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Abstract. The technique of replacing the cement with other alternative materials focus on the 

production of materials with similar performance and reduced environmental impacts relative to 

traditional cement. The main aim of this study is to investigate the effect of replacing the cement 

content with high volume of GGBS and PFA on the mechanical performance of cement mortar. 

Three mixtures were prepared with different percentages of GGBS and PFA (40%, 60% and 

80%) as replacement of cement along with other mixture that made with 100% cement as a 

control mixture. In order to evaluate the performance of the cement mortars, compressive 

strength test after 7, 14 and 28 days of curing was used. The results indicated that after 7 days of 

curing, the increase of GGBS and PFA contents caused a reduction in the compressive strength 

in comparison with the control mixture.  After 28 days of curing, the results indicated that the 

mixture incorporated 80% GGBS and PFA has higher compressive strength relative to the 

control mixture. Such findings will significantly contribute in reducing the cost of the produced 

mortar by reducing the amount of used cement and this consequently reduce the cement 

demands/manufacturing. Less production of cement will reduce the CO2 emissions of the cement 

industry. 

Keywords: GGBS; PFA; high volume; compressive strength. 

1. Introduction 

Cement is globally considered as the main binder in the production of concrete and mortar. However, 

the production of cement is associated with some negative environmental impacts such as the production 

of greenhouse gases and the consumption of natural resources [1-3].  The cement industry alone 

contribute to about 7% of the CO2 in the atmosphere globally [4]. Therefore, there are extensive efforts 

around the world being undertaken with the aim of developing construction materials that are 

environmentally friendly and at the same time provide similar performance to traditional cement [5]. 

Among the known viable alternative materials to cement in different applications such as concrete and 

mortar production and soil stabilization are Ground Granulated Blast Furnace Slag (GGBS) and 

Pulverised Fuel Ash (PFA). GGBS is a by-product material of iron that is extracted from blast furnaces 

that are dried and ground in a rotating ball-mill into a very fine powder of GGBS [6]. PFA is a by-

product produced from different coal-fired power stations [7].  
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Recently, many studies have been conducted to investigate the effect of using GGBS or PFA as partial 

replacement to cement. For example, Soriano et al. [8] investigated the effect of replacing the cement 

by 30% PFA on the compressive strength of cement mortars. The results indicated that the new blend 

provided better performance at both early and later ages relative to control mixture with 100% cement. 

Hawileh, et al.[9] investigated the effect of replacing the cement with up to 70% GGBS on the 

performance of reinforced concrete beams. The results indicated that the beams incorporated up to 70% 

GGBS have compressive strength similar to that of the control beams especially at later ages. The 

replacement of cement partially with GGBS and PFA can improve the mechanical and durability 

properties of cement mortar [10, 11]. Additionally, the production of mortars with lower cement content 

means that the negative environmental impact will be lower.  

Although there are extensive research conducted by different researchers around the world to evaluate 

the effect of using GGBS and/or PFA on the performance of cement mortar, however, limited research 

investigated the replacement of cement with high volume (40-80%) of GGBS and PFA. Therefore, this 

paper presents the results of experimental work that has been conducted to study the effect of replacing 

the cement by high volume of GGBS and PFA (40, 60 and 80%) by weight on the compressive strength 

of cement mortar. 

 

2. Materials and Methodology 

2.1. Materials  

2.1.1. Sand  

The sand used in this investigation was building sand with a specific gravity of 2.62. The particle size 

distribution of the sand is presented in Figure 1. 
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Figure 1.  Particle size distribution of the sand. 
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2.1.2. Water  

Tap water was used for all mixtures.  

2.1.3. Binder Materials   

The materials used in this investigation were Portland Cement (PC), Ground Granulated Blast Furnace 

Slag (GGBS) and Pulverised Fuel Ash (PFA). The cement was PC type CEM-II/A/LL 32.5-N. GGBS 

was supplied by Hanson Heidelberg Cement Group while PC and PFA supplied by CEMEX ltd 

Company, Warwickshire, UK.  

The elemental composition of PC, GGBS and PFA was analysed by an Energy Dispersive X-ray 

Florescence Spectrometer (EDXRF) type Shimadzu EDX-720. Table 1 shows the chemical 

compositions of the PC, GGBS and PFA.  

 

Table 1. Chemical composition of PC, GGBS and PFA. 

Item PC GGBS PFA 

CaO % 65.21 42.51 4.81 

SiO2 % 24.56 41.06 58.83 

Al2O3 % 1.70 5.12 18.83 

Fe2O3 % 1.64 - 5.54 

MgO %  1.30 4.25 3.86 

Na2O % 1.34 3.09 1.17 

K2O % 0.82 0.69 2.04 

SO3 % 2.62 1.27 1.06 

TiO2 % - 0.98 1.19 

LOI % 0.28 0.37 2.67 

pH 12.73 11.02 10.68 

Specific Gravity  2.94 2.90 2.49 

2.2. Mixing proportions  

During this study, the cement was replaced partially with high volume of GGBS and PFA at different 

percentages: 40, 60 and 80%. Table 2 provide the mixing proportions of the ternary blending mixtures. 

The sand to binder ratio (S/B) and water to binder ratio (W/B) were fixed during this study as 2.5 and 

0.4, respectively. Additionally, all the mixtures were compared with the control one of 100% PC. 

 

Table 2. Mixing proportions of binder materials. 

2.3.  Samples’ preparation  

All required materials to produce the mortars were firstly weighted, then the binder materials and the 

sand were mixed using Hobart N50-110 mixer for 5 minutes. Then the water was added and the wet 

mixture was further mixed for 5 minutes to form the cement mortar. The produced mortar was then 

moulded in the prism mould with the dimensions of 40 x 40 x 160 mm. After 24 hours, the mortar prisms 

Mix ID PC (%) GGBS (%) PFA (%) S/B W/B 

M1 100 0 0 2.5 0.4 

M2 60 20 20 2.5 0.4 

M3 40 30 30 2.5 0.4 

M4 20 40 40 2.5 0.4 
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were demoulded and the samples were placed in small containers for water curing until the time of 

testing. 

2.4. Testing method  

Compressive strength testing was conducted to evaluate the performance of the cement mortars 

according to BS EN 196-1[12].  Three samples of dimensions 40 x 40 x 160 mm were prepared for each 

mixing proportion and the test was carried out after 7, 14 and 28 days of curing.  

 

3. Results and Discussion  

The compressive strength of the cement mortars made from different combinations of PC, GGBS and 

PFA at different curing ages are presented in Figure 2.  

It can be seen from Figure 2 that increase in the period of curing resulted in improved compressive 

strength for all the mixtures.  

At the age of 7 days, the results indicated that with increasing the GGBS and PFA content in the mixture, 

the compressive strength decreased. This could be due to the slow acquisition of strength for mixtures 

with high volume of GGBS and PFA at initial curing ages [4, 13, 14].  Additionally, all the ternary 

mixtures showed lower compressive strength relative to the control mixture (M1). At this age of curing, 

the mixtures M2, M3 and M4 showed about 90%, 60% and 51% of the compressive strength of the 

control mixture, respectively.  

At the age of 14 days, the results showed that the compressive strength of the cement mortars 

incorporated GGBS and PFA has been improved with increasing the GGBS and PFA content. However, 

all the mixtures provided lower compressive strength relative to the control mixture.    

After 28 days of curing, the results indicated that the mixture M4 with 80% GGBS and PFA has higher 

compressive strength relative to the control mixture with an improvement of about 8%. On the other 

hand, the mixtures M2 and M3 showed about 76% and 90% of the compressive strength of the control 

mixture, respectively.  

In summary, it is essential to extend the age of curing for mixture with high volume of GGBS and PFA 

to ensure the development of adequate compressive strength.  

 

 

 

Figure 2. Compressive strength development of different ternary blends and the 

control cement mixture. 



International Conference on Civil and Environmental Engineering Technologies

IOP Conf. Series: Materials Science and Engineering 584 (2019) 012022

IOP Publishing

doi:10.1088/1757-899X/584/1/012022

5

 
 
 
 
 
 

4. Conclusion  

The aim of this research was to investigate the effect of replacing the cement with high volume of GGBS 

and PFA on the compressive strength performance of cement mortar. Based on the obtained results, it 

can conclude that: 

 Extending the period of curing resulted in enhanced compressive strength for all the mixtures. 

This could be due to the slow pozzolonic reaction for mortars with high percentage of GGBS 

and PFA that largely dependent on the formation of calcium hydroxide that requires time. 

 At the age of 7 days, the results indicated that increasing the content of GGBS and PFA caused 

a reduction in the compressive strength of the cement mortar.  

 After 14 days of curing, the results indicated that increasing the GGBS and PFA in the mixtures 

resulted in improved strength.  

 At the age of 28 days, the results indicated that the mixture with 80% GGBS and PFA has higher 

compressive strength relative to the control mixture.  

 Reducing the content of cement by 80% resulted in improved compressive strength of the 

cement mortars. Such replacement will significantly contribute to reduce cement content that 

consequently reduce the demand and production of cement. Therefore, the CO2 emissions from 

the cement industry will be lower.  

 

Finally, as the used by-product materials are gaining more values and the cost of these materials is 

increasing, therefore in order to produce sustainable binder materials with competitive financial cost, 

other waste materials should be investigated.   For example, due to the huge production of municipal 

solid wastes [15-17], especially from water and wastewater facilities [18-26], the authors recommend to 

explore the possibility of using certain types of these wastes as cement replacement materials.   
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