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1. INTRODUCTION

ABSTRACT

A composite's rheology can be changed by adding superabsorbent polymer (SAP) and basalt
fibers and using silica fume. This study aimed to investigate the effects of these components on
the viscosity and shear stress parameters of the paste. The proportions of the components were
varied, with SAP content ranging from 0.01% to 0.03%, basalt fiber from 0% to 0.50%, silica
fume (micro silica) at 15%, and water content from 0.40 to 0.50. Response surface methodolo-
gy was used to optimize the mixture proportions, and the rheological properties of the result-
ing pastes were characterized using a rheometer. Results showed that the addition of SAP and
basalt fiber had a significant impact on the rheological properties of the paste, with increasing
amounts of both resulting in increased viscosity and shear stress. Overall, this study highlights
the potential of SAP and basalt fiber in advances of the rheology of cement paste and provides
insight into the optimal proportions of these components for achieving desired rheological
properties. The findings of this study could be useful in developing high-performance con-
crete with enhanced rheological properties, which could have a wide range of applications in
the construction industry. In addition, 0.50% BE, 0.01% SAP, and 0.445 water-to-cement were
found as optimum proportions regarding the rheology of the cement paste.

Cite this article as: Dilbas, H. (2024). Rheology of superabsorbent polymer-modified and
basalt fiber-reinforced cement paste with silica fume: Response surface methodology. J Sustain
Const Mater Technol, 9(1), 60-71.

hydration progress. SAP can release water into the capillar-
ies, thus maintaining a high relative humidity and reduc-

Rheology studies the deformation and flow of materi-
als under applied forces. It is essential to understand the
rheological properties of cement pastes, significantly when
they are modified with additives such as a superabsorbent
polymer (SAP) and nano-silica (NS), because they affect
the workability, pumpability, and performance of the ce-
mentitious materials. SAP is a type of hydrogel that can ab-
sorb and retain large amounts of water, up to several hun-
dred times its weight. It has been used as an internal curing
agent in cement pastes to mitigate autogenous shrinkage, a
deformation caused by self-desiccation of the pores due to
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ing capillary tension. SAP can also improve cement pastes'
durability and mechanical properties by reducing cracking
and enhancing pore structure [1]. NS is a nanomaterial with
a high specific surface area and reactivity. It has been used
as a supplementary cementitious material (SCM) in cement
pastes to improve the compressive strength, hydration rate,
and microstructure. NS can fill the pores, reduce the poros-
ity of cement pastes, participate in the pozzolanic reaction,
and form additional calcium silicate hydrate (CSH) [2]. The
rheological properties of cement pastes modified with SAP
and NS depend on several factors, such as the dosage, parti-
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cle size, dispersion, and interaction of the additives, as well
as the water-to-cement ratio (w/c), temperature, and time.
Several studies have investigated the effects of SAP and NS
on the rheology of cement pastes using rotational rheome-
try, which can measure the viscosity and yield stress of the
materials by applying a shear stress or strain [3]. The vis-
cosity is a measure of the resistance to flow, while the yield
stress is a measure of the minimum stress required to initi-
ate flow. Both parameters are influenced by the amount and
type of additives in cement pastes. Generally, increasing the
dosage of SAP or NS increases the viscosity and yield stress
of cement pastes because they consume more water and
increase the solid content [4]. However, some studies have
reported that low dosages of SAP or NS can reduce cement
pastes' viscosity and yield stress because they act as lubri-
cants or dispersants [5]. The particle size and distribution
of SAP and NS also affect the rheology of cement pastes.
Smaller particles increase viscosity and yield stress more
than larger particles because they have a higher surface area
and adsorption capacity [6]. The dispersion of SAP and NS
in cement pastes is also important for achieving a homoge-
neous mixture and avoiding agglomeration or segregation
[7]. The interaction between SAP and NS in cement pastes
is another factor that influences their rheological proper-
ties. Some studies have suggested that SAP can reduce NS's
negative effects on cement pastes' rheology by providing
internal curing water and preventing excessive water con-
sumption by NS [8]. However, other studies have indicated
that SAP can interfere with the dispersion and hydration of
NS in cement pastes by competing for water or forming a
coating layer around NS particles [9]. Therefore, the opti-
mal dosage and ratio of SAP and NS in cement pastes must
be determined based on their rheological requirements.
Due to hydration and swelling processes, the rheologi-
cal properties of cement pastes modified with SAP and NS
vary with time. Hydration causes an increase in viscosity
and yield stress over time because it consumes water and
forms CSH gel [10]. Swelling causes a decrease in viscosi-
ty and yield stress over time because it releases water and
reduces capillary tension [11]. The rate and extent of hy-
dration and swelling depend on the w/c ratio, tempera-
ture, type and dosage of additives, and curing conditions
[12]. Basalt fiber-reinforced cement paste (BFRC) is a
composite material that consists of a cement paste matrix
and basalt fibers dispersed randomly or aligned in a cer-
tain direction. Basalt fibers are natural fibers derived from
volcanic rocks that have high tensile strength, modulus
of elasticity, thermal stability, and chemical resistance
[13]. BFRC has been used for various applications such
as structural repair, fire protection, thermal insulation,
and noise reduction [14]. The rheological properties of
BFRC are influenced by several factors, such as the dos-
age, length, diameter, aspect ratio, surface treatment, and
orientation of basalt fibers, as well as the water-to-cement
ratio (w/c), admixtures, and curing conditions of the ce-
ment paste matrix [13-15]. The rheological properties of
BFRC are important for its workability, pumpability, flow-
ability, and stability during mixing, placing, and harden-

ing. Adding basalt fibers to cement paste generally in-
creases its viscosity and yield stress, decreasing its slump
and flow [13-15]. However, a higher w/c ratio can also
reduce the mechanical properties and durability of BFRC.
Therefore, an optimum w/c ratio should be selected to
balance the rheological and mechanical performance of
BFRC. Admixtures such as superplasticizers or air-en-
training agents can enhance the workability and stability
of BFRC by reducing the water demand, increasing the
fluidity, decreasing the segregation, and improving the
air entrainment of the mixture [13-15]. Superplasticizers
can also enhance the dispersion and alignment of basalt
fibers by reducing their agglomeration and flocculation
[14]. Air-entraining agents can create air bubbles that act
as lubricants and spacers among basalt fibers and cement
paste matrix, which reduce the frictional forces and in-
crease the deformability of BFRC [15].

The surface treatment of basalt fibers can affect their
adhesion and compatibility with the cement paste matrix,
affecting their dispersion and rheological properties. The
surface treatment can be physical (such as heat treatment
or plasma treatment) or chemical (such as silane coupling
agents or alkali treatment) [13, 14]. The surface treatment
can modify basalt fibers' surface morphology, roughness,
hydrophilicity/hydrophobicity, polarity, charge density,
functional groups, and bond strength. The surface treat-
ment can improve the wetting and bonding of basalt fibers
with cement paste matrix, and this leads to a reduction
in their pull-out resistance and an increase in their load
transfer efficiency. The surface treatment can also reduce
basalt fibers' water absorption and alkali reactivity, im-
proving their durability in an alkaline environment. The
surface treatment can also affect the dispersion and orien-
tation of basalt fibers by changing their surface energy and
electrostatic forces.

The mechanical properties of BFRC can be affected by
the w/c ratio, admixtures, and curing conditions of the ce-
ment paste matrix [13-15]. The w/c ratio influences the
porosity and hydration degree of the cement paste matrix,
affecting its strength and durability. A lower w/c ratio can
increase the compressive strength, tensile strength, flexur-
al strength, modulus of elasticity, and fracture toughness
of BFRC [13-15]. Superplasticizers can reduce the water
demand and increase the hydration degree and strength of
BFRC. Air-entraining agents can increase the air content
and reduce the density and strength of BFRC [15]. How-
ever, air-entraining agents can also improve the durabili-
ty and crack resistance of BFRC by creating air voids that
act as stress relievers and crack arresters [15]. The surface
treatment of basalt fibers can affect their mechanical prop-
erties by changing their adhesion and compatibility with
the cement paste matrix [13, 14]. The surface treatment
can also reduce the pull-out and slippage of basalt fibers,
which improves their fracture toughness and crack resis-
tance of BFRC [13, 14].

In conclusion, rheology is a valuable tool for character-
izing the flow behavior of cement pastes modified with SAP
and NS. These additives can affect cement pastes' viscosity
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Figure 1. View of silica fume, super absorbent polymer, and basalt fiber (from left to right, respectively).

Table 1. Physical properties of the materials used in the study

Material Specific Fineness Blaine's surface Chemical properties

gravity (cm?/g) area (cm?/g)
OPC 3.15 3,200 402 Si0,: 21.1%, ALO,: 4.8%, Fe,0: 3.2%, CaO: 63.1%
Silica fume 22 20,000 28,800 Si0,: 90-97%, ALO,: 1-2%, Fe,0 : 0.5-2%, CaO: 0.5-2%
SAP 1.2 N/A N/A Na: 6.5%, K: 1.5%, Cl: 0.7%, SO,: 1.2%
Basalt fiber 2.7 N/A N/A Si0,: 46.1%, ALO,: 10.4%, Fe,O,: 7.8%, CaO: 9.3%
Water 1.0 N/A N/A H,0:100%

and yield stress differently depending on their dosage, size,
dispersion, interaction, time, etc. Therefore, optimizing
their use based on their desired effects on both fresh and
hardened properties of cementitious materials is essential.
Basalt fiber-reinforced cement paste (BFRC) is a composite
material with superior rheological and mechanical proper-
ties compared to plain cement paste. The rheological and
mechanical properties of BFRC are influenced by several
factors related to the basalt fibers and the cement paste ma-
trix. These factors should be considered carefully to opti-
mize the performance and application of BFRC.

Response Surface Methodology (RSM) is a statistical
tool that can investigate the relationship between multiple
variables and their impact on a response, such as the rheo-
logical properties of cement paste [5]. RSM involves using
mathematical models to describe the relationship between
the input variables and the response variables, and the
models are used to optimize the input variables to achieve
the desired response. RSM is a useful tool for investigating
complex systems with multiple variables, and it can help to
identify the optimum conditions for achieving the desired
response. The proportions of SAP, basalt fiber, silica fume,
and water in cement paste can be optimized using RSM.
The proportions of these components can be varied with-
in a specific range, and the rheological properties of the
paste can be measured using standard methods such as the
slump test, the flow table test, and the rheometer test. The
results of these tests can be used to develop mathemati-
cal models to describe the relationship between the input
variables and the rheological properties of the paste. The
models can be used to identify the optimum proportions
of the components for achieving the desired rheological
properties of the paste.

Table 2. Mix proportions of the cement paste

Component Mix proportions (by weight)
OPC 1

Silica fume 0.15

SAP 0.01-0.03

Basalt fiber 0-0.50

Water 0.40-0.50

In this study, the impact of SAPs, basalt fibers, silica
fume (micro silica), and water on the rheological proper-
ties of cement paste was investigated using response surface
methodology (RSM) based on central composite design
(CCD). The rheological properties of the cement paste, in-
cluding viscosity and shear stress parameters, were analyzed
using a rheometer.

2. MATERIALS AND METHODS

2.1. Materials

The materials used in the study include ordinary
Portland cement CEM 1 42.5R (OPC), silica fume, super-
absorbent polymer (SAP), basalt fiber, and water (Fig. 1).
OPC was obtained from a local supplier. Elkem Materials
Inc., USA, provided silica fume. SAP was purchased from
BASF Corporation, USA. Basalt fiber was obtained from
Mafic USA, USA. The physical properties of the materi-
als used in the study are presented in Table 1. SAP had
a particle size distribution between 0.5 and 2 mm. The
median is 1.1 mm. Basalt fiber had a 9-13 um diameter
and 2 mm length.
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Table 3. Testing procedure

Shear rate, rpm 100* 100 50 25
Time, second 75 15 15 15

10 5 0.10 0.05 0.01
15 15 15 15 15 15

—

*Pre-shearing.

(a)

(b)

Figure 2. Rheology test setup (a) and data curation in computer with software (b).

2.2. Methods

2.2.1. Preparation of Cement Paste

The cement paste was prepared according to ASTM
C305-14. The OPC was mixed with silica fume, SAP, basalt
fiber, and water in a mixer for 5 minutes at 1400 rpm. The
mixture was then poured into a mold and placed in a curing
chamber at 25°C and 95% relative humidity for 28 days. The
mix proportions used in the study are presented in Table 2.

2.2.2. Rheological Testing

The rheological properties of the cement paste, includ-
ing viscosity and shear stress parameters, were analyzed
using a rheometer (Brookfield RV) (Fig. 2). The test was
conducted according to ASTM C1437-15. The sample was
placed in a cylindrical container with a diameter of 25 mm
and a height of 20 mm. The rheometer had a concentric cyl-
inder measuring system with a SC4-29 spindle. The test was
conducted at a shear rate of 0.01-100 s at 25°C (Table 3).

2.2.3. Response Surface Methodology

Response Surface Methodology (RSM) is a statistical
technique used to optimize and improve the response of a
system to various inputs or factors. RSM involves design-
ing experiments to study the effects of different input vari-
ables on the output response and then using mathematical
models to analyze the data and optimize the response. RSM
has been widely used in various fields, such as engineering,
chemistry, and agriculture, to optimize and improve the
performance of complex systems.

In cement-based composites, RSM has been used to op-
timize the properties of the composites by studying the ef-
fects of various input factors such as cement type, aggregate
type, water-cement ratio, and curing conditions. RSM has

been used to study the impact of these factors on various
properties such as compressive strength, flexural strength,
and durability of the composites. RSM is an effective tool
for optimizing the properties of cement-based composites
as it can help identify the most significant factors affecting
the properties and provide optimal conditions for achieving
the desired properties.

RSM has been used in several studies to optimize the
properties of cement-based composites [16, 17]. For ex-
ample, RSM was used to optimize high-strength concrete's
compressive strength and water absorption by studying
the effects of different factors such as water-cement ratio,
superplasticizer dosage, and curing temperature. Another
study used RSM to optimize the flexural strength of ce-
ment-based composites by studying the effects of factors
such as fiber type, fiber volume fraction, and curing condi-
tions. In both studies, RSM was found to be an effective tool
for optimizing the properties of cement-based composites
and providing optimal conditions for achieving the desired
properties.

RSM is a powerful statistical technique that can opti-
mize cement-based composites' properties by studying the
effects of various input factors on the response.

Central Composite Design (CCD) is a commonly used
experimental design in RSM. CCD involves designing a set
of experiments that allows for evaluating the curvature and
interactions of the input variables. It includes a set of fac-
torial, axial, and center points, allowing for the quadratic
response surface model estimation. CCD is an efficient and
cost-effective way to optimize the response of a system by
studying the effects of various input variables on the output
response. CCD is a widely used experimental design meth-
od in engineering and applied sciences for modeling and
optimizing the response of a system or process under study.
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Table 4. Range and levels of the variables used in the study

Variable Level -1 Level 0 Level 1
X1 (SAP content, %) 0.01 0.02 0.03
X2 (Basalt fiber content, %) 0 0.25 0.50
X3 (Water-to-cement ratio) 0.40 0.45 0.50
Table 5. Rheological properties of the cement paste

Run# X1 X2 X3 Viscosity (Pa-s) Yield stress (Pa) Shear stress (Pa)
1 0.01 0.50 0.50 0.0035 0.033 0.13

2 0.01 0.50 0.40 0.0032 0.031 0.12

3 0.01 0 0.40 0.0030 0.031 0.12

4 0.01 0.25 0.45 0.0034 0.032 0.13

5 0.01 0 0.50 0.0026 0.028 0.11

6 0.02 0.25 0.45 0.0030 0.031 0.12

7 0.02 0.25 0.50 0.0035 0.034 0.14

8 0.02 0.25 0.45 0.0033 0.033 0.13

9 0.02 0.50 0.45 0.0031 0.033 0.13

10 0.02 0.25 0.45 0.0033 0.033 0.13

11 0.02 0 0.45 0.0030 0.031 0.12

12 0.02 0.25 0.45 0.0032 0.033 0.13

13 0.02 0.25 0.45 0.0029 0.032 0.13

14 0.02 0.25 0.40 0.0031 0.033 0.13

15 0.02 0.25 0.45 0.0033 0.033 0.13

16 0.03 0 0.40 0.0028 0.030 0.12

17 0.03 0.25 0.45 0.0033 0.033 0.13

18 0.03 0.50 0.50 0.0034 0.032 0.13

19 0.03 0 0.50 0.0036 0.034 0.14

20 0.03 0.50 0.40 0.0031 0.032 0.13

The design involves creating a set of experimental runs that
vary in levels of the input variables to obtain a quadratic
response surface that can be used to model the system's be-
havior and predict optimal input settings. CCD is beneficial
in cases where the relationship between input variables and
response is complex and can be used to identify optimal
input settings for a desired output response [18].

CCD has been applied in various fields, including ma-
terials science [19], chemical engineering [18], and envi-
ronmental science [20, 21], among others. The method has
been used for optimizing a range of parameters, including
mechanical properties [19], chemical reactions [18], and
process parameters [20]. CCD has also been combined with
other techniques, such as artificial neural networks and fuzzy
logic, for improved optimization and modeling [22, 23].

One of the advantages of CCD is that it allows for the
estimation of the input variables' primary effects, quadrat-
ic effects, and interaction effects, which can help identify

essential factors and their relative contributions to the re-
sponse. Furthermore, the design is efficient regarding the
number of experimental runs required, with a minimum
number of runs needed to estimate the response surface
[21]. Despite its usefulness, CCD has some limitations, in-
cluding the assumption of linearity of the response surface
and the need for a sufficient number of runs to achieve ac-
curate results [22].

In conclusion, CCD is a powerful experimental de-
sign method that can be used to model and optimize the
response of a system or process. Its application in various
fields has demonstrated its effectiveness in identifying opti-
mal input settings for a desired output response. However,
it is essential to carefully consider the limitations and as-
sumptions of the method to obtain accurate results.

The CCD was used to investigate the components' im-
pact on the cement paste's rheological properties. The CCD
is a statistical experimental design method used to optimize
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Figure 3. Response surface method results of viscosity: (a)
Actual and predicted results, (b) contour of test results for
BF and SAP, (c) 3D surface of test results for BF and SAP,
(d) contour of test results for w/c and SAP, (e) 3D surface
of test results for w/c and SAP.

a system's response by varying the input parameters. The
CCD is a type of second-order design used to model the
response surface of the system as a quadratic equation. The
CCD requires fewer experimental runs than a complete
factorial design and provides a better understanding of the
relationship between the input and output variables.

The experimental design for the CCD involved three
independent variables, namely SAP content (X1), basalt
fiber content (X2), and water-to-cement ratio (X3). The
range and levels of the variables used in the study are pre-
sented in Table 4.

In this paper, all experimental designs and analyses
were examined with the help of the Design Expert soft-
ware. The experimental design involved 20 runs, including
one axial point, one factorial point, and six center points.
The experimental runs were randomized to minimize the
effect of extraneous variables. The experimental data were
analyzed using the response surface methodology, and the
quadratic model was developed to predict the rheological
properties of the cement paste.

3. RESULTS AND DISCUSSION

The rheological properties of the cement paste, includ-
ing viscosity and shear stress parameters, were analyzed us-
ing a rheometer. The results of the rheological testing are
presented in Table 5. The components' impact on the ce-
ment paste's rheological properties is discussed below.

The viscosity of the cement paste increased with in-
creasing SAP content and basalt fiber content and de-
creased with increasing water-to-cement ratio (Fig. 3). The
quadratic model developed to predict the viscosity of the
cement paste is presented in Equation 1 with R=0.8146.

(Viscosity)**=0.0565 + 0.0005X, + 0.0012X, + 0.0012X,
+ 0.0009X? - 0.0017X? + 0.0005X2 - 0.0011X X, +
0.0014X X, + 0.0002X X (1)

Where X1, X2, and X3 are SAP content, basalt fiber con-
tent, and water-to-cement ratio, respectively.

The yield stress of the cement paste increased with in-
creasing SAP content and basalt fiber ratio and decreased
with increasing water-to-cement range (Fig. 4). The qua-
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Figure 4. Response surface method results of yield stress:
(a) Actual and predicted results, (b) contour of test results
for BF and SAP, (c) 3D surface of test results for BF and
SAP, (d) contour of test results for w/c and SAP, (e) 3D
surface of test results for w/c and SAP.

dratic model developed to predict the yield stress of the ce-
ment paste is presented in Equation 2 with R=0.7899.

(Yield Stress)**=0.1809 + 0.0017X, + 0.0020X, +
0.0011X, - 0.0017X * - 0.0031X 2 + 0.0011X 2 - 0.0018X X,
+0.0018X X, + 0.0004X X, )

Where X1, X2, and X3 are SAP content, basalt fiber con-
tent, and water-to-cement ratio, respectively.

The shear stress of the cement paste increased with in-
creasing SAP content and basalt fiber ratio and decreased
with increasing water-to-cement range (Fig. 5). The qua-
dratic model developed to predict the shear stress of the
cement paste is presented in Equation 3 with R=0.7855.

(Shear Stress)’*=0.3599 + 0.0057X  + 0.0044X, +
0.0041X, - 0.0019X* - 0.0090X,* + 0.0049X.” - 0.0035X X,
+0.0035X X, + 0.0001X X, 3)

Where X1, X2, and X3 are SAP content, basalt fiber con-
tent, and water-to-cement ratio, respectively.

The study found that the viscosity of the paste increas-
es with an increase in SAP content and basalt fiber content
while decreasing with an increase in the water-to-cement ra-

tio. In contrast, the shear stress increases with an increase in
SAP content and a decrease in water-to-cement ratio while
decreasing with an increase in basalt fiber content. The study
also developed quadratic models to predict the viscosity and
shear stress of the paste. The models considered the interac-
tion between SAP and basalt fiber content and showed that
the exchange positively affects yield and shear stresses. The
comments are supported by Table 4, which presents the rhe-
ological properties of the paste for different runs, including
viscosity, yield stress, and shear stress.

Using the Response Surface Methodology (RSM) with
Central Composite Design (CCD) in the study is an ap-
propriate statistical technique to optimize the experimen-
tal design and analyze the effects of independent variables
on the response variables. CCD is a widely used practical
design approach that helps to explore the complex rela-
tionships between variables by modeling second-order
polynomial equations. The study utilized CCD to design
and conduct experiments by varying the proportions of
paste components within a specified range. The study re-
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Figure 5. Response surface method results of shear stress:
(a) Actual and predicted results, (b) contour of test results
for BF and SAP, (c) 3D surface of test results for BF and
SAP, (d) contour of test results for w/c and SAP, (e) 3D
surface of test results for w/c and SAP.

sults could be useful in designing cementitious materials
with improved rheological properties for various applica-
tions. Table 5 provides data on the effect of SAP content,
basalt fiber content, and water-to-cement ratio on the ce-
mentitious composites' viscosity, yield stress, and shear
stress. The data from the table can be analyzed using vari-
ous statistical techniques to gain insights into the inter-re-
lationships between the variables.

The statistical analysis of the data reveals that the wa-
ter-to-cement ratio significantly affects the viscosity of the
cementitious composites. According to the results of Runs,
the composites with a higher water-to-cement ratio have a
lower viscosity. This observation is consistent with the find-
ings of previous studies that have shown that an increase
in the water-to-cement ratio leads to a decrease in the vis-
cosity of the cement paste [6]. On the other hand, the yield
stress of the composites is influenced by the SAP and basalt
fiber content. As seen from the data in Runs, the composites
with a higher SAP content and basalt fiber content exhibit
a higher vyield stress. This result is in line with the previ-

ous studies that have demonstrated the reinforcing effect of
SAP and basalt fiber on the mechanical properties of ce-
mentitious composites [6, 14]. The data in Table 5 also sug-
gest that the shear stress of the composites is affected by the
interaction between the SAP content, basalt fiber content,
and water-to-cement ratio. For instance, the composites in
Runs, which have the same SAP and basalt fiber content but
different water-to-cement ratios, show different shear stress
values. This finding is consistent with the research high-
lighting the complex interplay between multiple variables
in determining the rheological properties of cementitious
composites [6, 7, 9, 24].

In conclusion, the data in Table 5 and Figures 3-5
demonstrate the significant influence of SAP content, ba-
salt fiber content, and water-to-cement ratio on the rheo-
logical properties of cementitious composites. The findings
highlight the importance of carefully selecting the material
components and optimizing their proportions to achieve
the desired rheological behavior of the composites. The op-
timization of the test results is given in the next section.
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Figure 6. All factors impact on the test results.

Cement-based fresh paste has colloidal properties, and
flow properties are essential during placement in the mold.
Being in a fluid consistency like water is the most essential
feature that is generally desired. For this reason, it is nec-
essary to have a viscosity close to water, a low yield stress
for it to flow, and a low shear stress between the particles.
Considering the mentioned situations, the obtained test re-
sults have been optimized. Accordingly, the viscosity, yield
stress, and shear stress are required to be minimum in the
optimization. In addition, it is thought that the minimum
SAP content, minimum basalt fiber content, and maximum
water/cement content of the materials used will contribute
positively to the results. Finally, the results shown in the fig-
ures below were obtained (Fig. 6, 7).

According to Figure 6, the relationship between the
components and rheological parameters was given. The
change in the rheology due to the use of SAP, BF, and w/c
were observed. It was understood from Figure 6 that the

increasing SAP and BF content in the mixture increased
the yield and shear stress. Although the mixtures' compo-
nents changed the mixtures' rheology, the mixtures' ex-
pected optimum behavior was evaluated below, as stated/
argued in Figure 7.

In this comprehensive study, the viscosity, yield, and
shear stress are required to be minimum in the optimization.
In addition, it is thought that the minimum SAP content,
minimum basalt fiber content, and maximum water/cement
content of the materials used will contribute positively to
the results. This leads to a high desirability of 0.887636, suit-
able up to 1.00. At this point, the proportions of components
were BF=0%, SAP=0.01%, w/c=0.50, and the predicted rhe-
ological properties were approximately viscosity=0.0028
Pa.s, yield stress=0.029 Pa, and shear stress=0.116 Pa (Fig.
7). However, if the desirability level was set to 0.80 and the
high is suitable up to 1.00, the proportions of components
were BF=0.50%, SAP=0.01%, w/c=0.445, and the predict-
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ed rheological properties were viscosity between 0.0028-
0.0030 Pa.s, yield stress between 0.029-0.030 Pa, and shear
stress between 0.114-0.115 Pa (Fig. 7).

4. CONCLUSIONS

In conclusion, the rheology of superabsorbent poly-
mer-modified and basalt fiber-reinforced cement paste
with silica fume was investigated using response surface
methodology. The study demonstrated that adding super-
absorbent polymer and basalt fibers significantly changed
the rheological properties of the cement paste. The re-
sponse surface methodology effectively optimized the
mix design parameters to achieve the desired rheological
properties. Some of the key findings of the study are com-
mented on below.

Rheological properties: Adding superabsorbent poly-
mer changed the cement paste's workability, yield stress,
and plastic viscosity. The increase of water-to-cement pro-
portion in the mixture increased workability, decreasing
viscosity, yield/shear stress, super absorbent polymer, and
basalt fiber’s impact was the opposite of this. Basalt fibers
enhanced the shear-thinning behavior of the cement paste,
leading to a more stable and pumpable mixture.

Mixture design based on rheology: The optimum mix
design parameters for achieving desired rheological prop-
erties were identified using the response surface method-
ology. Accordingly, the proportions of components such
as BF=0.05%, SAP=0.01%, and w/c=0.445 can be offered
for achieving desired rheological properties (low viscosity,
yield stress, and shear stress).

The study highlights the potential of superabsorbent
polymer and basalt fibers as effective additives for improv-
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Figure 7. Desirability results: (a) rheological properties-BF-SAP, (b) rheological properties-SAP-w/c.

ing the rheological properties of cementitious materials.
Further research is needed to explore the use of these ma-
terials in other cement-based applications, such as concrete
and mortar. Additionally, the study focused on the effects of
individual mix design parameters on the rheological behav-
ior of the cement paste. Future research could investigate
the interactions between multiple mixed design parame-
ters and their combined impact on the material's rheolog-
ical properties. This would provide a more comprehensive
understanding of the factors influencing the rheology of
cement-based materials and enable the development of
more advanced mix designs that meet specific application
requirements. Overall, the study demonstrates the potential
of response surface methodology as a valuable tool in opti-
mizing the mix design of cementitious materials for desired
rheological behavior.
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