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Abstract. The fulfillment of the resistance to the compression as a fundamental property of 

the concrete, during the process of execution of a work, constitutes great work for all the 

factors that intervene in the constructive process. The same concrete cannot be suitable for all 

structures, many times when using the same mixture, failures can occur with relevant damage. 

This situation frequently occurs at construction sites and  resources must be allocated to repair 

structures to guarantee their useful life. This research aims to focus on the importance of 

performing compressive strength tests and taking enough samples for reliable results. For this 

purpose, 36 concrete test samples were taken from different structural elements of work 

according to the requirements of the standard. Subsequently, the laboratory tests were carried 

out at 7, 14, 28, and 56 days with a control cylinder, to analyze the behavior of each sample 

according to the concrete specifications requested for the different types of structures. From the 

results obtained, we could observe the differences in the percentages achieved by each of the 

samples and the type of failure presented, in turn, the importance of the control cylinder, for 

the monitoring of the strength of the concrete. 

1. Introduction 
Concrete is the most used construction material in the world, manufactured by man, occupies the 
second place after the water in its use, more than six thousand tons are produced annually, for its 
manufacture raw materials are used as cement, sand, and aggregates, the aggregates are inert and rigid 
materials that form a granular skeleton, constitute approximately 65% to 75% of the total volume of 
concrete, besides, water, additives that represent the remaining volume. New materials have been 
incorporated into the concrete, among them minerals, chemicals, fiber; therefore, the concrete is a 
heterogeneous product and its mechanical behavior [1]. 
  
In concrete setting times, several influencing factors affect this process such as water-cement ratio, 
cement type, chemical additives, additive addition time, mixing, and temperature, which is one of the 
most influential in the development of the resistance of the mixture, the resistance increases at high 
temperatures and must be kept uniform in the setting process to avoid fractures by a thermal shock, 
because in curing times there is a release of heat energy that can generate losses of heat.  
To meet the technical requirements related to the situation in which the concrete was used, it is 
necessary to define some properties related to its cool and hardened state and it is, therefore, necessary 
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that of the appropriate proportion of its components [1]. It is increasingly important to determine the 
resistance to the impact load and in turn to determine the strength properties of cement-based materials 
at an experimental level before they can be considered for use in construction [2]. 
  
A lot of times specialized machinery and tools are needed when performing the emptying and a skilled 
workforce for the sampling of the cylinders, which is very involved in the result, making it necessary 
to use a control cylinder which will serve to corroborate the strength in case the required strength is 
not achieved after testing at 7, 14 and 28 days is not able to obtain the required strength. 
  
Cylindrical cores for compression tests at 56 days are extracted with a probe equipped with diamond 
drills when the concrete has acquired sufficient strength so that during the cut the adhesion between 
the aggregate and the paste is not lost. In all cases, the concrete must have at least 14 days of 
placement. 
  
The extraction must be done perpendicular to the surface, taking care that in the area there are no 
joints, nor are they near the edge. The compressive strength obtained when testing a tell-tale shall be 
corrected concerning the last test performed, and account shall be taken of the differences between the 
tell-tales and test-pieces in aspects such as age, dimensions, the state of saturation at the time of the 
test, the presence of reinforcing steel inside and the fact that the controls are subjected to the 
aggressive extraction process. Differences associated with material properties, such as exudation, 
should also be corrected. [3] by carrying out a correct sampling and paying attention to the mixtures of 
the concrete and the cycles through which it passes. 
 
Various causes can motivate the evaluation of the concrete in the structure. In works under 
construction, it may be due to low results of resistance to compression obtained in the test pieces at the 
age of 28 days; in finished works, it may be associated with the presence of pathologies in the 
structure, to the change of use (an increase of the load), among others. [3], resistance is often 
influential on surface wettability. 
  
Concrete surfaces are one of the substrates on which the mortar coating can be applied, which is 
widely used in the building. Frequently, when there are incompatibilities between the substrate and the 
mortar, the durability of the coating system can be compromised, causing pathological manifestations 
such as detachments and displacements [4]. 
  
Compressive strength can be defined as the maximum measured strength of a concrete specimen under 
axial compression load and is expressed as force per unit cross-sectional area [5], a more in-depth 
study of the influence of the addition of minerals is necessary to find the conditions where the auto 
compaction and the compressive strength of a mixture are simultaneously improved by looking for 
correlations between these [6]. 
 
The requirements to perform the test for resistance to simple compression of the test pieces are The 
height/diameter ratio from 2.5 to 3.0, Diameter greater than 10 times the maximum grain size of the 
rock (Diameter not less than 50 mm -Tolerance of the test piece faces). Such requirements are 
important because in some cases they are very difficult to achieve or make the trial very costly [7].  
The most widely used aggregates in the world come from natural deposits formed in riverbeds or 
floodplains and are relatively inexpensive as they generally do not require any industrial process. 
However, some regions lack rivers, where source rocks are extracted which give rise to aggregates 
directly from the Earth’s crust, using explosives and/or excavating machines; these rocks are 
subsequently fragmented by mechanized crushing. Such aggregates are called shredded aggregates and 
require a screening and grading process for particulates [8]. For more than 70 years in American 
practice, the most widely used test for concrete has been the standard cylinder compression test. The 
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test method is relatively easy to perform in terms of sampling, specimen preparation, and force 
determination, when performed correctly, this test has a low variation of resistance within the 
laboratory, and therefore easily lends itself to be used as a standard. The compressive force thus 
obtained is modified by specified factors and used to verify the nominal forces of structural members. 
This force value is therefore an essential parameter in design codes. 
 
The test is mainly used as a basis for quality control to ensure that project requirement are secured. It 
is not intended to determine the strength on the ground of the concrete, since none of the effects of 
placement, compaction, or curing are considered. Traditionally, a certain measure of the strength of 
the concrete in the structure has been obtained using in situ cured cylinders. These supposedly heal on-
site under the same conditions as the concrete in the structure. However, the measured strength of the 
cylinders cured in situ is often significantly different from the strength on the ground because it is 
difficult, and often impossible, to have an identical indentation, compaction, and have the same curing 
conditions for concrete in cylinders as for concrete in structures. In-situ cured specimens are also 
prone to errors due to incorrect address or inadequate storage, which can generate inaccurate data for 
critical operations. 
 
The purpose of on-site testing is to estimate concrete characteristics in the structure. The desired 
characteristic is very often compressive force. To estimate strength, it is necessary to have a known 
link between the in-situ test result and the strength of the concrete. For a running construction, this 
loop is generally established empirically in the laboratory [9], Axial compression strength is the 
greatest of the strengths of concrete and its most appreciated mechanical attribute; however, stress 
resistance is also important as it is required to predict cracks in this material [10]. 
 The materials as aggregates are made granulometry, to determine that they are suitable in the 
preparation of the mixture; another topic is the composition, in percentage, of the different sizes of 
aggregate in a sample, this proportion is usually indicated from larger to a smaller size, by a figure 
representing, by weight, the partial percentage of each size that passed or was retained in the different 
sieves that are compulsorily used for such measurement. 
 The granulometry and maximum size of the aggregate affect the relative proportions of the same in 
the designs of mixtures, as well as the requirements of water and cement, impacting the resistance, 
workability, pumping capacity, economy, porosity, shrinkage, and durability of the concrete. It is 
known that all classical methods of mixing design such as Fuller, Bolomey, O'Reilly, etc., are based 
on the granulometry of aggregates [11]. The addition of fine materials improves concrete strength 
providing the workability must be controlled. [12]. 
The objective of this study is to demonstrate the methodological process to determine the resistance of 
a mixture, through tests of resistance to compression, which will be carried out according to what is 
established by the ASTM C39 Standard, considering all the factors involved in the process from 
sampling to the test where the resistance reaches at least 100%. which are analyzed at different times, 
in the case of non-compliance, a control cylinder is tested at 56 days of age to corroborate the strength 
of the structure, essay of great importance, and that gives a part of tranquility in the work that is being 
carried out. 
 

2. Experimental procedure  

The concrete mixture was initially prepared, in a mixing truck with a drum from 70 to 100 rpm and at 
a speed from 6 to 18 rpm. This mixture was designed with a resistance of 4000 psi, it was sent to the 
discharge, which was made 30 minutes after the preparation of the mixture, 6 samples are taken from 
each structure, 2 samples during the discharge process, one at the start and the other sample after 15 
minutes, and then tested in the laboratory to test their resistance at the age of 7, 14, 28 and 56 days. 
Two samples were tested per age and the average obtained from the two samples was the result of 
resistance. 
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 In the case of two of the samples where the required strength was not achieved, samples of 
hardened concrete were taken and extracted directly from the structure, this was done 56 days after 
the first sampling, to corroborate compliance. 

 For the compression test of the concrete, the mixture was prepared with a resistance of 4000 psi, 
then cylindrical test specimens of 6" X 12" were molded, the curing process is performed 
according to the ASTM C31 standard, finally, they were stored in the field until the concrete 
reached a solid-state, at a temperature of 24 C, and transported to the laboratory for the next 48 
hours; other properties of fresh concrete were tested such as temperature, settlement, density, and 
air content, the settling test was conducted following ASTMC 139, in the laboratory the cylinders 
were subjected to the compression strength test, analyzing their percentage of advance according 
to the age of the concrete, and the type of fractures or faults that they presented at the time of 
testing, This was performed per the ASTM C39 standard test for compressive strength of 
cylindrical specimens of concrete. After obtaining the results released by the certified laboratory, 
we were able to observe that several of the samples did not meet their required resistance at 28 
days, therefore, it is necessary to analyze the control cylinder at 56 days; The results obtained 
show several types of failures, among which we find the transverse failure one of the most 
common in this type of tests. 
 

2.1 Materials and Methods  

Various types of materials were used for the samples taken fine sand, coarse sand of different sizes, 
Structural Cement, water, and additive required for the type of concrete of 4000 psi that was produced. 
Among the tests carried out, the settlement was considered, which was carried out using the Abrams 
cone method.  
For the materials used as fine and coarse sand are performed the granulometry and absorption density 
tests, with which we obtain that they are suitable materials, to achieve the required strength 
compliance 4000 psi. See Table 1 granulometry and 2 characterizations for fine agglomeration, see 
Table 3 coarse aggregate granulometry and Table 4 characterization for coarse agglomeration. 

Table 1. Fine sand granulometry used. 

Sieve 
Mass 

Withheld Percentage  Percentage Percentage 
Limits NTC 174. 

2018 

Inches (g) 
Withheld 

(%) 

Ret 
Accumulated 

(%) Pass (%) 
Min  Max 

1/2"   0.0% 0.0% 100.0% 100% 100% 
3/8" 3.9 0.3% 0.3% 99.7% 100% 100% 
N° 4 63.9 5.20% 5.6% 94.4% 95% 100% 
N° 8 92.5 7.6% 13.2% 86.8% 80% 100% 
N° 16 84.0 6.9% 20.1% 79.9% 50% 85% 
N° 30 158.4 13.0% 33.1% 66.9% 25% 60% 
N° 50 404.9 33.4% 66.5% 33.5% 5% 30% 

N° 100 309.8 25.5% 92.0% 8.0% 0% 10% 
N° 200 57.6 4.7% 96.8% 3.2% 0% 3% 

Mondo  0.1 0.0% 96.8% 3.2% 

  
Masa 
Total 1174.8 96.8%     
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Table 2. Density and absorption of the fine aggregate. 

MASS OF THE SAMPLE SSS, Mass (g) 503.4 503.4 

MASS OF THE DRY SAMPLE, MS (g) 495.8 495.8 
PYCNOMETER MASS WITH SAMPLE AND 
WATER (g) 974.5 974.5 
PYCNOMETER MASS FILLED WITH 
WATER (g) 663.4 663.4 

NOMINAL DENSITY (g/cm3),23 C 2.68 2.68 

BULK DENSITY (g/cm3),23 C  2.57 2.57 

DENSITY SSS (g/cm3),23 C  2.61 2.61 

PERCENTAGE OF ABSORPTION (%) 1.5 1.5 

 
Table 3. Granulometry of coarse sand used. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 4. Density and absorption of coarse aggregate 

 

 

 

 

 

 

 

 

 

 

Sieve  
Mass 

Withheld 
Percentage  Percentage Percentage 

Limits NTC 174. 
2018 

Inches  (g) 
Withheld 

(%) 

Ret 
Accumulated 

(%) Pass (%) 
Min  Max 

1 1/2"     0.0% 100% 100% 100% 
1" 89.4 1.6% 1.6% 98.4% 100% 100% 

3/4" 741.9 13.1% 14.7% 85.3% 90% 100% 
1/2" 2381.7 42.0% 56.7% 43.3% 20% 55% 
3/8" 1131.9 20.0% 76.6% 23.4% 0% 15% 
N°4 1443.0 20.2% 96.8% 3.2% 0% 5% 
N°8 18.1 0.3% 97.1% 2.9% 0% 0% 
N°16 3.0 0.1% 97.2% 2.8% 0% 0% 
N°30 3.8 0.1% 97.2% 2.8% 0% 0% 
N°50 5.2 0.1% 97.3% 2.7% 0% 0% 

N°100 7.2 0.1% 97.5% 2.5% 0% 0% 
N°200 9.3 0.2% 97.5% 2.4% 0% 0% 

  Mondo  134.5 2.4% 100.0% 0.0% 

  
Masa   
Total 5669.0 100.2%     

MASS OF THE DRY SAMPLE, MS (g) 3371.5 

MASS OF THE SATURATED AND SUPERFICIALLY DRY 
SAMPLE (g) 3496.5 

SAMPLE MASS IMMERSED IN WATER (g) 2113.5 

NOMINAL DENSITY (g/cm3),23 C 2.67 

BULK DENSITY (g/cm3),23 C  2.43 
SATURATED AND SUPERFICIALLY DRY DENSITY 
(g/cm3) 
23C 2.52 

PERCENTAGE OF ABSORPTION (%) 3.7 
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The fine and coarse aggregate is always baked to constant mass at a temperature of 110 +- 5C before 
being immersed in water for 24 hours. After this, calculations were made to determine the unit mass 
values of the aggregates. The results are presented in Table 5. 

Table 5. Determination of the unit mass of the aggregates used. 

COMPACT UNIT MASS BY TAMPING 

  SAND 

SAMPLE MASS + MOULD (g) 6550 

MOLD MASS (g) 1800 

NET MASS OF SAMPLE (g) 4750 

MOLD VOLUME (cm3) 2807 

UNIT LOOSE MASS (kg/m3) 1690 

UNIT LOOSE MASS 

SAMPLE MASS + MOULD (g) 6100 

MOLD MASS (g) 1800 
NET MASS OF SAMPLE (g) 4300 

MOLD VOLUME (cm3) 2807 

UNIT LOOSE MASS (kg/m3) 1530 

 
2.2 Methodology 
 
2.2.1. Settlement test. 
 
To the newly mixed concrete on site, the respective samples were taken to verify the fulfillment of 
their design parameters. In this way, to verify its consistency condition, the settling test was carried 
out in a fresh state. To analyze the manageability of the concrete it is necessary to be governed under 
the ASTM C31, this is fundamental at the time of the acceptance or rejection of the mixture. The 
results for this trial were favorable, meeting a settlement value of 5 ± 1. 
Figure 2 illustrates the procedure carried out for conducting the settling test for the concrete prepared 
for this investigation. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 
 
 

Figure2. Illustration of the settlement test procedure. 
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2.2.2. Compressive strength tests: 
The samples were carried out in a certified laboratory, with the respective tests of compressive 
strength. The test machine, properly calibrated and certified by the laboratory, was used and the tests 
were carried out according to the ASTM C39 standard 
 

3. Analysis of Results 
 
After submitting the cylinders to the tests of resistance to compression, it is evident in sample 1 of 
Table 6 that after 14 days their resistance reaches 102 %, this resistance is average of the % obtained, 
in the two cylinders tested. No further tests are performed for these samples because the required 
strength is achieved. 
 
In sample 2 of Table 7, we can show that trials are performed until the age of 28 days when the 
mixture reaches 113% of the resistance. In samples 3 and 4 of Table 8 and 9 respectively, the control 
cylinder was tested, at 7, 14, and 28 days, yielding resistances below 100%, so we used the control 
cylinder and analyzed at the age of 56 days, and check the resistance. 
 
After analyzing the control, it is observed that the resistance is achieved with 128% for sample 3 and 
103% for sample 4, demonstrating the importance of the control cylinder test, and in turn giving 
complete reliability to the structure. 
 

Tabl3 6. Resistance 14 days 

SAMPLE 1     

Dimension 6"x12"     

Age psi % % 

7 2.79 69 
70 

7 2.81 71 

14 3.6 100 
102 

14 4.17 105 

 

 
Table 7. Resistance 28 days 

SAMPLE 2     

Dimension 6"x12"     

Age psi % % 

7 2.81 71 
73 

7 2.86 74 

14 3.12 78 
84 

14 3.55 89 

28 4.6 115 
113 

28 4.37 110 

 
 



ICTMIM 2021
IOP Conf. Series: Materials Science and Engineering 1126  (2021) 012050

IOP Publishing
doi:10.1088/1757-899X/1126/1/012050

8

 
 
 
 
 
 
 
 

 
 
 
                                       Table 8. Resistance for control cylinder 

SAMPLE 3     

Dimension 6"x12"     

Age psi % % 

7 1.5 40 
41 

7 1.9 42 

14 1.9 42 
45 

14 2.2 47 

28 3.55 89 
88 

28 3.44 86 

56 4.68 125 
128 

56 5.41 131 

 
 
                                      Table 9.  Resistance for control cylinder 

SAMPLE  4     

Dimension 6"x12"     

Age  psi % % 

7 2.2 47 
45 

7 1.9 42 

14 3.12 78 
84 

14 3.55 89 

28 3.6 90 
91 

28 3.62 91 

56 4.47 107 
103 

56 3.93 98 

 
 

4. Conclusions and Recommendations 
 
From the results of this research, we can conclude the importance of compressive strength. In each of 
the samples taken, we show the evolution of resistance for the days. Two of the four samples failed to 
reach their maximum percentage at 28 days, having the need to make use of a witness cylinder of 
hardened concrete, to have the follow-up of the behavior, and checking that, when 56 days, achieved a 
positive result, achieving the required resistance. Laboratory tests represent a cost subject to regulatory 
procedures that ensure their full application and compliance with specifications. 
  
  
Concrete is a product developed technically and under strict quality controls. If we carry out the tests 
with poor sample management, the results will give rise to doubts that will not benefit the structure in 
terms of quality and durability; and it is precisely this that leads us to carry out tests with witnesses, 
which are of great help in decision-making, with their analysis and review give continuity to the 
constructive process. 
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