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Abstract

Pozzolanic materials and calcium carbonate can be used to partially replace the use of cement in making mortar or concrete without
altering the rheological properties of the fresh mixture. This study focuses on the use of fly ash in the range of 0-30%, silica fume
0-10% and calcium carbonate 0-15% of the cement content, by mass. The workability of the fresh mortar was evaluated and the
compressive strength of hardened mortar were measured at the ages of 7, 14, 28 and 56 days. Test results show that increasing
partial replacement of cement with fly ash increased the workability and compressive strength of mortar. The use of silica fume
reduces the workability of the fresh mortar, and thus requires the addition of superplasticizer to improve the workability. Finer
particle size of calcium carbonate also increase workability. The addition of calcium carbonate resulted in higher early strength,
whereas the Strength Activity Index (SAI) values slightly reduced with age.
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1. Introduction

Producing high quality and high performance concrete may require partial replacement or addition from the
conventional materials, such as cement and aggregates. The use of replacement materials may end up with increasing
homogeneity and density of concrete or mortar produced, while maintaining the workability of the fresh mixture.

With appropriate replacement materials, it is possible to increasing the density and compressive strength of the
hardened products. The use of high amount of cement in concrete mixture to produce high compressive strength may
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cause side effects such as high heat of hydration, shrinkage and cracks. The presence of supplementary cementing
materials, such as fly ash and/or silica fume (both of them are pozzolanic materials), may overcome this undesirable
situation. Study on the use of fly ash and silica fume to replace cement up to 30%, by mass, resulted in more workable
and denser mixture [1]. Fine-sized pozzolanic materials can also have a role as a filler that fills the cavities in the
mixture.

The use of other additional materials, such as calcium carbonate, may replace part of cement and at the same time
increase the density, the compressive strength and the cohesiveness of concrete mixture [2]. Calcium carbonate with
particle size less than 8 ym is commonly used as filler with the aim of filling the gaps between particles, producing
mixture with high density and other technical advantages, such as control of bleeding, increased early compressive
strength, reduced concrete sensitivity due to lack of curing [3].

Research on the use of replacement materials have been conducted extensively [4-9]. In most cases, the study has
been performed separately, i.e either using pozzolanic materials only or calcium carbonate only. Study on involving
both pozzolanic materials and calcium carbonate at the same time, to enhance the quality and the performance of
concrete or mortar is still lacking. This study focuses on the use of pozzolan; i.e. fly ash and silica fume; and calcium
carbonate with the aim to improve the quality and performance of mortar while maintaining the good workability of
the fresh mixture.

2. Experimental Details

Fly ash was obtained from Paiton Power Plant unit 5 and 6, Situbondo, East Java, Indonesia, as a by-product of
burning sub-bituminous coal to generate electrical energy. The chemical composition can be seen in Table 1. Silica
fume used in this study was Rheomac SF100, produced by BASF. Pozzolanic Portland cement (PPC) produced by
Semen Gresik was used throughout the study. Polycarboxylate-based superplasticizer (SP), Glenium ACE8590
produced by BASF, was added to ensure the desired workability was achieved. Calcium carbonate was obtained from
Masachemitra Solar Industry, Gresik. Silica sand with fineness modulus of 2.624 was used.

Table 1. Chemical Composition of Fly Ash as Measured by XRF

SiO2 ALO3 Fe203 TiO2 CaO MgO Cr203 K20 Na20 SOs Mn304

39.78 17.87 15.00 0.73 1547 6.45 0.02 1.32 1.51 1.32 0.18

The mixture composition of mortar was taken as follows: the mass ratio of silica sand (s) to cementitious materials
(cm) was taken as 2.5: 1, with water-to-cementitious ratio (w/cm) of 0.35. Study was carried out by replacing part of
the cement content with pozzolanic materials, which is a combination of fly ash and silica fume.

First stage of research, fly ash content was varied from O to 30%, while silica fume from O to 10%, of the total mass
of cementitious material. At first, w/cm was set constant at 0.35, with SP content was taken as 0.5% of the cementitious
material, by mass. Later, with w/cm remained unchanged, SP was varied to achieve a constant flow diameter of 13+1
cm.

At the following stage, calcium carbonate was added to the mortar mixture at various levels. In this case, fly ash
and silica fume content were taken as 10% and 2.5%, respectively, of the cementitious material. The addition of
calcium carbonate powder was varied from 5 to 15% of the cementitious material, by mass. The particle size of the
powder was also varied, i.e. passed #800 mesh (15 ym), #1200 mesh (12 pm) and #2000 mesh (8 pm). A mixture
without any pozzolanic material content was also prepared as a control mixture.

Mixing process was started with all the dry materials, mixed for about 5 minutes. Next, water was added gradually.
The fresh mortar mixture was then vibrated on a vibrating table approximately for 3 minutes, to make it more
workable. Workability was measured by performing flow table test, whereby in each test the flow diameter was
determined. The fresh mixture was then casted on 5x5x5cm cubes, cured in the water until one day before testing.
Testing for compressive strength was carried out at the age of 7, 14, 28 and 56 days. Each data represents the average
compressive strength of three mortar cubes.
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3. Results and Discussion

3.1 The Influence of Fly Ash and Silica Fume Content on the Workability of Mortar

The workability of fresh mortar was measured in terms of flow diameter in a flow table test in accordance to ASTM
C230 [10]. The tests were aimed to determine the influence of using fly ash and silica fume on the workability of the
mortar. Figure 1(a) shows the contour graph, showing relationship among the fly ash content and silica fume content
on the flow diameter of fresh mortar, while Figure 1(b) shows the relationship among the fly ash content and silica
fume content with the SP demand to achieve a target flow diameter of 13 + 1 cm.

Figure 1 shows that the use of fly ash increases the workability of fresh mortar, on the contrary the use of silica
fume tends to reduce it. With the increase of fly ash content of up to 30%, the flow diameter was also increased. The
increase use of silica fume increases the SP demand to achieve the desired flow diameter.
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Fig. 1. Relationships among (a) Fly Ash-Silica Fume-Flow Diameter, (b) Fly Ash-Silica Fume-Superplasticizer Demand

3.2. The Influence of Calcium Carbonate Content and Fineness on the Workability of Mortar

Figure 2(a) shows the impact of calcium carbonate content and fineness on the workability of fresh cement mortar
without any pozzolanic material content, while Figure 2(b) exhibits the one on the workability of fresh mortar
incorporating pozzolanic materials. Both figures show that with the increase in the calcium carbonate content of up to
15%, by mass, and with the increase in its fineness, the workability of the fresh mortar was also increased.
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Fig. 2. The Impact of Calcium Carbonate Content and Fineness on Mortar Workability: (a) Without Pozzolan, (b) With Pozzolan
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3.3. The Influence of Fly Ash and Silica Fume Content on the Compressive Strength of Mortar

The compressive strength and its activity index of mixture with variation pozzolanic replacement is shown in Table
2. From the superplasticizer (SP) dosage to achieve flow of 13+1 cm, it can be seen that more fly ash replacement,
reduces the use of SP while more silica fume increases the SP demand. Compressive strength of 7, 14, 28 and 56 days
shows that the mortar have similar strength due to the constant w/b ratio use throughout the experiment. Strength
activity index for the mixture was showing lower value for early age specimen because of lower rate of pozzolanic
reaction and could achieve SAI, up to 111% for later age.

Table 2. Compressive strength and strength activity index for the pozzolanic replacement mixture

Cement Fly Silica SP (%) Compressive Strength (MPa) Strength Activity Index (SAI) (%)
ash  Fume required 7days 14days 28days 56days 7days 14days 28 days 56 days
100 0 0 2 48,80 50,13 5293 64,00 100,00 100,00 100,00 100,00
90 10 0 15 4707 49,07 53,73 64,67 96,45 97,87 101,51 101,04
80 20 0 05 4133 46,40 54,53 6147 84,70 92,55 103,02 96,04
70 30 0 02 4027 44,00 55,33 65,20 82,51 87,77 104,53 101,88
87,5 10 25 2 4893 50,67 54,13 68,67 100,227 101,06 102,27 107,29
715 20 25 1 46,67 4947 54,80 71,07 95,63 98,67 103,53 111,04
67,5 30 25 05 4347 48,00 56,13 59,07 89,07 95,74 106,05 92,29
85 10 5 3 46,67 4933 50,27 65,20 95,63 98,40 94,96 101,88
75 20 5 25 44,00 47,20 52,00 67,07 90,16 94,15 98,24 104,79
65 30 5 1 42,67 46,67 5347 60,00 8743 93,09 101,01 93,75
80 10 10 32 4387 48,93 5547 64,67 89,89 97,61 104,79 101,04
70 20 10 25 4333 47,33 56,27 62,93 88,80 94,41 106,30 98,33
60 30 10 1,5 40,67 43,20 50,80 62,93 83,33 86,17 95,97 98,33
975 0 25 25 4920 50,67 53,73 64,67 100,32 101,06 101,51 101,04
95 0 5 45 4400 4733 50,40 56,67 90,16 94,41 9521 88,54
90 0 10 45 4267 46,53 51,73 61,87 8743 92,82 97,73 96,67

Figure 3 shows the influence of fly ash and silica fume content on the compressive strength of mortar at 28 and 56
days of age. The w/cm value was set constant at 0.35, and SP content was taken as 0.5% of the cementitious material.

The increase content of fly ash in the mixture of up to 30% of the cementitious material increases the compressive
strength of mortar at 28 and 56 days. On the contrary, however, the addition of silica fume of up to 10% to the mixture
containing fly ash tends to decrease the compressive strength of mortar. This is related to the flow diameter of the
fresh mixture, which shows the reduction with the increase use of silica fume (Figure 1). To maintain the same flow
diameter or workability, the SP content should be altered. The reduction of compressive strength of harden mortar due
to the use of silica fume can be caused by the reduction in the workability of the fresh mixture.
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Fig. 3. The Influence of Fly Ash and Silica Fume Content on Mortar Compressive Strength (Constant SP): (a) 28 days, (b) 56 days

Figure 4 shows compressive strength contour of mortar containing fly ash and silica fume with a constant flow
diameter. SP was added in various content to ensure a constant consistency of the fresh mixtures. Noticeable
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differences can be identified compared to those with constant SP. With a constant flow diameter, the addition of silica
fume of up to 3%, by mass, increases the compressive strength of the mortar. At the age of 56 days, the highest
compressive strength was achieved by mortar with mixture composition of 20% fly ash and 2.5% SF. This shows that
the use of combined fly ash and silica fume, accompanied with the addition of SP, give positive effect on the

compressive strength of mortar.
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Fig. 4. The Influence of Fly Ash and Silica Fume Content on Mortar Compressive Strength (Constant Flow Diameter):

3.4. The Influence of Calcium Carbonate Content and Fineness on Compressive Strength of Mortar with/without

Pozzolan

The compressive and strength activity index of the mixture with addition of fine particle of calcium carbonate is
shown in Table 3. All mixture was made with the same mixture proportion, only with addition of calcium carbonate
to increase the cohesiveness of the mixture. It was found that the addition of calcium carbonate increases the
compressive strength compared to the control mixture. Finer particle of calcium carbonate have higher strength

increment.
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Table 3. Compressive strength and strength activity index for mixture with addition of calcium carbonate

Calcium Carbonate

Compressive Strength (MPa)

Strength Activity Index (SAI) (%)

Mesh # % addition 7 days 14days 28days 56days 7days 14days 28days 56 days
Cement 100%
0 45,60 52,00 56,27 61,33 100,00 100,00 100,00 100,00
800 5 47,07 53,87 5947 62,93 103722 103,59 105,69 102,61
10 48,40 54,13 63,07 66,00 106,14 104,10 112,09 107,61
15 50,40 5547 64,00 68,00 110,53 106,67 113,74 110,87
1200 5 4733 56,30 62,93 69,33 103,80 109,23 111,85 113,04
10 49,07 58,40 63,87 7347 107,60 112,31 113,51 119,78
15 51,87 61,07 68,67 7440 113,74 117 44 122,04 121,30
2000 5 48,53 56,80 65,33 69,20 10643 109,23 116,11 112,33
10 49,73 57,33 59,33 69,87 109,06 110,26 10545 11391
15 5227 58,67 62,00 7147 11462 112,82 110,19 116,52
Cement 87.5%, fly ash 10% and silica fume 2.5%
0 46,13 48,93 57,73 67,73 100,00 100,00 100,00 100,00
800 5 44,00 5147 54,53 70,40 95,38 105,18 94,46 103,94
10 46,67 52,00 64,53 69,73 101,16 106,27 111,78 102,95
15 48,67 54,67 67,47 70,53 10549 111,72 116,86 104,13
1200 5 42,00 50,67 64,27 76,80 91,04 103,54 111,32 113,39
10 41,60 50,53 65,60 77,60 90,17 103,27 113,63 114,57
15 42,67 53,33 66,53 72,00 92,49 108,99 11524 106,30
2000 5 36,67 4520 59.47 73,20 7948 92,37 103,00 108,07
10 40,93 52,53 58,67 70,93 88,73 107,36 101,62 104,72
15 42,80 5347 61,73 69,60 92,77 109,26 106,93 102,76

777



778 Antoni et al. / Procedia Engineering 125 (2015) 773 — 779

Figure 5 shows graphs of compressive strength contour of mortar without any pozzolanic materials with the various
contents and fineness of calcium carbonate. Results show that with the increase of calcium carbonate content to up to
15%, the compressive strength of mortar is further increased with the use of finer particle size of calcium carbonate.
Calcium carbonate is also contributing on early strength development of mortar.
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Fig. 5. The Influence of Calcium Carbonate Content and Fineness on Mortar Compressive Strength (without Pozzolan):
(a) 28 days, (b) 56 days
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Figures 6(a) and 6(b) show the compressive strength of mortar with pozzolanic materials content (fly ash and silica
fume) with various calcium carbonate contents and fineness. Reducing the fineness of calcium carbonate increases
the compressive strength of mortar. At 56 days, the use of calcium carbonate up to 12% does not really alter the

compressive strength of mortar, however its use introduces faster strength development at early age and slightly
increases the compressive strength of mortar at later age.
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Fig. 6. The Influence of Calcium Carbonate Content and Fineness on Mortar Compressive Strength (with Pozzolan):

(a) 28 days, (b) 56 days
4. Conclusions

It can be concluded that:

1. The increase use of fly ash up to 30%, by mass of cementitious material, increases the workability of the fresh
mortar mixture and decreases the SP demand. On the contrary, the addition of silica fume up to 10% reduces the
workability of the fresh mixture causing the increase in SP demand.

2. Addition of calcium carbonate content of up to 15% improves the workability of fresh mortar, both with or without
any pozzolanic material content. The use of finer particle size also increase the workability.
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3. Addition of calcium carbonate content of up to 15% in the mortar mixture increases the compressive strength of
the mortar, especially at early age. The particle size of calcium carbonate also plays a role in increasing the
compressive strength, with finer size tends to increase it more.
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