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1- Introduction

Enhancing the engineering performance of problematic
soils in construction projects is a key focus in geotechnical
engineering. A critical consideration in designing
geotechnical structures and buildings on soft or loose soils
is the extent of deformation or settlement, as well as their
resistance in some cases. Although soil stabilization
methods are typically categorized as mechanical or
chemical, nano-materials are now being used more
frequently to improve the geotechnical properties of soils.
In addition, the way soil particles are skeleton and
arranged, along with their size, plays a role in determining
the void ratio and the contact points between particles,
which in turn affects the selection of stabilization methods.
This is particularly relevant when the soil is a mix of coarse
and fine particles, a scenario often encountered in
engineering projects. In this study, an attempt was made to
examine the effectiveness of nanoparticles (specifically
nano-cement) in stabilizing a sand-clay mixed soil
(bentonite) and modifying its skeleton and framework.
Improving the geotechnical properties of the stabilized soil
makes it feasible to stabilize soil beneath foundations,
construct embankments behind retaining walls, and build
road pavement layers.

2- Materials and Experimental Program

For this purpose, nano-cement particles were added into
sand-bentonite mixtures at weight percentages of 0.2%,
0.4%, and 0.6%, with the bentonite content set at 15%,
30%, and 60%. The samples were then cured and tested at
intervals of 7, 14, and 28 days. To assess the geotechnical
properties of the improved stabilized specimens, a series
of tests were performed according to the ASTM standards,
including compaction (ASTM D698), uniaxial strength
(ASTM D2166), direct shear under dry and saturated
conditions (ASTM D3080-11), and the California Bearing
Ratio (CBR) test (ASTM D1883). The sand used in this
study was dune sand prepared from the Shore of Urmia
Lake, specifically the fraction that passed through sieve

sizes 40 and 50. Sodium bentonite was chosen as the clay
component. According to the Unified Soil Classification
System, the used sand is classified as type SP, indicating a
uniform grain size, while the bentonite is classified as type
CH, indicating high plasticity. The grain size distribution
of dune sand and bentonite can be seen in Figure 1. The
physical and geotechnical properties of materials are

presented in Table 1.
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Figure 1. Grain size distribution of materials used in this
study

Table 1. Physical and geotechnical properties of materials

Geotechmcal Bentonite Dune sand
properties
Pl 57 0
Gs 2.75 2.65
(o) 20 35
C (kG/cm2) 0.72 0.04
Ydmax (gr/cm3) 1.38 1.64
€min 0.72 0.6
3- Results

The findings of the present research suggest that the best
approach is to add 0.6% nano-cement to dune sand
containing 15% bentonite, with a 28-day curing time. The
reasons for this recommendation are as follows:

*Manuscript received April 22, 2023, Revised November March 3, 2024, Accepted April 27, 2024.
' M.Sc. of Geotechnical Engineering, Department of Civil Engineering, Tabriz Branch, Islamic Azad University, Tabriz, Iran.
2 Corresponding author, Associate Professor, Department of Civil Engineering, Tabriz Branch, Islamic Azad University, Tabriz, Iran.

Email: rouzbeh_dabiri@iaut.ac.ir

3Associate Professor, Department of Chemistry Engineering, Ahar Branch, Islamic Azad University, Ahar, Iran.



https://civil-ferdowsi.um.ac.ir/
https://doi.org/10.22067/jfcei.2024.82076.1225
mailto:rouzbeh_dabiri@iaut.ac.ir
https://orcid.org/0000-0002-1807-1945

Reza Parvaresh, Rouzbeh Dabiri, Saeideh Ebrahimi Asl

1- During the 28-day curing period, the maximum dry
density of the dune sand+15% bentonite mixture with
0.6% nano-cement rose by 21%, while the optimum
water content dropped by 51% (Figures 2 and 3).

2/1

vd (gr/cm3)

@ 5-B-0% NC

S-B-0.2% NC

1/5 et 5-B-0.4% NC

e 5-B-0.6%% NC

0 10 20 30 40 50 60
bentonite (%)

Figure 2. The effect of Nano cement particles on the
maximum dry density of dune sand-bentonite mixture
during the 28-day curing period.

Wopt (%)

= S5-B-0% NC
S-B-0.2% NC
5 ey 5-B-0.4% NC
e 5-B-0.6% NC

0 10 20 30 40 50 60
bentonite (%)
Figure 3. Effect of nano-cement particles on the optimum water
content of dune sand-bentonite mixture during the 28-day
curing period

2- After a 28-day curing period, the uniaxial compressive
strength increased by 1.8 times, and the secant modulus
(Eso) showed a 1.94-fold improvement under the same
conditions. However, the addition of 0.6% nano-
cement to dune sand with 15% bentonite caused the
material to become harder and more brittle, reducing
the shear strain at failure by 33% during the same
curing period.

3- In dry loading conditions, the internal friction angle in
a dune sand containing 15% bentonite and 0.6% nano-
cement sample augmented by 9%. However, in a
saturated state, extending the curing time did not
significantly influence the effect of nano-cement in the
dune sand-bentonite mixture. Moreover, the internal
friction angle decreased as the amount of nano-cement
and bentonite in the dune sandy soil increased (Figures
4 and 5).

4- In both dry and saturated loading conditions with a 28-
day curing period, cohesion in the tested samples
increased with the addition of nano-cement. However,
the highest cohesion was observed in the sample
containing a dune sand-bentonite mixture with 0.6%
nano-cement. The growth rates for cohesion in dry and
saturated conditions were 1.1 and 12.1, respectively.

5- In dry loading conditions, the shear strength in dune
sand samples with 15% bentonite and 0.6% nano-

cement increased by an average of 52.5% over a 28-
day curing period regardless of vertical stress levels. In
saturated loading conditions, shear strength rose in
dune sand samples with 30% bentonite after a 28-day
curing period. In these cases, the bearing capacity grew
by 40.7% across all levels of vertical stress.

6- After 28 days of curing, the mixture of dune sand with
15% bentonite and 0.6% nano-cement achieved the
highest California Bearing Ratio (CBR). According to
Code No. 234, this mixture is suitable for constructing
all layers of pavement, with a particular focus on the
base layer. This suggests that in regions where roads
pass fine-grained soil with high plasticity, nano-cement
can be utilized to stabilize the soil and build pavement
layers (Figure 4).

100

Code.234, CBR=80, Bk layer

mS-B-0% NC
S-B-0.2% NC
60 mS-B-0.4% NC
ES-B-0.6% NC

CBR (%)
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o

Code.234, CBR=3(
30
20
10 . I
O L
0 1

Figure 4. Effect of nano-cement particles on the results of
the California Bearing Ratio (CBR) test for the studied
samples in their dry state subjected to 56 blows of
compressive energy per layer during a 28-day curing period

5

bentonite (%)

4- Conclusion

The findings of the current research suggest that when
dune sand soil contains more than 15% bentonite, its
skeleton structure weakens due to the large void ratio
between particles. However, when nano-cement is added
and the curing period is extended to 28 days, cementation
reactions among the soil particles lead to the formation of
new granular structures, strengthening the skeleton
framework. This phenomenon is especially evident in the
mixtures of dune sand with 15% bentonite and 0.6% nano-
cement. This process suggests that friction and contact
surfaces between particles have increased, resulting in
higher bearing capacity and a reduced risk of settlement or
deformation among the soil particles. As a result, a mixture
of dune sand with 15% bentonite and 0.6% nano-cement is
suitable for constructing geotechnical structures and road
pavement layers. It should be noted that this study did not
examine the effect of nano-cement on the swelling
properties and volume increase of bentonite in fully
saturated conditions, which will be addressed in future
research.
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Effect of Nano Cement Particles on Geotechnical Properties of Dune Sand-Bentonite Mixtures
Reza Parvaresh Rouzbeh Dabiri Saeideh Ebrahimi Asl

Abstract Improving the engineering behavior of problematic soils in civil engineering projects is considered as one of
the most important issues in geotechnical engineering. The important and decisive factor in the design of geotechnical
structures and buildings on soft and loose soils is their deformation or settlement and resistance. One of the types of soft
soil is a mixture of dune sand with clay (Bentonite). Although soil stabilization are generally divided to mechanical and
chemical methods, nowadays Nano materials are used to improve the geotechnical properties of soils. The main idea of
present research is the possibility of using Nano cement particles to improve the geotechnical properties of dune sand-
bentonite (at the 15, 30 and 60 percentage) mixture. In order to perform the research, uniaxial compression, direct shear
(in both dry and saturated states) and California load bearing ratio (CBR) laboratory tests have been used based on the
ASTM standard. The obtained results have shown that the optimal condition is the combination of 0.6 % Nano cement in
dune sand with 15% bentonite with 28-day curing period. Because, these conditions have improved compressibility
characteristics, increased bearing capacity and shear resistance in stabilized materials.

Key words Dune sand, Clay, Bentonite, Nano cement, Soil Improvement.
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1-Introduction

With the increase in environmental pollution, it is
necessary to find suitable solutions to eliminate such risks.
Among the pollutants, the carbon dioxide produced by the
cement industry occupies a large part of air pollution. On
the other hand, cement is the main component in concrete
compositions. Therefore, researchers have investigated
replacing materials with cement properties, such as the
slag of the slag furnace, and pozzolans (e.g., fly ash,
metakaolin, and natural pozzolans). When these
compounds are used in the concrete structure, in addition
to the environmental benefits, they also improve the
mechanical properties and durability of concrete. When
blast furnace slag is used as a percentage replacement of
cement in the construction of concrete compounds, it is
mainly associated with lower compressive strength in the
early ages than normal concrete. To solve this problem,
one of the new solutions is the alkaline activation of slag.
Geopolymer concretes are concretes whose composition
consists of two parts of base (containing aluminosilicate
compounds) and activator materials. Therefore, natural
and synthetic pozzolans can be used as a base material
because they are rich sources of these compounds.
Solutions with alkaline properties that activate the basic
material are used as activators, which can be mentioned as
sodium hydroxide, potassium hydroxide, sodium silicate,
and sodium carbonate. In this research, geopolymeric
concretes containing the slag of the blast furnace and
kaolin powder were evaluated. According to the literature,
this category of geopolymeric concretes have shown good
performance. High compressive strength even at early
ages, lower permeability, lower heat of hydration, good
durability against chemical attacks and corrosive
environments, and resistance to high temperatures are the
advantages of this type of geopolymer concrete. However,
operational disadvantages, such as relatively low
efficiency, high shrinkage, formation of scale on the
surface, alkaline reaction of aggregate, and variability of
resistance have been mentioned for this type of concrete.

In geopolymer concretes, because the interaction of
several different parameters affects the resistance, it is not
as easy to predict the resistance as for ordinary concretes
with portland cement. The limited number of studies on the
mechanical  properties of geopolymeric  mortars
necessitates the current investigation. In the structure of
geopolymeric concrete, the adhesive paste is created from
the combination of a base material and an activator
solution, which can be considered an effective step to
achieve the goals of sustainable development. The use of
some minerals in concrete mixes will have an impact on
improving the durability and mechanical characteristics. In
the present research, the effect of three materials kaolin,
blast furnace slag (GGBFS), and polymer butadiene
styrene rubber (SBR) in molar 4 and 8 on the mechanical
properties of geopolymer mortar was investigated.

2- Materials

The materials used for the desired test are sodium
hydroxide (soda), sodium silicate (glass water), slag from
the furnace, kaolin, SBR, and sand.

3-Experimental Program

Considering that the laboratory samples in this research are
mortar type, a compressive strength test on cubic samples
with dimensions of 50x50x50 mm? was performed based
on the standard 109 ASTM C after 7, 28, and 90 days of
curing in a water tank of about 24°C. The three-point
bending strength test was performed according to the
standard 293 ASTM C using samples with dimensions of
40x40x160 mmd. Tensile testing of concrete was
completed by indirect or Brazilian method based on the
ASTM C standard 496. The penetration resistance method
(ASTM C 403) was used to determine the initial and final
setting times of concrete. A standard cylindrical sample
(300 mm in height and 150 mm in diameter) cured for up
to 28 days was used to calculate the modulus of concrete
elasticity. A scanning electron microscope (SEM)
microstructure test was performed on the 28-day fracture
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surface of the 4-50BSC sample containing 50% kaolin
powder and 50% slag and SBR polymer. In Figure 1, the
images of SEM for the 50-4BSC sample are presented.

Figure 1: Scanning electron microscope photo of 50-4BSC

sample

4- Conclusions

In the present research, by studying the effect of

geopolymeric mortars based on kaolin and slag,
individually and in combination, in different molar ratios,
the following results were obtained:

1-

The design sample of mixing 50% kaolin powder and
50% slag showed better compressive and bending
strength compared to the design sample of mixing
75% kaolin powder with 25% slag.

The bending strength of both SC50-4 and BSC50-8
design samples was 4.43 MPa due to the use of
polymer in the BSC50-8 sample. It indicates that the
polymer did not influence the bending strength.

In samples with a combination of 50% kaolin ceramic
powder and 50% slag, a higher tensile strength was
observed compared to the design samples containing
75% kaolin powder and 25% slag except for the
sample BSC50-4 in molar 4, which showed less
resistance. The noteworthy point about the BSC75
design sample in the 4th and 8th molars is that the
BSC75-8 design sample had a higher resistance than
the BSC75-4 design sample even though SBR was
used in both.

Increasing the replacement percentage of kaolin
powder caused a drop in the modulus of elasticity so
that by raising the replacement percentage of kaolin
powder from 50% to 75% showed the modulus of
elasticity (1.62 Gpa) in the sample BSC75-4.
Moreover, a specific relationship was observed
between the compressive strength and modulus of
geopolymer concrete elasticity.

A comparison of the control sample of the mixing
plan in the 8th molar revealed a better resistance than
the 4th molar because the combination of sodium
hydroxide with soluble sodium silicate provided a
better activator. Sodium hydroxide solutions with a

concentration of 8 M dissolve a larger amount of slag
and provide a favorable modulus of elasticity.
According to the obtained results, the combination
of kaolin and slag with an equal percentage is
recommended compared to the control designs
because 75% kaolin powder and 25% slag caused the
mechanical properties of geopolymer mortar to drop.
SEM studies showed that the strength of adhesion
between slag and kaolin powder played an important
role in improving the mechanical properties of this
concrete.

SEM evaluations indicated that samples containing
75% kaolin powder led to a more remarkable
decrease in the mechanical properties of
nanoparticles compared to the samples containing
50% kaolin powder due to the agglomeration of
nanoparticles, which results from the accumulation
of nanoparticles in this weight percentage.

The results of microstructural investigations obtained
from SEM imaging on concrete samples were in line
with the results of other tests in this research.
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Experimental Study of Mechanical Properties of Geopolymeric Mortars Containing Slag, Kaolin
Powder and Polymer

S. H. Ghasemzadeh Mousavinejad A. Darvishalinezhad

Abstract Considering the high consumption of mortar and concrete, especially in structures, and the increasing demand
for cement production, it seems necessary to pay attention to the harmful environmental effects of this material. This
research aims to investigate the effect of kaolin ceramic powder, blast furnace slag (GGBFS) and styrene butadiene
rubber polymer on the mechanical properties of geopolymer concrete. In this laboratory research, kaolin powder and
slag with different percentages as well as polymer (SBR) have been used. In order to achieve the goals, samples of 12
mixing plans were subjected to various tests such as compressive strength, flexure, tensile strength, modulus of elasticity,
setting time of concrete (Vicot needle) and scanning electron microscope (SEM) microstructure examination. The use of
kaolin powder in the compressive and flexural strength tests caused a decrease in the strength of the composite samples;
However, in the tensile strength test, the SC50-4 mixing design sample (2.79 Mpa) and the S8 control design sample (3.08
Mpa) showed more resistance than other mixing design samples. The initial and final setting time of all designs containing
kaolin powder in molar 4 was higher than molar 8.

Keywords: Geopolymer Mortar, GGBFS, Kaolin, Compressive Strength, Mechanical Properties.
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1- Introduction

Cementitious materials are widely used in many civil
engineering projects today due to various advantages, such
as easy access to constituent materials, convenient
transportation, high compressive strength, and easy
implementation. Achieving innovative technologies in the
construction industry has always been of particular
importance to researchers. The increasing demand for
cement production has led to a rise in cement production
levels. This has raised concerns regarding the increased
emission of pollutants resulting from the cement
production process. One of the proposed solutions by
researchers is the use of alternative cementitious materials
in cement production. The use of pozzolanic materials not
only has environmental benefits but also improves some of
the mechanical and durability properties of cementitious
composites. Simultaneous use of fibers and quasi-
cementitious materials can lead to cement composites with
desirable mechanical and durability characteristics, which
will be investigated in this study using laboratory methods.
One of the drawbacks of cementitious materials is their
weakness under tensile stresses. Tensile stresses, resulting
from tensile and flexural forces, lead to the formation of
cracks in these materials. The use of fibers partially
compensates for this weakness and improves the
performance of cement composites under tensile forces.
The application of fibers will play an effective role in
increasing tensile strength and preventing crack
propagation in cement composites. Various research
results in the field of concrete technology indicate that
cement composites are made to increase strength and
ductility by adding a small volume of fibers to cement
mortar. Engineered cementitious compounds containing
fibers possess desirable properties, such as high tensile
strain capacity, fracture energy, and high strength, making
them ideal materials for diverse structural applications,
including structures resistant to compression and impact.
Today, considering the importance of sustainable

development, taking into account the detrimental effects of
various industries on the environment is crucial. One of the
major industries contributing significantly to greenhouse
gas emissions is the cement production industry.
Supplementary cementitious materials are widely used in
the production of concrete and cement mortars, serving as
additives in the used mixtures. In recent years, the use of
these materials has increased due to environmental
advantages, reduction of energy consumption following
reduced cement consumption, and influence on the final
properties of materials.

The production of concrete has reached approximately
three billion tons per year, and it is predicted to increase to
four billion tons per year. This trend is more pronounced
in some countries, such as China, India, and countries in
the Middle East and North Africa. The increasing
production of concrete in the world has posed various
challenges to the cement industry, including
environmental damage, raw material supply, and
augmented energy consumption. The increased use of
quasi-cementitious materials as a partial replacement for
cement can somewhat reduce the detrimental effects of
increased cement production and simultaneously provide
benefits for the usability and resistance of the final product
in high ages and improvement of durability against
aggressive environments. Pozzolanic materials are silica
and alumina materials that, in the presence of water at
normal temperatures, are combined with lime and form
stable and insoluble materials (gel) with cementitious
properties. Blast furnace slag, microsilica, and fly ash are
among the pozzolanic materials that can be partially
replaced with cement and alters one or more final
characteristics of the final cement product.

2- Utilized Materials

The main components comprising the laboratory
specimens in the current study are aggregate, cement, and
water. To achieve predefined objectives, microsilica and
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feldspar were employed as partial substitutes for cement in
the cement mixture at varying weight percentages.

3- Test Procedures

In this research, compressive strength tests were conducted
according to the ASTM C109 standard, and specimens
were tested at ages 7, 28, and 90 days after curing. Flexural
strength testing was performed using the center-loading
method based on the ASTM C293-94 standard. Specimens
were tested up to the age of 28 days after curing. Direct
tensile testing was conducted on all laboratory specimens
after their curing up to 28 days. This test was performed
based on the AASHTO T132 standard. Water absorption
of the tested specimens was determined according to the
ASTM C642 standard for cubic specimens. Electrical
resistivity testing was conducted following the ASTM
C1202 standard. Figure 1 illustrates the microstructure of
the design 19 pattern containing 10% feldspar and 5%
microsilica in the unheated state magnified by KX50.

Figure 1: Microstructure of Sample 19 containing 10%
feldspar and 5% microsilica in the untreated state

4- Conclusion

1- All samples with individual substitution of feldspar
showed lower compressive strength after 28 days
compared to the control. The presence of fibers in this
group of samples improved compressive strength, with
all fiber-reinforced samples exhibiting increased
strength compared to the control.

2- The results indicated that although compressive strength
rose with the age of curing up to 90 days, the
compressive strength of samples with only feldspar
substitution (at all substitution percentages) remained
lower than that of the control sample. The presence of
steel fibers compensated to a significant extent for the
negative effect of feldspar substitution, leading to
higher compressive strength than the control sample.
For instance, in the case of 15% feldspar substitution,
the use of 1% steel fibers resulted in a 7.25%
improvement in compressive strength compared to the
control sample.

3- According to the results, the presence of steel fibers
caused a reduction in the rate of strength loss under
high temperatures in some samples to an acceptable
extent. For example, in a sample with 5% feldspar
substitution, the presence of steel fibers reduced the
decrease in compressive strength from 67.5% to
40.8%.

4- All samples containing 1% steel fibers, regardless of the
percentage of feldspar and microsilica substitution,
exhibited higher flexural strength compared to the
control sample. The individual use of feldspar as a
partial substitute for cement did not significantly affect
flexural strength results, but an increase in the
percentage of microsilica substitution led to improved
flexural strength.

5- Among samples containing fibers, the highest flexural
strength was achieved in samples with 10% microsilica
and 10% feldspar substitution, resulting in 46% and
29% higher flexural strength, respectively, compared
to the control sample.

6- Based on the microstructure results of sample design 19,
the overall structure of the paste after exposure to high
temperature showed very low porosity and voids,
which can be attributed to the presence and reactions
of feldspar in the sample structure. An important point
in this design is that after exposure to a temperature of
600°C, significant amounts of C-S-H structures were
observed, which is associated with the presence of
feldspar in this composite.
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Investigation of Mechanical Properties and Durability of Cement Composites Containing
Feldspar, Silica Fume, and Short Metal Fibers

A.R. Jahri Sheijani A. Sadr Momtazi A. Darvishalinezhad R. Kohani Khoshkbijari

Abstract In this article, the effect of using different weight percentages of materials with pozzolanic properties, such as
feldspar and microsilica (as a partial substitute for cement) on the mechanical and durability characteristics of the
specimens, has been investigated. Studying the effect of using steel fibers with a volume percentage of 1% on the
mechanical properties of cement composite is one of the other goals of this research. In the current research, 19 mixing
plans were made from cement composites containing microsilica, feldspar and steel fibers. Feldspar and microsilica with
weight percentages of 5%, 10% and 15% individually and in combination were replaced with cement. The examined
properties include: compressive strength, Bending strength, tensile strength by direct, electrical resistance, percentage
of water absorption and (SEM). The results showed that in samples containing short metal fibers, an improvement in
compressive strength was observed; So that all the fiber samples had increased resistance compared to the control
sample. Among the samples without fibers, the lowest amount of compressive strength loss due to heat was assigned to
the design sample with 15% feldspar replacement. All samples containing 1% steel fibers, regardless of the replacement
percentage of feldspar and microsilica, resulted in higher bending strength.

Keywords Cementitious Composite, Feldspar, Silica Fume, Steel fiber, Durability.
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1- Introduction

The rise in energy demand has spurred the discovery of
new energy sources. The extensive utilization of maritime
docks, including the exploration of fossil fuels, brings
particular focus to these structures and the maintenance of
their essential functions.

Offshore platforms situated in the challenging ocean
environment face various environmental forces, such as
waves, ice, winds, and earthquakes, over extended periods.
These factors can lead to catastrophic failures, even if the
structure remains stable. The vibrations induced by these
forces can result in operational inefficiencies, damage to
platform facilities, and discomfort for the crew.
Decreasing the vibration amplitude in an offshore platform
by 15% can significantly prolong its lifespan and reduce
maintenance and inspection expenses. Efforts have been
undertaken to enhance seismic safety, improve
serviceability, and boost the reliability of civil
infrastructure. Utilizing structural control systems is
among the most effective methods to reduce seismic
response and enhance the resilience of structures. Previous
research indicated that employing shape memory alloys as
dampers for offshore platforms is advantageous due to
their favorable characteristics, including adequate fatigue
resistance, long-term  dependability, and suitable
mechanical properties.

2- Mechanical Properties of Shape Memory Alloys
Shape memory alloys are a new generation of smart
materials that can recover their original shape after
experiencing a large strain. This alloy consists of two main
phases, austenite and martensite, which exhibit distinct
properties through phase transformation. The shape
memory alloy-based damping system is a self-center
system. It features the ability to provide force feedback and
energy absorption. This system consists of shaped memory
alloy wires arranged on a cylinder.

3- Analysis of frame and modeling
In this research, the impact of pre-stressing shape memory

alloy wires in a shape memory alloy-based damping
system on enhancing the seismic performance of marine
structures was examined. To achieve this, a single-degree-
of-freedom frame representing a simplified marine
structure was simulated using the OpenSees software. The
frame comprises two massless columns and a rigid base,
making it a single-degree-of-freedom system. It has a
height of 3657 millimeters and a span length of 7314
millimeters. ElasticBeamColumn elements were utilized
to simulate the beams and columns in the software. The
configuration and elements employed for modeling the
damper are illustrated in Figure 1.

A
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Element: dispBeamColumn
Material: SelfCentering
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== —
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Element: elasticBeamColumn

Figure 1. Placement and modeling of the seismic system in
the frame

To analyze the response of marine structures in different
scenarios, the structure undergoes ground motions. The
frame under investigation was examined in non-seismic
conditions, as well as with a shape memory alloy seismic
system where the radius of wires was doubled. To assess
the impact of pre-stressing on the seismic system, pre-
stressing at 5%, 10%, and 15% of the activation stress was
considered, and the frame was reevaluated. Seven pairs of
ground motions were selected and applied to the structure
after scaling.

Afterwards, the impact of structural parameters on the
study results was investigated. Three different scenarios
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for the frame were created by altering the column stiffness
through various elastic modulus variations. The cases are
outlined in Table 1. Similar to the preceding section, a time
history analysis was conducted on the frames.

Table 1. Frame Specifications

No. Beam Elastic Columns Fundamental
Modulus Elastic Periode
(kN/mm?) Modulus (sec)
(KN/mm?)
1 206.84 150 0.64
2 206.84 206.84 0.54
3 206.84 310 0.44

4- Conclusions

In this study, a single-degree-of-freedom frame, a
simplified form of marine structures, was analyzed using
the OpenSees software. The frame underwent seven pairs
of scaled ground motions in multiple stages and various
conditions in the far field of time-history analysis. A
detailed examination of the structure was carried out to
assess the impact of increasing the cross-sectional area of
shape memory alloy wires and the influence of pre-
stressing on the performance of a shape memory alloy-
based seismic isolation system. Analysis of the results
revealed that incorporating a damping system in the
structure leads to a decrease in the maximum
displacement. The results indicated that enlarging the
cross-sectional area of the cables and applying pre-stress
to them results in a reduction in the maximum
displacement of the frame. Furthermore, augmenting the
levels of pre-stress causes an enhancement in the
structure's performance against any ground motion. As the
frame stiffness increases, the displacement decreases. In
scenario 3, with increased frame stiffness, the shape
memory alloy damper has a more significant effect,
leading to a 12% decrease in displacement. In scenarios 1
and 2, reductions of 4% and 6% in displacement,
respectively, compared to the state without the damper,
have been observed. The analysis results are as follows:

1- Increasing the cross-sectional area of the wires in the
structural system and doubling their radius led to a
25.3% enhancement in reducing the maximum frame
displacement.

2- The enlargement of the wires' cross-sectional area in the
structural system amplified the impact of pre-stressing.
Doubling the wire radius from the initial conditions
resulted in a 25.3% improvement without pre-stressing
and a 32.2% improvement with pre-stressing compared
to the initial state.

3- Enhancing the frame stiffness and decreasing its cycle
time intensified the efficacy of incorporating a damper
without pre-stressing in reducing displacement. In this
scenario, the effect of wire pre-stressing on
performance enhancement was reduced. Decreasing
the frame stiffness increased the pre-stressing effect,
reaching 7%.
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Prestressing Effect on SMA Damper Aimed at Improvement of Seismic Performance of Marine
Structures

M. Rostami M. Hamidia M. J. Mahmoodi

Abstract Structural control mechanisms are used as a reliable and efficient methods to enhance seismic performance
and stability of structures. Ensuring the integrity and stability of civil infrastructures such as marine structures, especially
oil platforms exposed to difficult environmental conditions, poses challenges that engineers strive to overcome. Introduc-
ing innovative methods and improving existing system performance can significantly aid in addressing these challenges.
The objective of the present research is to investigate the effect of different levels of pre-stressing on shape memory alloy
wires in a passive damper based on shape memory alloy and its impact on reducing the seismic response of marine
structures. For this purpose, a simplified marine structure is modeled, and a structural control system with a passive
damper using shape memory alloy is incorporated. The results of different scenarios after applying seven sets of scaled
ground motions from far field earthquakes and time history analyses have been evaluated. The obtained results indicate
that increasing the cross-sectional area of the wires and increasing their pre-stress level reduces the maximum displace-
ment of the structure and improves the overall performance of the structural control system. Furthermore, considering
three different scenarios for the frame, the influence of frame stiffness on the results has been assessed.

Key words Shape memory alloy, Passive control, Energy dissipation, Prestressing, Marine structure.
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1- Introduction

A method of controlling the leakage of water stored behind
earthen dams is the use of watertight walls, in which plastic
concrete materials are used. The waterproof walls have the
characteristics of high flexibility, low permeability, and
compressive strength proportional to the applied pressure.
Therefore, they are used in areas with loose, weak, and
highly permeable soil. The strength and permeability of
plastic concrete are low, but its ductility is more than
ordinary concrete. In conventional concrete, which is a
semi-brittle material, failure occurs first at weak interfaces
between the mortar and the grain, where cracks exist even
before loading. For several decades, all kinds of fibers
have been used to fix this mechanical defect of concrete.
Moreover, due to low strength, cracks spread quickly in
ordinary concrete and lead to breakage. Fibers are used to
improve the breaking behavior of concrete. By using these
fibers in concrete, the speed of crack propagation
decreases and leads to ductility. Adding fibers improves
the properties of concrete in a way that the randomly
distributed fibers prevent the joining of microcracks to
form a large crack and delay this process. Fibers enhance
the strength of concrete to some extent and also mainly
improve fatigue resistance, ductility, energy absorption
capacity, and the life of concrete. These properties boost
the resistance of the structure against impact, explosion,
and earthquake. Fibers increase the fracture energy by
stitching micro-cracks and shortening their width. The
appropriate percentage of fiber addition in concrete, the
method of mixing, and the economic and practicality of the
methods need further investigation. Due to the presence of
plastic concrete in the soil environment and its constant
exposure to moisture, it is necessary to be careful in
choosing the type of fibers so that it has a less negative
impact on the efficiency and fluidity of concrete and can
be justified from an economic point of view. Among the
types of fibers [e.g., metal, glass, propylene, and
polypropylene (PP)], the PP fibers have the best
performance for adding to plastic concrete because of
being hydrophobic and having a very low specific weight.

Due to their high ductility, these fibers are well distributed
inside the concrete and perform well in not placing
materials next to each other and unfavorable compaction.
Considering the importance of plastic concrete and the
increasing role of fibers in structural issues, this article
examines the effect of macrosynthetic fibers in plastic
concrete. The innovation of this research is the study of
some characteristics of plastic concrete under the influence
of barchip macrosynthetic fibers compared to PP fibers in
plastic concrete, which has not been considered so far.

2- Materials

2-1- Cement. The cement used in the plastic concrete
mixing project of the waterproof wall was type two of the
Neka cement factory.

2-2- Bentonite. Bentonite plays an important role in
making plastic concrete and the specifications of the used
powder must be under the API standard.

2-3- Water. The quality of concrete mix water plays an
important role in the final quality of hardened concrete. In
this project, the drinking water of the city of Rahim Abad,
from the districts of Rudsar, was used.

2-4- Fibers. In the experiments, two types of fibers
manufactured by Nano Nakh Sirjan Company, PP with a
length of 12 mm, and MacroBarchip fibers with a length
of 30 mm were used.

3- Performed Tests

3-1- Determining the properties of fresh concrete. In the
concrete slump test, the flow rate of concrete is measured
in terms of being loose or stiff. The use of PP fibers
reduces the amount of slump. The results of the tests on
fresh concrete are shown in Table 1.
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Table 1: Test results on fresh concrete

Sample Slump Slump Specific Weight Specific

Reduction (%) (mc) Loss (%) Weight
C - 22 - 2.1
0.3PP12 9.1% 20 1.4% 2.1
0.7PP12 34.1% 145 5.1% 2
1PP12 52.3% 105 5.1% 2
0.3M30 4.5% 21 2.3% 2.1
0.7M30 15.9% 18.5 3.7% 2.1
1M30 43.2% 125 3.7% 2.1

3-2- Ultrasonic Test. Ultrasonic testing of concrete,
ASTM C597, is one of the non-destructive tests of
concrete. By presenting the quality and relative strength
and measuring the length and dimensions of cracks in
concrete, this test allows designers and experts to make the
right decision in the field of strengthening or verification
of operations.

3-3- Compressive strength. The compressive strength test
is performed to measure the quality of hardened concrete.
Due to the low strength of plastic concrete, this test is
performed according to the ASTM D4832 standard.

3-4- Determining the modulus of elasticity. This test was
performed according to ASTM C469 on standard
cylindrical samples with a diameter of 150 mm and a
height of 300 mm at the age of 28 days.

3-5- Stress-Strain results. Cylindrical samples with a
height of 300 mm and a diameter of 150 mm with fibers of
0.3%, 0.7%, and 1% were cured at a temperature of
20°C+2°C in a water tank for 28 days. A compression and
tension testing device with a capacity of 1000 kilonewtons
was used to compress the samples. According to ASTM
C469, a controllable loading speed with a constant strain
of 0.2 mm/min was applied.

3-6- Permeability. The permeability test was performed
according to the CRD-C48-92 standard [51] on cylindrical
samples with a diameter of 150 mm and a height of 300
mm.

3-7- Scanning electron microscopy. One of the methods
of producing microstructure images is scanning an
electron beam on the sample surface by a scanning electron
microscope (SEM). By this method, three-dimensional
images of the microstructure of the sample are obtained.

4- Conclusion

Based on our results, the effect of 12 mm PP fibers and 30
mm barchip macrofibers caused a decrease in slump values
and specific weight. The weight reduction of samples with
PP fibers is 14.5% in the PP12 sample and 74.3% in 30
mm macrobarchip fibers in the 1M30 sample. The
maximum slump reduction is 52.17% in PP fibers and 18%
in macrofibers. The results of the ultrasonic test on the
samples showed that the addition of fibers led to a decrease
in the wave speed. The maximum value of this decrease
was 9.47% in PP fibers in the 1PP12 sample and 14.17%
in macrofibers in the 1M30 sample. Examining the results

of the 28-day compressive strength tests shows that fibers
have a reducing effect on the compressive strength of
plastic concrete. In the case of PP fibers, the maximum
amount of this decrease is 27.20% in the 1PP12 sample
and 23.32% in macrofibers in the 1M30 sample. The
decline in the compressive strength results from the
increase in replacement and can be related to the rise in
porosity and weakness of the transfer zone. The results
showed that the use of 0.3% PP fibers reduced the
compressive strength due to the phenomenon of
flocculation in concrete. The modulus of elasticity test was
performed to determine the pre-peak stress-strain behavior
of fiber plastic concrete. The results revealed that with
increasing the amount of fibers, the modulus of elasticity
decreases. In the case of PP fibers, the maximum amount
of this reduction was 16.98% in sample 1PP12 and 24.70%
in macrofiber in sample 1M30. According to the results of
the stress-strain curve tests of plastic concrete, the change
of the axial shape of plastic concrete increased with adding
fibers. The normalized curves coincide regardless of the
fiber percentage. Compared to the control sample, PP
fibers raised permeability by 17% on average, while the
permeability of the sample containing macrobarchip fibers
was reduced by 30% on average compared to the control
sample. The permeability of PP fibers in plastic concrete
was higher than that of macrobarchip fibers. Therefore, the
application of macrobarchip fibers is more suitable due to
the low permeability in plastic concrete waterproof walls
compared to the control plastic concrete sample. In the
case of PP fibers, the maximum amount of increase in
permeability in the 0.7 PP sample rose by approximately
49% and in macrobarchip fibers in 0.30M sample
decreased by approximately 21%. The results of SEM
images showed the disruption of the uniformity of plastic
concrete and the creation of voids. As a result, it led to an
increase in permeability and a decrease in the compressive
strength.
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Effect of Polypropylene Fibers versus Macrobarchip on the Characteristics of Plastic Concrete

S. H. Ghasemzadeh Mousavinejad A. Darvishalinezhad M. Saber Bazkiagourabi

Abstract Plastic concrete is widely used in the construction of cut-off walls of earth dams. The mechanical properties
and behavior of the materials used in the construction of such walls are of particular importance due to the loads on the
foundation and the waterproofness of wall. Fracture energy is considered to be the most important influencing factor in
the description of fracture behavior, which actually describes the cracking mechanism of concrete. This research aims
to study the effect of adding 12 mm polypropylene fibers and 30 mm macrobarchip fibers to reinforce plastic concrete
of cut-off walls. The studied properties include: concrete mix slump determination test, concrete ultrasonic test,
modulus of elasticity, stress-strain curve, concrete permeability, scanning electron microscope (SEM) and compressive
strength at the age of 28 days. The results obtained from fresh concrete mixtures show that the specific weight and
slump are reduced for both types of fibers. The highest decrease in PP fibers was 52.27%. The results of the ultrasonic
test indicate a 9.47% decrease in wave speed for PP fibers and 14.17% for macro fibers. Based on the 28-day
compressive strength results, the addition of fibers have reduced the compressive strength_as much as 27.20% for PP
fibers and 23.32% for macro fibers. According to the results of the modulus of elasticity, adding fibers reduces this
characteristic of plastic concrete. such that the highest value for PP fibers is 16.98% and 24.70% for macro fibers.

Key words Polypropylene Fibers, Macro Fibers, Plastic Concrete, Permeability, Ultrasonic Wave Velocity.
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1. Introduction

The fundamental assumption of the third-order
acceleration method is that the changes in acceleration
over the time interval At are represented by a cubic
polynomial. To quantitatively compare the error of this
method with other numerical methods, a linear single-
degree-of-freedom system was considered. Next, this
system was subjected to a harmonic sinusoidal load with a
specific frequency. Using second-order and third-order
acceleration methods, as well as other numerical methods,
the errors were quantitatively calculated and compared
using the root mean square error (RMSE) criterion. In
addition, cubic polynomials for error trends in terms of
time step and damping were obtained, which showed a
high correlation with the actual values.

2. Quantitative Comparison of the Error of Different
Numerical Methods
In this section, to quantitatively compare the errors of
different methods, a linear mass-spring-damper system
with a frequency of 1 Hz was considered. The analytical
response of this system to harmonic sinusoidal loading is
available in structural dynamics textbooks. For this
system, damping ratios of 1%, 2%, 5%, 10%, and 20%
were considered. The harmonic loading frequency varied
from 0.01 Hz to 3 Hz with an increment of 0.01 Hz. For
300 harmonic loadings, the RMSE was calculated for At
values of 0.02, 0.04, 0.06, 0.08, 0.10, 0.12, 0.14, 0.16,
0.18, and 0.20 seconds. The number of points considered
for calculating the RMSE criterion was 1001 points. For
12 methods, there are 50 data points for ten At values and
five damping ratios. The average error for different At
values and the average damping ratios for each method are
defined as the average mean errors. In the bar chart shown
in Figure 1, the average mean error values for different

time steps are presented for the 12 methods mentioned in

this article. At the top of the bar chart of each method, a

number is shown in a box indicating the error ratio of the

0.2-second time step to the 0.02-second time step. The

highest ratio is related to the enhanced Jennings method

with a ratio of 19940, indicating the high sensitivity of this

method to the time step. The lowest ratios are related to the

Wilson-Theta method with a ratio of 3.946, indicating the

low sensitivity of this method to the time step. For other

methods, these ratios are two-digit numbers.

By calculating the average value of ten errors related to

different time steps, the following results were obtained.

The lowest error is related to the enhanced Jennings

method with a ratio of 1, and the order of increasing error

is as follows:

e Third-order acceleration method (Extended Unit
Weighting Function) with an error ratio of 8.805

e Jennings method with an error ratio of 8.805

e Third-order acceleration method (Extended Petrov-
Galerkin Weighting Function) with an error ratio of
8.819

e Third-order acceleration method (Extended Least
Squares Weighting Function) with an error ratio of
8.819

e Second-order acceleration method (Unit Weighting
Function) with an error ratio of 9.044

e Second-order acceleration method (Petrov-Galerkin
Weighting Function) with an error ratio of 9.556

e Second-order acceleration method (Least Squares
Weighting Function) with an error ratio of 9.556

e Newmark Method (Linear Acceleration) with an
error ratio of 45.18
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Figure 1: Average mean errors of different numerical methods for various damping ratios and
At values from 0.02 seconds to 0.2 seconds

e Wilson-Theta Method with an error ratio of 67.19

o Newmark Method (Average Acceleration) with an
error ratio of 69.16

e Central Difference Method with an error ratio of

142.7

3. Conclusion

In this article, the third-order acceleration method was
extended using unit weighting functions, Petrov-Galerkin
weighting functions, and least squares weighting
functions. Subsequently, a single-degree-of-freedom
system with a frequency of 1 Hz and damping ratios of 1%,
2%, 5%, 10%, and 20% was considered under harmonic
loading. The harmonic loading frequency varied from 0.01
Hz to 3 Hz in increments of 0.01 Hz, and its analytical
(exact) response was calculated. Afterwards, the response
of this structure was calculated using the third-order
acceleration method, second-order acceleration method,
Newmark method (average acceleration method and linear
acceleration method), Wilson method, central difference
method, Jennings method, and enhanced Jennings method.

The error for each method was calculated using the RMSE
criterion. This was performed for ten At values, with the
smallest being 0.02 seconds and the largest being 0.20
seconds. The results showed that the greatest error
reduction in the third-order acceleration method compared
to the second-order acceleration method occurred for a
damping ratio of 1% and At = 0.2 seconds. The least error
for all At values was related to the enhanced Jennings
method.

Given that the analysis was conducted for ten time
steps and five damping ratios, each method included fifty
average errors. By averaging these fifty errors, the average
of the average errors was obtained, with the smallest being
related to the enhanced Jennings method and the largest to
the central difference method. The Jennings method and
the third-order acceleration method had approximately the
same error, with their error ratio to the minimum error
being about 8.8.

Finally, the error trends concerning time step and
damping were examined, and cubic polynomial
relationships were proposed that had a high correlation
with their actual values.
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Quantitative Comparison of the Accuracy of the 3rd Order Acceleration Method with other
Numerical Methods

Masoud Mahmoodabadi Fateme Hatefi Fateme Ansari

Abstract The basic assumption of the 3rd order acceleration method is that the acceleration changes in the time interval
At is in the form of a third degree polynomial. To quantitatively compare the error rate of this method with other numerical
methods, a linear one-degree-of-freedom system was considered. Then, sinusoidal harmonic loading with a specific
frequency was applied to this system. Using numerical methods of second-order acceleration and third-order acceleration
and other numerical methods and using the root mean square criterion, the errors of different methods were quantitatively
calculated and compared with each other. Also, 3rd degree polynomials were obtained for the trends of error changes in
terms of time step and damping, which had a very good correlation with its real values..

Key words 3rd order acceleration method, weighted function, weighted residual integral, direct time integration, root
mean square error, curve fitting
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