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Reduction of shrinkage by Superabsorbent polymers (SAP) in fibre
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Rohollah Rostami*'?, Agnieszka J. Klemm?!2 and Fernando C. R. Almeida 2

! Glasgow Caledonian University, School of Computing, Engineering and Built Environment, 70 Cowcaddens Road,
Glasgow, G4 0BA, UK

2 Federal University of Minas Gerais, Department of Materials Engineering and Construction, Av. Presidente Antonio
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ABSTRACT

Fibre reinforced mortars (FRM) containing fly ash (FA) and ground granulated blast-furnace slag
(GGBS) may suffer from volumetric changes and despite fibre reinforcement, internal curing
may be required. This paper evaluates the efficiency of Superabsorbent Polymers (SAP) in
reduction of shrinkage. Autogenous (AS), plastic (PS) and drying (DS) shrinkage were analysed
for FRM with three types of cement (CEM 1, CEM I1/B-V and CEM I11/A) and three types of
SAPs (different water absorption capacities and different particles sizes). The experimental
results showed that SAP substantially contribute to the total shrinkage reduction in cementitious
mortars and reduce susceptibility to crack formation. Reduction of plastic and autogenous
shrinkage is highly dependent on particle sizes. Finer SAPs lead to better performances with
reductions reaching 75% for PS and 124% for AS. Reduction of drying shrinkage, although
substantially lower (up to 12%), can be achieved by application of SAPs with lower water

absorption capacities. The effect of particle sizes is less important for drying shrinkage.
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1. INTRODUCTION

For the last couple of decades, Supplementary Cementitious Materials (SCMs) have been
successfully used to improve sustainability of Portland cement-based materials by reduction of
clinker, responsible for high CO2 emissions during its production [1, 2]. Fly ash (FA), from coal
combustion (pozzolanic material), and ground granulated blast-furnace slag (GGBS), from pig
iron production (latent-hydraulic material), are well-known SCMs and both are viable solutions
to partially substitute Portland cement (PC) [3-5].

Volume changes, resulting from shrinkage in concrete, are still a major problem and they may
compromise durability of structures [6, 7]. Many parameters may influence concrete shrinkage
cracking, including water/cement ratio, type of cement, fibres, admixtures, structural element

geometry, fines content, exposure conditions [7-9].

In a very early age (before hardening), concrete is susceptible to plastic shrinkage (PS). In an
initial period of hydration, a highly exothermic reaction of C3sA with calcium sulphate (CaSOa)
takes place, leading to formation of ettringite. During the next stage (dormant period), reactions
slowdown and concrete maintains its plastic state (fluid or semi-fluid), highly susceptible to
cracking. Plastic shrinkage occurs as a result of rapid evaporation of water from surfaces, which
exceeds the amount of water available to replenish surface by bleeding. A direct consequence of
this disproportion is a build-up of high hydraulic pressure (capillary pressure), which increases
in an inverse proportion to the radii of water menisci between solid particles [10, 11]. As a result,
an increase in contracting forces induces both settlement and shrinkage deformation along the

surface of concrete [7, 11].

Autogenous shrinkage (AS) of cement-based materials is a bulk deformation of sealed concrete
in isothermal conditions, without any external forces. It occurs during hardening, predominantly
as a result of emptying of capillary pores due to insufficient supply of water in hydration process
[12]. This, in turn, decreases internal relative humidity of cement paste and consequently leads
to self-desiccation [13]. It creates empty pores due to chemical shrinkage, resulting in a decreased
radius of menisci curvature and increased tensile stresses in pore water [13-15]. Thus, AS can
also lead to formation of cracks and deterioration of cementitious materials which, in turn, impair

strength, durability and aesthetics.



Concrete may also experience drying shrinkage (DS), which is referred to a reduction in bulk
volume due to a loss of water to the surrounding atmosphere [16, 17]. DS begins from setting and
continues during hardening process, throughout the whole service life of concrete [18]. Internal
relative humidity in concrete pores is reduced and affects capillary stresses, disjoining pressure,
movement of interlayer water, and surface free energy [19, 20]. When water is lost from concrete
pores, capillary pressure builds up and leads to formation of water-air menisci. This, in turn,
induces stresses within the solid skeleton and consequently shrinkage takes place. Moreover, at
low relative humidity (especially below 50%), the force from desorption of water on the hindered
adsorption regions leads to a decrease in disjoining pressure and surface tension [21]. DS is also
influenced by the surface free energy due to a loss of adsorption of water on surface [16, 21]. At
the end, both visible and micro cracks can be formed.

In order to mitigate the negative shrinkage effects, polymeric fibres are commonly used [22, 23].
However, their efficiency is often limited, especially in large surface elements or in severe
environments [24, 25].

Internal curing agents, such as Superabsorbent polymers (SAP), can be used to further reduce
these phenomena. This additional reduction of shrinkage is the subject of the presented study. As
it has been previously reported SAP ability to provide water during hydration process [26, 27]
can lead to notable reductions of autogenous shrinkage [28-30], plastic shrinkage [28, 31-32] and
drying shrinkage [28, 29] in plain cementitious materials (without SMCs and fibre
reinforcement).

Therefore, the main objective of this paper was to evaluate the efficiency of Superabsorbent
Polymers (SAP) in reduction of autogenous, plastic and drying shrinkage in fibres reinforced
mortars containing SCMs. Since the effect of SAPs in cementitious matrices depends on a number
of parameters (polymer shape, size, crosslinking density, chemical structure and ionic
concentration of surrounding pore solution) [26-34], three types of SAPs with different particles

sizes and different water absorption capacities (WAC) were analysed.

2. MATERIALS AND METHODS

Three types of commercial cements have been used in this study, in accordance with BS EN 197-
1:2011 [35]: CEM 1 52.5N (Portland cement - PC), CEM I11/B-V 32.5R (PC-FA), and CEM III/A
42.5N (PC-GGBS). Table 1 presents chemical characteristics of cements and SCM contents as



provided by the manufacturers. Particles size distributions (PSD) of cements, shown on Fig. 1,
were determined by a Mastersizer laser diffractometer (air as dispersant). PSD curves for different

cements are comparable and no significant variations were observed.

Table 1 Chemical compositions of CEM I, CEM 11/B-V and CEM I1I/A
SCM  SiO, AlLO; Fe03 CaO MgO SO; KO TiO, ZnO  LOI
€20 B C1) B €70 B €10 I C10) N €10 N C 1) B €0 B (O I CO NN ()

CEM I 0 20.1 4.9 2.57 64.3 2.2 3.2 0.27 0.0 0.0 2.39
CEMII/B-V 30 3269 1313 329 4348 133 0.4 1.26 0.56 0.02 0.16
CEM III/A 50 2450  8.99 176 5713 533 0.0 0.0 0.58 0.0 1.19

CEM I, CEM 11/B-V and CEM III/A
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Fig. 1 Particle size distributions of CEM I, CEM I1/B-V and CEM lII/A.

Mortars were produced with fine sand, with 90% of particles were smaller than 0.425 mm. Micro
polypropylene fibres (PF) used in this study had length of 6 mm, diameter of 18 um and density
of 0.91 kg/m?. Three types of cross-linked SAPs were investigated (called here SAP A, C and E).
Table 2 summarises properties of SAPs, including their basic chemical composition, particles
size range, and sorption characteristics. SAP A and C had similar particle sizes and SAP C and E
similar compositions (modified polyacrylamide). Water absorption capacities (WAC) of SAPs in
DI water and in three cement paste solutions have been determined gravimetrically, by the Tea-
bag Method [36, 37]. All analyses of SAP samples were carried out in standard laboratory
conditions at a temperature of 21 + 2 °C and a relative humidity of 40 + 5%. SAP E had the



highest absorption capacity in all cement solutions, while the lowest water absorption was

recorded for SAP A.
Table 2 Characterisation of SAPs
Particles . WAC WAC WAC
SAP Type size range Modes values WAC CEM I CEM 11/B-V CEM III/A
(um) (um) Deionized water Solutions Solutions Solutions

copolymer of
SAP A acrylamide and 30-140

10251+043  340g/g  349/g

339/ 25 g/g

acrylic acid
modified N
SAP polyacrylamide 30-140 95.19+£ 0.44 290 g/g 36 g/g 37 g/g 33 g/g
sapg  Mmodified 20-130 7674022 340gly 40glg  46g/g 40 glg

polyacrylamide

1 WAC: water absorption capacity

Shapes and sizes of SAPs particles (dry condition) and PF were additionally characterized by the
SEM image analysis and presented in Fig. 2. Although all samples show irregular shapes, SAP
A and C have similar particles sizes (Fig 2a and b) and SAP E, smaller particles (Fig 2c).

PR
EHT=1500kV Signal A = SE1
WD =135 mm Phota No. = 2801

20m N P €1 WO = 00mm
Syt A =5986.006 mber  Fike Ner

Fig. 2 SEM micrographs of SAP A (a), SAP C (b), SAP E (c) and PF (d).
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Table 3 shows fifteen different compositions, which were designed to carry out this study.

Table 3 Mix proportions of materials

Sample | SAP SAP PF (w/b)effective (w/b)total
Cement Name type  Content Content ratio ratio
| - - - 0.47 0.47
IF - - 0.50% 0.47 0.52
CEM I IF-A A 0.25% 0.50% 0.47 0.58
IF-C C 0.25% 0.50% 0.47 0.58
IF-E E 0.25% 0.50% 0.47 0.58
1 - - - 0.47 0.45
IF - - 0.50% 0.47 0.50
CEM I1/B-V IIF-A A 0.25% 0.50% 0.47 0.56
IIF-C C 0.25% 0.50% 0.47 0.56
IIF-E E 0.25% 0.50% 0.47 0.56
I - - - 0.47 0.47
HIF - - 0.50% 0.47 0.52
CEM III/A I1F-A A 0.25% 0.50% 0.47 0.58
IF-C C 0.25% 0.50% 0.47 0.58
IF-E E 0.25% 0.50% 0.47 0.58

All mortars were prepared with the binder: sand proportion of 1:2 (by weight) and with the
effective water/binder ratio (w/b)ert of 0.47 [38]. The total w/b ratio is the sum of the effective
water/binder ratio and the additional w/b (i.e., amount of water absorbed by SAP). This addition
water is required in order to keep the same consistency of mortars (140 £ 2 mm in flow table test)
[39]. Both SAPs and PF were added to the mixtures in amounts of 0.25 % and 0.50 % by mass

of cement respectively.

Plastic shrinkage (PS) cracking of mortars was analysed by the optical microscope based on
ASTM C1579-13 [40]. The specimens were prepared in 160 x 140 x 40 mm?® moulds and, for the
restraint conditions, three 140 x 20 x 0.2 mm aluminium plates were placed equally and
symmetrically on two steel threaded bars (8 mm diameter). The temperature during the
experiment was maintained at 36 + 3 °C, and the relative humidity at 30 + 10 %. After 24h, a
minimum of 50 measurements of crack widths were determined for each sample, by using the

optical microscopy technique (Fig. 3a) with a resolution of 0.05 mm.

Autogenous shrinkage (AS) tests were carried out using the corrugated tubes method according
to ASTM C1698 (ASTM 2009b) [41]. The final setting time (BS EN 480-2:2006 [42]) was used

as a starting point of AS measurements. Bulk deformations of sealed mortars specimens were



analysed under constant environmental conditions (T = 21 £ 2°C and RH = 40 + 5%), not
subjected to external forces (Fig. 3b). The change of length was recorded every 30 minutes,
during the first day, then at least twice a day until 28 days, following by daily measurements until

180 days. At least three specimens were tested for each mortar.

CTIL1E AInAC

(a) (b) (c)
Fig 3. Shrinkage measurements: (a) Cracks analyses by optical microscope (b) Corrugated tubes and

digital bench dilatometer for AS (c) samples of DS tests.

Drying shrinkage (DS) of mortars was measured on prismatic specimens (75 x 75 x 280 mm?)
according to BS 1SO 1920-8:2009 [43]. Samples were demoulded after 24h and the unsealed
specimens were left drying in laboratory environment (T = 21 + 2°C and RH = 40 £ 5%) for 180
days. Length and mass of specimens were measured daily in the first 28 days and weekly between
28-180 days (Fig. 1c).

Total and additional shrinkage reductions (SAP induced) were subsequently calculated using Eq.
(1) and (2).

p—Sc

S
Rt (%) = =>4 P % 100% (1)

ScEM

Sgap — S
Ra(%)zL

-~ % 100% )
Where Rt (%) and Ra (%) are respectively total and additional percentages of shrinkage reduction
at the end of testing, sg,p IS the strain measured in SAP mortars, sqgy, 1S the strain measured in
reference mortars (no SAP, no fibres), and spf is the strain measured in mortars with polymeric
fibres (without SAP).



3. RESULTS AND DISCUSSION

3.1 Plastic shrinkage
Fig. 4 shows the maximum average cracks widths identified on samples surfaces after 24 hours

of severe environmental exposure.
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Fig. 4. Maximum averages of crack widths (mm).

The reference samples had the crack widths greater than 0.2 mm. Usually, cracks around 0.1 mm
width can be visible by the naked eye and cracks below 0.05 mm width are very fine and difficult
to be identified (even with an optical microscope) [44].

Overall, CEM I1/B-V mortars had the narrowest cracks and CEM I11/A mortars the widest cracks.
This can be attributed to a decrease of total bleeding water and bleeding rate of fly ash cement
[45]. Furthermore, it is related to the lower w/b of CEM 11/B-V samples, and lower susceptibility
to plastic shrinkage cracking. On the contrary, in CEM I11/A samples, GGBS leads to prolonged
setting times [46], resulting in higher bleeding rate. This, in turn, results in advanced tensile
capillary pressure and the higher probability of plastic shrinkage cracking. Moreover, the addition
of polymeric fibres reduces PS by providing bridging forces across the cracks. The results
presented here are in a good agreement with the previously reported studies [22, 23, 47, 48].
Further substantial drop in plastic shrinkage was observed in all samples containing SAPs (Figs.
4 and 5).



Fig. 5. Maximum averages of crack widths (16x magnification).

Depending on the types of cement and SAP, additional reduction level varied from 33% to 76%
when compared to FRM reference samples. The role of SAPs is to slow down capillary pressure
by providing stored water. This, in turn, controls restrained cracking and leads to a significant
decrease of plastic shrinkage. Regardless the type of cement, SAP E mortars had the finest crack
widths, while SAP C samples had the largest ones, confirming the prominent effect of particle
sizes of polymers (similar chemical compositions). SAP with finer particles and higher WAC
(Table 2) resulted in a longer water retention in plastic state and avoidance of PS cracking.

3.2 Autogenous shrinkage
Fig. 6 shows development of autogenous shrinkage (AS) in the reference mortars (no SAPS)

during the first 180 days. The curves represent the trends in AS development.
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Fig. 6. Autogenous shrinkage development of reference mortars (without SAPs) during 180 days.

After an initial sharp increase (15 days) the progress of autogenous shrinkage slows down in all
reference samples (CEM I, CEM Il and CEM I11). At 180 days, AS for plain mortars with CEM
I, CEM II/B-V and CEM lII/A reached approximate values of -450, -300 and -780 pwm/m
respectively, due to a different degree and rate of reactions [5, 49, 50]. Overall, delayed initial
reactivity rate and lower water consumption during PC-FA pozzolanic reactions lead to reduced
chemical shrinkage in samples with CEM [1/B-V. On the other hand, the latent-hydraulic GGBS
(CEM I111/A) increases hydration degree by speeding up clinker reactions in early ages (dilution
effect) and a denser microstructure with smaller pores is formed. This, in turn, leads to the higher
tensile stresses triggered by water menisci between pores’ walls, resulting in higher AS. Such a
behaviour was also reported by [51, 52].

The same general pattern of AS, although reduced, was also observed for FRM. At 180 days,
absolute values of AS were -210, -115 and -380 pm/m, respectively for IF, IIF and IIIF samples.
This reduction is more explicit in matrices with CEM I11/A cement (50% of reduction compared
to sample 111, without PF). For CEM | and CEM I1/B-V samples, this decrement was around
30% and 25%, respectively. Polymeric fibres (PF) can retain some water during early ages and
influence hydration processes in different types of cement [53]. These changes in water

availability affect the rate and degree of hydration, especially in the presence of SCMs [30, 54].
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For example, the highest difference in AS can be attributed to the physical presence of GGBS
[55, 56]. It is well known that (up to 30 h), the filler effects dominate leading to an increased, and
sometimes also faster, reaction of PC phases. This is due to the presence of more space relative
to the amount of clinker (dilution effect) and increased nucleation rates [54-57]. Thus, the higher
early reaction rate in GGBS mixes results in higher chemical shrinkage triggered by self-
desiccation process [54, 55, 58-61]. GGBS can also refine capillary pores in blended paste, and
thus contribute to the greater shrinkage [58, 61].

When PF is added to the mix, the initial retention of water acts as an internal curing agent. This
alters dilution effect of PC and GGBS hydrations during early ages, significantly reducing AS
[30]. Moreover, PFs act as nucleation sites for the secondary hydration products from SCM
reactions. This enhances bonding between fibres and matrix, resulting in improved mechanical

properties and reduced autogenous shrinkage [53, 62].

Fig. 7 shows the effect of SAPs addition on AS development of mortars produced with CEM 1.
As illustrated, all SAPs can further limit AS in FRM and the extent of mitigation (between
76 - 122%) depends very much on the type of polymer.
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Fig. 7. Autogenous shrinkage development in CEM I (PC) during180 days.

Dotted lines represent the trends in AS development.
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In general, SAP C performed similarly to SAP A, although SAP A showed a slight swelling
between the first and second week. This pattern of increasing volume was also found in SAP E
mortars triggered by crystallization of portlandite or re-absorption of bleeding water from the
fresh mix just after setting [12]. After the second week, no significant changes have been
observed in SAP mortars. At the end of testing (180 days), AS values were approximately: -60,
-110 and 100 um/m respectively for samples with SAP A, SAP C and SAP E. This means an
additional reduction in the range of 46 - 92%.

Fig. 8 presents autogenous shrinkage results of CEM 11/B-V mortars with fibre and different
SAPs. Similarly to CEM | samples (shown in Fig. 7) the highest reduction of shrinkage was
recorded for samples with SAP E, followed by SAP A and SAP C. However, this reduction is

more distinct in matrices with CEM 11/B-V, where AS was almost eliminated.
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Fig. 8. Autogenous shrinkage development in CEM I1/B-V (PC-FA) during 180 days.

Dotted lines represent the trends in AS development.

All SAP samples experienced a noticeable volume expansion during the first 45 days, in
particular mortars with SAP C and E. SAP C samples swelled from near -90 to -20 pm/m, while
SAPs A and E mortars, from almost 0 to 30 and 140 um/m. Samples with SAP E experienced
higher expansion due to SAP fineness and faster absorption kinetics. At 180 days, FRM mortars
with SAP A, C and E reached AS values of 40, -22 and 150 um/m, respectively. This represents

an additional reduction in the range of 68 -124%.
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Autogenous shrinkage development for CEM I11/A mortars is shown in Fig. 9. Again, when
compared to the reference fibre reinforced mortar (I111F), all SAP samples showed a significantly
reduced AS (above 80%). Analogously to the CEM I pattern (Fig. 7), mortars containing SAP A
performed similarly to those with SAP C, while SAP E samples showed the greatest AS
reduction. At 180 days deformations reached approximately: -85, -140 and 40 um/m respectively
for the mixes with SAP A, C and E. Addition of SAPs clearly leads to mitigation of autogenous
shrinkage in all fibre reinforced mortars. However, the extent of mitigation depends very much

on type of SAP and cement and the range of this additional AS reduction varies between 30-55%.
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Fig. 9. Autogenous shrinkage development in CEM I1I/A (PC-GGBS) during 180 days.
Dotted lines represent the trends in AS development.

This is evidenced by the prolonged swelling pattern in CEM 11/B-V and CEM III/A mortars
during the first 45 days (not observed in CEM | mortars). SAPs promote precipitation of further
C-S-H phases (later reactions of FA and GGBS) leading to an overall bulk expansion of hardened
matrix. This effect is more prominent for SAP E due to its very fine particles and greater water
absorption capacity for all cementitious solutions (Table 2). Thus, the contribution of SAP in
SCM-FRM is twofold: internal curing for additional AS reduction (in the first two weeks), as
well as prolonged hydration for pozzolanic and latent-hydraulic materials. Further hydration

products can be formed by later water release from SAP, as also reported by [28, 30, 50, 63].
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3.3 Drying shrinkage
Fig. 10 shows drying shrinkage (DS) development in all samples up to 180 days.
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Fig. 10. Drying shrinkage development of all samples (a) CEM | (PC), (b) CEM II/B-V (PC-FA) and (c)

CEM 1II/A (PC-GGBS).
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During the period of 120 days drying shrinkage curves for all reference mortars have accented
slopes, particularly during the first 28 days (blue dash line). This is due to the increased cement
hydration rate [64] and early water evaporation processes. After this period, when hydration
process was completed and the equilibrium of humidity was reached, no further significant
changes were recorded (red arrows). Drying shrinkage was considerably more prominent in CEM
I11/A mortars due to the reaction of calcium sulphate (from PC) with alumina (from GGBS) [65],
as well as the higher AS (Fig. 6).

Contrarily, CEM 11/B-V with low water/binder ratio (Table 3) showed the lowest drying
shrinkage due to the lower amount of water lost to the surrounding atmosphere and denser
microstructure with minimized susceptibility to crack formation. Relatively high DS values can
be attributed to high w/b ratios, which are in line with the previously reported studies [52, 60].

Addition of polymeric fibres can reduce DS by approximately 5% at the age of 180 days. The
improvement of bond strength between fibres and cementitious matrix results in a physical

restraining of shrinkage, leading to the limited micro-cracking inside mortars.

As shown in Fig. 10, drying shrinkage in FRM can be further reduced by application of SAP,
regardless the cement type. Drying shrinkage in mortars with SAP is directly proportional to the
water absorption capacity (WAC) of the polymer (Table 2); the lower WAC, the lesser water
retained in the mix and the lower DS. Thus, the most effective in reduction of shrinkage was SAP
A, owing to its lowest WAC. In contrast to autogenous and plastic shrinkage, the effect of particle
sizes is less important for drying shrinkage.

However, during the first 7 days, a notably lower DS was recorded in samples with SAP E due
to its contribution to the reduction of AS and PS. Moreover, water in small pores, created by SAP
E, is less likely to evaporate [67]. Thus, the differences in recorded values of drying shrinkage
are linked to water availability, porosity and sorption behaviour of SAP.

Mass loss and shrinkage curves of mixtures with SAP are shown in Fig. 11.

15



Mass-loss [%]

0 0.02 0.04 0.06 0.08 0.1
0

100 | N
- \ IF-A |
£ -200 ! |
= IF-C |
£ ! [
2 300 | IFE |
o ! [
2 400 | meeeee F-A |
£ | |
< -500 | = lF-c |
n I

| ———— IIF-E
2 600 | |
= | — — lIF-A !
a | — — lIFC !
|
-800 | — — lIFE |
-900

-1000

Fig. 11. Mass loss-shrinkage relationship for FRM with SAPs.

For the same level of mass loss, mortars containing SAP with lower WAC experienced lower
drying shrinkages. In the initial stages (DS < -300 um/m), CEM 1 curves had the higher
inclination (in relation to mass loss axis) compared to CEM Il and CEM |11 curves. This higher
inclination is due to the initial higher availability of free water. Concurrently, the magnitude of
drying shrinkage is influenced by SAP absorption capacities. With the prolonged time, shrinkage
progressively increases in mortars containing SAP with higher WAC due to formation of

additional coarse pores.

3.4 Shrinkage reduction levels by SAP

Table 4 shows the quantitative analysis of additional reduction of different types of shrinkage
facilitated by SAPs (Egs. (1) and (2)). The calculation of reduction levels was based on the final
measurements for each shrinkage test, i.e., at 24 h for plastic shrinkage (measure of cracks widths)
and at 180 days for autogenous and drying shrinkages.

Based on these analyses, it is clear that the greatest shrinkage reductions were recorded in
reinforced mortars containing SAP E. As SAP was added, plastic shrinkage of FRMs decreased
by 30-75% when compared to the corresponding reference samples with PF. Also, autogenous
shrinkage of SAP mortars was 30-124% lower than in samples containing only PF. This

“additional” reduction of PS and AS increases as particle sizes of SAP decreases. Drying
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shrinkage is strongly correlated to the type of binder. Nevertheless, the maximum additional
reduction of drying shrinkage was recorded for samples with SAP A, with the lowest WAC.

Table 4. Plastic, autogenous and drying shrinkage reduction levels for SAP modified mortars compared to both
reference samples

Total reduction Additional reduction
Sample Description PS AS DS PS AS DS
Name

| CEM I (PC) - - -

IF CEM I, PF 50% 30% 5% - - -
IF-A CEM I, PF, SAP A 73% 87% 14% 46% 57% 10%
IF-C CEM I, PF, SAPC 69% 76% 12% 39% 46% 8%
IF-E CEM I, PF, SAP E 82% 122% 11% 64% 92% 7%

1 CEM I1/B-V (PC-FA) - - -
1F CEM I, PF 40% 25% 3% - - -
IF-A CEM II, PF, SAP A 65% 113% 15% 42% 88% 12%
IIF-C CEM II, PF, SAP C 60% 93% 13% 33% 68% 10%
IIF-E CEM II, PF, SAP E 80% 149% 12% 67% 124% 9%

11 CEM III/A (PC-GGBS) - - -

IIF CEM III, PF 30% 50% 2% - - -
HIF-A CEM III, PF, SAP A 75% 87% 13% 65% 37% 12%
IIF-C CEM Ill, PF, SAP C 65% 80% 10% 50% 30% 9%
IIF-E CEM IlI, PF, SAP E 84% 105% 8% 76% 55% 8%

Table 4 illustrates better effectiveness of SAP in reducing autogenous shrinkage than drying
shrinkage. This is attributed to the main role of SAP as internal curing agent. Its high capacity to
absorb water from fresh mix and release over time can control shrinkage, during initial stages of
cement hydration [28, 30, 67-72]. Hence, this effect is more pronounced for autogenous and
plastic shrinkages.

On the other hand, lower reduction of drying shrinkage by SAP is related to the lower water
availability for longer period of time (here measured up to 180 days). When SAP collapses, no
(or little) extra water is free to be either consumed (by cement hydration) or to evaporate in drying
processes. Therefore, autogenous shrinkage (and also plastic shrinkage) is significantly more
reduced by SAP than drying shrinkage.

The results of volumetric changes of fibre reinforced mortars demonstrated the outstanding
efficiency of superabsorbent polymers in promoting additional reduction of shrinkage for any
type of cement.
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4,

CONCLUSION

Superabsorbent polymers (SAP) facilitate substantial additional reduction in plastic, autogenous

and drying shrinkage in fibre reinforced mortars (FRM) with supplementary cementitious

materials. However, the level of efficiency depends on either particle sizes and/or water

absorption capacity (WAC), as well as cement type used:

The biggest effect on crack propagation in plastic shrinkage, up to 75% can be achieved
by application of fine SAPs (SAP E). The effect of different water absorption capacities

(SAP A and C) is of a lesser importance;

Although different cements show distinct autogenous shrinkage performances, the overall
behaviour for SAP mortars with different binders is almost identical. The effect of water
absorption capacity on AS is very limited in FRM with blended cements. However, SAP
effectiveness depends on the particle sizes. The significant reduction of autogenous
shrinkage up to 124% is observed for mortars with SAP E, with finer particle size (76.74
+0.22 um);

Drying shrinkage in FRMs is the least sensitive to SAPs, where the type of cement plays
a critical role. Reduction of DS is more pronounced for mortars with CEM 11/B-V (PC-
FA). SAP effectiveness depends mainly on water absorption capacity. The highest
reduction of drying shrinkage takes place in mortars with the lowest WAC (SAP A) up to
12%.
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