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Abstract 

Inclusion of ground granulated blast-furnace slag (GGBFS) with class F fly-ash can 

have a significant effect on the setting and strength development of geopolymer binders when 

cured in ambient temperature. This paper evaluates the effect of different proportions of 

GGBFS and activator content on the workability and strength properties of fly ash based 

geopolymer concrete. In this study, GGBFS was added as 0%, 10% and 20 % of the total 

binder with variable activator content (40 and 35%) and sodium silicate to sodium hydroxide 

ratio (1.5 to 2.5). Significant increase in strength and some decrease in the workability were 

observed in geopolymer concretes with higher GGBFS and lower sodium silicate to sodium 

hydroxide ratio in the mixtures. Similar to OPC concrete, development of tensile strength 

correlated well with the compressive strength of ambient-cured geopolymer concrete. The 
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predictions of tensile strength from compressive strength of ambient-cured geopolymer 

concrete using the ACI 318 and AS 3600 codes tend to be similar to that for OPC concrete. 

The predictions are more conservative for heat-cured geopolymer concrete than for ambient-

cured geopolymer concrete.  

 

Keywords:  Ambient curing; geopolymer; ground granulated blast-furnace slag; fly ash; 

tensile strength; workability. 

 

1. Introduction  

Geopolymer concrete based on industrial by-product materials such as fly ash and 

slag can play a vital role in the context of sustainability and environmental issues [1]. 

Approximately 5% of global CO2 emissions originate from the manufacturing of Portland 

cement [2]. On the other hand, industrial by-product materials such as slag has been shown to 

release up to 80% less greenhouse gas emissions [3] and there are 80% to 90% less 

greenhouse gas emissions in the production of fly ash [4]. Therefore, a full replacement of 

OPC with GGBFS or fly ash would significantly reduce the CO2 emission of concrete 

production. Geopolymer concrete is an alternative concrete in which an alkali activated 

aluminosilicate material is used as the binder instead of the traditional cement binder. Thus 

the traditional binder based on cement or cement and other pozzolanic materials is replaced 

by the alkali activated inorganic binder in geopolymer concrete.  

Geopolymers are very similar to zeolites and can be progressed through a series of 

several distinct reaction processes from initial pozzolanic activation to final microstructure 

development. The major processes involve the reaction between an aluminosilicate source 

such as fly ash, metakaolin or blast furnace slag and an alkaline solution which leads to final 

hardening of the matrix by exclusion of excess water and the growth of an inorganic polymer 

[5, 6, 7]. Previous studies indicated that the reaction of the selected pozzolanic material is the 
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most significant factor in producing a mechanically sound binder via the geopolymerization 

process. The chemical reaction and the rate of strength development of geopolymer concrete 

are influenced by several factors based on chemical compositions of the source materials, 

alkaline activators and curing condition [8, 9, 10].  Islam et al. [11] reported that the 

compressive strength of geopolymer mortar increased with the increase of GGBS content in 

the binder containing fly ash and palm oil fuel ash. The inclusion of calcium from other 

sources such as calcium hydroxide in geopolymer based on metakaolin improved its 

mechanical strength [12]. Kumar [13] showed that mechanically activated fly ash based 

geopolymers display higher compressive strength due to the formation of a compact 

microstructure. Khale and Chaudhary [14] reported that the higher compressive strength 

values could be achieved in geopolymers after curing for five hours at 85°C. However, the 

strength gain occurs at a much slower rate with age due to alkaline saturation and product 

densification [15]. 

Several previous studies reported the performance of geopolymer materials cured at 

high temperatures. These studies indicated that the heat-cured fly ash based geopolymer 

concrete developed high compressive and tensile strengths and low effective porosity, which 

are beneficial for concrete in an aggressive environment [16, 17, 18, 19].  Heat-cured fly ash 

based geopolymer concrete showed better resistance to sea-water environment than OPC 

concrete of similar compressive strength [20]. It was shown in previous studies that the 

mechanical properties of heat-cured fly ash based geopolymer concrete are comparable to 

those of OPC based concrete and the methods of calculations used in the case of reinforced 

Portland cement concrete structures can be used to predict the strengths of reinforced 

geopolymer concrete structural members [21, 22, 23]. Sarker et al. [24] studied the fracture 

properties of heat cured geopolymer concrete. The experimental results showed higher 
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fracture energy of heat-cured geopolymer concrete than OPC concrete of similar compressive 

strength.  

Most of the previous studies were conducted on heat-cured geopolymer concrete that 

is considered to be ideal for precast concrete members. The development of geopolymer 

concrete without curing at elevated heat will widen its application to the areas beyond precast 

concrete members. Elimination of the elevated heat for curing will also reduce the cost and 

energy associated with the heat curing process. Workability and strength development are 

two important properties of concrete used in the determination of its suitability for casting 

and load carrying capacity of concrete members. Thus, the aim of this study is to investigate 

the effect of GGBFS blending with class F fly ash on the workability of fresh geopolymer 

concrete and the strength development with age when cured at ambient temperature.  The 

scope of the work involved slump tests of fresh concrete and tensile and compressive 

strengths tests of hardened concrete specimens.  Effects of the mix design variables of 

geopolymer concrete on these properties were studied.  The correlation of the splitting tensile 

strength with compressive strength of the ambient-cured geopolymer concrete was compared 

with those of heat-cured geopolymer concrete and traditional water-cured OPC concrete.  

 

2. Experimental work 

 

    2.1. Materials  

Commercially available low calcium ‘Class F’ fly ash was used as the main binder. 

Ground granulated blast-furnace slag (GGBFS) was used as a partial replacement of fly ash 

in this study. The chemical compositions of the fly ash and GGBFS determined by X-Ray 

Fluorescence (XRF) are given in Table 1. The alkaline activator was a combination of 

sodium hydroxide and sodium silicate solutions. Sodium hydroxide solution of 14M 

concentration was prepared by mixing 97-98% pure pallets with tap water. The mass ratio of 

SiO2 to Na2O of the sodium silicate solution was 2.61 (SiO2 = 30.0%, Na2O = 11.5% and 
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water = 58.5%). Coarse aggregates were crushed granite with nominal maximum sizes of 7, 

10 and 20 mm that met the Australian Standard specifications. The final combined aggregate 

volume was a combination of 41% of 20 mm, 9% of 10 mm, 15% of 7 mm aggregates and 

35% of sand.  The physical properties of the materials are given in Table 2. A naphthalene 

based superplasticiser conforming to ASTM: C494-13 as Class A and F admixture was used 

in this study. 

 

      2.2. Manufacture of geopolymer and OPC concretes 

  The mixture proportions of ten geopolymer and two OPC concretes studied are given 

in Table 3. The concrete mixtures were proportioned based on the previous works on 

geopolymer concrete for ambient curing condition [25, 26, 27, 28]. The parameters studied 

were GGBFS content as a replacement of fly ash, alkaline activator content, and the sodium 

silicate to sodium hydroxide ratio (SS/SH) in the activator. Two series of geopolymer 

concrete mixtures with different amounts of alkaline activator were used in this study. In 

series A, four geopolymer mixtures were prepared with the activator content of 40% and 

varying the SS/SH ratio and the percentage of GGBFS. The quantity of aggregates was kept 

constant for all four mixtures in series A. In series B, six geopolymer concrete mixtures were 

prepared by reducing the alkaline activator content from 40% to 35 %. The slag content was 

0, 10 or 20% of the binder and the SS/SH ratio was 2.5 or 1.5 in the mixtures of series B.  

The geopolymer concrete mixtures are designated by their variable constituents in the 

mixture. For example, A35 S20 R1.5 represents a geopolymer concrete mixture having 

alkaline activator solution (A) as 35% of the binder, GGBFS (S) as 20% of fly ash-GGBFS 

blend and sodium silicate to sodium hydroxide ratio (R) of 1.5. Water and superplasticiser 

were added to improve workability of some geopolymer concrete mixtures, as shown in 

Table 3.  The OPC concrete mixtures were designed for two different strengths based on the 

guidelines of ACI 211.1-91 [29]. 

http://www.astm.org/Standards/C494.htm
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2.3. Preparation, casting and curing of test specimens 

The aggregates were prepared to SSD condition before mixing of the concrete. The 

alkaline activator was prepared in the laboratory by mixing sodium silicate and sodium 

hydroxide solutions at the required ratio about 30 minutes before actual mixing of the 

concrete.  Fly ash, GGBFS and aggregates were first dry-mixed together in a pan mixer. This 

was followed by addition of the activator solutions to the dry materials and the mixing 

continued further for about 5 minutes to produce fresh geopolymer concrete. Water and 

superplasticiser were added during mixing in the mixes of series B.  

Geopolymer and OPC concrete cylinder specimens of 100 mm in diameter and 200 

mm in height were cast. These specimens were used for compressive strength [30] test. 

Specimens of 150 × 300 mm cylinders were cast for the splitting tensile strength [31] tests. 

All the specimens were compacted by using a table vibrator during casting. The geopolymer 

concrete specimens were cured in ambient condition at 20±2°C and 70±10% relative 

humidity and the OPC concrete specimens were cured in water at the same temperature.  

 

3. Test results and discussion 

 

     3.1. Workability 

Workability is the ease of working with a freshly mixed concrete in the stages of 

handling, placing, compacting and finishing. Slump test is used as a common test for 

measuring the workability of concrete.  The workability of fresh geopolymer concrete was 

determined immediately after mixing of the concrete by the standard slump test in accordance 

with the ASTM: C 143 -12 . 

The spherical shape of fly ash particles combined with lubricating effect of the 

alkaline activator solution gives flowability of the fresh geopolymer concrete. Use of the 

sodium silicate (SS) and sodium hydroxide (SH) solutions, which are more viscous than 

water, usually makes geopolymer concrete more cohesive and sticky than OPC concrete. 

http://www.astm.org/Standards/C143.htm
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However, a higher slump of geopolymer concrete indicates a less stickiness and higher 

workability of the mixture. 

The slump values of the geopolymer concrete mixtures are given in Table 4 and 

plotted in Figure 1. It can be seen from this figure that mixture R2.5S20 with 20% slag 

showed a slump value of 195 mm as compared to 250 mm slump showed by mixture 

R2.5S10  which had 10% slag. Similarly, mixture R1.5S20  with SS/SH ratio of 1.5 had a 

slump value of 180 mm as compared  to 195 mm slump of mixture R2.5S20  with SS/SH 

ratio of 2.5.  Thus, the workability of the geopolymer concrete mixtures of series A showed 

decreasing trends with increase of the slag content and decrease of the SS/SH ratio. Mixture 

R1.5S20 exhibited the lowest slump value among all the geopolymer concrete mixtures of 

series A (Figure 1) since it had a higher percentage of slag (20%) and a lower SS/SH ratio 

(1.5) as compared to the other mixtures.  

The geopolymer concrete mixtures of series B were designed with reduced alkaline 

activator content (35%) than those of series A (40%). Preliminary mixtures with 35% alkaline 

liquid content showed poor workability as compared to the mixtures of series A when no 

extra water was added. Therefore, extra water (8 kg/m
3
) and superplasticiser (6 kg/m

3
) were 

added to the mixtures of series B in order to improve the workability. The slump values of the 

mixtures of series B (Figure 1 and Table 4) varied between 215 mm and 245 mm. The 

mixtures were found to have reasonable workability during the casting time. When the 

amounts of extra water and superplasticiser remained same, the mixtures of series B showed 

decreasing trends of workability with the increase of slag content and decrease of the SS / SH 

ratio.  

 

The slump values of the mixtures OPC1 and OPC2 were 105 mm and 150 mm 

respectively. Generally, when compared with the OPC concrete mixtures, the geopolymer 

concrete mixtures exhibited more cohesiveness than the OPC concrete mixtures. This is 
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because of the inherent difference in the rheology of geopolymer matrix from that of OPC 

matrix, as described by Khale and Chaudhary [14]. No segregation or bleeding was observed 

in the mixtures during mixing, compaction and finishing of the concrete. The range of 

workability obtained in the geopolymer concrete mixtures of series A and B are considered 

suitable for casting of different concrete members such as beams, columns, slabs and 

footings. The slump values are in the range of the values reported by other researchers for 

geopolymer concrete using fly ash only [20, 23].  

 

    3.2. Compressive strength 

Compressive strength is the most common property used to describe a concrete. Since 

other properties of concrete often correlate well with the compressive strength, it is used as an 

indicator of the other mechanical properties. The results of the compressive strength tests of 

geopolymer and OPC concrete samples are given in Table 4. These are the mean values of 

the results obtained from three identical specimens.  

Figure 2 shows the compressive strength development of the geopolymer concrete 

mixtures of series A. The graphs show that the strength development of the geopolymer 

concrete mixtures slowed down after the age of 28 days and continued to increase at slower 

rates until 180 days of age.  It can be seen in Figure 2 that the compressive strength of series 

A increased with the increase of GGBFS content in the mixtures. As shown in the figure, 

geopolymer concrete mixture R2.5S20 containing 20% slag achieved 17% higher 28-day 

compressive strength than R2.5S10 containing 10% slag. The effect of GGBFS at 20% 

replacement level on the increase of compressive strength appears to be more pronounced 

when the SS/SH ratio is reduced from 2.5 to 1.5. With 20% GGBFS in the binder, the 

mixture with SS/SH ratio of 1.5 (R1.5S20) achieved 15% higher 28-day compressive strength 

than the mixture with SS/SH ratio of 2.5 (R2.5S20). Addition of more calcined source 

materials was reported to increase compressive strength by improving the microstructure of 
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geopolymer matrix [33]. Thus the increase of compressive strength in the geopolymer 

concrete specimens by inclusion of GGBFS is attributed to the formation of more compact 

microstructure of the binder. 

The strength development of the mixtures of series B with different slag contents and 

different SS/SH ratios are plotted in Figures 3 and 4. In this series, the activator content was 

reduced to 35% as compared to 40% in series A. Superplasticiser and extra water were added 

to improve the workability of these mixtures. In series B, mixture R2.5S00 with no slag in the 

binder developed strength at a slow rate. When GGBFS was incorporated in the mixture as a 

part of the binder with constant alkaline activator of 35% and SS/SH ratio of 2.5, the strength 

increased significantly. As shown in Figure 3, the compressive strength of geopolymer 

concrete increased from the early age of 7 days and continued to increase up to 180 days. At 

28 days, mixtures R2.5S10 and R2.5S20 having 10% and 20% slag respectively, achieved 

higher strengths than the geopolymer concrete without slag (R2.5S00). The improvement of 

strength of slag blended fly ash based geopolymer concrete is due to the increase of calcium 

bearing compound in the dissoluted binder which produced a reaction product from both slag 

and fly ash [32].  As shown in Figure 4, the strength increase of geopolymer concrete 

mixtures R1.5S10 and R1.5S20 as compared to mixture R1.5S00 showed similar trends of 

R2.5S10 and R2.5S20 as compared to R2.5S00. It can be seen that the strength increase is 

more significant for 20% slag than for 10% slag in the binder. The highest strength increase 

at all ages up to 180 days was observed for 20% slag and SS/SH ratio of 1.5. 

      All the geopolymer concrete samples showed increased compressive strength at higher 

slag contents in the mixtures. However, the compressive strength of geopolymer concrete is 

significantly influenced by the amount of water in the mixture.  A decrease of compressive 

strength by the increase of water to solids ratio was also observed by Xi [15] and Wallah [16] 

for heat cured geopolymer concrete using fly ash only. Geopolymer concrete mixtures with 
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extra water showed significant decrease in compressive strength for ambient cured 

geopolymer concrete. The effect of varying the water content in fly ash based geopolymer 

concrete has not been widely reported in the past. A comparison of the 28-day compressive 

strengths of the mixtures with and without water in series A and B is shown in Figure 5. A 

reduction of the activator liquid from 40% to 35% and addition of water to improve 

workability have increased the H2O/Na2O ratio as shown in Table 4. For example, the 

H2O/Na2O ratio increased from 11.745 in R2.5S10 (series A) to 12.764 in R2.5S10 (series 

B). The increase of this ratio eventually decreased the compressive strength of the mixtures 

of series B, as shown in Figure 5. Van Jaarsveld and van Deventer [33] reported that an 

increase of the water/fly ash ratio caused significant decrease of the strength in geopolymer 

paste specimens. A similar trend is shown by the results of the concrete specimens in this 

study. As shown by the strength-age graphs of Figures 3 to 5, the strength development rate 

of geopolymer concrete containing slag and cured at ambient temperature is similar to that of 

water-cured OPC concrete (Table 4). Generally, the 28-day strengths of the ambient-cured 

geopolymer concrete specimens of series A and B are considered suitable for various 

structural applications. These strengths are in the range of those of heat-cured fly ash 

geopolymer concrete obtained in previous studies [21, 23]. 

 

     3.3. Tensile strength 

Tensile strength of concrete is an important mechanical property that is used in many 

design aspects of concrete structures such as those related to initiation and propagation of 

cracks, shear and anchorage of reinforcing steel in concrete. Splitting tensile test is usually 

conducted to determine the tensile strength of concrete because of the simplicity of the test. 

The tensile strengths of the geopolymer and OPC concrete samples cured at ambient 

temperature were determined by conducting the splitting tensile strength tests in accordance 

with Australian Standard [31]. The results of the 28-day splitting tensile tests are given in 
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Table 5. The tensile strengths of geopolymer concrete at 7, 28 and 90 days are plotted in 

Figures 6 & 7. It can be seen from these figures that tensile strength increased with the 

increase of age for all the mixtures. The results show that the tensile strength of concrete 

increased with the increase of slag content and decrease of SS/SH ratio in the mixtures of 

both series. This trend is similar to the trend shown by the development of compressive 

strength.  In series A, geopolymer concrete mixture R1.5S20 with 20% GGBFS and SS/SH 

ratio of 1.5 gained 55% higher 28-day tensile strength than R2.5S10 with 10% GGBFS and 

SS/SH ratio of 2.5.   

In series B, the tensile strength development of geopolymer concrete was relatively 

slow for the mixture with fly ash only as a binder (R2.5S00). However, the rate of tensile 

strength development increased significantly when GGBFS was incorporated in the mixture 

as a part of the binder.  As shown in Figure 7, tensile strength increased from the early age of 

7 days with the increase of slag content in the concrete. At 28 days, mixtures R2.5S10 and 

R2.5S20 having 10% and 20% GGBFS respectively, achieved 25% and 45% higher strength 

than R2.5S00. Comparing the tensile strengths of geopolymer mixtures R1.5S00, R1.5S10 

and R1.5S20 with those of R2.5S00, R2.5S10 and R2.5S20 respectively, it can be seen that 

tensile strength was enhanced with the reduction of SS/SH ratio from 2.5 to 1.5. 

The rate of tensile strength development of geopolymer concrete is affected by the 

amount of extra water in the mixtures. This is similar to the effect of water on the 

development of compressive strength as discussed before.  Comparing the corresponding 

graphs for same slag content  in Figures 6 and 7, it is seen that the tensile strength of the 

mixtures with reduced alkaline activator (35%) are less than those of the mixtures with higher 

alkaline activator (40%). This is because of the addition of extra water in the geopolymer 

mixtures with reduced alkaline activator. The 28-day tensile strengths of the similar mixes 

from both series containing 40% and 35% activator are plotted in Figure 8. It can be seen 
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from the figure that  the largest difference of tensile strength is 28% which is for mixture 

R1.5S20 with 35% alkaline activator and extra water as compared to the mixture R1.5S20  

(40% alkaline activator with no extra water). The difference between the other corresponding 

mixtures is relatively small. 

 

3.4. Estimating tensile strength from compressive strength using design codes 

A correlation is usually observed between tensile strength and compressive strength 

of conventional OPC concrete. As shown in Table 5, the 28-day splitting tensile strength 

increased with the increase of compressive strength of the ambient-cured slag blended fly ash 

geopolymer concrete. The ratio of splitting tensile strength to compressive strength varied 

from 0.07 to 0.13. This correlation tends to be similar to that shown by conventional water-

cured OPC concrete. 

Because of the existence of a correlation between the tensile and compressive 

strengths, the tensile strength of OPC concrete is usually estimated by using a simple 

relationship given in terms of the compressive strength. The concrete structures design codes 

recommended such simple equations. The uniaxial or splitting tensile strengths are usually 

given in terms of the characteristic compressive strength in these equations with different 

coefficients and a power of the compressive strength. The Australian standard AS 3600 [34] 

recommends Equation 1 for OPC concrete at 28 days of age subjected to standard curing.   

fct’ = 0.36 √fc
’ 
            (1) 

where fct’ and fc’ are the characteristic uniaxial tensile and compressive strengths 

respectively. In the absence of adequate data, the mean uniaxial tensile strength (fctm) is 

obtained by multiplying the characteristic tensile strength by 1.4. The uniaxial tensile strength 

is taken as 0.9 times the splitting tensile strength (fct.sp) of concrete. The mean compressive 

strengths corresponding to characteristic strengths for different grades of concrete are given 

in the standard. For 25 to 65 MPa grade concretes, the relationship between the characteristic 
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compressive strength and the mean in-situ compressive strength (fcmi) is given by Equation 2. 

The mean in-situ compressive strength (fcmi) shall be taken as 90% of the mean cylinder 

compressive strength (fcm). 

fcmi = fc
’
 +3.0 (MPa)        (2) 

The ACI 318 code [35] recommends Equation 3 as the approximate relationship 

between the mean splitting tensile strength and the characteristic compressive strength. The 

relationships between the mean and characteristic compressive strengths are given by 

equations 4 to 6.  

fct.sp = 0.56 √fc
’
          (3) 

fcm = fc’ +7.0 (MPa) for fc
’
<21MPa       (4) 

fcm = fc
’
 +8.3 (MPa) for 21 < fc

’
≤35MPa      (5) 

fcm = 1.1fc
’
 +5.0 (MPa) for fc

’
>35MPa      (6) 

The Australian standard (Equations 1 and 2) and the ACI code (Equations 3 to 6) 

were used to calculate the splitting tensile strengths of the concretes. The splitting tensile 

strengths calculated using the 28-day compressive strengths and the ratios of the 

experimentally determined value to the calculated value are given in Table 5. These ratios 

obtained for the AS 3600 and ACI 318 codes are plotted in Figures 9 and 10 respectively. 

Tensile strengths of heat-cured fly ash geopolymer concrete from previous research [22] and 

those of OPC concrete of this study and another study [36] are also included in these figures 

for comparison. 

It can be seen from Figures 9 and 10 that the test to prediction ratios of the ambient-

cured geopolymer concrete tend to be similar to that of the water-cured OPC concrete for 
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predictions by both AS 3600 [34] and ACI 318 [35] methods. The trends of the test to 

prediction ratios are found to be higher for the heat-cured geopolymer concrete than for the 

ambient-cured geopolymer and water-cured OPC concretes.  Generally, the predictions by the 

ACI 318 (Figure 10) are found to be more conservative than those of by the AS 3600 (Figure 

9).  

  

4.  Conclusions 

The effects of blending GGBFS with class F fly ash in the binder of geopolymer concrete 

cured at ambient temperature were studied by using an experimental work. Effects of the 

other mixture variables such as the activator liquid content and SS/SH ratio in the binder 

were also investigated. Workability of the fresh mixtures and development of compressive 

and tensile strengths were determined. The suitability of using the relationships between 

tensile and compressive strengths given for OPC concrete in the AS 3600 and ACI 318 codes 

was investigated for the ambient and heat-cured geopolymer concretes. The correlations 

obtained for the ambient-cured geopolymer concrete were compared with those of the heat-

cured geopolymer concrete and water-cured OPC concrete. The following conclusions are 

drawn from the study:  

 Workability of geopolymer concrete decreased with the increase of GGBFS content 

together with fly ash in the binder when the other mixture variables remained the 

same. This is mainly because of the accelerated reaction of the calcium and the 

angular shape of the slag as compared to the spherical shape of the fly ash particles. 

The addition of GGBFS enhanced setting of the concrete at ambient temperature. 

Workability also decreased with the reduction of the activator to binder ratio from 0.4 

to 0.35. Addition of extra water improved workability at the cost of strength. 
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 Compressive strength at all ages up to 180 days increased with the increase of the slag 

content. Strength development of the slag blended fly ash geopolymer concrete cured 

at ambient temperature was similar to that of water-cured OPC concrete. The strength 

gain slowed down after the age of 28 days and continued to increase at a slower rate 

until 180 days. The 28-day compressive strength reached up to 51 MPa in geopolymer 

concrete containing 20% slag and 80% fly ash in the binder and 40% activator liquid 

with SS / SH ratio of 1.5 when cured at  20
o
C.  

 Tensile strength of ambient cured geopolymer concrete increased with the increase of 

compressive strength. The effect of the mixture variables on the development of 

tensile strength was similar to that on the development of compressive strength. The 

methods of estimating the splitting tensile strength from compressive strength of OPC 

concrete recommended in the AS 3600  and ACI 318  design codes resulted in similar 

predictions for the ambient-cured slag blended fly ash geopolymer concrete and OPC 

concrete. The predictions were generally more conservative for heat-cured 

geopolymer concrete than those for the ambient-cured geopolymer and OPC 

concretes.  
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Table 1: Chemical compositions of fly ash and GGBFS 

Sample 

(%) 
SiO2 Al2O3 Fe2O3 

SiO2+ Al2O3+ 

Fe2O3 
CaO Na2O K2O SO3 P2O5 TiO2 LOIa 

Fly ash 53.71 27.20 11.17 92.08 1.90 0.36 0.54 0.30 0.71 1.62 0.68 

GGBFS 29.96 12.25 0.52 - 45.45 0.31 0.38 3.62 0.04 0.46 2.39 
    a Loss on ignition 
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Table 2: Physical properties of materials 

    a
 Sodium silicate, 

b
 Coarse aggregate, 

c
 Fine aggregate  

 

Materials Fly ash SS CA FA 

Specific gravity 2.64 1.458 - 2.62 

Fineness modulus - - 6.12 1.97 

Bulk density (kg/m
3
) - - 1686.8 1645.2 

Table 2



Table 3: Mixture proportions concrete  

a
Coarse aggregate,

 b
Sodium hydroxide,

 c
Sodium silicate,

 d
Superplasticiser 

 

 

Mixture 

Series A Series B 

OPC1 OPC2 GPC1 GPC2 GPC3 GPC4 GPC5 GPC6 GPC7 GPC8 GPC9 GPC10 

Label 

A40 

S10 

R2.5 

A40 

S20 

R2.5 

A40 

S10 

R1.5 

A40 

S20 

R1.5 

A35 

S00 

R2.5 

A35 

S10 

R2.5 

A35 

S20 

R2.5 

A35 

S00 

R1.5 

A35 

S10 

R1.5 

A35 

S20 

R1.5 

- - 

CA
a
 1209 1209 1209 1209 1222 1216 1216 1222 1216 1216 1054 1054 

Sand 651 651 651 651 658 655 655 658 655 655 768 740 

Fly ash 360 320 360 320 400 360 320 400 360 320 - - 

GGBFS 40 80 40 80 0 40 80 0 40 80 - - 

Cement - - - - - - - - - - 446 366.4 

SH
b
 45.7 45.7 64 64 40 40 40 56 56 56 - - 

SS
c
 114.3 114.3 96 96 100 100 100 84 84 84 - - 

Water - - - - - 8 8 - 8 8 165 201.6 

SP
d
 - - - - 6 6 6 6 6 6 - - 

Table 3



Table 4: Mix design parameters and compressive strength results 

          aWater to solid ratio 

 

Mixtures 
H2O 

/Na2O 

Slump 

(mm) 

Compressive Strength (MPa) 

7 day 28 day 56 day 90 day 180 day 

A (40%) 

R2.5S10 11.745 250 27.0 40.0 45.0 47.0 49.0 

R2.5S20 11.758 195 31.0 47.0 50.0 54.0 59.0 

R1.5S10 10.628 210 25.0 43.0 50.0 52.0 54.0 

R1.5S20 10.639 180 29.0 54.0 63.0 68.0 70.0 

B (35%) 

R2.5S00 11.656 245 11.0 25.0 30.0 33.0 35.0 

R2.5S10 12.764 230 15.0 27.0 35.0 38.0 39.0 

R2.5S20 12.781 215 22.0 35.0 40.0 43.0 44.0 

R1.5S00 10.558 235 8.0 27.0 32.0 34.0 37.0 

R1.5S10 11.540 245 14.0 27.0 35.0 41.0 44.0 

R1.5S20 11.553 220 25.0 45.0 52.0 54.0 57.0 

                 OPC1 - 105 36.0 48.0 56.0 62.0 65.0 

                OPC2 - 150 23.0 33.0 37.0 40.0 43.0 

Table 4



Table 5: Test and calculated tensile strengths of concrete. 

Series 

 

 

 

 

 

 

 Label 

28-day strength  (MPa) 
Calc. split tensile 

strength (MPa) 

Ratio of test to 

calc. split tensile 

strengths (MPa) 

Compr.  

f cm 

(MPa)  

Split 

tensile,  

fct.sp 

(MPa)  

fct.sp/    

f cm  

ratio 

AS 

3600 

ACI 

318 

AS 

3600 

ACI 

318 

A 

(40%) 

S10 R2.5 37 3.09 0.08 3.2 3.1 0.96 0.98 

S20 R2.5 44 3.25 0.07 3.5 3.4 0.93 0.94 

S10 R1.5 40 2.88 0.07 3.3 3.3 0.86 0.88 

S20 R1.5 51 4.81 0.09 3.8 3.7 1.27 1.29 

B 

(35%) 

S00 R2.5 22 2.12 0.10 2.5 2.3 0.86 0.93 

S10 R2.5 24 2.68 0.11 2.6 2.4 1.04 1.11 

S20 R2.5 32 3.02 0.09 3.0 2.9 1.01 1.04 

S00 R1.5 24 2.27 0.09 2.6 2.4 0.88 0.94 

S10 R1.5 24 3.03 0.13 2.6 2.4 1.17 1.25 

S20 R1.5 42 3.75 0.09 3.4 3.3 1.09 1.11 

OPC 
OPC1 45 4.15 0.09 3.6 3.5 1.15 1.19 

OPC2 30 3.43 0.11 2.9 2.8 1.18 1.23 
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Fig. 1. Slump of different geopolymer concrete with different slag content. 
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Fig. 2.  Compressive strength variation of geopolymer concrete in Series A 
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Fig. 3. Compressive strength variation of geopolymer concrete with different slag content and SS/SH 

ratio 2.5 of series B 
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Fig. 4. Compressive strength variation of geopolymer concrete with different slag content and 

SS/SH ratio 1.5 of series B 
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Fig. 5. Change in compressive strength for added water in geopolymer concrete mixtures. 
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Fig. 6. Splitting tensile strength of geopolymer concrete (Series A, 40% activator). 
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Fig. 7. Splitting tensile strength of geopolymer concrete (Series B, 35% activator + water) 
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Fig. 8. Change in tensile strength for added water in geopolymer concrete mixtures. 
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Fig. 9. Ratio of experimental to calculated split tensile strengths of geopolymer concrete by 

AS3600 
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Fig. 10.  Ratio of experimental to calculated split tensile strengths of geopolymer concrete 

by ACI 318 
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