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Abstract. To fulfil sustainability requirements partial substitution of 
energy consuming Portland cement with supplementary cementitious 
materials (SCM), like fly ash (FA) or ground-granulated blast-furnace slag 
(GGBS) is more and more applied. However, SCM in cementitious matrix 
affect the hydration process in early stages that results in self desiccation, 
crack propagation, negatively affecting strength and durability. These 
processes may be mitigated by the introduction of internal curing. The 
concept is to provide internal water reservoirs like Superabsorbent 
Polymers (SAP), evenly distributed in matrix, which maintain saturation 
within the cement paste capillaries and gradually provide water for cement 
hydration. The aim of this study is to assess effects of two SAPs on 
mortars’ (containing FA and GGBS) consistency and mechanical 
properties, main characteristics considered in practice. SAPs influence 
consistency and mechanical properties and their characteristics (WAC, size 
and shape, and chemical composition) determine their effects and scope. In 
general, SAPs reduce consistency. In this study addition of SAPs result in 
slight flexural and compressive strengths reduction. However, mix 
composition, its ingredients and proportions, change concentration of ions 
in pore solution that can affect mortar properties to higher extend. 

1 Introduction 
In order to achieve sustainable constructions, locally sourced materials are needed to be 
utilized that will reduce transportation distances and hence greenhouse gas emissions, and 
support the local economy. The reduction of transportation distances is possible by 
applying mathematical optimization to the supply of construction materials, including 
cement [1,2]. However, there is still a lack of solutions to reduce energy consumption in the 
production of Portland cement. Nowadays, the most common construction material in the 
world is concrete. Over 20 billion tons of concrete are produced annually, which requires 5 
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billion tons of sand for concrete construction [3]. Furthermore, global cement production is 
expected to increase from about 4 billion tons in 2018 to 5 billion tons in 2030 [4]. A 
similar trend for sand is expected. The amount of sand used worldwide in the production of 
concrete is calculated as between 15 and 40 billion tons per year [5,6]. Due to high energy 
involved in the production processes of cement, it accounts for 5 % of global carbon 
dioxide emissions. Solution that can reverse these trends involve a partial substitution of 
energy consuming Portland cement with supplementary cementitious materials (SCM), like 
fly ash (FA) or ground-granulated blast-furnace slag (GGBS). Their disposal can be 
harmful, because they contain small amounts of toxic metals. Therefore, SCM utilization as 
a cementitious material is beneficial in two ways. It reduces the amount of SCM for 
disposal and limits the demand for clinker production. However, SCM in concrete affect the 
hydration process in early stages that results self desiccation and consequently autogenous 
shrinkage and crack propagation. These processes may be mitigated by the introduction of 
internal curing. The concept is to provide internal water reservoirs, evenly distributed in 
matrix, which maintain saturation within the cement paste capillaries and gradually provide 
water for cement hydration. It is mainly implemented by the application of pre-soaked 
aggregates or Superabsorbent polymers (SAP) in cementitious matrix of fresh composite. 
SAPs form a system of evenly distributed pores filled with water which can be gradually 
released during hydration process. The aim of this study is to assess effects of two SAPs on 
mortars’ (containing FA and GGBS) consistency and mechanical properties. 

2 Materials and methodology 

2.1 Materials  

Portland Cement (PC) type I, in accordance with ASTM C150 [7] was used in this study. 
As its partial replacements of PC Fly Ash (FA) and Ground Granulated Blast Furnace Slag 
(GGBS) were used. FA class F, in accordance with ASTM C618 [8], which exhibit 
pozzolanic properties with the minimum amount of Sodium Dioxide (SiO2) plus 
Aluminium oxide (Al2O3) plus Iron Oxide (Fe2O3) is 70%, the maximum of Sulfur Trioxide 
(SO3) is 5%, maximum moisture content is 3%, and the loss on ignition is 6%. GGBS 
followed requirement of BS EN 15167-1-2006 [9] of the fineness above 275 m2/kg, ”when 
combined with test cement, the setting time of the GGBS mix should not be twice as long 
as the test cement mix”, and also “the activity index 7 days and 28 days should not be less 
than 45% and 70% respectively”. Two types of SAPs are used in this study. SAP A is 
Aquakeep™ Super-Absorbent Polymer by Sumitomo Seika with grade SA60N Type II. 
Fig. 1. presents the micrographs of SAP A & SAP B under scanning electron microscope 
(SEM) in dry and wet phases. 
 

  
Fig. 1. micrographs from scanning electron microscopy of SAP A in dry(a), wet (b) states and SAP B 
in dry(c), wet (d) states 

SAP A is composed of Sodium Polyacrylate base with high water affinity, 60g/g absorption 
capacity in saline water and 400-800g/g in ion exchange water. The shape of the aggregate 
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is spherical with a bulk density of 0.70g/ml. SAP B also polyacrylate based, but with a 
lower water absorption capacity (WAC) of 45 g/g in Saline Solution, and its ion exchange 
water absorption capacity is 450g/g, a bulk density of 0,60g/ml. 

2.2 Mix preparation and testing procedure 

12 different sample types were prepared based on the previous studies [10-22], in particular 
their proportions and recommendations for supplementary materials and SAPs that should 
be studied. This paper is aiming to bring new knowledge on performance of modified 
mortars with SAPs not studied before with different supplementary cementitious materials. 
For all samples have water to cement ratio of 0.45, contain 25% (of Portland Cement 
weight) of SCM, and labels indicate: GGBS or FA, next letter: C – control mix (no SAP); 
A – SAP A, B – SAP B, SAPs content 0.5% of Portland Cement weight; 1:1 or 1:2 indicate 
cement to sand (c/s) ratio. Specimens with dimensions of 160mm*40mm*40mm were 
prepared in accordance to BS EN1015-2[23]. SAPs were added along with dry composites 
in order to ensure adequate distribution in the mix. Once the dry materials have been mixed 
thoroughly, the water was added during 30 s while mixing. In order to test the capability of 
SAP as an internal curing agent the samples were sealed inside double polyethylene bags 
after demoulding and stored in lab with ambient temperature of 20±2°C. The flow table test 
results after 15 stokes were measured to assess consistency for every mix in accordance 
with BS EN 1015-3 :1999 [24]. For every sample type 3 specimens for flexural and 6 
specimens for compressive strength were tested at each of different ages of laboratory 
curing: 7, 28 and 90 days. Three Point Bending Test on the span of 100 mm was in 
accordance to BS EN 1015-11-1999 [25], and the compressive strength test in accordance 
to BS EN 1015-11-1999 [23]. 

3 Results and discussion 

3.1 Consistency 

Results indicate that consistency is independent from SCM type and c/s ratio for control 
mixes, see Fig. 2. SAPs reduce consistency that ranges from 8% to 23% for FA samples 
and 13% to 23% for GGBS samples. SAP A with higher WAC reduces consistency more 
than SAP B in samples with 1:1 c/s ratio. However, this is not the case for 1:2 ratio and 
SAP B reduced flow more for FAB1:2 than FAA1:2 sample, opposite as for GGBA1:2 and 
GGBB1:2. It is also noticeable that flow is reduced more for samples containing GGBS 
than FA, which might be associated with consistency increase due to spherical particles of 
FA. 

 
Fig. 2. Flow table results after 15 strokes. 
 



3.2 Flexural strength 

Samples with FA and modified by SAPs show a slightly higher flexural strength gain at 
early ages in comparison to the control samples (without SAPs). Fig. 3 presents mean 
strength values for the samples with FA and GGBS for different ages. However, the control 
samples for c/s ratio of 1:1 reach the highest strength, and with ration 1:2 the lowest, after 
90 days comparing with specimens containing SAP. Samples with GGBS follow similar 
patterns to sample containing FA in first week of hydration. In the next 3 weeks significant 
gain of strength for samples without SAPs, which is even more pronounced for 1:2 c/s ratio. 
Furthermore, strength gains are slower for control and of the same level for SAPs modified 
as for FA, and after 90 days achieve similar level as samples with FA. Only for sample 
modified by SAP A and with 1:2 c/s ratio the strength gain after 1 month is lower. 

 
Fig. 3. Flexural Strength (mean values) development for samples with FA and GGBS. 
 
Summarizing, the addition of SAP causes a decrease in flexural strength for both GGBS 
and FA samples but to lower extent since there is noticeable strength gain in later ages. This 
might be associated with water stored by SAP that is still releasing it after 1 moth proving 
its internal curing action. The decrease in the strength after 90 days varied from 3% to 5 % 
in GGBS samples and 16% to 26 % in samples containing FA. One exception in the case of 
FAC1:2 for which it is lower than for the sample with SAP B. This could be due to 
microcracks formation in the control sample as the formation of microcracks could lead to 
lower flexural strength in mortars. 

3.3 Compressive strength 

The control specimen FAC1:2 has the lowest strength after a week of curing while samples 
FAC1:1 has the largest early age strength as presented in Fig. 4. In general, samples show a 
similar strength development behaviour as the slope of the graph for different data series 
are similar. Except for sample FAC 1:2 which shows a steady and similar strength 



development from 7 to 28 days but a significant strength gains from 28 to 90 days, which 
exceeds other specimen strength gain. In samples with 1:2 c/s ratio, the strength 
development of SAP A is lesser than samples containing SAP B. While in samples 
containing 1:1 c/s ratio the effect of different types of SAP in the strength development is 
less noticeable. For samples containing GGBS compressive strength is higher after first 
week of curing that for samples with FA. Furthermore, the control samples gain 
compressive strengths faster over the 7 to 28 days than samples containing SAP. After the 
28 days of curing ultimate compressive strength is achieved. Regardless of c/s ratio, 
samples modified by both SAPs behave similarly. 

 
Fig. 4. Compressive Strength (mean values) development for samples with FA and GGBS. 
 
Summarizing, the addition of SAPs to the mortar samples reduces the compressive strength 
at 90 days the strength reduction ranging from 12% to 29% in GGBS samples and 23% to 
25 % in FA samples. However, SAP action is pronounced by noticeable strength gain in 
later ages. 

4 Final remarks 
SAPs influence consistency and mechanical properties and their characteristics (WAC, size 
and shape, and chemical composition) determine their effects and scope. In general, SAPs 
reduce consistency. In this study addition of SAPs result in slight flexural and compressive 
strengths reduction. However, mix composition, its ingredients and proportions, change 
concentration of ions in pore solution that can affect mortar properties to higher extend. 
SAP action as internal curing agent has been pronounced in the testing by significant 
strength gains in later ages. Further studies are required to propose definite and specific 
recommendations. 
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