splitting tensile strength tests were performed in accordance
withthe TS EN 12504-2, TS EN 12390-3 and TS EN 12390-6
standards, respectively [27,28,29].

2.5. Measurement of carbonation thickness

By using the specimen cutting machine, three pieces
having approximately 1 cm thickness were cut from each group
of three cubic samples with 15 cm dimensions, Surface of these
samples were washed and cleaned. Phenolphthalein was
applied with a brush on the surfaces of the concrete samples
which were air-dried for 24 hours. While the color of the
locations where carbonation occurred did not change on the
phenolphthalein applied surfaces of the concrete, the color of
the remaining area changed into a pinkish hue (Figure 1).
Concrete surfaces were examined with a Nikon SMS 1000 type
microscope and edges with carbonation were photographed.
Closely spaced measurements were taken at three edges of
concrete with NIS Element computer software (Figure 2).
Average of these measurements was recorded as carbonation
thickness.

Microstructural examination with a scanner electron
microscope (SEM) and elemental analysis by spectral analysis
(EDS) were conducted on the samples taken from the edges
and the middle section of the concretes in order to investigate
the carbonation event on the edge and inside the concretes.

3. RESULTS

Table 5 shows compressive and splitting tensile
strength of the concrete groups in 1st, 10th, and 36th
months. Each value in Table 5 is the average of strength
tests of the three cubic concrete samples of 150x150x150
mm dimensions. Figure 3 shows that the highest 1-month
compressive strength is observed in SFC-1 series
concretes and the lowest 1-month compressive strength
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is observed in NC-1 series concretes. Compressive
strengths of the other concrete groups were ordered from
highest to lowest as BFSC, NC-2, SFC-2 and FAC. The
order of the compressive strengths of concretes at 10th
and 36th months are the same as in the 1st month.
Compressive strength of the concretes at 10th month has
increased 27% in FAC group and approximately 20% in
the remaining groups in comparison to the values in the
1st month. Compressive strength of the concretes was
increased by a small amount from 10th to 36th month. It
can be seen from Figure 4 that splitting tensile strength
of the concretes are not in order similar to the change in
compressive strength shown in Figure 3. However, it is
understood from Figure 4 that, concretes which have high
compressive strength have high splitting tensile strengths
as well.

Surface hardness and ultrasound transmission rates
of concretes are shown in Table 6. Each value in Table 6
is the average of the values acquired from six concrete
samples. Figure 5 shows the variation of surface hardness
of concretes at 1st, 10th and 36th months. The highest
surface hardness at 1st month was determined in BFSC
concrete which have furnace slag addition. The surface
hardness of concretes has increased approximately 15%
from 1st month to 10th month. No distinct change was
observed in the surface hardness of concrete samples
between 10th and 36th months, except NC-1 and NC-2
series. Surface hardness of NC-1 series concretes has
increased approximately 3% from 10th month to 36th
month. Although the surface hardness of NC-2 concretes
were lower than that of BFSC in the 1st month, the
surface hardness of NC-2 concretes were higher in the
36th month. Carbonation may have affected the changes
in surface hardness of NC-1 and NC-2 samples.
Ultrasound transmission rates of concretes are shown in
Figure 6. The ultrasound transmission rates of all
concrete groups were observed to increase from the 1st
month to the 10th month. It can be seen from Figure 6
that the ultrasound transmission rates in the 36th month
are close to those of the 10th month.

Table 7 shows the capillary water absorption
coefficient and water absorption values of the concretes.
Values presented in Table 7 have been calculated from
three 15 c¢cm cubic concrete samples for each concrete
group. Figures 7 and 8 show that NC-1 group concretes
have the highest capillary water absorption coefficient as
well as the highest water absorption value in the 1st
month. NC-1 group concretes are followed in decreasing
order by NC-2, FAC, SFC-2, BFSC and SFC-1 type
concretes. These findings indicate that, mineral addition
decreases the 1st month permeability of concrete. Figures
8 and 9 show that the capillary water absorption and
water absorption values of all concrete series were
decreased from the 1st month to the 36th month. SFC-1
concretes which have the lowest water absorption and
capillary water absorption in the 1st month have the
highest water absorption and capillary water absorption
value in the 36th month. It can be observed that the order
in the values of capillary water absorption and water
absorption of all concrete groups in the 1st month is
reversed in the 36th month. In other words, the concrete
with the highest water absorption and capillary water
absorption at the 1st month has the lowest water
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absorption and capillary water absorption at the 36th
month.  When concretes with and without mineral
additives are compared, it can be seen that mineral
addition decreases the 1-month concrete permeation
whereas increases the 36-month concrete permeation.
Kockal [26] indicated that mineral additives decrease the
permeation of concrete at initial times for 1-year
concretes; however, they have no effect on permeation
over the long term. The reason for this situation is
understood in this study. The permeation of all concretes
was equal one year later because the rate of decrease in
permeation of concrete due to carbonation in concretes
with high permeation is higher than in the concretes with
mineral addition. Had they considered longer durations,
Kockal [26] could have determined the permeation
values of concrete with and without mineral addition
found in this study. Figures 9 and 10 show how capillary
water absorption coefficient of 1-month and 36-month
concretes of NC-1 series was calculated with simple
linear regression equation and specificity coefficient. In
Figure 10, it can be seen that capillary absorbed water
amount vs. square-root of time curve transforms into a
decreasing curve.

It was observed that, the ratio of capillary water
absorption coefficient to water absorption value in the 1st
month, for a concrete in the same concrete group, is very
close to the ratio of capillary water absorption coefficient
to water absorption value in the 36th month. The
reduction in capillary water absorption coefficient of the
concretes is similar to the decrease in water absorption
values. The concretes with low water absorption values
also have a low capillary water absorption coefficient
(Figures 7 and 8).

The carbonation thicknesses measured at 36-month
concretes are shown in Table 8. In Figure 11, it is seen
that the highest carbonation is at NC-1 group concretes
and itis followed by NC-2, FAC, SFC-2, BFSC and SFC-
1 type concretes. The same order, from highest to lowest,
may also be observed in capillary water absorption and
water absorption values of the 1-month concretes. Higher
carbonation rates were observed at the concretes with
high permeability at the 1st month. It is understood that
carbonation is the reason for decrease in capillary water
absorption and water absorption values of concretes from
the 1st month to the 36th month. Carbonation
development rate have changed according to the
permeation of concrete at early-ages. The mineral
additives which decreased the permeability of concrete at
early ages have also decreased the carbonation amount as
well. Mineral additives in concrete cause transformation
of CH into CSH, and the decrease in the CH amount may
decrease the development rate of carbonation in these
concretes. Increase of carbonation thickness at the
concretes with faster carbonation development has
caused a decrease of capillary water absorption
coefficient and water absorption coefficient of the
concrete. This phenomenon has caused the concretes
with highest permeation in the 1st month to have the
lowest permeability in the 36th month.

XRD analysis was performed on the grinded
samples acquired from the carbonated edge of the 36-
month concrete samples. Diffraction curves of X-Ray
diffraction (XRD) analyses can be seen in Figures 12-17.
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It is observed that the XRD analyses of six concretes are
similar to each other. Dominant peak was observed for
quartz and calcium aluminum silicate, while calcium
carbonate and portlandite can be observed in lower
peaks.

Cubic concrete pieces of NC-1 series with
approximately 3mm side length were cut from the
carbonated edges and also from the center sections not
affected from the carbon dioxide of air. These concrete
pieces were coated with gold while vacuumed and then
inspected by electron microscope (SEM). Figures 18 and
19 show the results of SEM analysis. Spectral analysis
(EDS) was performed on NC-1 series concrete with
SEM. Tables 9 and 10 present the elements and ratios
determined by EDS. Tables 9 and 10 show that the
amount of carbon at the edges where carbonation
occurred is higher than the center sections.

The relationship between the carbonation
determined in concrete and the permeation is examined
microstructurally by XRD analysis and SEM. Similar
formations were detected by XRD analysis and SEM
images in all concretes. SEM images and spectral
analysis revealed an idea about carbonation however a
relationship between carbonation and permeation could
not be discovered.

4. CONCLUSION

Mineral additives decrease the permeation of
concrete with their fine structures and pozzolanic
properties. They also affect the strength of concrete via
transforming CH structure into CSH structure. At initial
ages, (1st month) permeability of the concretes with
mineral additives is lower than concretes without mineral
additives. At later ages (36th month) permeation of the
concretes with mineral additives becomes higher than
that of concretes having no mineral additives. While
mineral additives decrease the permeability of concrete
at initial stages, they cause the permeability of concretes
to become higher at later stages when compared to
concretes without mineral addition. Carbonation
develops slowly at the concretes with mineral addition
having low permeability and CH. On the other hand, high
permeability and CH increases carbonation in concretes
without mineral addition. Carbonation acts to decrease
the permeation. At later ages, permeation of concrete
without mineral addition is lower due to thicker
carbonation development when compared to concrete
with same properties but with mineral addition.

The permeation of concrete without mineral
addition is lower at the end of 3 years. Less permeation
in concrete with mineral addition causes less carbonation.
Even if the permeation at the end of three years is lower,
the rate of decrease in the permeation of concrete without
mineral addition is higher. The permeation of concrete at
the end of 3 years is sorted the opposite of the permeation
at the end of 1 month.
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Figures

Edge 2 where carbonation is measured

Edge 3 where carbonation is
measured

Edge 1 where carbonation is
measured

Figure 1. View of the concrete obtained from cubic concrete sample of 15 cm dimensions by cutting and on what
carbonation formation occurred at the edges after phenolphthalein is applied (NC-1).

Basic region where color
change occured via
phenolphthalein

Carbonated region

Figure 2. Measurement of carbonation thickness.
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Figure 3. Compressive strengths of the concretes at months 1, 10 and 36.
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Figure 4. Splitting tensile strengths of the concretes at months 1, 10 and 36.
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Figure 5. Surface hardness’s of the concretes at months 1, 10 and 36.
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Figure 6. Ultrasound transmission rates of the concretes at months 1, 10 and 36.

1
0.9
£ 08 -
w
£ 07
(=]
706
205
” B 1 month
£ 04
1]
S 0.3 M 36 month
5
2 0.2
o
>0.1
K
= 0
E- C-2 SFC-1  SFC-2 BFSC

Groups of the Concretes

Figure 7. Capillary water absorption coefficients of the concretes groups at months 1 and 36 (cm/s/2).

3.5
B 1 month
' W 36 month
0

C-2 SFC-1 SFC-2 BFSC

W
|

]
w

[y
wu

Water Absorption (%)
= [\S]

o
w

Groups of the Concretes

Figure 8. Water absorption values of the concrete groups at months 1 and 36 (%).
_45.-



I. Ustabas. Effect of mineral additive use on permeation properties of concrete and the relationship between permeation and carbonation. Turk. J. Mater.

3(1) (2018) 38-52.

0.450

—

Cappilar water absorbed per unit area

0.400
0.350
0.300
& 0.250
 0.200
0.150
0.100
0.050
0.000

=

——Cappilary water
absorption

0 100 200

VTime

300 400

Figure 9. Capillary water absorption simple regression equation and coefficient of determination for NC-1 concretes at

0.045
0.04
0.035
0.03
0.025
0.02
0.015

(g/em?)

0.01
0.005

Cappilar water absorbed per unit area

month 1.

y=0.0001x+0.0098%
R?=0.809

~
[

}
1
/

= Cappilary water
absorption

0 100 200 300 400

VTime
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Figure 12. XRD diffractogram of NC-1 concrete.
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Figure 13. XRD diffractogram of NC-2 concrete.
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Figure 14. XRD diffractogram of SFC-1 concrete.

_47 -



I. Ustabas. Effect of mineral additive use on permeation properties of concrete and the relationship between permeation and carbonation. Turk. J. Mater.

3(1) (2018) 38-52.

Heigth

700

900
800
700
600
500
400
300
200
100

Q=Quartz
Q
CAS=Calcium Aluminum Silicate
CH=Portlandite
AS

CC=Calcite

Q

CAS cH Q 0 Q

10 20 30 40 50 60 70 &0
2 Theta

Figure 15. XRD diffractogram of SFC-2 concrete.
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Figure 16. XRD diffractogram of FAM concrete.
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Figure 17. XRD diffractogram of BFSC concrete.
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Figure 18. SEM micrograph of the edge of NC-1 concrete (SEM 1x5000).
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Figure 19. EDS spectra of the edge of NC-1 concrete.
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Tables
Tablo 1. ki ve n sayisi icin degerler
XC1 XC2 XC3 XC4
k1 1 0.20 0.77 0.41
n 0 0.183 0.02 0.085
Table 2. Mechanical and physical properties of cement, silica fume, fly ash and blast furnace slag.

Bonding Agents Cement Silica Fume Fly Ash Blast Furnace Slag
Specific weight 3.05 2.2 2.4 2.7
Specific surface (cm?/q) 3832 200000 4220 4450
Flexural 2 days 5.02
(Buckling)
strength 28 days 8.18
N/mm?
Compressive 2 days 25.9

strength N/mm?

28 days 46.3

Table 3. Chemical properties of the bonding agents.

Chemical composition (%) Cement Silica Fume Fly Ash Blast Furnace Slag
Ca0 54.7 05 13 25.3
SiO, 24.9 95.3 57 43.3
Al,Os 5.3 0.7 11 13.6
Fe,0s 3 0.9 4.3 0.3
MgO 1.6 14 16.3 10.5
SOs 3.3 04 0.4 3.7
Na.0 0.9 0.3 0.4 0.2
K20 1.1 0.8 2.9 11
CI 0.004 0.1 0.05 0

Table 4. Properties of aggregate.

Aggregate type Aggregate % passing Specific ~ Water
Sieve Size (mm) weight absorp
315 16 8 4 2 1 05 0.25 tion
Crushed rock (1) 100 10 1 0 0 0 0 0 2.73 1.02
Crushed rock (I1) 100 59 1 1 0 0 0 0 2.73 1.14
Crushed rock (111) 100 100 56 10 5 2 2 1 2.72 1.46
Natural sand 100 100 100 97 70 22 22 10 2.62 2.3
Aggregate mixture 100 85 64 51 36 12 12 5
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Table 5. Concrete mixture ratios and properties of fresh concrete.

Concrete Group NC-1 NC-2 SFC-1 SFC-2 FAC BFSC
Water/ Bonding Agent ratio 0.6 0.5 0.5 0.55 0.5 0.5
Cement (kg/m®) 300 360 300 324 300 300
Water (kg/m®) 180 180 180 180 180 180
Mineral additives (kg/m?®) 0 0 60 36 60 60
Super plasticizer (kg/m®) 3.6 3.6 3.6 3.6 3.6 3.6
Aggregates [ 186 188 189 186 187 187
I 279 282 284 280 281 281
1l 481 468 472 465 466 466
sand 928 902 910 896 899 899
Slump (mm) 12 10 7 9 12 12
Density (kg/m®) 2296 2335 2308 2322 2227 2325

Tablo 6. The temperature and humidity condition of the room where the concrete samples are stored.

Aylar Ocak Subat Mart Nisan Mayis Haziran Temmuz Agustos Eylil Ekim Kasim Aralik
En diisiik sicaklik 11 10 14 15 17 20 22 22 20 18 14 12
En yiiksek sicaklik 21 22 24 24 25 26 30 29 24 23 23 22
% Nem (ortalama) 32 34 42 46 58 66 84 72 56 48 36 36

Table 7. Compressive and splitting tensile strengths of the concretes.

Concrete Compressive strength (N/mm?) Splitting Tensile strength (N/mm?)
Groups Month 1 Month 10 Month 36 Month 1 Month 10 Month 36
NC-1 33.38 40.53 42.36 2.12 2.7 2.7
NC-2 44.82 53.42 54.63 2.89 3.42 3.43
SFC-1 46.66 55.32 56.14 3.15 3.68 3.52
SFC-2 41.19 49.93 50.16 3.07 3.31 3.33
FAC 35.54 45.40 46.83 2.63 2.84 2.79
BFSC 45.36 54.43 56.16 2.74 3.57 3.56

Table 8. Surface hardness’s and ultrasound transmission rates of the concrete samples.

Concrete Surface Hardness Ultrasound transmission rate (m/s)
Groups Month 1 Month 10 Month 36 Month 1 Month 10 Month 36
NC-1 27.4 314 324 4311.8 4569.5 4524.9
NC-2 30.4 34.8 35.2 4468.2 4688.6 4618.3
SFC-1 29.8 34.2 34.8 4644.8 4746.6 4758.8
SFC-2 29.8 34.5 34.8 4432.6 4668.4 4672.9
FAC 29.2 33.8 33.8 4484.3 4651.2 4594.2

BFSC 31.4 35 35.6 4641.1 4737.1 4769.5
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Table 9. Capillary water absorption coefficient and water absorption values of the concretes.

Concrete Groups Capillary water absorption Water absorption (%)
coefficient x10% (cm/s*?)
Month 1 Month 36 Month 1 Month 36

NC-1 0.889 0.112 3.7 0.4
NC-2 0.856 0.155 3.5 0.78
SFC-1 0.619 0.36 2.7 1.12
SFC-2 0.695 0.39 2.9 0.81
FAC 0.846 0.212 3.6 0.56
BFSC 0.64 0.234 2.7 1.15

Table 10. Carbonation thickness of the concretes at month 36.

Sample name Time (Month) Carbonation thickness (cm)
NC-1 36 0.53
NC-2 36 0.498
SFC-1 36 0.268
SFC-2 36 0.284
FAC 36 0.359
BFSC 36 0.349
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