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ABSTRACT

Compressive strength is one of the mechanical properties of concrete that indicates its structural integrity,
quality of production and durability. Previous research has consistently shown that the shape and size of the
specimen significantly affect the strength of concrete. This study involves testing the compressive strength
of concrete adopting two different types of specimens: 150 x 150 x 150 mm? cubes and the halves resulting
from 100 x 100 x 500 mm? prisms broken in flexure. The study aims to investigate the relationship between
the compressive strength of concrete cubes and prism halves obtained from the flexural test. Four concrete
mixtures were prepared in this study, considering various water/cement ratios and target compressive
strengths. A total of thirty-six specimens including cubes and prism halves were prepared and tested to
obtain the 28-day compressive strength values. The objective of this study is to verify whether the
assessment of concrete compressive strength based on half-prism compressive strength results is a viable
option, intending to reduce material consumption and minimize sample disposal post-testing. The
compressive strength of prism half to the compressive strength of cube ratio (fy/fc) ranged from a minimum
of 0.97 for Mixture 2 to a maximum of 1.04 for Mixture 1, which indicates that the compressive strength of
prism halves could be a reliable alternative to the conventional cube testing method.
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1 Introduction

The compressive strength of concrete is a crucial factor in the design and evaluation of concrete structures.
Past research studies have consistently shown that the shape and geometry of the specimen, such as cubes,
cylinders, or prisms, influence the measured compressive strength [1-4]. A potential approach, known as the
"equivalent cube test", has been proposed and adopted by several research studies to evaluate the
compressive strength of concrete. This method involves assessing the compressive strength of concrete by
utilizing segments of a prism that were tested for the modulus of rupture. The end parts of such a prism are
left intact after failure in flexure. It is feasible to obtain an "equivalent" or "modified" cube by administering
the load through square steel plates of identical dimensions as the prism's cross-section. Ensuring precise
vertical alignment of these two plates is of paramount significance in this procedure. The specimen should
be positioned in a manner where the side as-cast surfaces are in contact with the bearing plates [5].

Taryal and Chowdhury [6] used cubes and prism halves to determine compressive strength, employing a
standard method for mortar as per BS EN 1015-11:2019 [7]. Results revealed that cement mortar cubes
generally exhibited higher compressive strength than prism halves, with cube-to-prism half strength ratios
ranging from 0.80 to 0.88 across different ages based on thirty-six samples. Lakshani et al. [8] developed
predictive models showing that 50 mm and 70 mm cubes have compressive strengths 43% and 26% higher,
respectively, than cylindrical specimens, while prism-half specimens are about 48% stronger than cylindrical
ones.

According to Neville [9], the compressive strength of a prism half or modified cube is almost the same as a
standard cube of the same size. In fact, because of the confinement and restraint of the overhanging parts
of cubes, under certain test conditions, the strength of a modified cube can be slightly higher, with an average
increase of about 5% compared to a cast cube of the same size. Past research studies [10-12] has indicated
that larger specimens tend to have lower compressive strength and standard deviation. Romic et al. [13]
suggested that half-prism specimens are effective for evaluating compressive strength, potentially reducing
material waste and test samples numbers. Che et al. [2] found that cubes generally exhibited higher
compressive strength than cylinders or prisms of the same size due to confinement and frictional restraint,
leading to different failure patterns among these shapes. The study applied modified size effect law (MSEL)
and multifractal scaling law (MFSL) models to analyze the size effect and found them applicable for the range
of sizes tested, with a reasonably good accuracy. Riedel et al. [14] addressed the applicable conversion factors
for compressive strength tests on ultra-high-performance concrete (UHPC) specimens of various shapes and
sizes. A test programme was conducted involving compression tests on 150 mm and 100 mm cylinders and
cubes. The research also compared ordinary-performance concrete (OPC), high-performance concrete (HPC),
and UHPC mixtures without fibers. Notably, the study found that for UHPC, unlike OPC and HPC, the
specimens’ geometry had a minimal effect on the compressive strength. Salman et al. [15] explored how
specimen dimensions and super-plasticizer levels affect concrete properties, testing various mixtures with
up to 1.50% super-plasticizer. Tokyay et al. [16] explored the impact of the size and shape of specimens on
the compressive strength of high-strength concrete. Results showed that smaller concrete specimens,
particularly cylinders with diameters of 75 mm and cubes of 100 mm, showed lower apparent strength.

According to the review of literature presented, numerous past research studies have explored the impact
of specimen dimensions and geometry on the compressive strength of concrete [12-16]. Comprehensive
investigations were conducted about the relationship between the compressive strength of cement mortar
cubes and prism halves, as it is a common practice in mortar testing codes and standards [1, 4, 8, 10].
However, other researchers have employed the testing method of concrete prism halves in their research
endeavors without delving into the underlying rationale or specific aspects of the approach [8]. This study
aims to provide an in-depth investigation of testing the resulting prism halves from flexural strength, as it is
driven by the objective to verify the reliability of compressive strength data obtained from these prism halves,
comparing it with standard cube test results. The study not only contributes to the existing body of
knowledge regarding concrete testing but also advocates for a more sustainable practice in the field of civil
engineering by demonstrating that prism halves from flexural tests can yield reliable compressive strength
results, this study offers a practical solution to reduce waste and promote resource efficiency. This aspect of
the study addresses a significant gap in the current literature, highlighting the potential of repurposed prism
halves as a viable alternative to conventional compressive strength testing methods.



2  Materials and preparation of test specimens

Four mixtures were adopted for the study, considering various water/binder ratios and target compressive
strengths. Table 1 demonstrates the four concrete mixture design proportions. Mixtures 1 and 2 specimens
were prepared and tested at the University of Wollongong Dubai's Concrete Laboratory, located in the United
Arab Emirates. Mixtures 3 and 4 specimens were prepared and tested at the University of Wollongong's
Concrete Laboratory, located in Wollongong, Australia. The specimens of each mixture were cast in the same
mixing batch to ensure concrete homogeneity and uniformity in the results.

Table 1. Concrete mixtures proportions

Unit Weight: kg/m3
Mixture ; CA CA Dune Ww/B
Cement GGBS MIFrO Water (20 (10 CA(5 Sand/River  Admixture
Silica mm)
mm)  mm) Sand
Mixture 1 154 86 - 133 570 370 610 540 5 0.55
Mixture 2 132 280 13 145 570 620 520 380 8 0.34
Mixture 3 418 - - 252 - 1252 - 833 - 0.60
Mixture 4 500 - - 276 - 1252 - 752 - 0.55

Ordinary Portland cement conforming to ASTM C150 Type 1 [17] was considered in the mix design. The
coarse aggregate sizes used were 5 mm, 10 mm, and 20 mm, selected as per ASTM C33 [18].

In the mixing process, the coarse aggregate, fine aggregates, and cementitious materials were added first to
the static pan mixer and mixed for a duration of four minutes. Subsequently, water was gradually introduced
to the dry mix within two minutes, and the entire mixture was further mixed for an additional five minutes
to achieve a uniform consistency of the concrete. The concrete prisms and cubes were cast and compacted
in three layers of equal height. The number of compaction strokes was 25, distributed evenly using a standard
tamper (rectangular cross-section of 13 mm by 25 mm and length of 120 mm to 150 mm) in accordance with
ASTM C109 [19].

The consistency of each concrete mix was assessed using a slump test in accordance with ASTM C143 [20].
Afterward, the fresh mixes were placed into moulds. After casting, concrete samples were covered with
plastic sheets and kept in molds for 24 hours. After demolding, they were cured in water for 27 days. A total
of twelve standard cube specimens of size 150 x 150 x 150 mm? and twelve prism specimens of size 100 x
100 x 500 mm were prepared. Several prepared concrete specimens are shown in Figure 1.

Figure 1. Several prepared concrete specimens



3 Test Methodology

The compressive strength test was performed according to ASTM C109 [19]. Testing was conducted using
Matest CO77N [21] of 3000 kN loading capacity equipped with Cyber-Plus Evolution as a load measuring
system. The loading rate of compressive testing was 1000 N/s as per ASTM C109 [19].

A four-point bending configuration was prepared as shown in Figure 2 (a) and (b). Matest open-frame and
load-controlled flexural machine [22] was employed for the flexural test. The machine is equipped with a
spreader beam that splits the load equally over a constant moment region. The beams were tested over a
clear span of 440 mm. The load was applied to achieve a constant pressure rate increment of 1 MPa/min, in
compliance with ASTM C78 [23], monitored by a load cell attached above the spreader beam. The distance
between the loading rollers is 146.6 mm. The distance from the edge of the specimen to the loading rollers
is 176.6 mm.
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Figure 2. Four-point bending test (a) laboratory configuration (b) schematic.

After conducting four-point flexural testing for the prisms, the compressive strength of the prism halves was
tested following the mortar testing standard of BS EN 1015-11: 2019 [7]. As the compressive strength of the
prism half configuration is demonstrated in Figure 3, two bearing plates were placed at the top and bottom
of the prism half. The plates were made of steel. The steel plate size was 100 mm long, 100 mm wide, and
25 mm thick. BS EN 1015-11: 2019 [7] specifies a maximum flatness tolerance of 0.01 mm for the contact
faces, which was satisfied.

Prism half
specimen

-

i

Figure 3. Prism halves compressive testing configuration



Any loose grit or other material was removed from the sides of the specimen as cast. The bearing surface of
the testing machine was wiped with a clean cloth. The specimen was placed in the machine in such a manner
that the load was applied to one of its faces (which had been cast against the steel of the mould). The steel
plates were located 50 mm inside from the outer side of the prism.

Figure 4 illustrates the notations of test variables and specimens’ designation. The first and second characters
in the specimen designation indicate the mixture number, and the next part of the designation describes the
specimen, whether it is a cube (CU) or a prism (P).

MI - P1 HA

e Prism half A or B

Specimen number

Specimen type: Cube or Prism
Concrete mixture number

Figure 4. Notations for the test variables

The specimen designation is followed by the specimen number. The prism halves are associated with A or B,
which demonstrate the first half (HA) or second half of the prism (HB). For example, in the specimen
designation M1-P1HA, 'M1' indicates Mixture 1, 'P1' represents concrete prism number 1, and 'HA' signifies
the first half of the prism.

4 Results and discussion

For each specimen of concrete, the compressive strength at the age of 28 days was calculated by dividing the
failure load by the loaded cross-sectional area of the cube or the prism half. Table 2 and Table 3 illustrate the
28-day compressive strength values for a total of thirty-six specimens.

Table 2. 28-day compressive strength values for Mixtures 1 and 2

Mixture 1 Mixture 2

Specimen Designation Compressive Strength (MPa) SDF;i?giTai?on (Ch(jlr:ap;ressive Strength
M1-Cul 24.7 M2-CU1l 48.6
M1-CU2 23.9 M2-CU2 49.6
M1 CU3 233 M2-CU3 52.6
M1-P1HA 25.3 M2-P1HA 41.8
M1-P1HB 243 M2-P1HB 52.2
M1-P2HA 24.1 M2-P2HA 47.3
M1-P2HB 25.9 M2-P2HB 49.0
M1-P3HA 26.0 M2-P3HA 50.8
M1-P3HB 24.4 M2-P3HB 51.1




Table 3. 28-day compressive strength values for Mixtures 3 and 4

Mixture 3 Mixture 4
Specimen Designation Compressive Strength (MPa) Spe.cimer.1 Compressive Strength
Designation (MPa)

M3-CU1l 37.2 M4-CU1l 40.1
M3-CU2 35.6 M4-CU2 40.1
M3-CU3 36.9 M4-CU3 415
M3-P1HA 40.4 M4-P1HA 35.3
M3-P1HB 39.1 M4-P1HB 39.6
M3-P2HA 39.0 M4-P2HA 42.7
M3-P2HB 37.7 M4-P2HB 41.3
M3-P3HA 324 M4-P3HA 38.8
M3-P3HB 35.1 M4-P3HB 42.0

Figure 5 represents graphically a comparison between the average 28™-day compressive strength of three
replicates and the standard deviation of cubes and prism halves as a bar chart. As observed from Figure 5,
the prism halves compressive strength standard deviation values are generally greater compared to the ones
of cube compressive strength; this suggests more significant variability and potential for deviation from the
mean for the prism halves values. The standard deviation values for the compressive strength of prism halves
range from 0.86 to 3.78 MPa, whereas the range for the cube compressive strength is from 0.67 to 2.1 MPa.
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Figure 5. Average compressive strength values obtained from cubes and prism halves along with error bars

representing the standard deviation.

The average compressive strength of Mixture 1 prism halves and cubes are 25.0 MPa and 24.0 MPa,
respectively. This manifests the highest difference percentage of 4.1%. The difference percentage between
cubes and prism halves results for Mixtures 2, 3, and 4 are 2.9%, 1.9%, and 1.4%, respectively. Table 4



illustrates the ratio of the average compressive strength of prism half (f,) to the average compressive strength
of cube (fc) at the age of 28 days. It can be noticed from Table 4 that the fy/f. ratio ranges from a minimum
of 0.97 for Mixture 2 to a maximum of 1.04 for Mixture 1.

Table 4. Summary of f,/f. ratios

Average Compressive Strength of Mixtures at age 28 days (MPa)
Method of Test

Mixture 1 Mixture 2 Mixture 3 Mixture 4
Cube (fc) 24.0 50.3 36.6 40.6
Prism Half (fp) 25.0 48.7 373 40.0
Ratio (f,/fc) 1.04 0.97 1.02 0.98

Considering the observed maximum difference of 4.1% between the compressive strength values obtained
from cubes and prism halves, taking into account the size and shape effect on the compressive strength
variation, this difference percentage is considered to be marginally low compared to typical compressive
strength test data tolerance levels. In this research study, the maximum difference percentage observed is
significantly lower when compared to the results and data obtained for mortar specimens in the study
conducted by Taryal and Chowdhury [10]. This suggests that compressive strength testing of prism halves
could be a reliable alternative to the conventional cube testing method.

The variation in compressive strength among the batch of concrete may result from many factors, such as
inherent material heterogeneity and environmental conditions during the curing and testing processes, thus,
to minimize variations in compressive strength within the same batch, it is crucial to follow proper concrete
mix design, quality control measures, and consistent testing procedures. Maintaining precise control over
material properties, mixing, curing, and testing conditions will help ensure more uniform results. In the case
of testing the compressive strength following the two methods of cubes and prism halves, the major variation
may be caused by the specimen geometry, shape, and size, which ultimately influence the stress distribution
within the specimen during testing.

In the prism half testing approach, the specimens undergo two types of stress, simulating the conditions
within an actual structure. When prism specimens are subjected to bending, tensile stress propagates at the
lower fibers, while compressive stress simultaneously develops at the upper fibers, located above the neutral
axis. Failure occurs when either of these stresses reaches its ultimate limit, typically happening near the
center of the specimens unless there is any flaw in the specimen preparation process. Following the flexural
failure, each resulting half-prism undergoes an axial compressive load evenly distributed across both sides.
In this approach, all particles within the specimen experience two types of stress, whereas cube specimens
are exposed to only one type of stress.

In the context of compressive loading, it is noteworthy that there are discernible variations in the stress
distribution patterns between cubic and prismatic specimens. Specifically, prismatic specimens exhibit an
arching effect. When a cube is subjected to axial compression, the stress distribution tends to be more
uniform throughout its cross-section. In contrast, when a prism half, which typically has a rectangular or
elongated shape, is subjected to the same compressive load, an arching effect can occur. The arching effect
means that the stress within the prism is not evenly distributed across its cross-section. Instead, it tends to
concentrate more towards the corners or edges of the prism. This is attributed to the geometry of the prism,
where the load-bearing capacity of the central portion effectively transfers in the direction towards the
edges, resulting in increased stress at those points.



5

CONCLUSIONS

The paper examined an experimental approach to test the concrete prism halves resulting from a flexural
test. Standard cubes and prism halves were prepared and tested. Based on the experimental testing and
analysis of results, the following conclusion can be drawn:

1.

The experimental results show that the prism halves compressive strength values have more
significant variability and potential for deviation from the mean based on the standard deviation. The
standard deviation values for the compressive strength of prism halves range from 0.86 to 3.78 MPa,
whereas the range for the cube compressive strength is from 0.67 to 2.1 MPa.

It is evident from the results that Mixture 1 specimens exhibited the greatest difference percentage
between the average values of compressive strength of the two methods, which was recorded as
4.1%. On the contrary, Mixture 4 specimens experienced the lowest difference percentage of 1.4%.
The compressive strength of prism half to the compressive strength of cube ratio (f,/f.) ranged from
a minimum of 0.97 for Mixture 2 to a maximum of 1.04 for Mixture 1.

Based on the fact that difference percentages are marginally low compared to typical compressive
strength tests data tolerance levels and (fy/f.) ratios are close to 1, this suggests that compressive
strength testing of prism halves could be a reliable alternative to the conventional cube testing
method.

The results analysis suggests a potential method of using prism halves for compressive strength testing,
which reduces the number of test specimens as well as the problem of construction waste disposal. To
establish a stronger correlation among the mentioned compressive strengths, it is advisable to conduct
more comprehensive research with an increased number of specimens considering other variables such
as water/cement ratio, and geometry of specimen.
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