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Abstract
Polycarboxylic acid-based superplasticizers are used in various types of concrete work. Wide variations in environmental 
temperatures are known to affect how well chemical admixtures perform as superplasticizers, influencing the properties 
of the concrete. However, little has been reported on changes in performance caused by thermal variations. Previous stud-
ies have reported that heating superplasticizers change the polymer structure, improving and sustaining cement particles' 
dispersibility. Moreover, the improved fluidity from thermal stimulation is not temporary. The effect has been observed to 
remain for about seven days, with the residual characteristics differing depending on the superplasticizers used. Therefore 
this study evaluates mortar stiffness when using thermally stimulated superplasticizers and evaluates how the stimulation 
affects construction performance using measures such as the flow and rheological properties (plastic viscosity) of fresh 
mortar, vane shear tests, blade viscometer tests, and mortar vibration box tests. Mortar's fluidity was found to improve by 
about 25% when using thermally stimulated additives, with plastic viscosity dropping by up to 45% and the stress likely to be 
needed for pumping also being reduced by about 16%. Filling speed was also found to increase by about 26%. Thus, thermal 
stimulation improves mortar and concrete construction performance, and it may be possible in the future to carry out the 
construction with fewer workers utilizing this technology’s benefits. The study indicates a need for further investigation of 
how thermal stimulation affects polymer molecules’ adsorption efficiency with cement to elucidate the mechanism at full 
scale and propose ways to adopt thermal stimulation at actual construction sites.
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1 Introduction

Superplasticizers, such as high-performance water-reduc-
ing admixtures and air-entraining agents, are used widely 
because they are effective in both reducing water require-
ments and retaining fluidity. Research and development of 
these products have proceeded for over twenty years (Morita 

and Ohta 1994; Ohta 2005; Lucia et al. 2010, 2011). Add-
ing small amounts of polycarboxylic acid superplasticizers, 
which are mainly used in construction along with other types 
of superplasticizers, can generally produce the required flu-
idity. Previous research has shown that the molecular struc-
ture can be easily changed and that the additives improve 
powder particles’ dispersal as well as help the mix retain 
fluidity (Sugamata et al. 2000; Ohta 1997; Uchikawa et al. 
1997a, b). The fluidity of mortar and concrete achievable 
when using these superplasticizers has been observed to 
vary depending on the powder used, the ambient tempera-
ture, and the mixing method (Haga et al. 1999; Ohta and 
Uomoto 1997; Papayianni et al. 2005).

Previous studies have shown that the performance of dis-
persants based on comb-like copolymers, such as polycar-
boxylic acid-based superplasticizers, depends on the length 
and sparsity of the side chains of the copolymers (Ohta 
1997; Robert et al. 2009; Qianping et al. 2009; Hamada 
et al. 2000; Bache 1981). It has also been confirmed that by 
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changing the balance of the molecular backbone, such as its 
molecular weight, molecular weight distribution, graft chain 
length, and the composition ratio of the components, water-
reducing agents with different dispersibilities can be synthe-
sized. Their active mechanisms and the degree to which they 
adsorb with cement particles can also be affected (Qianping 
et al. 2009; Sakai et al. 2003). For example, in a study by 
Süleyman Özen et al., the effect of changes in the length of 
both the main and side chains of a polycarboxylic acid super-
plasticizer on the flowability of cement pastes and mortars 
was confirmed by mini-slump tests and analysis using total 
organic carbon (Özen et al. 2020). The results confirmed that 
changes in the length of the superplasticizer’s main and side 
chains affected how long the mortar's flowability could be 
maintained. Their results also suggest that longer and more 
entangled main and side chains reduce adsorption capacity 
with cement particles.

To date, DLVO theory has been used to discuss super-
plasticizers’ active mechanisms (Lagaly 1977; Tanaka et al. 
1996). However, polycarboxylic acid superplasticizers’ zeta 
potential on the surface of cement particles is lower than that 
of polymers used as raw materials for other superplasticiz-
ers, yet they exhibit high dispersibility. The mechanism by 
which these superplasticizers disperse cement particles is 
explained by steric hindrance via repulsive forces of poly-
mer molecules in the polycarboxylic acid superplasticizers 
(Sugiyama et al. 2000; Yamada et al. 2001). In addition to 
this electro-repulsive force, it has been proposed that disper-
sion is stabilized by the steric effect of the adsorbed poly-
mer layer. In order to secure and maintain flowability, many 
products have been developed that contain several types of 
polymers that cause different dispersion effects (Sugiyama 
et al. 2000; Mackor 1951; Fischer 1958). It is well known 
that the flow of concrete using superplasticizers fluctuates 
with changes in environmental temperature (Uchikawa et al. 
1997a, b; Kato et al. 1999). For example, Jolicoeur et al. 
(1997) used different binders and superplasticizers to study 
the effect of environmental temperature change on the work-
ability of concrete and confirmed its effect on rheological 
properties by measuring plastic viscosity using a mini-slump 
test and viscometer. Petit et al. (2005) also investigated the 
effect of environmental temperature change on yield value 
using a rotational viscometer. These results confirmed that 
the rheological properties and yield values of mortar varied 
depending on changes in environmental temperature, and 
that slump loss was also affected.

It is less widely known that concrete fluidity can be 
improved by heating superplasticizers. Most previous stud-
ies have focused on changes in environmental temperature, 
not on intentional processes of heating and maintaining the 
high temperature of the superplasticizer.

One previous study formulated a hypothesis that super-
plasticizers are stimulated by heat, which improves the 

three-dimensional area of the polymer and the adsorption 
area of the cement (hereinafter “thermal stimulation”) (Taki-
gawa et al. 2018, 2019). Based on this hypothesis, a super-
plasticizer was heated at 40 °C to 60 °C for 0.5 h or 24 h. 
Using mortar flow tests and dynamic light scattering (DLS), 
the authors showed a change in the fluidity of the mortar 
and the apparent three-dimensional area of the polymer. The 
results confirmed that mortar fluidity improves because the 
apparent molecular size increases when the superplasticizer 
is thermally stimulated, with higher heating temperature and 
longer heating time enhancing the effect.

In addition, although there was concern that there may 
be a reactive decrease in the mortar’s slump keeping perfor-
mance when initial flowability improved, the study showed 
that there was a little untoward effect.

However, whether the endpoints are causally linked to 
construction performance measures such as filling and pas-
saging performance has not been confirmed, because in pre-
vious studies, only mortar’s fresh properties and slump keep-
ing characteristics have been investigated. Further research 
on the effects of thermal stimulation is expected to lead to 
improvements in construction performance. Previous studies 
have shown that several approaches are necessary to evalu-
ate the dispersion effectiveness of polycarboxylic acid-based 
superplasticizers. It is essential to evaluate rheological prop-
erties because they are directly related to actual construction 
performance (Mezger 2006; Kirby and Lewis 2008).

This study quantifies the performance of mortar contain-
ing thermally stimulated plasticizers under construction con-
ditions, especially its plastic viscosity, stiffness, and filling 
performance with and without vibration.

2  Methodology

2.1  Materials

The materials used are shown in Table 1. Two kinds of 
superplasticizers were tested in this study, a high-range 
water-reducing agent mainly used for precast concrete 
(hereinafter “PCa-type”) and a high-range water-reducing 

Table 1  Materials used

Material Symbol Properties

Cement C Ordinary Portland cement
Density: 3.16 g/cm3

Fine aggregate S River sand from Kanagawa
Density: 2.69%
Water absorptivity: 1.49%

Superplasticizers PCa High range water reducing agent
RMC High range water reducing agent 

AE-Type
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AE-type agent mainly used for ready mix concrete (herein-
after “RMC-type”). Both polymers are acrylic acid-based 
polycarboxylic acids. The structural difference between them 
is that the PCa-type has a higher density of carboxyl groups 
in its structure, while the RMC-type has a higher density of 
ethylene oxide side chains. The synthesis of these polymers 
is done by radical polymerization, and during polymeriza-
tion, the polymer is heated to a temperature of 40 °C or 
higher.

2.2  Heating Method

In order to prevent the vaporization of the superplasticizer 
during heating, it was encapsulated in a small polypropyl-
ene bottle and warmed in hot water. The superplasticizer 
was heated to 60 °C (± 1 °C) over 24 h as in previous stud-
ies (Takigawa et al. 2018, 2019). The rate of temperature 
increase of the sample was approximately 1.5 °C/min.

2.3  Experimental Conditions

The change in mortar flowability was confirmed by flow tests 
under all conditions to verify the effect of thermal stimula-
tion on fluidity. Flow tests were conducted without tamping 
to flow values of 120 ± 10 mm for each amount of superplas-
ticizer added and each mixing proportion without thermal 
stimulation. In this study, similar experiments were repeated 
for all data, and reproducibility was carefully confirmed. 
Measurement error over all the experimental data was 
about ± 20 mm both with and without thermal stimulation.

2.4  Mixing Procedure

The mixing procedure is shown in Fig. 1 and the symbols 
used in Fig. 1 are defined in Table 1. Mixing in this study 
was performed using a 20 L Hobart mixer. Mixing with 
and without thermal stimulation was done in the same way. 
Ambient conditions during mixing and testing were 20 °C 
with 60% relative humidity. As shown in Fig. 1, superplas-
ticizers were added to the mixing water immediately before 
mixing. The temperature of the mixing water was measured 
immediately after the addition, and it remained at about 
20 °C, indicating that the heated superplasticizers quickly 
cooled when added to the mixing water.

2.5  Experimental Methods

2.5.1  Mortar Flow

The fresh mortar was tested in accordance with JIS R 5201 
“Physical testing methods for cement”. Figures 2 and 3 
show the apparatus for the flow test specified by the Japa-
nese Standards Association (2015) and the conditions during 
the experiment. As shown in Fig. 2, the flow test apparatus, 
which conforms to JIS R 5201, consisted of a flow table 
having a diameter of 300 mm and a 10 mm free fall distance 
from top to bottom, and a flow cone with an upper inner 
diameter of 70 mm, a lower inner diameter of 100 mm, and 
a height of 60 mm. The flow cone was placed in the center 
of the flow table, and the mortar was placed in two layers. 
After the first and second layers were placed, the mortar was 
immediately compacted 15 times with a stick (20 mm in 
diameter, 200 mm in length). After compaction, the surface 
was leveled parallel to the flow table, the flow cone was 
removed, and the 0 tamp flow was measured (hereinafter 
“without tamping flow value”). Then the handle was turned 
once per second 15 times and the 15 tamps flow value (here-
inafter “flow value”) was measured. The without tamping 
and with tamping flow values were measured twice for each 
test, and the average value was used as the flow value. Three 
or more repetitions were used for all flow tests.

2.5.2  Mortar Stiffness

The stiffness of the mortar was evaluated using a vane 
shear test (Nemoto et al. 2020). Here, stiffness is defined 
as the decrease in flowability of fresh mortar without 
vibration. The vane shear test was used in this study to 
compare the magnitude of stress needed to cause mortar 
and concrete to re-flow once the flow has stopped. A 
schematic of the vane shear test is shown in Fig. 4, while 
a photo of the actual experimental equipment is shown 
in Fig. 5. An 8.2 L of mortar was placed in the cylindri-
cal container (⌀10 × 27 cm), and the container was set 
in a table vibrator used for cement strength testing. The 
steel-bladed vane was inserted into the mortar and the 
maximum torque value (M-max) was obtained by rotat-
ing the shaft manually. The maximum shear stress was 
calculated using an expression for M-max obtained from 

Scrape Off Discharge
High speed

30 s
Low speed

30 s
Low speed

60 s

C+S W+Ad

Heat and maintain temperature as 
prescribed for each condition

Fig. 1  Mixing procedure
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the Cading equation (Shibata. 1967). In this study, the 
vane was rotated manually at an assumed angular rate of 
6 rpm, the shaft was 8 mm in diameter, the vane width 
was 30 mm, and the vane height was 60 mm.

M-max: Maximum torque value, D Vane width (mm), H 
Vane height (mm).

�
�
=

M
max

�

(

D2H

2
+

D3

6

)

2.5.3  Plastic Viscosity of Mortar

To measure the effect of thermal stimulation on the rheo-
logical properties of mortar, a blade viscometer was used 
to assess plastic viscosity (Takehisa et al. 2018; Muroga 
et al. 2000). A schematic of the blade viscometer is shown 
in Fig. 6 and a photo of the actual experimental equipment 
is shown in Fig. 7. The blade viscometer was used in this 
study to evaluate the flowability of mortar and concrete 
under static and vibratory conditions to model conditions at 
actual construction sites where pumping is used. As in the 
vane shear test, 8.2 L of mortar was loaded into the cylindri-
cal container (⌀10 × 27 cm), and the container was set in a 

(a)

(b)

Fig. 2  Mortar flow apparatus schematic a Flow table, b Flow cone 
(Japanese Standards Association 2015)

Fig. 3  Mortar flow photo

Table vibrator

Fig. 4  Vane shear test schematic
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table vibrator used for cement strength testing. As in Fig. 4, 
a weighted steel rod with three thin steel blades sank into 
the fresh mortar under its own weight. The apparent plastic 
viscosity is determined from the shear resistance when the 
blades move at a constant speed in the mortar during flow 
using the relationship between the settling velocity (≒ shear 
strain rate) and material weight (≒ shear stress). This differs 
when the mortar is under static and vibrating conditions. In 

this study, the acting buoyant force while the blades dropped 
into the fresh mortar and the shear area were assumed to be 
constant, as the blades were completely submerged in the 
fresh mortar when the measurement started. A table vibrator 
with a frequency of 40 Hz (amplitude: 1 mm) was used for 
measurements under vibration, similar to the procedure in a 
previous study (Takehisa et al. 2018).

2.5.4  Mortar Fluidity Change Under Vibration

This evaluation was made using a mortar vibration box test 
to confirm the effect of thermal stimulation on the mortar's 
filling properties (Muroga et al. 2000). A schematic of the 
mortar vibration box test is shown in Fig. 8, and a photo of 

Fig. 5  Vane shear test photo

Table Vibrator

Fig. 6  Blade viscometer schematic

Fig. 7  Blade viscometer photo

Fig. 8  Mortar vibration box test schematic
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the actual experimental equipment is shown in Fig. 9. This 
test apparatus was 1/2 the size of the box-type container used 
for high-fluidity concrete (JSCE-F511). The bottom surface 
of the mortar vibration box test device was secured on a table 
vibrator, and a fixed plate was attached such that it would not 
move. To test the mortar’s pass-through between obstacles, 
R2 (the gap between the steel parts was about 60–200 mm, 
and the unit volume weight of the steel was 100–350 kg/m3) 
was simulated, and three D6 deformed reinforcing bars were 
set at equal intervals in a 100 mm gap (25 mm × 4). For the 
mortar vibration box test, space A was divided into three lay-
ers and filled with mortar using a stick. After smoothing the 
upper surface of space A and letting it stand for 1 min, the 
table vibrator was started simultaneously with the partition 
between the spaces being pulled up. The points at which the 
filling heights of space B reached 95 mm and 150 mm were 
visually confirmed, and the elapsed times from the start of 
vibration were measured. The speed of movement was cal-
culated from the time required for the filled height to change 
from 95 to 150 mm. This was used as the gap-passing speed 
(hereinafter “V-pass”). The vibration at the time of excita-
tion was set to 40 Hz (amplitude: 1 mm), which is the same 
as in the blade viscometer test.

3  Results and Discussion

3.1  Effect of Thermal Stimulation on Plastic 
Viscosity and Mortar Stiffness Without Tamping

In a previous study, the slump life of mortar having a vari-
ety of agents added was evaluated without tamping (Taki-
gawa et al. 2019). These included the following additives: 
PCa, RMC, high-range water-reducing agents with high 

dispersion (hereinafter “DP-type”), and high-slump-keeping 
high-range water-reducing agents (hereinafter “SK-type”). 
All the superplasticizers contained polycarboxylic acid 
ether-based polymers. PCa- and RMC-type superplasticiz-
ers could be produced by blending SK- and DP-type addi-
tives. The mixing ratio of the SK-type polymer tends to be 
higher in RMC-type plasticizers than in PCa-type ones. The 
results are shown in Figs. 10 and 11. These results con-
firm that even when thermal stimulation improves fluidity 
through enhanced initial dispersion, slump-keeping perfor-
mance can be maintained. This was speculated to be linked 
to changes in the polymer's molecular structure due to heat 
stimulation. The results for plastic viscosity and stiffness 
under static conditions are shown in Figs. 12 and 13. These 
results confirm that even when thermal stimulation improves 
fluidity through enhanced initial dispersion, slump-keeping 
performance can be maintained. This was speculated to be 
linked to changes in the polymer's molecular structure due 
to heat stimulation. The results for plastic viscosity and stiff-
ness under static conditions are shown in Figs. 12 and 13. 

Fig. 9  Mortar vibration box test photo

Fig. 10  Slump life of 0 tamp mortar flow (without heating) (Taki-
gawa et al. 2019)

Fig. 11  Slump life of 0 tamp mortar flow (heated: 60 °C, 24 h) (Taki-
gawa et al. 2019)
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As the figures show, thermal stimulation reduces the plastic 
viscosity by 12% for the PCa-type and about 45% for the 
RMC-type additive. Moreover, stiffness decreased by about 
11% for the PCa-type and about 16% for the RMC-type addi-
tive. A recent study reported that the stiffness of mortar and 
concrete is caused by the agglomeration of cement particles 
during initial hydration (Nemoto et al 2020). The degree of 
agglomeration of cement particles is one indicator of the 
fresh properties of mortar and concrete. In particular, it is 
widely known that when cement particles easily agglom-
erate, the dispersibility of the cement is reduced, which 
changes the hydration reaction rate and microstructure 
formation of the cement and affects its performance after 
hardening. Previous studies have shown that polycarboxylic 
acid-based superplasticizers create weaker intermolecular 
forces due to the effect of steric hindrance and thus have bet-
ter cement dispersibility than other raw polymer superplasti-
cizers (Robert 2004). For example, Yuta Ohtsuka et al. used 
a stress-controlled rotational viscometer to measure tem-
poral changes in the flowability and viscosity of concrete. 
When comparing polycarboxylic acid superplasticizers to 

naphthalene sulfonic acid ones, they found that polycar-
boxylic acid superplasticizers maintain better flowability 
and workability due to differences in molecular structure 
(Ohtsuka et al. 2015). Jacek Gołaszewski et al. used naph-
thalene sulfonic acid superplasticizers and polycarboxylic 
acid superplasticizers and confirmed their effect on the rheo-
logical properties of concrete using a PC rheometer. They 
found that the naphthalene sulfonic acid superplasticizers 
increased the yield values and decreased workability (Jacek 
and Janusz 2004). In another study, Chandra and Björnström 
(2002) confirmed that naphthalene sulfonate and melanin 
sulfonate superplasticizers showed a more significant tem-
poral change in slump loss than polycarboxylic acid super-
plasticizers. This is because naphthalene sulfonic acid has a 
straight-chain-type molecular structure and has a different 
active mechanism than polycarboxylic acid-based superplas-
ticizers (Ohta 1997; Sugiyama et al. 2000). The relevant 
extant studies (Takigawa et al. 2018, 2019; Nemoto et al. 
2020; Robert 2004; Ohtsuka et al. 2015; Jacek and Janusz 
2004; Chandra and Björnström 2002) show that polycarbox-
ylic acid superplasticizers hinder agglomeration of cement 
particles more than other raw polymer superplasticizers. In 
addition, thermal stimulation improves the dispersibility of 
the cement particles, lowering their stiffness since it further 
reduces their cohesion. Therefore, thermal stimulation is 
thought to improve the dispersibility of the cement particles, 
making it more difficult for the particles to aggregate and 
thus avoiding stiffness. Therefore, thermal stimulation has 
the effect of improving and maintaining the mortar's fluid-
ity, reducing its stiffness. These results indicate that thermal 
stimulation, produced by simply heating superplasticizers, 
can improve construction performance.   

3.2  Effect of Thermal Stimulation 
of Superplasticizers on Fresh Properties 
of Mortar with Vibration

Figures 14 and 15 show changes in plastic viscosity and 
flow under vibration for the two types of heat-stimulated 
superplasticizers. Figure 14 shows that fluidity improved 
under thermal stimulation with and without vibration, while 
Fig. 15 confirms that the plastic viscosity of the mortar was 
reduced by thermally stimulating the superplasticizers. This 
reduction was about 17% for the PCa-type and about 40% 
for the RMC-type superplasticizer, indicating that thermally 
stimulating the RMC superplasticizer is more effective in 
improving its ability to reduce plastic viscosity and increase 
fluidity.

This is related to the fact that thermally stimulating the 
superplasticizer increased its apparent polymer size and 
improved flowability, as shown in previous studies (Taki-
gawa et al. 2018, 2019). The apparent size of the poly-
mer described in previous studies is based on the polymer 

Fig. 12  Plastic viscosity (without vibration)

Fig. 13  Stiffness (without vibration)
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structure. Flowability and workability are affected by the 
length of the main and side chains of the polymer (Qianping 
et al. 2009; Sakai et al. 2003; Özen et al. 2020). Moreo-
ver, for polymers with ethylene oxide chains, such as those 
contained in polycarboxylic acid superplasticizers, it has 
been confirmed that cement particles have more difficulty 
agglomerating and causing slump loss if the side chains are 
longer and the density of the side chains is higher than that 
of the main chains (Ohta 1997; Sugiyama et al. 2000; Ran 
et al. 2009). It has also been reported that the rheological 
properties of mortars with polycarboxylic acid superplas-
ticizers having short side chains improved as the length of 
the side chains increased (Andreas and Frank 2007; Hamada 
et al. 2006). In light of the hypotheses made in previous 
studies, it can be inferred that the polymers in superplas-
ticizers that retain slump performance well have long side 
chains that tend to become entangled, but thermal stimula-
tion causes the entangled polymers to unravel, which not 

only improves flowability but also affects plastic viscosity 
(Takigawa et al. 2018, 2019).

Figure 16 shows the relationship between changes in 
flow and plastic viscosity for the RMC-type plasticizer with 
vibration. Generally, the plastic viscosity of mortar tends 
to decrease as flow increases (≒the yield value decreases). 
The figure shows the data both with and without thermal 
stimulation to have linear relationships, as shown in a previ-
ous study (Hamada et al. 2006) but also indicates that they 
do not follow the same straight line. From this, it is inferred 
that reducing plastic viscosity by thermal stimulation not 
only increases flow but also reduces plastic viscosity. The 
authors would like to clarify this mechanism as a future task. 
Figures 17 and 18 show the change in V-pass due to thermal 
stimulation and the relationship between plastic viscosity 
and fluidity with vibration by plasticizer type. No significant 
material separation, such as bleeding, was confirmed in the 
experimental conditions of this study. Figures 17 and 18 
show that thermal stimulation increased V-pass by about 
10% for the PCa-type and about 27% for the RMC-type. 

Fig. 14  Changes in flow due to thermal stimulation for two types of 
superplasticizers under vibration

Fig. 15  Changes in plastic viscosity due to thermal stimulation for 
two types of superplasticizers under vibration

Fig. 16  Relationship between the changes in flow and plastic viscos-
ity in RMC-type with vibration

Fig. 17  Changes in V-pass due to thermal stimulation
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This indicates that the faster the V-pass, the smaller the 
plastic viscosity with vibration. These results confirm that 
thermal stimulation improved the fluidity of the mortar using 
polycarboxylic acid ether-based superplasticizers. They also 
confirmed that plastic viscosity decreased and that filling 
performance improved.

Even with the same flow, the mortar's plastic viscosity 
using thermally stimulated superplasticizers is lower, indi-
cating that thermal stimulation can be expected to improve 
construction performance. Phenomena such as underfill and 
blocking are less likely to occur, and their effects on the 
concrete’s curing characteristics are also reduced. There-
fore, the use of thermal stimulation of superplasticizers can 
be expected to improve workability because of the longer 
slump life, reduced plastic viscosity, and improved filling 
performance that they promote. However, in this study, the 
mechanism by which thermal stimulation decreases plastic 
viscosity has not been clearly elucidated, and the length of 
time the effects last has not been investigated, and further 
verification is necessary. In addition, assuming application 
to actual machines, verification of the relationship between 
various heating methods and heating conditions on the 
effect of thermal stimulation remains as a future topic for 
investigation.

4  Conclusions

The following findings were obtained by evaluating the 
effects of thermally stimulated superplasticizers on the char-
acteristics of fresh mortar and its filling performance with 
and without vibration.

(1) Thermal stimulation reduces both plastic viscosity and 
mortar stiffness without vibration. This is presumed to 

be because the cement particles are less likely to aggre-
gate when the superplasticizer is thermally stimulated.

(2) Filling performance is expected to improve because 
thermal stimulation causes plastic viscosity to decrease 
when vibration is applied and because of V-pass 
increases.

(3) RMC-type superplasticizers are more affected by ther-
mal stimulation than PCa-type superplasticizers with 
regard to improving fluidity and reducing plastic vis-
cosity.

Previous studies have confirmed that the performance of 
concrete is affected by the dosage and type of superplas-
ticizer and its fresh and hardening properties. However, 
the most important point of this study is that construction 
performance was improved by thermally stimulating super-
plasticizers even if the dosage and type were constant and 
that the effectiveness depended on the type of superplasti-
cizer even when the material was thermally stimulated in 
the same manner. This result is new, not having been found 
in previous studies. In addition, this work indicates that 
smaller amounts of superplasticizers can be used at con-
struction sites and when making precast concrete products 
if the superplasticizers are thermally stimulated. Currently, 
the birthrate is declining, and with that, the aging population 
and turnover rate of skilled workers are increasing. Since 
this technology could be easily put into practical use by 
anyone, even a few laborers could improve productivity by 
using these research results at construction sites and reduce 
construction costs.

In the future, how thermal stimulation affects polymer 
molecules' adsorption efficiency on cement should be inves-
tigated to elucidate the full-scale mechanism and propose 
ways to adopt thermal stimulation at actual construction 
sites.
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