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Abstract. Concrete can have high tendency to shrink over time and this can cause 
its cracking and thus jeopardize its durability and increase significantly maintenance, 
repair or rehabilitation costs. In this context, this study intends to evaluate measures 
to mitigate concrete shrinkage through the incorporation of different percentages of 
fly ash (FA), shrinkage reducing admixtures (SRA) or superabsorbent polymers 
(SAP). For this, one has developed an experimental campaign on mortar specimens 
that consisted in the manufacture and subsequent shrinkage measurement of free 
specimens and sealed ones made with the different selected mix-designs. Shrinkage 
was recorded along time up to 304 days of age and not only the total shrinkage was 
evaluated so as the autogeneous and drying shrinkage also. For the case of FA 
addition, one has studied different percentages of cement replacement by weight: 
20, 40 and 60 %. The SRA type and content was selected based on previous study 
which permits to obtain the best shrinkage performance. As for the mortar containing 
SAP one has adopted a dosage currently used. As a complement to the shrinkage 
measurements, one has evaluated also the mass loss of the samples and the 
compressive strength of the compositions over time. All specimens were placed in a 
controlled environment with an average temperature of 23.5 ºC and 89.0 % of 
moisture content. Based on the obtained results one can conclude that: the inclusion 
of FA considerably decreased the total shrinkage and also reduced, in an even more 
significantly way, the autogeneous shrinkage. These effects were more pronounced 
as the FA dosage had increased. However, it hasn’t had a great effect reducing 
drying shrinkage; the addition of SRA was responsible for an important reduction of 
all the types of shrinkage measured, being more efficient on the drying shrinkage; 
the inclusion of SAP was beneficial in the mitigation of all types of shrinkage, being 
more effective in autogeneous shrinkage. The composition with 60 % of FA was the 
most efficient in the decreasing of autogeneous shrinkage and the one with SRA 
was the most effective in the reduction of drying shrinkage. 

1 INTRODUCTION 

Concrete is a material subjected to deformation over its service life being this phenomenon 
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caused, among other actions, by shrinkage (volumetric variation). One can say that in the free state, 
that is with any degree of freedom restricted and without any type of external action, concrete can 
deform without suffering tensional stresses of such a magnitude that can cause it cracks or any other 
type of damage. However, one already knows that even in these conditions the aggregate volume will 
offer a certain degree of restriction to deformations of binder paste which will generate internal 
stresses. Nevertheless, the most critical situation happens when displacements of concrete elements 
are partial or totally restricted as currently happens in beams, slabs or columns. In this case, 
deformations by shrinkage can cause internal tensional stresses that can cause cracks when the 
resulting stress due to the restriction to contraction exceed the concrete tensile strength and, 
consequently, can create durability problems

1
. 

The cracks on concrete caused by shrinkage let the concrete more vulnerable to penetration of 
aggressive substances from the surrounding environment. This harmful substances can be gaseous 
(nitrogen, oxygen, CO2, etc.) or liquid (water, dissolved ions, etc.) ones and can contribute for an 
increase of concrete degradation and, consequently, diminishing its service life. Then, a significant 
increase of the maintenance, repair/rehabilitation costs will be necessary. These cracks, besides to 
affect the performance pd concrete, namely its durability, also can cause aesthetic problems. 

On the following figure (Figure 1), one can see very evident cracks on concrete surface elements 
due to shrinkage. 

 

Figure 1: Shrinkage cracks in concrete elements
2
. 

In this context, taking into account shrinkage can be a key factor in the conception, in the design, in 
the overall constructive process of concrete structures and also during its behaviour in service

3
. 

The influence of shrinkage in concrete durability has instigated interest of many researchers in 
studying concrete shrinkage to better understand this phenomenon and, thus, trying to find solutions to 
minimize its effect. The present study also has this main objective, aiming to assess measures to 
mitigate concrete shrinkage. One intends to evaluate the shrinkage reducing effect due to the 
presence of different materials added in the concrete mixture: fly ash (FA); shrinkage reducing 
admixture (SRA) or a superabsorbent polymer (SAP). 

The selection of FA as a way to prevent shrinkage may be justified considering that such addition 
can be responsible for, on one hand, a decrease on mixing water and, on the other hand, for a finer 
porosity matrix, hindering water outlet

4
. One also already knows that having a decrease on cement 

content there will be an autogeneous shrinkage reduction
4
. Therefore, replacing cement by FA will 

result in a binder with less susceptibility to react and shrink, and it is expectable that it will be 
advantageous for autogeneous shrinkage reduction. Nowadays, SRA admixtures are one of the most 
common ways used to control concrete shrinkage. SRA has the property to reduce the water surface 
tension present in the pores by decreasing the capillary pressure. This way one can reduce drying 
shrinkage and consequently concrete cracking

5, 6
. The use of polymers in concrete in order to 

decrease shrinkage was recently tested and studied
7
. Among the polymers used one can stand out 

the superabsorbent ones (SAP) which have the ability to absorb water up to 5000 times its own 
weight

8
. The size of its particles is about 100 to 150 µm and when mixed saturated on cement pastes 

or mortars increases about three times its size due to water absorption
9
. In some studies the utilization 

of SAP in cement pastes or mortars varies between 0.3 % and 0.6 % of cement mass
10, 11

. In spite of 
the scarce quantity of studies related to concrete shrinkage containing SAP its inclusion in this study is 
justified once it is expected that one of their benefits in cementitious mixtures will be both the reduction 
of self-desiccation and the portion of shrinkage associated to it (autogeneous shrinkage). Such is 
verified once SAP makes available additional water to cement hydration over time providing internal 

CF-150



Júlio Nunes and Aires Camões 

 
 

    

curing and by the fact of its ability to absorb large quantities of water and fill in open pores causing a 
drying shrinkage decrease

10, 11, 12
. 

In this context, one has prepared an experimental program to evaluate the efficiency of these three 
different measures for the mitigation of total, autogeneous and drying shrinkage of concrete. The 
effect of percentage of cement replaced by FA was also evaluated aiming to evaluate FA potential to 
reduce the different types of shrinkage. 

In addition to the shrinkage determination over time some complementary tests were also realized. 
One has determined the specimens mass loss over time once drying shrinkage is intimately related to 
water loss to the external surrounding environment. The compressive strength of the tested 
compositions was also determined in order to evaluate the effect of FA, SRA and SAP inclusion on 
concrete mechanical strengths. 

Despite of using mortar specimens this experimental program was carried out in order to 
qualitatively extrapolate the conclusions for concrete since the concrete part which suffers shrinkage is 
the binder paste. Despite the obvious drawback of the non possibility to correlate results obtained in 
mortars with the ones of equivalent concretes it is possible to make a comparative analysis between 
the various solutions tested. The use of mortar specimens was motivated by the inherent advantages 
of their use: ease in manufacturing mortar compositions in spite of concrete ones; better handling of 
specimens and less space taken up on packaging and storage; possibility of using a method for 
measuring the shrinkage simpler, effective, economical and occupying less space. 

2 EXPERIMENTAL PROGRAM 

2.1 Materials and test procedures 

The mortar mixtures studied are presented on table 1. The cement used on all the mortar 
compositions was a CEM I 42,5R type with a density of 3159 kg/m

3
. The FA used was from the 

Portuguese thermoelectric power plant of Pego, presenting a density of 2200 kg/m
3
 and a high loss on 

ignition with a medium value experimentally determined of 7.3 %. This value of loss on ignition permits 
to frame these FA in category C of EN 450-1

13
. The selected SRA was a commercial one: Sika Control 

40. The SAP used was a common one used in diapers. In all the mixture one has used rolled river 
sand with a density of 2650 kg/m

3
.  

 

Mortar Cement [g] FA [g] Sand [g] Water [g] SRA [ml] SAP [g] 

Ref. 450 - 

1350 225 

- - 

FA20% 360 90 - - 

FA40% 270 180 - - 

FA60% 180 270 - - 

SRA 
450 

- 9.0 - 

SAP - - 2.7 

Table 1: Mortars composition 

The reference mortar, designated “Ref.”, contains only cement, fine aggregate and water and is a 
chemical admixtures or mineral additions free mortar. Not only this reference mortar but also the 
remaining mortars were manufactured with a W/B of 0.5 (in which “W” represents water and “B” the 
total binder material used, i.e. cement plus FA). Mortars containing FA are called “FA20%”, “FA40%” 
and “FA60%”, and were produced replacing cement by the following FA dosages by mass: 20 %, 40 % 
and 60 %. The mortar containing shrinkage reducing admixture is denominated “SRA” and was 
produced with a SRA dosage of 2 % by cement mass. The selection of this SRA dosage of 2 % was 
based in previously work

6
 which had permitted to quantify the dosage that takes more effect on 

shrinkage reduction. The “SAP” mortar was manufactured with a SAP dosage of 0.6 % of cement 
mass. 

The mortars mixture was based on the process described on EN 196-1
14
. The SRA was added to 

the mixture 30 seconds after the time zero (when water was mixed with cement) while the SAP was 
included dry and in conjunction with cement. 

2.2 Test procedures 

The present study was developed considering the realization of three different types of tests: 
compressive strength, shrinkage and mass loss. 
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To determinate the compressive strength of mortars over time cubic specimens of 50 mm edge 
were used. For each type of mortar 3 specimens were manufactured for testing at each selected age. 
Compressive strength tests were realized at 7, 28, 56 and 90 days of age. 

The selected method to evaluate the different mortars shrinkage was based in the American 
standard ASTM C 151

15
. One has used 25x25x250 mm

3
 mortar specimens with inserted stainless 

steel studs partially embedded on each top. Different specimens were produced, some for the 
measurement of total shrinkage (free specimens), and others, completely sealed, for the 
measurement of autogeneous shrinkage. These procedures also have allowed estimating drying 
shrinkage by subtracting the autogeneous shrinkage to the total shrinkage. The sealed specimens 
were involved on various layers of polyethylene film. After that, each one was placed and conserved in 
a plastic bag with hermetic closing. For each mortar type three free specimens and three sealed ones 
have been produced. 

This method also requires a measuring device composed by a steel frame containing a dial gauge. 
The specimen’s length will be measured along time adjusting its end studs to the measuring device 
allowing registering the mortars shrinkage over time. The specimens after the demoulding, labelling 
and, in the case of sealed specimens, the sealing, were immediately measured with one of the faces 
positioned to the operator, annotating the value provided by the comparator. Afterwards, effectuating 
rotations on specimens the values for all the other faces were registered. After, the stud position of the 
specimens was reversed and the measurements for each face were once more recorded. This 
process was repeated over time, more specifically at 3, 7, 13, 20, 28, 42, 56, 90, 124, 169, 214, 259 
and 304 days of age. Before putting each specimen on the steel frame a reference bar of stainless 
steel was also tested always in the same position. The continuously measurement of this reference 
bar permits to take into account possible maladjustment of the inserted studs into steel support and 
even of the measure equipment (entering directly to the shrinkage calculation). Furthermore, using the 
reference bar will annul the effect associated to the variation of length due to eventual thermal 
variations in specimens once that the coefficients of thermal expansion of standard bar and mortar 
specimens are similar. Observing Figure 2 one can see the overall setup of this measurement 
method. 

In parallel to the mortars shrinkage tests and for its complement one has determined the mass loss 
over time for each mortar specimen used in the shrinkage tests. Before each reading of length, the 
free and sealed specimens were weighted on a high precision balance, placed in the same room 
where the shrinkage measurement was performed. 

All the measured specimens were maintained in an environment under controlled temperature and 
moisture. Along the all the tests duration the temperature was recorded and attained an average value 
of 23.5 ºC, oscillating among the minimum value of 22.5 ºC and the maximum value of 25.5 ºC. The 
moisture content was also recorded and achieved an average value of 89 %, resulting from a 
minimum of 80 % and a maximum of 94 %. Along the total time of this experimental campaign all the 
equipments used for measuring mortars shrinkage and its mass loss were also maintained at the 
same room under the same conditions of temperature and moisture. 

 

Figure 2: Measurement device method for testing mortar shrinkage. 
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3 PRESENTATION AND ANALYSIS OF RESULTS 

3.1 Compressive strength 

Figure 3 presents the average results of compressive strength obtained over time (from 7 to 90 
days) on all the tested mortar specimens. The compressive strength loss over time of mortars 
containing FA, SRA and SAP relatively to the reference mortar is shown in Figure 4. 

 

Figure 3: Compressive strength test results over 
time. 

 

Figure 4: Compressive strength variation related 
to the reference mixture (Ref.). 

Observing Figures 3 and 4 one can clearly see that all the tested measures to mitigate shrinkage 
negatively affects the compressive strength. These same figures show that for all the ages the higher 
the FA content, the higher is the compressive strength loss. However, as expected, compressive 
strength decrease on FA mixtures is softened over time. This recovery of compressive strength is 
more pronounced with the increase of FA content. At 90 days of age the compressive strength 
decrease of FA40% mixture is similar than SAP one. For 20 % of cement replacement by FA (FA20%) 
the strength loss is similar than SRA mixture at 7 days of age but at 90 days of age the FA20% is 
much better. FA20% compressive strength decrease is only about 7 % instead of SRA that, at the 
same time, presented a compressive strength loss of about 15 %. Comparing to reference mixture the 
SRA and the SAP compositions had demonstrated a slightly tendency to recover compressive 
strength over time. 

It should be noted that the addition of SRA caused a decrease on compressive strength of about 
20 % at 7 days of age and 15 % at 90 days therefore significant. More significant is the negative effect 
of the incorporation of SAP whose reduction of strength surpassed 20 % at 90 days of age. 

3.2 Mass loss 

Figure 5 presents the obtained mass loss results over time of all the free specimens manufactured. 
As it was expectable, this figure demonstrates that all the mixtures achieved a higher mass loss on 
early ages. After 169 days of testing one can see that there was a stabilization of mass loss in all the 
compositions. In this figure and comparatively to the reference mixture one can generally observe a 
greater mass loss for the FA compositions. One can also see that for all ages the bigger the dosage of 
FA the greater the mass loss was. This behaviour was possibly due to the fact that the pozzolanic 
reaction of FA was slow. This aspect could result in a bigger quantity of released free water that could 
evaporate during a period of time longer than in the reference mixture. This fact is coherent with the 
following that one can observe through Figure 5: the reference mixture showed a higher mass loss 
velocity until about 7 days and the FA compositions showed a bigger mass loss until about 13 days. 
Starting from this age FA mixtures showed a lesser mass loss velocity. By observing the same figure it 
is as well possible to verify that the SRA mixture also had a bigger mass loss than the reference one. 
However, the SAP mixture showed a lesser mass loss than the reference one until about 20 days of 
testing. Although, after 28 days this kind of mortar started to have loss mass values greater than the 
reference mortar. 
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Figure 5: Mass loss of free specimens over time. 

Concerning sealed specimens all of them showed an extremely similar behaviour over all the 
testing time. Furthermore, it was verified that the mass loss of all specimens assumed values fairly 
reduced over the entire experimental program. So, one has considered that the results of mass loss 
can be considered negligible for sealed specimens. These results also demonstrate that the 
procedure adopted to seal the specimens seems to be effective once that the water exchanges with 
the external environment were considered neglected. 

3.3 Shrinkage 

3.3.1 Free specimens 

The shrinkage of free specimens can be assumed as the total shrinkage, i.e., the sum of all the 
types of shrinkage that occurred. The main results of the length change measurements of the tested 
specimens over time are presented in Figure 6. In Figure 7 one can observe the relative shrinkage 
percentage variation of free specimens over time for mixtures containing FA, SRA and SAP relatively 
to the reference mortar. These variations can be seen as an efficiency indicator of the incorporation of 
these materials on cementitious mixtures. 

 

Figure 6: Free specimens shrinkage over time. 

 

Figure 7: Free specimens total shrinkage variation 
related to the reference mixture (Ref.). 

Through observing Figure 6 one can verify that all the mortar free specimens have suffered the 
most part of shrinkage on the first ages. One can also conclude that as from about 214 days the 
shrinkage has stabilised. This stabilisation was expected as the specimens shape and dimensions 
favours water outlet to the external environment. Through the analysis of Figures 6 and 7 one can see 
that comparatively to reference mixture all the mortars containing FA have showed a significant 
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reduction of total shrinkage for all the tested ages. In these figures one can also observe that for all 
ages the bigger the FA dosage the lesser the mortar shrinkage. Figure 7 demonstrates that the 
efficiency on the reduction of total shrinkage of all the mortars with FA, in relation to the reference 
mortar, has tendency to decrease until about 56 days. After that age the efficiency tends to remain 
stable until the end of the experimental work. In this figure one can also observe that the mixtures 
FA20%, FA40% and FA60% have shown greater efficiency at 3 days reaching about 40 %, 45 % and 
50 %, respectively. At the end of the experimental campaign, at 304 days of age, the efficiency was 
approximately 12 %, 17 % and 25 %, respectively. An important mitigation in all ages on total 
shrinkage was detected in SRA mixture being it quite explicit in both Figures 6 and 7. Figure 7 shows 
that the SRA mortar efficiency decreases over time until 90 days losing this tendency after this age. 
The same figure highlights that SRA mortar have showed a greater efficiency of about 54 % at 3 days 
and at the end of the test, at 304 days, an efficiency of about 22 %. Through both figures one can 
verify also that the use of SAP have reduced total shrinkage in all ages. Figure 7 shows that the 
mitigation of total shrinkage due to SAP usage has had a tendency to decrease over time until 56 days 
of test. After this age the shrinkage reduction capacity remains unchanged. The SAP has caused a 
major efficiency of 36 % on reducing shrinkage at 3 days and at 304 days a lesser efficiency of about 
10 %. Among the tested measures to reduce shrinkage SAP was the worst in reducing free shrinkage. 

3.3.2 Sealed specimens 

The shrinkage of the sealed specimens can be considered as the autogeneous shrinkage. In 
Figure 8 one can see the recorded shrinkage over time of the sealed specimens and in Figure 9 the 
percentage decrease variation over time of the sealed specimens’ shrinkage containing FA, SRA and 
SAP relatively to the sealed specimens’ shrinkage achieved in reference mortar. 

 

Figure 8: Sealed specimens shrinkage over time. 

 

Figure 9: Sealed specimens shrinkage variation 
related to the reference mixture (Ref.). 

Analysing these two figures and comparing results with the reference mixture one can conclude 
that in all ages the autogeneous shrinkage decreased significantly on mortars containing FA and that 
the bigger the FA content the lesser the shrinkage. Figure 9 permits to verify that the autogenous 
shrinkage reduction efficiency of the compositions FA20% and FA40% decreases until about 124 days 
and after this age the efficiency stabilizes. The efficacy of the reduction of autogeneous shrinkage of 
FA60% composition have increased over time until about 40 days and after that the efficiency had 
reduced until about 169 days remaining stable until the final of the study. In this same figure one can 
observe that the mortars FA20%, FA40% and FA60% have obtained a bigger efficacy at 3, 13 and 42 
days, respectively, attaining autogeneous shrinkage reductions of about 45 %, 50 % and 80 %, 
respectively. At the end of the tests, after 304 days, the reduction attained was about 15 %, 20 % and 
35 %, respectively, comparatively to the autogeneous shrinkage obtained in specimens made with the 
reference mixture. Concerning SRA one can verify in both figures that its addition have caused a 
reduction of autogeneous shrinkage. This reduction is visible in all ages being evident on Figure 9 that 
has the largest efficiency of about 50 % at 3 days and at the end of the test, at 304 days, an efficiency 
of about 10 %. Relatively to the SAP mixture one can see in both figures that showed an important 
reduction of the autogeneous shrinkage in all ages. Figure 9 shows that the autogeneous shrinkage 
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was reduced due to SAP addition at a maximum of about 35 % at 3 days and at 304 days of about 
20 %. Figure 9 also demonstrates that the efficiency of the mortar with SAP have decreased until 
about 124 days, remaining afterward stabilised until the end of the test, as much as verified in the 
mortar with SRA. 

3.3.3 Drying shrinkage 

The values of drying shrinkage are presented on Figure 10 and were estimated through the 
subtraction of sealed specimen’s shrinkage to total shrinkage, verified on free specimens, i.e., 
resulting of the subtraction of autogeneous shrinkage to total shrinkage. 

Analyzing Figure 10 one can verify that in all the compositions the bigger part of drying shrinkage 
occurred on early ages, which was expectable once that drying shrinkage is intimately connected to 
moisture loss for the external environment

2, 16, 17
 and it was on the early ages that one has verified a 

higher loss of water, according to the observed in 3.2. Furthermore, it was visible that in the reference 
compositions and in the mixtures with FA and with SAP the drying shrinkage stabilised from about 124 
days, contrarily to the mortar with SRA inclusion which drying shrinkage stabilized from about 42 days. 
Generally the compositions with FA have obtained a lower drying shrinkage on the first ages 
comparatively to the reference mortar. However, starting from 90 days FA mixtures showed to have a 
drying shrinkage similar than the reference mortar demonstrating low efficacy on the reduction of this 
kind of shrinkage. Comparatively with the reference mixture the SRA composition registered a 
reduction on drying shrinkage quite significant in all ages. This reduction was more expressive until 20 
days of test. As regards to the mixture containing SAP the results showed values of drying shrinkage 
similar to the ones of the reference composition. 

 

Figure 10: Drying shrinkage over time. 

4 CONCLUSIONS 

Based on the results obtained in the experimental campaign one can conclude that all the tested 
measures (replacing cement by FA, adding a SRA admixture or adding a SAP) could mitigate 
concrete shrinkage or other cement based materials. In more detail we can observe that: 

 
- The inclusion of FA: 

•   decreases considerably the total shrinkage and also reduced even in a more substantial way 
the autogeneous shrinkage. However, it hasn’t had a great effect reducing drying shrinkage; 

•   the effect described on the previous point was more pronounced as the FA dosage had 
increased; 

•   increases the mass loss as much more as the FA content was; 

•   decreases the compressive strength, being this effect more notorious as the higher its  
dosage. However, FA mixtures tend to recuperate the compressive strength over time. 
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- The SRA inclusion: 

• is responsible for a significant reduction of all the types of shrinkage measured instead of 
being more efficient on dry shrinkage; 

• increases the mass loss; 

• decreases significantly the compressive strength between about 15 % (at 90 days) and 20 % 
(at 7 days). 

 
- The SAP inclusion: 

• is welcome for the mitigation of total and autogeneous shrinkage, being more effective in 
reducing autogeneous shrinkage. However, it didn’t produce a great effect on drying 
shrinkage; 

• reduces the mass loss only on the first ages, increasing it as from 42 days; 

• decreases even more significantly the compressive strength between about 20 % (at 90 
days) and 30 % (at 7 days). 

 
- In general, comparing all the compositions produced: 

• all the tested ways to mitigate shrinkage negatively affects the compressive strength; 

• for 20 % of cement replacement by FA the strength loss is similar than SRA mixture at 7 
days of age but at 90 days of age the FA20% is quite smaller; 

• at 90 days of age the compressive strength decrease of FA40% mixture is similar than SAP 
one; 

• the mixture made with 60 % of cement replaced by FA and the one with SRA addition have 
showed the higher mitigation capacity of total shrinkage. Comparatively to  the reference 
mixture, FA60% and SRA mixtures have caused both a reduction of total shrinkage until 
about 50 % (at 3 days) and 25 % as from 298 days; 

• the composition made with 60 % of FA was the most efficient in decreasing autogenous 
shrinkage and the one with SRA was the most effective in the reduction of drying shrinkage, 
giving to understand that a possible synergy between this two constituents may be quite 
beneficial to mitigate the total shrinkage of concrete. 
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PREFACE 
 

The 2nd International Conference on Civil Engineering towards a Better Environment (CE13) 

and the 5th International Conference on the Concrete Future (CF13) are held at the 

University of Beira Interior, in the city of Covilhã, Portugal, from 26 to 29 of May, 2013. 

These events are organized by the University of Beira Interior, the University of Coimbra and 

CI Premier. 

 

CE13 aims at promoting a discussion on the role of Civil Engineering on the environmental 

aspects of the construction activities. This conference is of interest for researchers and 

professionals related with design and construction activities, among others. This is an 

excellent opportunity for people from different professional sources to meet and to share 

experiences and to discuss new ideas and development trends on this subject. CE 13 is the 
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