Mechanical Properties of DPCC using Mixture Method
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ABSTRACT

Today, the production of concrete curbs with improved properties is very important and economical. Increasing the life
time and improving the mechanical properties have always been two key parameters in the production of these curbs.
Since porosity is an effective parameter in the durability and life time of the structure and as the compressive strength is
a parameter affecting the mechanical properties of these curbs, an attempt has been made in this study to investigate the
experiments and the importance of porosity and compressive strength in dry-pressed concrete curbs (DPC). In order to
this aim, 27 sample designs (DPC) were prepared based on three cement strength class as 32.5, 42.5 and 52.5 MPa. The
water-cement ratio (0.2, 0.25 and 0.3) and the amount of the existing cement (300, 350, 400 kg / m 3) in the mixture
design were considered along with the proportion of aggregate to cement as the main parameters of the experiment. The
results of the compressive strength and the percentage of porosity in the mentioned samples were examined through
data analysis and the mixture method. The results obtained by the mixture method point to the role of cement strength in
the mechanical properties of concrete.

Keywords: Dry-pressed concrete curbs (DPC), Cement Classification, Compressive Strength, Porosity,
Mixture model

1. INTRODUCTION

In the new construction industry, the production and use of prefabricated pieces is one of the methods for using
concrete. One of the most widely used factors is the use of pressed concrete curbs which are of great interest due to the
durability of this product resulting from its high porosity and the speed of production [1, 2]. In the dry-pressed method
being considered in this research, the concrete with rigid and dry levels of application, also known as the non-slump
concrete. One of the advantages of the dry-pressed method is the speed of manufacturing and the withdrawal of the
piece from the mold immediately after the placement and accumulation which does not require a large number of
molds. Furthermore, some studies have shown that the ratio of water to less amounts of cement in the concrete being
used in this method leads to an improvement in the quality of the product. Porosity has been more effective than the
compressive strength as a critical parameter in determining the durability of these curbs and their resistance to melting
and freezing [3]. In addition, porosity is a factor with a significant impact on the mechanical properties of materials[4,
5]. Porosity depends on several factors such as the type and size of the materials, the distribution of pores, and
compounds as their reduction generally leads to an increase in the solidity of matter [6-8]. It should be noted that
aggregates have a significant role in the concrete properties as they constitute about three-quarters of the weight of the
concrete, so that the maximum size of aggregate may directly affect the mechanical properties of the concrete. It is
observed that by decreasing the maximum size of aggregates and increasing the gradation softness module, the
mechanical properties of the dry-pressed concrete are improved [9]. The strength of the cement is among the other
parameters that play a basic role in the compressive strength of concrete samples [10-12]. Moreover, the cement with
lower porosity produces better compressive strength [7, 13, 14]. In addition to porosity, the other factor that influences
the mechanical properties of cement materials is the contents or amount of the cement[15, 16]. It is worth mentioning
that several parameters affecting the properties of concrete have been controlled and investigated for the first time in
this study. This has been indicated in previous studies by increasing porosity based on the decrease in the resistance of
cement materials. However, the present research deals with the effect of the grade and content of cement and the effect
of water and the proportion of gravel to cement on compressive strength and percentage of porosity in DPC at three
levels of cement strength (32.5, 42.5 and 52.5 MPa) which have not been investigated thus far. In this research, 27
different DPC mixture designs have been developed to investigate the simultaneous effect of porosity and determine the
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compressive strength of the DPC sample, cement rate and content in the mechanical properties of the samples by
analyzing the experimental data and the diagrams derived through the mixture method.

2. The characteristics of used materials

In order to make these samples, fine aggregate and coarse aggregate and materials have been used in to the grain size
curve according to the ASTM Code. The water used for the mixture design was clean and drinkable. Produced the
samples using three cement strength class, 325-2, 425-2, and 525-2 MPa which were produced at Sabzevar factory. The
cement has been produced according to ISIRI 389 National Standard.

3. Making the samples of concrete curbs and performing the experiment

used type Il Portland cement in three strength class, namely 32.5, 42.5 and 52.5 MPa which were produced at Sabzevar
factory in Iran. The softness modulus of aggregates in samples was calculated as 4.57. Three cement volumes of 300,
350 and 400 kg / m3 and three water-cement ratios (0.3, 0.25, and 0.20) were used to prepare and produce the DPC
samples. To achieve the standard dimensions, the DPC samples were cut by the device in (10 x 10 x 50 cm and 10 x 10
x 10 cm) dimensions[17].

4. Sample test method

In this study, the measurement of compressive strength was performed according to BS 1881 Standard[18]. In order to
determine the porosity, all samples (10 x 10 x 10 cm) were kept in water for 28 days. Then, three samples (10 x 10 x 10
cm) were made from each mixture for the evaluation of compressive strength based on ASTM[19]. The following
equation was used to calculate porosity:

P= Wesp —Wy «100% ®
WSSD_ W

Where P is the porosity parameter in terms of percentage, Wsgp is the weight of the saturated-surface dry sample, Wp is
the dry weight of the samples, and W,y is the sample weight in a saturated state in water. It should be noted that this
equation is a common method that can be used to measure the porosity of cement materials[20, 21].

5. Mixed design with the laboratory method and the mixture model

To determine the compressive strength and porosity, three samples of each mixture were tested in 10 x 10 x 10 cm
dimensions. The given diagrams are based on the relationship between W/C, compressive strength and porosity for the
cement with the resistance classifications of 32.5, 42.5 and 52.5 MPa. After obtaining the laboratory data, created the
diagrams with the MINITAB 16.0TM and the extreme vertices mixture design.

Table 1: The factors and levels used in the experimental design (DOE) of the mixture study for the optimization of C
32.5,C 42.5,and C 52.5 MPa

Highest level | Lowest level Factor
0.3 0.2 Water-cement ratio ( wic)
400 300 (kg/m®) The amount of cement

5.8,6.8,6.87 | 4.5,4.8,4.73 | The ratio of fine-grained materials to cement ( FA/C )

5.1 The experimental results and the mixture model analysis:
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According to the data and diagram shown in Fig.1, the increase in the amount of cement has led to an increase in the
proportion of fine aggregate materials to cement. As the water to cement ratio decreases, the amount of fine aggregate
materials to cement increases as well. Additionally, by increasing the amount of cement and the proportion of gravel in
each sample, a higher compressive strength can be obtained. In samples made of cement types 42.5 MPa and 52.5 MPa,
this process has been completed regularly while in samples made of the cement with 32.5 MPa resistance category, it
can be noted that the ratio of fine aggregate has exceeded the same proportion in the 400 of cement content in water to
cement 0.2 with 300. Moreover, the 350 cement content has the highest proportion of fine-grained gravel to cement.
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Fig.1 — The relationship between W/C and the proportion of FA/C for the cement with the strength of (a) 32.5, (b) 42.5
and (c) 52.5 (MPa)

With the help of mixture modeling as shown in Fig.2 for cement 32.5 MPa and the effect of variables on porosity, as the
ratio of w/c (illustrated by the black line in the curve) increases (and the rest of the compounds decrease), the level of
porosity decreases rapidly. As the proportion of FA/C (shown by the red line in the curve) increases (and the rest of the
compounds decrease), the level of porosity increases. When FA/C decreases (and the rest of the compounds increase),
the level of porosity increases. As the level of C (shown by the green dots in the curve) increases, the rest of the
compounds decrease.
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Fig. Y — Plot Cox Response Trace in porosity for C 32.5 (MPa)

Fig.3 shows contour plot and surface plot. In the diagram of mixture contour and the surface diagram of the mixture, the
change in compressive strength has been shown as 32.5 MPa based on the formulation change. The lowest compressive
strength is seen at the top of the triangle that is related to the formulation in which the ratio of W/C is maximal and the
ratios of FA/C and C is minimal. From top to bottom, with the decrease in the W/C ratio, have approached the range in
which the compressive strength has increased. The maximum compressive strength is within the range where the C
value and the FA/C ratio are defined at the maximum level and the W/C ratio is the minimum.
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Fig. 3 The contour plot and surface plot for cement 32.5 MPa in the compressive strength

As shown in Fig.4, for all three content of cement that received similarly, porosity variations are shown in the mixture
contour and the surface diagram of the mixture based on the formulation change. As shown above, the highest level of
porosity is seen at the top of the triangle that is related to the formulation in which the W/C ratio is maximal and the
ratios of FA/C and C are minimal. From top to bottom, with the decrease in W/C ratio, approach the range within which
the porosity is minimum. The maximum amount of porosity is within the range where C and FA/C ratios are defined by
the minimum amount while the proportion of W/C is maximal.
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Fig.4 — Contour plot and surface plot diagrams for cement 52.5 MPa at the level of porosity

6. Conclusion

In this research, the effect of experimental parameters on the compressive strength and porosity of dry-pressed concrete
curbs (DPC) was investigated. Based on laboratory studies, the obtained results are as follows:

o Based on experimental and laboratory results, DPC resistance increases commensurate with the increase in the
strength and amount of the cement. In addition, increasing the strength and contents of the cement leads to a
decrease in porosity.

e The cement with a strength class of 52.5 MPa and 400 grades has a higher compressive strength. Furthermore,
for compressive strength, the amount of cement is one of the main parameters in determining the amount of
compressive strength.

e With the help of modeling with mixture, found that samples made of cement with the resistance class of 52.5
MPa and the cement content of 400 have a higher compressive strength and the amount of cement is a key
parameter in determining the amount of compressive strength.
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e It can also be asserted that there is no accurate and simultaneous prediction based on the variations in the
parameters of any mixture in obtaining the output from the software analyses. Regardless, by examining the
minimum and maximum outputs obtained based on the diagram, it can be said that the increase in the strength
of cement is effective in reaching the maximum compressive strength and the minimum percentage of
porosity.
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