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Abstract

In the experimental work, recycling by inclusion of class F fly ash in mortar was investigated in terms of
workability and strength of mortar to fabricate an environment friendly construction material. For this aim,
class F fly ash were used as cement replacement at 10%, 30%, 50% and 70% ratios in mortar. Water-
binder ratios were 0.40, 0.45 and 0.50. A total of 15 different mortar mixtures including control Portland
cement and fly ash mortar were produced. Workability of fresh mortar was measured using mini flow testing.
Flexural and compressive strength of hardened standard sized samples were measured after completion
of their specified curing time at 1d, 3d, 7d 28d, 3m and 6m. Experimental results showed that inclusion of
fly ash in mortar improved workability with respect to control Portland cement mortar. Recycling low amount
of fly ash in mortar did not show detrimental but beneficial influence on strength properties of mortar.
However, employing high amount of fly ash in mortar reduced flexural and compressive strength at early
ages, however, the reduction in flexural and compressive strengths were remedied due to pozzolanic
reaction of fly ash at longer curing time compared to control Portland cement mortar. It was concluded that
current fly ash was a suitable pozzolanic material to be recycled by replacement with Portland cement in
mortar to manufacture clean construction material in terms of workability and strength concern.
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1. INTRODUCTION

Fly ashes are residue of electric power station that consumes pulverised lignite or sub-bituminous coal and
they are in powdered form. It is called class F fly ash if it is originated from sub-bituminous coal and
contains low amount of lime less than 10%. It is called class C fly ash if it is originated from lignite coal
and contains high amount of lime higher than 10%. Managing storage and disposal of fly ashes are an
environmental concern. It is known that some fly ashes own pozzolanic property, and they can be utilized
in mortar or concrete as partial replacement of Portland cement. Sometimes it can be introduced in mortar
or concrete mixture as partial replacement of sand. Employing fly ash in cement based mixtures as partial
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replacement of cement provides saving from the amount of cement used in the mixtures as well as help to
solve waste management and disposal issue of fly ash [1-6].

When a proper fly ash was employed in production of mortar or concrete, it modifies many properties of
mixtures made with. For instance, its usage improves workability, reduces bleeding and segregation in fresh
state of mortar or concrete mixtures. Fly ash inclusion also influences hardened properties of mixtures. For
example, while it tends to reduce early strength properties of mixtures, it contributes to strength properties
of hardened mortar or concrete in favour [6-10].

On the other hand, production of cement consumes natural sources and increases carbon-dioxide emission
to atmosphere, which is considered as detrimental to natural environment. Production of cement was hold
responsible for 10% of total carbon dioxide emission to atmosphere, due to usage of calcareous matter and
calcination energy used in the production of Portland cement. Disintegration of calcareous matter also
results with carbon-dioxide emission [11, 12].

Employing fly ash in mortar or concrete as a substitution of cement helps to disposal of fly ash and it
reduces amount of cement consumption for a cubic meter of mortar or concrete production. It reduces needs
for cement amount for a cubic meter of cement based mixtures, thus, reduces carbon-dioxide emission [2,
13, 14].

In this experimental study, a class F fly ash obtained from an electric power station consuming sub-
bituminous pulverised coal was employed as partial substitution of Portland cement in mortar. Investigation
of using fly ash in mortar to lower the carbon footprint of Portland cement was carried out in terms of
workability of mortar in fresh state and flexural and compressive strength properties of hardened mortar.
Fly ash mortar mixtures were prepared for different partial replacement ratios as well as for different water-
binder ratios to realize this aim. Control reference mortar mixtures were also prepared for comparison
purposes. Workability testing measurements were carried out while mortar mixtures prepared was in fresh
state. Flexural and compressive strength measurements were carried out on mortar mixtures in hardened
state at specified curing age. Experimental results were evaluated.

2. EXPERIMENTAL PROGRAM AND MATERIALS USED

In the experimental work, Portland cement was used as the main binder, it is Type | cement for general use
and it was named as PC42.5R type. Class F type fly ash was used as secondary binder with cement, and it
was obtained from electricity generating Sugdzii thermal power plant located in Yumurtalik ounty of Adana
city of south Turkey. Chemical ingredients of cement and fly ash as oxide compositions were presented in
Table 1. Standard RILEM Cembureau sand complied with TS EN 196-1 [15], sand was used in preparation
of mortar. Three different control Portland cement mortar mixtures were prepared for three water-binder
ratios, 0.40, 0.45, 0.50 values. Sand-cement ratio was 3 for each mortar mixture. Water used was supplied
from drinkable city tap water. Control mortar mixtures were then modified by replacing cement with fly
ash. Therefore, fly ash mortar mixtures were obtained for different fly ash replacement ratios as partial
replacement of fly ash with cement. The replacement ratios of fly ash were 10%, 30%, 50 and 70% in mass
basis. Using above mixture parameter, three water-binder ratios and four fly ash replacement ratio including
control Portland cement mortars and mortar containing fly ash, a total of 15 different mortar mixtures were
obtained and prepared. Workability of all mortar mixtures prepared were measured using mini flow
workability specified and defined by ASTM C 230 [16]. Mix proportions maintained for three cell mould
with 40x40x160 mm dimensions were presented in Table 2. Three cell moulds were filled with fresh mortar
mixtures in accordance with relevant standard, TS EN 196-1 [16]. After filling fresh mortar mixtures in
three cell mould, specimens covered with wet burlap were left in laboratory condition for a day to set. After
a day, hardened specimens were taken out of their mould. Some specimens were subjected to flexural and
compressive strength testing to measure at one day strength. Other specimens were stored in a moist
environment at 20°C temperature, until flexural and compressive strength testing days. After completing
curing time, flexural and compressive strengths were measured for each specific curing time. While flexural
strength results were average of three prismatic specimens, compressive strength results were average of
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six specimens obtained from ends of halved broken pieces of prismatic specimens provided after flexural

testing of prisms specimen.

Table 1. Oxide composition of cement and fly ash (%)

Oxide SiO2 Al03 Fez O3 CaO SOs Ngz K20 MgO LOI
PC
425R 18.69 5.61 2.54 6268 | 273 | 013 | 077 2.63 18
FA 61.81 | 19.54 7.01 177 | 031 | 243 | 0.99 2.56 22
Table 2. Mixture proportions (gr)

R. ratio(%) wi/b (%) Sand Cement Fly Ash Water

0 50 1350 450 0 225.0

0 45 1350 450 0 202.5

0 40 1350 450 0 180.0

10 50 1350 405 45 225.0

10 45 1350 405 45 202.5

10 40 1350 405 45 180.0

30 50 1350 315 135 225.0

30 45 1350 315 135 202.5

30 40 1350 315 135 180.0

50 50 1350 225 225 225.0

50 45 1350 225 225 202.5

50 40 1350 225 225 180.0

70 50 1350 135 315 225.0

70 45 1350 135 315 202.5

70 40 1350 135 315 180.0

3. RESULTS AND DISCUSSION
3.1. Workability Results

Workability testing results of mortars made with different fly ash replacement ratios and water-binder ratios
were presented in Table 3. Close evaluation of Table 3 indicated that incorporating fly ash in mortar mixture
improved workability of mortar; moreover, increment in replacement ratio of fly ash with cement caused
further improvement in workability. This finding of betterment in workability was found to be valid for
each water-binder ratios. Whilst water-binder ratio increases, it was observed that workability values of
mortar enhanced. This betterment influence of fly ash on workability of mortar was enhanced more with
the increase in water-binder ratio. With the increase in water-binder ratio in mixture, the synergy between
water and fly ash boost workability of mortar more.

Three reasons were made responsible to explain the improvement in workability by inclusion of fly ash in
mortar. First reason is that, fly ash is replaced with cement in mass basis, therefore, differences between
densities of fly ash and cement causes an increase in volume of powdered materials in mortar, which means
more binder paste volume employed in workability of mortar. Second reason is that, fly ash particles own
spherical structure, thus, particles with spherical shape contacts to each other or other solid particles at one
point causing minimal interaction between them, which reduces friction forces by ball-bearing effect.
Therefore, low friction between solid particles results with an enhancement in workability of mixture.
Thirdly, fly ash particles own amorphous-glassy structures with low water absorption capacity. Low water
absorption capacity of fly ash particles means less amount of water to be absorbed and rest of mixing water
was to be used in workability of mixtures.

Table 3. Workability of mortars (mm
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30 115 150 190
50 140 160 200
70 140 170 210

3.2. Compressive Strength Results

Compressive strengths of samples produced in the laboratory work were measured after completion of their
curing time. Compressive strength measurements were carried out in accordance with relevant standard of
TS EN 1015-11 [17].

Results of compressive strength were altogether presented in Table 4 with fly ash replacement ratio, water-
binder ratio and curing times. One day compressive strengths of mortar containing fly ash were found to be
lower than that of their control Portland cement mortar compressive strength. They reduced more with the
increase in fly ash replacement ratio in mortar. Similar findings were observed for three, seven and twenty
eight days compressive strength of mortar containing fly ash as obtained for one day compressive strength.
After completion of three months curing time, mortar made with 10% fly ash replacement developed
equivalent compressive strength to control Portland cement mortar strength. However, compressive
strength of mortar containing 30% fly ash significantly approached to strength of its control mixture.
Moreover, after three months curing time, while compressive strength of mortar containing 10% fly ash
exceeded strength of its counterpart control mortar, mortar made with 30% fly ash developed comparable
and equal compressive strength to strength of control mortar mixture. When fly ash replacement ratio
became 50%, mortar made with gained compressive strength in the order of 40-50 MPa, while control
Portland cement mortar achieved 55-70 MPa compressive strength. For 70% fly ash replacement ratio in
mortar, compressive strength development was in the order of 30-35 MPa, which was about 50% of control
mortar mixture strength. Pozzolanic reaction contributes favourably to compressive strength of fly ash
containing mortar in long term [10, 18, 19].

Increasing water-binder ratio caused a decrease in compressive strength of mortar regardless of containing
fly ash. This is found to be valid for each curing time. This finding is in agreement with published literature
[20].

Table 4. Compressive strength of all concrete produced (MPa

R.ratio(%) | wh (%) | 1d 3d 7d 28d 3m 6m

0 50 16,28 31,82 39,68 49,30 53,53 56,78
0 45 20,90 36,11 45,12 50,08 58,60 59,75
0 40 27,09 39,40 52,60 61,16 67,61 69,75
10 50 13,75 26,43 34,69 45,38 53,81 60,56
10 45 17,58 32,68 41,40 49,71 56,59 66,96
10 40 19,54 38,50 46,03 54,48 63,63 71,90
30 50 7,03 16,67 25,72 35,40 50,61 55,03
30 45 9,95 23,67 29,99 42,80 54,24 60,39
30 40 12,32 25,95 34,16 49,82 60,91 68,48
50 50 3,92 11,11 15,45 24,49 33,63 43,64
50 45 501 14,18 19,01 29,26 43,61 49,70
50 40 7,64 17,14 24,12 35,15 48,55 53,75
70 50 1,88 4,78 6,71 11,65 17,60 29,56
70 45 2,04 6,39 8,79 14,27 20,67 33,62
70 40 3,15 791 10,21 17,59 26,85 35,32

Compressive strengths of mortars given in Table 4 were normalized with 28 days strength of their control
mortar mixture to compare and evaluate compressive strength development of mortar with respect to 28
days compressive strength of control mixture. Normalized compressive strengths of all mortars were
presented in Table 5. A close observation of Table 5 indicated that 28 days normalized compressive strength
development of mortar containing 10% fly ash were in the order of 0.89 and 0.99 meaning they were
significantly approached to 28 days compressive strength of control mixture. Moreover, at the end of three
months curing time, they were exceeded 28 days compressive strength of control mortar strength. However,
three months compressive strength of mortar including 30% fly ash was found to be equal or higher than
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that of their 28 days strength of control mortar mixture. Six months compressive strength developments of
mortar containing 10% and 30% fly ash were far more than that of 28 days strength gain of their control
mortar mixtures. Compressive strength development of fly ash mortar made with 50% fly ash get
significantly near to their control mortar mixture strength, which were in the order of 90% of their control
mortar strength. This was in the order of 60-70% for mortar incorporating 70% fly ash as partial cement
replacement, which should be noted and remembered that binder was consisting 30% of cement.

Table 5. Compressive strength of mortar
with 28 days compresswe strength of corresponding reference mortar (MPa)

R.ratio(%) | wib (%) 3d 7d 28d 3m 6m

0 50 o 33 0,65 0,80 1,00 1,09 115
0 45 0,42 0,72 0,90 1,00 1,17 1,19
0 40 0,44 0,64 0,86 1,00 1,11 1,14
10 50 0,28 0,54 0,70 092 1,09 1,23
10 45 035 0,65 083 0,99 113 1,34
10 40 0,32 0,63 0,75 0,89 1,04 118
30 50 0,14 0,34 0,52 0,72 1,03 1,12
30 45 0,20 047 0,60 0,85 1,08 121
30 40 0,20 0,42 0,56 0,81 1,00 1,12
50 50 0,08 0,23 0,31 0,50 0,68 0,89
50 45 0,12 028 0,40 0,58 0,87 0,99
50 40 0,12 0,28 0,39 057 0,79 0,88
70 50 0,04 0,10 0,14 0,24 0,36 0,60
70 45 0,04 013 018 0,29 041 0,67
70 40 0,05 013 017 0,29 0,44 0,58

Compressive strength of each mortar mixtures given in Table 4 were normalized with their 28 days
compressive strength to evaluate compressive strength development rate with respect to its 28 days
compressive strength. Normalized compressive strength for each mortar mixtures were presented in Table
6. It is understood from the normalization of compressive strength (see Table 6) with their 28 days
compressive strength that control Portland cement mortars developed quick compressive strength at early
age, however, they developed slow compressive after 28 days and beyond. When one-day compressive
strength was in question, control Portland cement mortars developed a compressive strength in the range
of 40% of their 28-days compressive strength. This result was in the range of 30% of their 28-days
compressive strength for fly ash mortar made with 10% replacement level, it was reduced to about 20% for
mortar containing 30% fly ash as part of binder amount. When replacement ratios of fly ash were 50% and
70%, strength development rate with respect to their 28-day compressive strength were in the range of 20%
and 15%, respectively.

When three months strength development was evaluated in terms of normalization with their 28-day
strength, control mortar mixtures developed 15% higher compressive strength than that its 28-day
compressive strength. They were in average 17%, 20%, 30%, and 45% higher than their 28-day
compressive strength for fly ash mortar made with 10%, 30%, 50% and 70% fly ash replacement.
Observation made on six months compressive strength showed that control Portland cement mortar gained
20% higher compressive strength than that its 28-day compressive strength. Strength gaining rates were
30%, 40%, 70% and 100% and over, for fly ash mortar with replacement ratios of 10%, 30%, 50% and
70%, respectively, at six months curing time with respect to their 28-day compressive strength values. This
excess increment rate in compressive strength was an indicator for pozzolanic reaction which takes place
between amorphous silicon dioxide content of fly ash and portlandite (Calcium hydroxide) existed as a
result of hydration of C,S and C3S known as main components of Portland cement in the presence of water.
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Table 6. Compressive strength of
mortar with its 28 days compressive strength (MPa)

R.ratio(%) | w/b (%) 1d 3d 7d 28d 3m 6m
0 50 0,33 0,65 0,80 1,00 1,09 1,15
0 45 0,42 0,72 0,90 1,00 1,17 1,19
0 40 0,44 0,64 0,86 1,00 1,11 1,14
10 50 0,30 0,58 0,76 1,00 1,19 1,33
10 45 0,35 0,66 0,83 1,00 1,14 1,35
10 40 0,36 0,71 0,84 1,00 1,17 1,32
30 50 0,20 0,47 0,73 1,00 1,43 1,55
30 45 0,23 0,55 0,70 1,00 1,27 1,41
30 40 0,25 0,52 0,69 1,00 1,22 1,37
50 50 0,16 0,45 0,63 1,00 1,37 1,78
50 45 0,20 0,48 0,68 1,00 1,49 1,70
50 40 0,22 0,49 0,69 1,00 1,38 1,53
70 50 0,16 0,41 0,58 1,00 1,51 2,54
70 45 0,14 0,45 0,62 1,00 1,45 2,36
70 40 0,18 0,45 0,58 1,00 1,53 2,01

3.2.1. Influence Of Fly Ash Replacement Ratio On Compressive Strength

Mortar compressive strength development during curing time was presented in Figure 1, for mortar
including fly ash and control Portland cement mortar mixtures; to evaluate the influence of fly ash
replacement ratios on compressive strength of mortar. Compressive strength development of mortar made
with 0.45 water-binder ratio was selected for presentation, since all water-binder showed similar behaviour.
It can be seen from Figure 1 that fly ash containing mortar developed lower strength than control Portland
cement mortar did at early age. However, strength development rate of control mortar mixtures reduces
during increase in curing time, contrary to this, strength development rate of fly ash mortar increases in
curing time. Fly ash mortar developed such compressive strength which is higher or comparable to control
Portland cement mixtures at 90-day curing age for 10% and 30% fly ash replacement ratios with cement.
Other two fly ash mortar made with 50% and 70% replacement ratios, although, did not developed
equivalent compressive strength to control mortar mixture, but has shown a noteworthy good performance
with respect to control mortar mixture. When six months strength development was questioned, fly ash
mortars developed higher compressive strength than that of control Portland cement mortar for 10% and
30% replacement ratio with cement. Other two fly ash mortar made with high volume of 50% and 70%
replacement ratio continued developing compressive strength; however, compressive strength gained were
remained behind control Portland cement mortar. Nevertheless, the difference between compressive
strength of control mortar mixture and fly ash mortar mixtures were diminished due to pozzolanic reaction
and packing effect of unreacted fly ash particles [18, 19, 20, 21].

CS (w/b=0.45)

=—4—FARepl.= 0%
——FARepl.= 10%
FA Repl.= 30%

==FA Repl.= 50%
=—t=—FA Repl.= 70%

T
0 50 100 150 200
Curing Time (d)

Figure 1. Compressive strength development of mortar
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3.2.2. Influence Of Water-Binder Ratio On Compressive Strength

During curing time, compressive strength developments of fly ash mortar containing 50% fly ash as cement
replacement selected for presentation were shown in Figure 2, with their water-binder ratio. This enabled
to evaluate the influence of water-binder ratio on compressive strength development of mortar. It was seen
from Figure 2 that compressive strength reduced with increase in water-binder ratio. The highest water-
binder ratio, 0.50, results with lowest compressive strength, while the highest compressive strength
associated with lowest water-binder ratio, 040. This finding is found to be valid for each curing time and
other fly ash replacement ratio including control Portland cement mortar. This finding supports the relevant
published literature [20].

50% FA Concrete

60

50
g 40 r/./.
s
w3071 ——w/b=0,50
20 ; —m—w/b=0,45

10 ,J w/b=0,40

oY ‘ ‘ : :

0 50 100 150 200
Curing Time (d)

Figure 2. Compressive strength of mortar containing 50% fly ash

3.3. Flexural Strength Results

Flexural strengths, measured in accordance with TS EN 1015-11 [17], were introduced in Table 7 for all
mortar produced in the study. Flexural strength of control Portland cement mortar can be seen from Table
7 that they were in the range of 7MPa at one day curing age. Fly ash replacement in mortar results with a
decrease in flexural strength at one day age. Increase in replacement ratio of fly ash caused further reduction
in flexural strength at one day. Flexural strength values reduced to 2-3 MPa range for mortar containing
high amount 70% replacement ratio of fly ash. Similar finding were observed at three and seven days
flexural strength gaining, however, strength difference between control mortar mixture and fly ash mortar
mixtures were significantly reduced particularly for mortar containing 10% and 30% fly ash. This strength
difference was diminished and became equivalent to each other at 28 days curing age. Furthermore, at three
months of curing age, fly ash concrete with 50% replacement ratio gained flexural strength which was
comparable to control mortar mixture. At the end of six months curing time, mortar containing 50% fly ash
gained equivalent flexural strength with control mortar mixtures. Mortar containing 70% fly ash developed
comparable flexural strength to control mortar mixtures. This rapid strength gaining rate was attributed to
pozzolanic reaction taking place between portlandite and amorphous silicon dioxide content of fly ash [18-
21].
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Table 7. Flexural strength of all concrete produced (MPa)

R.ratio(%) | w/b (%) 1d 3d 7d 28d 3m 6m

0 50 7,20 8,98 10,30 11,13 11,69 12,10
0 45 7,58 9,36 10,33 11,26 12,12 12,31
0 40 7,82 9,51 10,79 12,04 12,54 12,61
10 50 6,64 8,28 9,18 10,71 11,49 11,84
10 45 6,83 9,18 9,91 11,10 11,60 12,19
10 40 7,22 9,67 10,59 12,17 12,50 12,60
30 50 4,98 6,86 7,98 9,80 11,16 12,32
30 45 571 7,87 8,55 10,40 11,95 13,25
30 40 5,90 8,06 9,33 10,67 12,07 13,37
50 50 3,49 6,15 6,41 8,23 10,06 12,28
50 45 4,76 5,37 6,90 8,97 10,79 12,68
50 40 4,75 6,80 7,38 9,54 11,27 13,19
70 50 2,14 4,02 4,97 5,93 7,79 10,05
70 45 2,25 4,64 5,10 6,35 7,94 10,40
70 40 2,74 4,96 5,61 6,88 8,96 10,62

For a comparison purpose, mortar flexural strength development with respect to 28 days flexural strength
of counterpart control mixture, all mortar strength presented in Table 7 was normalized with 28 days
flexural strength of corresponding control Portland cement mortar. Normalized values of all flexural
strength were given in Table 8. As it was observed in compressive strength case, control mortar mixtures
developed quick flexural strength gain at early ages, however, in long term curing age strength gain was
continued, but, slowed down. At the end of six months curing time, control mortar developed in the order
of 5-9% higher flexural strength than its 28 days strength. Similarly, mortar made with 10% inclusion of
fly ash has shown parallel flexural strength development to control mortar mixture, for example it
developed in the order of 5-8% higher flexural strength than its corresponding 28 days strength of control
mixture. When replacement ratio became 30% and 50%, their strength gain was more than 10% of their
control mortar mixture. The flexural strength gain with respect to 28 days control strength was 10% lower,
for mortar containing 70% fly ash as partial replacement of cement at six months.

Table 8. Flexural strength of mortarwith 28 days flexural strength of corresponding
reference mortar (MPa)

Ruratio(%) | wib (%) 1d 3d 7d 28d 3m 6m
0 50 0,65 0,81 0,92 1,00 1,05 1,09
0 45 0,67 0,83 0,92 1,00 1,08 1,09
0 40 0,65 0,79 0,90 1,00 1,04 1,05
10 50 0,60 0,74 0,82 0,96 1,03 1,06
10 45 0,61 0,82 0,88 0,99 1,03 1,08
10 40 0,60 0,80 0,88 1,01 1,04 1,05
30 50 0,45 0,62 0,72 0,88 1,00 1,11
30 45 0,51 0,70 0,76 0,92 1,06 1,18
30 40 0,49 0,67 0,78 0,89 1,00 1,11
50 50 0,31 0,55 0,58 0,74 0,90 1,10
50 45 0,42 0,48 0,61 0,80 0,96 1,13
50 40 0,39 0,57 0,61 0,79 0,94 1,10
70 50 0,19 0,36 0,45 053 0,70 0,90
70 45 0,20 0,41 0,45 0,56 071 0,92
70 40 0,23 0,41 0,47 057 0,74 0,88

Flexural strengths of each mortar mixtures irrespective of curing ages were normalised with their 28 days
flexural strength to evaluate strength gain rate with respect to their 28-days flexural strength. Normalised
flexural strength values were provided in Table 9. As observed in compressive strength case, normalisation
of flexural strength verified that control Portland cement mortars developed flexural strength gain rate was
higher at early ages but lower in long term age with respect to their 28-day flexural strength. After six
months curing time, control mortar mixtures made with cement gained 5% - 9% higher strength than their
28 day flexural strength. Six months flexural strength gaining was at average 10%, 25%, 40% and 65%
higher with respect to their 28 days flexural strength for mortar containing 10%, 30%, 50% and 70% fly
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ash replacement, respectively. It can be observed that flexural strength gaining rates increases with
increasing fly ash replacement ratio with respect to their 28 days flexural strength. Normalisation of flexural
strength also showed that fly ash mortar flexural strength gaining rate was lower at early age but higher in
long term curing age due to pozzolanic reaction of fly ash. While replacement ratio of fly ash increases,
strength gaining rate decreases at early age, however, it increases in long term curing age.

Table 9. Flexural strength of mortar with its 28 days flexural strength (MPa)

R.ratio(%) | wh (%) | 1d 3d 7d 28d 3m 6m

0 50 0,65 0,81 0,92 1,00 1,05 1,09
0 45 0,67 0,83 092 1,00 1,08 1,09
0 40 0,65 0,79 0,90 1,00 1,04 1,05
10 50 0,62 0,77 0,86 1,00 1,07 1,11
10 45 0,62 0,83 0,89 1,00 1,05 1,10
10 40 0,59 0,79 0,87 1,00 1,03 1,04
30 50 051 0,70 0,81 1,00 1,14 1,26
30 45 0,55 0,76 0,82 1,00 1,15 1,28
30 40 0,55 0,76 0,87 1,00 1,13 1,25
50 50 0,42 0,75 078 1,00 1,22 1,49
50 45 053 0,60 0,77 1,00 1,20 1,41
50 40 0,50 0,71 0,77 1,00 1,18 1,38
70 50 0,36 0,68 0,84 1,00 131 1,70
70 45 0,35 073 0,80 1,00 125 1,64
70 40 0,40 0,72 0,82 1,00 1,30 154

3.3.1. Influence Of Fly Ash Replacement Ratio On Flexural Strength

Flexural strength development of all fly mortar made with 0.45 water-binder ratio was presented for all
curing age in Figure 3, to analyse the influence of fly ash replacement ratio on flexural strength of mortar.
Figure 3 indicated that all fly ash containing mortar developed lower flexural strength than the control
mortar did, at early curing ages. However, flexural strength development rate of control Portland cement
mortar decreases in time, contrary to this; it increases for fly ash containing mortar mixtures. At three
months curing time, fly ash mortar containing 10%, 30% and 50% fly ash showed such flexural strength
development nearing to 90-days flexural strength of control Portland cement mortar. Other fly ash mortar
made with high amount of fly ash (70% replacement ratio), did not develop equivalent flexural strength,
but it showed a good performance with a progressive flexural strength development. When six months
flexural strength was evaluated for fly ash containing mortar; all fly ash mortar mixtures developed
equivalent or higher flexural strength than that of control Portland cement mortar, except mortar containing
70% fly ash as cement replacement. The mortar mixture made with 70% fly ash substitution continued to
gain flexural strength, but the flexural strength development remained low compared to the control mixture.
Nevertheless, flexural strength difference between mortar containing 70% fly ash and control mortar
mixtures was fallen down in time [18, 19]. Fly ash mortar made with 0.40 and 0.50 water-binder ratios
exhibited similar results and findings.
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Figure 3. Flexural strength development of mortar

3.2.2. Influence Of Water-Binder Ratio On Flexural Strength

Flexural strength developments of fly ash concrete made with 50% fly ash replacement and different water
binder-ratio were presented in Figure 4 to evaluate the influence of water binder ratio on flexural strength
development of fly ash mortar. Figure 4 shows that flexural strength of mortar presented reduces with an
increase in water-binder ratio which is valid for each curing age. The highest flexural strength was obtained
from lowest water-binder ratio, 0.40. Similarly, the lowest flexural strength was developed from highest
water-binder ratio [20, 21]. This finding is found to be valid for each curing time and other fly ash
replacement ratio including control Portland cement mortar.
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Figure 4. Flexural strength of mortar containing 50% fly ash

3.4. Relation Between Flexural Strength And Compressive Strength

A relationship was established between flexural and compressive strength of all mortars produced.
Relationship is presented in Figure 5, which shows a strong exponential relationship between compressive
and flexural strength. Determination coefficient of relationship, R? was 98%. It is possible to predict
flexural strength of mortar from compressive strength of mortar using the relationship established between
flexural and compressive strength of mortar.
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Figure 5. Relationship between compressive and flexural strength

4. CONCLUSION

1-While water-binder ratio increases, workability of fresh mortar increases; and flexural and compressive
strength of mortar decrease regardless of containing fly ash.

2-Flexural and compressive strength is found to increase during curing time.

3-Workability of fresh concrete improved with the addition of fly ash in mortar.

4-Addition of fly ash in mortar reduces flexural and compressive strength with respect to control Portland
cement mortar mixtures at early ages.

5-Increase in replacement ratio of fly ash in mortar results with higher rate of decrease in strength

6-At long term, strength difference between fly ash mortar and control Portland mortar diminishes in long
term due to strength contribution of pozzolanic reaction of fly ash.

7-Current fly ash could be utilized as cement replacement in mortar mixture as an environment friendly
product.
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