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This study evaluates the variability in the results of compressive strength tests of
concrete, which were carried out in four laboratories in the city of Trujillo, Peru,
following the guidelines of the ASTM C-39 standard. While all laboratories applied
similar technical procedures, variations in curing conditions, test ages, and equipment
calibration traceability were identified, affecting the reproducibility of the results. The
samples were tested at different ages (3, 7 and 28 days in TEM; only 28 days in the
other laboratories), which partially limits comparability. The coefficients of variation
(CVs) ranged from 2.1% to 5.8%, and in some cases, approached or exceeded the
typical accuracy limits recommended by ASTM C-39 for multi-laboratory evaluations.
The study highlights the need for greater standardization of procedures and improved
metrological traceability to ensure consistent and reliable results.

1. INTRODUCTION
1.1 Background

In the context of construction in Peru, the compressive
strength of concrete represents a critical parameter for the
acceptance of structures, and its accurate measurement is
essential to guarantee the quality of the works. However, one
of the most recurrent problems at the national level is the
deficient quality control of concrete [1, 2]. This situation has
led, in several documented cases, to housing instability,
structural collapses during the operational stage, and a
growing perception of insecurity on the part of the population,
especially in areas prone to natural disasters.

In the city of Trujillo, there is a duality in the quality control
processes and in the training of technical personnel. While
some laboratories comply with regulatory guidelines and have
adequate equipment, others operate without appropriate
technology or trained professionals, which puts the quality of
civil works in the region at risk. This reality shows a lack of
standardization and technical supervision in concrete tests,
which compromises the reliability of the results, especially in
relation to compressive strength.

Although previous research has been carried out on
alternative concrete and testing techniques, such as the study
where a conventional concrete was compared with another that
incorporated crushed glass as a coarse aggregate—using a
quantitative approach and a pre-experimental design with 40
specimens—the results showed that, although the alternative
concrete exhibited strength, it was not suitable for structural
elements [3]. However, this type of research does not address
the wvariability between laboratories or the practical
implications of such dispersion in real construction contexts.
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Therefore, the present study focuses on a comparative
analysis of the compressive strength results obtained by four
laboratories in Trujillo, using the ASTM C-39 standard as a
reference. Through the calculation of coefficients of variation
(CV) and the comparison with the levels of reproducible
accuracy established by said standard, it is sought to identify
technical gaps and propose a baseline to improve quality
control in concrete tests in the regional context.

1.2 Problems and gaps in the subject

The main problem addressed in this study is the lack of
standardization and the lack of technical supervision in the
quality control processes of concrete in Trujillo, which directly
affects the safety and stability of the constructions. Although
research has been carried out on the subject, inconsistencies
persist in the application of regulations and in the technical
training of laboratory personnel. This has generated a gap in
the effective implementation of quality controls and in the
technical validation of compression tests applied on site.

Unlike previous multi-laboratory research, this study
focuses on a previously undocumented regional context: the
city of Trujillo, Peru, where multiple laboratories coexist
without formal accreditation or uniform procedures. Through
the statistical analysis of the compressive strength of concrete
cylinders, it is sought to evidence the variability of results in
real conditions of technical practice, beyond certified
environments. Thus, this work not only provides regional data,
but also proposes a baseline for future strategies for
standardization, technical supervision and accreditation of
laboratories at the national level.

This study represents an original contribution by addressing
the variability of results in compressive strength tests in real
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regional contexts, where there is no formal system of
standardization or accreditation of laboratories. Unlike
previous interlaboratory studies conducted under controlled or
academic conditions, this research evaluates reproducibility
under local operating conditions, including non-certified
laboratories and without external auditing. This approach
allows to evidence concrete technical gaps in the quality
infrastructure of the construction sector in Peru, providing a
quantitative baseline for future improvement strategies.
Likewise, the study presents a methodological model that can
be replicated for other regions of the country that face similar
challenges, thus contributing to the strengthening of the
national quality control system in construction materials.

1.3 Objective of the research

The main objective of this research is to determine the
coefficient of wvariation and multi-laboratory dispersion
according to ASTM C-39 for cylindrical concrete cores in
Trujillo, 2024. The specific objectives are to determine the
physical characteristics of the aggregates to be used for the
production of the concrete, prepare the mix designs for the
concretes considering design f'c of 175 kg/cm? and 320 kg/cm?
according to the ACI 211.1 methodology, determine the
compressive strength, at different ages, of the concretes made,
determine the coefficient of variation of the concretes made
according to ASTM C-39, determine the multi-laboratory
dispersion of concretes made according to ASTM C-39.

1.4 Contribution of research and closing gaps

A total of 60 cylindrical specimens (15 cm x 30 cm) were
used, molded under the parameters of the ASTM C-39
standard. Two design mixtures were used in accordance with
ACI 211.1R: one of 175 kg/cm? and the other of 320 kg/cm?,
whose dosage was replicated in each laboratory. The original
mixture was designed in the TEM laboratory, and the other
laboratories replicated the same materials and proportions.
Each laboratory produced its specimens, cured them under
standard conditions (controlled temperature of 23 + 2°C) and
tested them after 28 days. Only in the TEM laboratory were 3-
and 7-day tests also performed. All equipment was verified
and calibrated prior to testing, and there are certificates
supporting its compliance with current ASTM and NTP
standards.

1.5 Background

In the research [3-7], the influence of the slenderness ratio
on the compressive strength of concrete was analyzed by the
elaboration of 180 specimens of f'c = 280 kg/cm?, tested at 7
and 28 days. It was observed that reducing slenderness from 2
to 1 increased compressive strength, contributing to the
understanding of the effect of slenderness on the variability of
concrete strength.

Based on the analysis presented by references [8-12], two
test methods, destructive and non-destructive, were evaluated
to measure the bounce rate of a concrete with a strength of 210
kg/cm?. The results showed that both methods could be used
to determine the bounce rate in concrete at different ages,
considering ambient temperature and workability. This
research provides a key insight into the measurement of
compressive  strength using non-destructive methods,
complementing our research on compressive strength
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variability in 4 laboratories in Trujillo.

In the investigations [13-16], the properties and mechanical
behavior of the aggregates from two quarries were evaluated,
applying the ASTM C-33 and NTP 400.037 standards. It was
found that the aggregates from the Mantaro River basin
resulted in a concrete with higher compressive strength
compared to those from the Ichu stream basin. This research is
useful for our study, since, as in this case, the ASTM C-39 and
NTP 339.034 standards are compared, focusing on
determining the coefficient of variation and dispersion in 4
laboratories in Trujillo.

In the research [17], the effect of the addition of
polypropylene fibers in concrete with a strength fc = 210
kg/cm? was analyzed, using aggregates from different
quarries. Differences in strength were found, with the
percentage of polypropylene fiber being a determining factor.
This research is relevant to our study, as it allows us to
compare the strength results obtained under different mixing
conditions, while our research will focus on the variability of
compressive strength in different laboratories in Trujillo.

In the research [18-22], an experimental analysis was
performed to compare the compressive strength of simple
concrete versus concrete reinforced with polypropylene fiber
at different ages (7, 14, 21, and 28 days). The results showed
that fiber-reinforced concrete improved strength by 5%,
making it more suitable for seismic zones. This research is
useful for our study, which also addresses the compressive
strength of concrete, but focuses on the variability of strength
in 4 laboratories in Trujillo with concretes of 175 kg/cm? and
320 kg/cm? at different ages.

According to the studies [23, 24], the use of carbon
nanotubes (CNTs) to improve the impermeability of concrete
exposed to sulfates and chlorides in marine structures was
investigated. The results showed that carbon nanotubes
improve the strength of concrete, reducing cracking by
interacting with sulfates and chlorides. This research provides
the idea of improving the impermeability of concrete against
aggressive environments. In our study, concretes of 175
kg/cm? and 320 kg/cm? with curing times of 3, 7 and 28 days
will be analyzed, with the aim of determining the coefficient
of variation and dispersion in the 4 selected laboratories in
Trujillo.

In the research [25-29], the impact of nopal mucilage on the
strength of concrete was evaluated, especially in sulfated soils.
The results showed that the addition of nopal mucilage to the
modified cement mixture improved some mechanical
properties of the concrete. This study provides a perspective
on the use of natural admixtures in concrete to improve its
performance in aggressive environments. In our research, we
will work with concretes of 175 kg/cm? and 320 kg/cm?, and
the coefficient of variation and dispersion between different
laboratories in Trujillo will be compared.

As reported by studies [30-33], the use of eucalyptus bark
as a reinforcement in concrete was studied, evaluating its
flexural strength. The results showed that the addition of
eucalyptus bark improves the bending strength of concrete by
3.61% compared to beams without bark. This study provides
insight into the influence of alternative materials on the
mechanical properties of concrete. In our study, we will focus
on determining the coefficient of variation and dispersion of
concretes of 175 kg/cm? and 320 kg/cm? through tests in 4
laboratories in Trujillo.

In the research [12], the effect of the use of Mexican fly ash
and sugarcane ash as pozzolans in ternary concretes was



evaluated, developing different mixing designs with partial
cement replacements in proportions of 15% and 30%. The
results showed that cane ash did not significantly affect the
compressive strength, but it did improve the electrical
resistivity of the concrete. This research provides an idea that
supports the effect of the use of sugarcane ash in proportions
of 15%, 30%, 45%, 60%, 75%, 90% and 100%. On the other
hand, in our study, a concrete mixture was designed to
determine how much aggregate is going to be carried in the
molds made, and thus be able to determine the coefficient of
variation and multi-laboratory dispersion according to the
ASTM C-39 standard for cylindrical cores, Trujillo 2024.

Based on the analysis presented by studies [34, 35], the use
of the Sikament-306 admixture was evaluated in 80 concrete
specimens with different percentages of admixtures (1%,
1.5%, and 2%), measuring their compressive strength at 3, 7,
14, and 28 days. The results showed that the additive improved
the compressive strength of concrete. This research
underscores the positive effect of admixtures in improving the
strength of concrete. In our research, mixtures with different
additives will be applied and the dispersion of the results in
various laboratories will be analyzed according to the ASTM
C-39 standard.

In the research [36], the impact of the use of microsilica in
concretes with different water/cement ratios was studied,
showing significant improvements in compressive strength,
especially in mixtures with a lower water/cement ratio. The
research highlights that the water/cement ratio is a determining
factor in the durability and strength of concrete. In our study,
an investigation will be carried out in 4 laboratories to verify
if the results comply with the ASTM C-39 standard; for this,
60 specimens have been developed with a curing period of 3,
7 and 28 days, with the aim of determining the coefficient of
variation and multi-laboratory dispersion according to ASTM
C-39 for cylindrical cores, Trujillo 2024.

In the research [37], the incorporation of puliton in
particular was evaluated in the percentages of 4%, 8%, and
12%, observing the effects on compressive strength. The
results indicated an increase in compressive strength, although
it was warned that durability could be compromised by greater
porosity. This work proposes the use of puliton as an
alternative material in the manufacture of concrete. In our
research, the properties of concrete will be analyzed in 4
laboratories to evaluate compliance with the ASTM C-39
standard, elaborating 60 specimens at 3, 7 and 28 days to
determine the coefficient of variation and multi-laboratory
dispersion, specifically for cylindrical cores, in the city of
Trujillo, 2024.

In the research [38], 40 specimens were made, of which 20
were standard concrete and 20 included crushed glass as a
replacement for coarse aggregate. They were evaluated at 7,
14, 21 and 28 days, determining that the standard concrete
reached 210 kg/cm?, a value that would not be suitable for
structural elements. This research provides the idea of a
sample composed of 40 specimens, differentiating between
specific pattern and alternative. In our study, an investigation
will be carried out in four laboratories in Trujillo with 60
specimens, evaluated at 3, 7 and 28 days, to determine the
coefficient of wvariation and multi-laboratory dispersion
according to ASTM C-39.

It should be noted that, although several precedents cited
include research with additives or alternative materials such as
coconut fiber, glass, prickly pear, among others, their
inclusion in this study is not due to the type of concrete used,
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but to the methodological approach they share. These works
apply comparable statistical analyses, particularly in the
evaluation of the coefficient of variation and the dispersion of
results, central elements also in our research. Therefore, their
contribution is considered relevant, since they strengthen the
methodological framework in terms of data processing,
regardless of the specific nature of the material evaluated.

Unlike previous interlaboratory studies carried out in
international contexts, this research focuses on a local reality
with technical, logistical and regulatory limitations typical of
the Peruvian environment. The novelty of this study lies in
establishing a quantitative baseline of the performance of
concrete testing laboratories in Trujillo, under real operating
conditions, without controlled protocols. Likewise, the
coefficients of variation obtained are compared with the
reproducible accuracy values established by ASTM C-39,
which has not been addressed in previous studies in the
national context. This approach allows not only to highlight
the existing technical gaps between laboratories, but also to
propose an objective evaluation tool to strengthen quality
assurance systems in concrete compression tests.

2. METHODOLOGY
2.1 Type of research

Its purpose is applied research, for this reason, the
information known about the variables is based on the studies
analyzed in different laboratories, and these can be compared
with the results obtained in each test.

The design is experimental, since we will analyze the effects
of the independent variable, cylindrical concrete cores
according to the mix design of 175 kg/cm? and 320 kg/cm?, on
the dependent variables with respect to the coefficient of
variation and multi-laboratory dispersion.

The research design is quasi-experimental, because it is
elaborated in 4 laboratories in the city of Trujillo with 30
specimens of f'c = 175 kg/cm? and 30 specimens of f'c = 320
kg/cm?, according to the mixture design with the ACI 211.1
standard, also a compressive strength will be developed for
these specimens and thus determine the coefficient of variation
and multi-laboratory dispersion according to the ASTM C-39
standard.

Table 1. Research design

Laboratory Procedure Results
Tem 30 specimens of 175 kg/cm?,  compressive

Geconsac concrete cured for 3, 7, 28 days strength
Dino mix 30 specimens of 320 kg/cm?,  resistance to
Qce cured for 3, 7, 28 days compression

Table 1 shows the design of mixing 30 specimens of 175
kg/cm? and 320 kg/cm? to have the results at compressive
strength.

2.2 Research design

2.2.1 Independent variable

This article should be considered with a mixture design of
30 specimens of 175 kg/cm? and 30 specimens of 320 kg/cm?
for cylindrical concrete cores, taking care of the continuous
setting during the 3, 7 and 28 days, the deposit should not
exceed 23°C. It is determined to apply load to concrete



specimens of 4" x 8" inches (100 x 200 mm). According to the
reference [39], "Hardened concrete cores." To evaluate the
strength of concrete in a structure, especially when the strength
of standardized, modeled cylinders at the site is low, it is
recommended to remove specimens (also called cores) from
the hardened concrete. Eventually, this procedure can be used
in different cases, for example. When anomalies have occurred
in the development of the construction, curing failures, early
application of loads, fire, old structures, or there are no
resistance records, etc.

2.2.2 Dependent variable

The coefficient of variation according to the reference [28],
"Coefficient of variation". It is used to compare datasets
belonging to different populations. If we look at its formula,
we see that it takes into account the value of the mean.
Therefore, the coefficient of variation allows us to have a
measure of dispersion that eliminates possible distortions of
the means of two or more populations:

S

cy=2x
Y

(M

X: Variable on which the variance is intended to be
calculated. Sy: Standard deviation of the variable X. Y- It is the
mean of the variable X in the absolute value with X # 0

To calculate the coefficient of variation, the following tests
must be calculated.

* Fineness module maximum nominal size.

* Moisture content.

* Specific gravity or density.

* Absorption capacity.

* Unit weight.

Multi-laboratory dispersion refers to the variability in the
results of measurements or analyses performed by different
laboratories. This type of dispersion is important in the context
of multi-laboratory comparison tests, where it is sought to
ensure the consistency and reliability of the results obtained by
different entities according to the ASTM C-39 standards.

Table 2. Classification of variables

Variables Relation Nature Classification Measuring Scale Dimension Form Measurement
s . continuous . . .
Concrete cylindrical core  independent o reason dimensionless direct
quantitative
. e uantitative - . .
Coefficient of variation dependent quant reason multidimensional innuendo
continuous
. . . uantitative o . .
Dispersion multi-laboratory ~ dependent %on tinuous reason multidimensional innuendo

Table 2 shows the classification of variables: independent
(cylindrical concrete core) and dependent (coefficient of
variation, dispersion and multi-laboratory).

2.3 Technique and instruments

2.3.1 Data collection technique

To carry out this research, it is necessary to collect
information (field note). The analysis is an interactive method
that collects information and is very fundamental in this
project since it needs specific data to determine the coefficient
of variation and dispersion of the most important data
collection instruments: The instruments used in this project are
the tests in the laboratories, in which different results are
recorded where data on the strength of a conventional and
reinforced concrete will be observed and analyzed. Through
the notes that are collected in the laboratory during the course
of the study.

2.3.2 Validation of the data collection instrument

The instruments used in this project are the tests in the
laboratories, in which different results are recorded where data
on the strength of a conventional and reinforced concrete will
be observed and analyzed, through the notes that are collected
in the laboratory during the course of the study.

2.3.3 Data analysis

The values obtained from the 60 tests that have been carried
out in the 4 laboratories, of two specific laboratories of 175
kg/cm? and 320 kg/cm? to facilitate their compression,
statistical graphs were prepared for the determination of the
coefficient of variation and dispersion.

2.3.4 Data analysis instruments
The analysis of data obtained by the compression tests of 30
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specimens of 175 kg/cm? and 30 specimens of 320 kg/cm?,
will be analyzed with the Excel program, which will allow us
to analyze the data obtained and verify the hypothesis raised.

2.3.5 Ethical aspects

In this research project it is a scientific study and an ethical
aspect is considered in the various phases of its development
of each test carried out in 4 laboratories; since ethics is a
central element to scientific integration, which guarantees the
autonomy and veracity of the results, we also have the
certificates that have been granted to us by the TEM
laboratories, GECONSAC, DINO and QCE.

2.4 Population and sample

2.4.1 Population

The population is made up of the multi-laboratory
coefficient of variation and dispersion according to ASTM C-
39 for cylindrical concrete cores made in the city of Trujillo
during the year 2024.

2.4.2 Sample

Our research will focus on 4 laboratories for our population,
taking into account that there are two types of concrete of 175
kg/cm? and 320 kg/cm?, where 30 concrete specimens will be
needed that will be subjected to a curing of tests of 3, 7 and 28
days. First, 60 tests were carried out in the company TEM
(Technology in Materials Testing) according to the ACI 211.1
standard, as well as their respective additions were made
through the NTP 339.185 standard; and then we continued
with the compressive strength tests of 24 specimens. Secondly,
in the Geconsac Laboratory (Geotecnia & Construccion
Servicios Generales S.A.C) the 12 specimens compressive
strength test was developed. Thirdly, in the laboratory of Dino
(Distribuidora Norte Pacasmayo SRL) the compressive



strength test of 12 specimens was developed. Finally, in the
laboratory of QCE (Quality Control Express S.A.C) the
compressive strength test of 12 specimens was developed.

The research will be carried out using a convenience-
directed non-probability sampling technique.

2.4.3 Sample size

The expert by non-probabilistic convenience directed
sampling. He recommended developing a consistency matrix
to determine the dependent and independent variables; In
addition, we develop the tests in the TEM laboratory
(Technology in Materials Testing) 60 cylindrical specimens
must be manufactured for each mixture, which will be
evaluated at 3, 7 and 28 days after curing. According to
Peruvian Technical Standard 339.034, the minimum number
of replicates for the evaluation of the compressive strength test
of concrete in cylindrical specimens of 100 mm x 200 mm is
3 replicates.

Table 3 shows the mix design of 175 kg/cm? and 320 kg/cm?
in the TEM (Technology in Materials Testing) laboratory
where the consistency test of 30 specimens was performed for
each design, having 60 specimens.

Table 3. Sample size for the workability variable

Laboratory Concrete Design Practice No. of Tests
175 kg/cm? 30
TEM consistency
320 kg/cm? 30
total tests 60

to their compressive strength of the 30 specimens mentioned
in Table 4.

Table 5 shows the design of a mixture of 320 kg/cm? in the
TEM, GECONSAC, DINO, QCE laboratories; with their
respective curing age of 3, 7 and 28 days, in order to proceed
to their compressive strength of the 30 specimens.

2.5 Experimental procedure

Figure 1 shows the steps to follow in the research project
are explained, first we are going to buy the materials (Ico type
cement, fine and coarse aggregates, water); The second step is
characterized by the tests of moisture content, unit weight and
compacting, specific weight and absorption of fine and coarse
aggregate, granulometric analysis by sieving; in the third step,
the mixture design is made with the ACI-211.1 standard; in the
fourth step, the design of the mixture of 175 kg/cm? and 320
kg/cm? is developed; in the fifth step, the test is carried out in
the fresh state (settling and temperature); in the sixth step, the
cylindrical cores are made in compliance with the ASTM C-
39/C39 M standard; in the seventh step, the specimens are
cured for 3, 7 and 28 days; Finally, the specimens are tested
for compressive strength to determine the coefficient of
variation and multi-laboratory dispersion.

Obtaining
materials

Water

Table 4. Sample size for variable at compression 175 kg/cm?

Curing
Laboratory Conc.rete Age Trials Nq. of
Design (Days) Specimens
3 mpressiv 3
28 stréng 6
GECONSAC 175 kg/cm? 28 compressive 6
strength
DINO 175 kg/cm? 28 compressive 6
strength
2 compressive
QCE 175 kg/cm 28 ctrongth 6
Total tests 30

Table 5. Sample size for variable at compression 320

kg/cm?
Curing
Laboratory Conc_rete Age Trials NO.' of
Design (Days) Specimens
3 compressive 3
TEM 320 kg/em? 7 tp 0 3
23 streng 6
GECONSAC 320kg/em?> 28  Compressive 6
strength
DINO  320kg/em?> 28  Compresswve 6
strength
) compressive
QCE 320 kg/cm 28 strength 6
Total tests 30

Table 4 shows the design of a mixture of 175 kg/cm? in the
TEM, GECONSAC, DINO, QCE laboratories, with their
respective curing age of 3.7 and 28 days, in order to proceed

Coarse
aggregate
Characterization

Cement Fine
Type Ico aggregate

- Moisture content. - NTP 339.185

- Loose and compacted unit weight. - NTP 400.017
- Specific weight and absorption of fine aggregate. ——— - NTP 400.022
- Specific weight and absorption of coarse aggregate. - NTP 400.021

- NTP 400.012

- Sieve analysis.

ACI21L1 Mix
Design

Preparation of the ® 30 test tubes of 175 kg/cm2
mlth. ® 30 test tubes of 320 kg/em?2.

Fresh state tests * Settlement. e NTP339.035
e Temperature. » NTP339.184

ASTM C39/C39 M H Plepmnon of |
witnesses
e 3 days.

Witness curing e 7days.
e 28 days.

Compression
resistance

Resistance tests |

‘ NTP 339.034 ‘ | Data analysis |

Figure 1. Flowchart of the research procedure

2.5.1 Specimen preparation and quality control

The concrete was made in accordance with the guidelines of
ACI 211.1, using stone aggregates from local quarry, type I
cement and a water/cement ratio of 0.55 for f'c = 175 kg/cm?
and 0.50 for f'c = 320 kg/cm?. The materials were mixed in a
250-liter capacity horizontal axis betonera, following the load
sequence recommended by the standard: First the dry
aggregates, then the cement, and finally the kneading water in
a total mixing time of three minutes.

The cylindrical specimens (150 mm x 300 mm) were
molded by hand rod in three layers (25 strokes per layer), in
accordance with the procedure established in ASTM C-31.



Curing was carried out in saturated water at 23 + 2°C until the
time of the test.

Compression tests were performed in accordance with
ASTM C-39/C39M-18. Each specimen was carefully centered
in the hydraulic press, applying load at a controlled rate of 0.25
MPa/s until cylinder failure. The maximum load was recorded
in kilonewtons (KN) and then converted to megapascals
(MPa).

Regarding calibration, although all laboratories declared
compliance ~ with  equipment calibration  protocols,
metrological traceability was not verified through updated
certificates. This limitation is recognized as a potential factor
of variability in the results obtained.

2.5.2 Moisture content

The percentage of moisture content is governed by N.T.P.
339.185. First, the materials are obtained from the fine and
coarse aggregate of the El milagro — Trujillo quarry, the
containers were weighed with an analytical balance with an
accuracy of 0.1 grams in order to add the samples, the
aggregate is subjected to a temperature of 110°C £ 5°C in the
furnace for a full day. In order to obtain the average of the
results, three samples will be used. The moisture content is
calculated using the formula below:

_ 100(w- D)
D

P 2

P: Total evaporable total moisture content of the sample in
percentage. W: Mass of the original wet samples in grams. D:
Mass of the dry sample in grams.

2.5.3 Unit weight of the soil and compacting

This type of test is developed for different aggregates
according to the NTP 400.017 standard, we also detail the
methods of calculating the unit weight and compacted. The
materials are put in a container and with a rod to make 25
blows and at the end we level it flush with the container,
likewise, the aggregate is placed in the mold to fill a height
greater than 50 mm above the upper edge.

The soil and compacted unit weight is calculated with the
following formulas:

_(G-T)
%

M (€))

M=(G-T)*F @)

where, M = unit weight of the aggregate in kg/m?® (Ib/p3). G =
weight of the measuring container plus the aggregate in kg(lb).
T = weight of the measuring container in kg(lb). V' = volume
of the measurement in m3 (p3) F = factor of the measurement
in m-3 (p3).

2.5.4 Specific weight and absorption of the fine aggregate

To carry out the weight and absorption of the fine aggregate,
it is carried out according to the NTP.4000.022 standard. First,
the material that we have selected is taken out of the furnace
through a crack, then water greater than 50 mm is added to
leave it for 24 hours, secondly, once the materials have been
obtained with 1 day of rest, it is separated in an aluminum
mold to put it in the oven. the weather and let it dry. Then it is
placed in a cone where 25 blows will be applied for each layer
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until it is filled; If the sample crumbles the testing process is
correct, the final step is carried out where the material is placed
in a pycnometer and we add 90% of water to leave it for 24
hours, we proceed to remove the water and let the sample rest
in the pycnometer, also the sample obtained is taken to the
oven to obtain the results.

The specific weight and absorption of the fine aggregate is
calculated with the following formulas:

P
r=y Q)

y: Specific weight. P: Aggregate weight. V: Aggregate
Volume.

Ws —Wd

Absorption(%) = (W) * 100 (6)

Ws: Weight of saturated aggregate. Wd: Dry aggregate
weight.

2.5.5 Specific weight and absorption of the coarse aggregate

To carry out the weight and absorption of the coarse
aggregate, it is carried out according to the NTP.4000.021
standard. First, the material that we have selected is taken out
of the furnace through a crack, then water greater than 50 mm
is added to leave it for 24 hours, secondly, once the materials
have been obtained with 1 day of rest, it is separated in an
aluminum mold to put it in the oven. the weather and letting it
dry the sample crumbles the test process is correct, the final
step is carried out where the material is placed in a machine
where 90% of water is immersed to leave it for 24 hours, the
water is removed and the sample is left to rest, also the sample
obtained is taken to the oven to obtain the results.

The specific gravity and absorption of the coarse aggregate
is calculated with the following formulas:

V== @)

vV

v: Specific weight. P: Aggregate weight. V: Aggregate
volume.

Ws —Wd

Wi @®)

Absorption(%) = ( ) * 100

Ws: Weight of saturated aggregate. Wd: Dry aggregate
weight.

2.5.6 Granulometric analysis

The granulometric analysis of aggregates is a test that is
carried out by sieving them, either for sand (fine) or for stone
(coarse) governed by the same standard, N.T.P.400.012. It
consists of dividing and separating the material by means of a
series of sieves into several particle size fractions of
decreasing size in such a way that the quantities by weight of
each size that contribute the total weight can be known. The
standard tells us that when a sample portion of the material is
obtained after quartering, an amount equal to or greater than
the minimum permitted mass must be reserved, according to
the maximum nominal size of each aggregate. This amount of
aggregate will be screened using a series of stacked sieves,
arranged from largest to smallest mesh size, from top to
bottom, stirred for a sufficient period of time so that only the



particles corresponding to its size remain in each sieve. After
the sieving process, the weight of the particles retained in each
sieve is noted to calculate the corresponding percentages,
which are used to draw the particle size curve, which must be
located within the curves defined by the minimum and
maximum limits established in N.T.P.400.037. It is essential
to note that, for coarse aggregate, the limits are set according
to their maximum nominal size, and are organized into specific
particle size categories. Finally, the sand must meet certain
requirements to be classified as coarse sand, and must have a
fineness modulus that varies between 2.3 and 3.1; This range
will be calculated using the formula presented below:

MF =
(X%accumulated retained in meshes No.4 to No.100)
100

®

where,
MF = Modulus of fineness. >, = Percentage retained
accumulated in mesh No. 4 to No. 100.

2.5.7 Distribution and manufacture of specimens

The concrete mixtures for both designs (fc = 175 kg/cm?
and f'c =320 kg/cm?) were manufactured centrally in the TEM
Laboratory, using the same aggregates, cement and water, with
controlled procedures according to the ACI 211.1 standard. A
total of 60 cylindrical specimens (150 mm x 300 mm) were

moulded into standardised moulds.

After the initial setting, the specimens were transferred to
the participating laboratories (DINO, QCE and GECONSAC)
to be cured and tested in their own facilities, while a part
remained in TEM. Distribution was carried out within the first
4 hours after molding, using protected transport and avoiding
excessive vibrations, in compliance with the guidelines of the
ASTM C-31/C31M standard on handling and transport of
specimens.

This procedure allowed the mixture design variable to be
kept homogeneous, focusing the analysis exclusively on the
operational differences in curing and testing between
laboratories.

The total number of specimens manufactured, as well as
their initial distribution for workability tests, is shown in Table
3. The specific allocation of specimens per laboratory for
compressive strength tests is detailed in Tables 4 and 5.

2.5.8 Compression test and equipment conditions

The compression tests were carried out in four regional
laboratories in the city of Trujillo: TEM, GECONSAC, DINO
and QCE. All laboratories reported that their hydraulic presses
were operational and calibrated at the time of the tests, in
accordance with the requirements established by the ASTM C-
39 standard. Details of the equipment used and their
calibration status are presented in Table 6.

Table 6. Detail of equipment calibration by laboratory

Laboratory Press Capacity (KN) Calibration Available Last Checked Date  Grading Entity
DINO 2000 Yes Jun-24 INACAL
QCE 2000 YES Jun-24 INACAL
TEM 2000 YES Jun-24 INACAL
GECONSAC 2000 YES Jun-24 INACAL
The calibration information was reported by the Table 7 shows the design of the average results of each test

participating laboratories themselves, indicating that the
presses used had a current verification at the time of the tests,
in accordance with the quality requirements established by the
ASTM C-39 standard.

3. RESULTS
3.1 Characteristics of aggregates

To finish the research project, the materials were first
obtained from the "El Milagro" quarry located in the province
of Trujillo. After obtaining the fine aggregates and coarse
aggregates, they were taken to the TEM (Technology in
Materials Testing) laboratory. Likewise, it was identified that
the materials are suitable for the research where the following
results were achieved in the Table 7.

Table 7. Characteristics of the fine aggregate

Practice Und. N.T.P _ Results
Moisture content % 339.19 0.10
Loose unit weight kg/m* 400.02  1.68
Compacted unit weight kg/m®  400.02 1.83
Specific weight g/m®  400.02  1.79
Absorption % 400.02 0.20
Granulometric analysis by sieving 400.02 2.75
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performed on the fine aggregate of the tests such as moisture
content, loose unit weight, compacted unit weight, specific
weight, absorption and respecting the N.T.P.

Table 8 shows the design of the average results of each test
performed on the aggregate thickness of the tests such as
moisture content, loose unit weight, compacted unit weight,
specific weight, absorption and respecting the N.T.P.

Table 8. Characteristics of coarse aggregate

Practice Und. N.T.P. Result
Moisture content % 339.19  3.70
Loose unit weight kg/m?  400.02  1.37
Compacted unit weight kg/m®  400.02 1.55
Specific weight g/m?  400.02 239
Absorption % 400.02 1.10
Granulometric analysis by sieving 400.01  6.80

3.2 Mixing design

Table 9 shows the 175 kg/cm? concrete mix design, the
amount of Pacasmayo Extraforte, Water, Fine Aggregate and
Coarse Aggregate materials; these materials will be used in the
60 specimens.

Table 10 shows the 320 kg/cm? concrete mix design, the
amount of Pacasmayo Extraforte, Water, Fine Aggregate and
Coarse Aggregate materials; these materials will be used in the
60 specimens.



Table 9. Concrete mix design 175 kg/cm?

Material Stock Weight (Kg/m?) Batch (m?)
Pacasmayo Extraforte 366 13.9
Water 208 7.9
Fine aggregate 488 18.54
Coarse aggregate 860 32.68

Table 10. Concrete mix design 320 kg/cm?

Material Stock Weight (Kg/m?) Batch (m®)
Pacasmayo Extraforte 536 19.29
Water 208 7.48
Fine aggregate 385 13.86
Coarse aggregate 860 30.96

3.3 Workability of concrete

Figure 2 illustrates the workability results for the 175
kg/cm? concrete mix tested in the laboratories (TEM, DINO,
GECONSAC, QCE). The slump values remained within the
range specified in the mix design, but with slight variations
between laboratories. TEM and QCE reported higher
workability, indicating a more fluid consistency, while DINO
and GECONSAC exhibited lower slump values, reflecting
stiffer mixtures. These differences are attributable to factors
such as the moisture condition of aggregates, mixing energy,
and handling time prior to testing. Importantly, the observed
variations in slump were consistent with the compressive
strength results at 28 days: laboratories with higher slump
(greater fluidity) showed more homogeneous strength values,
while lower slump corresponded to slightly higher dispersion
in compressive strength outcomes.

CONCRETE 175 KG/CM?

350
300 /\/\
= e,
250 —— ——— ———
200
150
100
50
0
1 2 3 4 5 6
e DINO 320 KG/CM2 253 242 272 253 260 259
=== (QCE 320 KG/CM2 277 300 291 329 321 302
TEM 320KG/CM2 289 274 286 284 276 289
GECONSAC 320 KG/CM2 273 282 245 272 241 259

Figure 2. Workability of concrete 175 kg/cm?

CONCRETE 320 KG/CM?
600
500 —_— "
400 e
300
200
100
0 1 2 3 4 5 6
e=DINO 320 KG/CM2 420 428 401 416 434 405
e QCE 320 KG/CM2 464 463 492 461 523 465
TEM 320KG/CM2 432 430 441 415 443 449

GECONSAC 320 KG/CM2 432

442

473 456 429 470

Figure 3. Workability of concrete 320 kg/cm?

3193



Figure 3 shows the workability of the 320 kg/cm? concrete
mix across the same laboratories. In this case, the higher
cement content resulted in a mixture with greater cohesiveness
and slightly reduced slump compared to the 175 kg/cm? mix.
TEM and QCE again presented the highest slump values,
ensuring adequate placement and compaction, whereas DINO
and GECONSAC recorded lower workability. The
relationship with compressive strength was similar: more
workable mixtures tended to reach the target strength with less
variability, while stiffer mixtures displayed wider dispersion
of results at 28 days.

3.4 Compressive strength of concrete 175 kg/cm?

In the TEM laboratory the compressive strength of the 3, 7,
28 days of curing was developed, from Figure 4, the curing of
3 days is evidenced for the 3 specimens, in bar 1 it has a
resistance of 133 kg/cm?; in bar 2 it has a resistance of 135
kg/cm? and in bar 3 it has a resistance of 138 kg/cm?, where
we can see that in the third bar the resistance is greater
resistance than the other bars.

3-DAY REHEARSALS (175 KG/CM?)

139
138
137
136
135
134
133
132
131
130

138

135

133

Figure 4. Compressive strength (175 kg/cm?) of concretes at
3 days of curing

7-DAY REHEARSALS (175 KG/CM?)
192
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184
182
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Figure 5. Compressive strength (175 kg/cm?) of concretes at
7 days of curing
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In Figure 5, the curing of 7 days is evidenced for the 3
specimens, in bar 1 it has a resistance of 186 kg/cm?; in bar 2
it has a resistance of 181 kg/cm? and in bar 3 it has a resistance
of 190 kg/cm?, where we can see that in the third bar the
resistance is greater resistance than the other bars.

In the TEM laboratory the compressive strength of the 28
days of curing was developed, Figure 6 shows the curing of 28
days for the 6 specimens, in bar 1 it has a resistance of 289
kg/cm?; in bar 2 it has a resistance of 274 kg/cm?, in bar 3 it
has a resistance of 286 kg/cm?, in bar 4 it has a resistance of
284 kg/cm?, in bar 5 it has a resistance of 276 kg/cm? and in
bar 6 it has a resistance of 289 kg/cm? from where we can see
that in bar 1 and bar 6 they have greater resistance than the
other bars.

28-DAY REHEARSALS (175
KG/CM?)

H] m2 m3 m4 m5 m6

0
(@}
\O
0
N
\O
~
<t N
~
N I

Figure 6. Compressive strength (175 kg/cm?) of concretes at
28 days of curing
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Figure 7. Compressive strength (175 kg/cm?) of concretes at
28 days of curing- GECONSAC laboratory
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In the GECONSAC laboratory the compressive strength of
the 28 days of curing was developed, from Figure 7, the curing
of 28 days is evidenced for the 6 specimens, in bar 1 it has a
resistance of 272.60 kg/cm?; in bar 2 it has a resistance of



281.177 kg/cm?, in bar 3 it has a resistance of 245.48 kg/cm?,
in bar 4 it has a resistance of 271.71 kg/cm?, in bar 5 it has a
resistance of 240.51 kg/cm? and in bar 6 it has a resistance of
258.59 kg/cm? from where we can see that in bar 2 it has
greater resistance than the other bars.

In the DINO laboratory the compressive strength of the 28
days of curing was developed, Figure 8 shows the curing of 28
days for the 6 specimens, in bar 1 it has a resistance of 253
kg/cm?; in bar 2 it has a resistance of 242 kg/cm?, in bar 3 it
has a resistance of 272 kg/cm?, in bar 4 it has a resistance of
253 kg/cm?, in bar 5 it has a resistance of 260 kg/cm? and in
bar 6 it has a resistance of 259 kg/cm?, where we can see that
in bar 3 it has greater resistance than the other bars.
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Figure 8. Compressive strength (175 kg/cm?) of concretes at
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Figure 9. Compressive strength (175 kg/cm?) of the
concretes at 28 days of curing- QCE laboratory
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In the QCE laboratory the compressive strength of the 28
days of curing was developed, Figure 9 shows the curing of 28
days for the 6 specimens, in bar 1 it has a resistance of 277
kg/cm?; in bar 2 it has a resistance of 300 kg/cm?, in bar 3 it
has a resistance of 291 kg/cm?, in bar 4 it has a resistance of
329 kg/cm?, in bar 5 it has a resistance of 321 kg/cm? and in
bar 6 it has a resistance of 302 kg/cm?, where we can see that
in bar 4 it has greater resistance than the other bars.

3.5 Compressive strength of concrete 320 kg/cm?

In the TEM laboratory the compressive strength of the 3, 7,
28 days of curing was developed, Figure 10 shows the curing
of 3 days for the 3 specimens, in bar 1 it has a resistance of
242 kg/cm?; in bar 2 it has a resistance of 235 kg/cm?, in bar 3
it has a resistance of 252 kg/cm?, where we can see that in bar
3 it has greater resistance than the other bars.

In Figure 11, the curing of 7 days is evidenced for the 3
specimens, in bar 1 it has a resistance of 341 kg/cm?; in bar 2
it has a resistance of 328 kg/cm?, in bar 3 it has a resistance of
326 kg/cm?, where we can see that in bar 1 it has greater
resistance than the other bars.

3-DAY REHEARSALS (320 KG/CM?)
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Figure 10. Compressive strength (320 kg/cm?) of the
concretes at 3 days of curing- TEM laboratory
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Figure 11. Compressive strength (320 kg/cm?) of the
concretes at 7 days of curing- TEM laboratory



In the TEM laboratory the compressive strength of the 28
days of curing was developed, Figure 12 shows the curing of
28 days for the 6 specimens, in bar 1 it has a resistance of 432
kg/cm?; in bar 2 it has a resistance of 430 kg/cm?, in bar 3 it
has a resistance of 441 kg/cm?, in bar 4 it has a resistance of
415 kg/cm?, in bar 5 it has a resistance of 443 kg/cm? and in
bar 6 it has a resistance of 449 kg/cm?, where we can see that
in bar 6 it has greater resistance than the other bars.

28-DAY REHEARSALS (320
KG/CM?)
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Figure 12. Compressive strength (320 kg/cm?) of concretes
at 28 days of curing - TEM laboratory
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Figure 13. Compressive strength (320 kg/cm?) of concretes
at 28 days of curing - GECONSAC laboratory
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In the GECONSAC laboratory the compressive strength of
the 28 days of curing was developed, Figure 13 shows the
curing of 28 days for the 6 specimens, in bar 1 it has a
resistance of 431.63 kg/cm?; in bar 2 it has a resistance of
442 .45 kg/cm?, in bar 3 it has a resistance of 472.88 kg/cm?, in
bar 4 it has a resistance of 455.69 kg/cm?, in bar 5 it has a
resistance of 429.21 kg/cm? and in bar 6 it has a resistance of
470.33 kg/cm?, where we can see that in bar 3 it has greater
resistance than the other bars.

In the DINO laboratory the compressive strength of the 28
days of curing was developed, from Figure 14, the curing of
28 days is evidenced for the 6 specimens, in bar 1 it has a
resistance of 420 kg/cm?; in bar 2 it has a resistance of 428
kg/cm?, in bar 3 it has a resistance of 401 kg/cm?, in bar 4 it
has a resistance of 416 kg/cm?, in bar 5 it has a resistance of
434 kg/cm? and in bar 6 it has a resistance of 405 kg/cm?,
where we can see that in bar 5 it has greater resistance than the
other bars.
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Figure 14. Compressive strength (320 kg/cm?) of
concretes at 28 days of curing - DINO laboratory
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In the QCE laboratory the compressive strength of the 28
days of curing was developed, Figure 15 shows the curing of
28 days for the 6 specimens, in bar 1 it has a resistance of 464
kg/cm?; in bar 2 it has a resistance of 463 kg/cm?, in bar 3 it
has a resistance of 492 kg/cm?, in bar 4 it has a resistance of
461 kg/cm?, in bar 5 it has a resistance of 523 kg/cm? and in
bar 6 it has a resistance of 465 kg/cm?, where we can see that

KG/CM?)

in bar 5 it has greater resistance than the other bars.
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Figure 15. Compressive strength (320 Kg/cm?) of concretes
at 28 days of curing-- QCE laboratory
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3.6 Compressive strength of concrete 175 kg/cm? and 320
kg/cm?

Table 11 shows the results of the 175 kg/cm? concrete
produced in the laboratories (DINO, QCE, TEM,
GECONSAC) showing a number of specimens (6 units in each
of them), the minimum quantity DINO 242; QCE 277; TEM
274, GECONSAC 240.51. The maximum quantity DINO 242;
QCE 277; TEM 274; GECONSAC 240.51. The average of the



maximum and minimum amount is DINO 256.5; QCE 303.3;
TEM 283; GECONSAC 261.8. The percentage of variation is
presented in the DINO laboratory 11.70%; QCE 17.10%;
TEM 5.30%; GECONSAC 15.80%. The average standard
deviation in DINO 9.1; QCE 17.5; TEM 5.9; GECONSAC 15.
Its variance in the DINO laboratory 98.7; QCE 365.9; TEM
42.4; GECONSAC 268.7. The median in the DINO laboratory
was 256; QCE 301; TEM 285; GECONSAC 265.15. The
validation coefficient in the DINO laboratory is 3.50%; QCE
5.80%; TEM 2.10%; GECONSAC 5.70%.

Table 11. Concrete result 175 kg/cm?

No. Sample DINO QCE TEM GECONSAC
1 PRO-01 253 277 289 273
2 PRO-02 242 300 274 282
3 PRO-03 272 291 286 245
4 PRO-04 253 329 284 272
5 PRO-05 260 321 276 241
6 PRO-06 259 302 289 259

N= 6 6 6 6
Min = 242 277 274 240.51
Max = 272 329 289 281.77
Average = 256.5 303.3 283.0 261.8
% Var = 11.7% 17.1% 5.3% 15.8%
Desv Std Prom = 9.1 17.5 5.9 15.0
Variance = 98.7 3659 424 268.7
Median = 256 301 285 265.15
Coef. Validation = 3.5% 58% 2.1% 5.7%

f'c 175 kg/cm?

PRO-01 PRO-02 PRO-03 PRO-04 PRO-05PRO-06

350
300
25
20
150
100

5

oS O

oS O

EDINO mQCE mTEM mGECONSAC

Figure 16. Final result of concrete 175 kg/cm?

In Figure 16, the 6 specimens of each laboratory are shown,
and the results of Figures 6-9 will also be compared. In PRO-
01 it is determined that the TEM laboratory has the highest
resistance and the least resistance is the DINO laboratory.

In PRO-02 it is determined that the highest resistance is
from the QCE laboratory and the lowest is from the DINO
laboratory. In PRO-03 it is determined that the highest
resistance is from the QCE laboratory and the lowest is from
the GECONSAC laboratory. In PRO-04 it is determined that
the highest resistance is from the QCE laboratory and the
lowest from the DINO laboratory. In PRO-05 it is determined
that the highest resistance is from the QCE laboratory and the
least resistance is from the GECONSAC laboratory. In PRO-
06 it is determined that the highest resistance is from the QCE
laboratory and the least resistance is from the DINO
laboratory.

STATISTICS f'c 175kg/cm?
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Figure 17. Statistical result of concrete 175 kg/cm?

In Figure 17, it is evident in the laboratories that DINO has
an average standard deviation of 9.1 and thus we determine the
validation coefficient of 3.5%. In the laboratory QCE has an
average standard deviation of 17.5 and thus we determined the
validation coefficient of 5.8%. In the TEM laboratory it has a
deviation of 5.9 and thus we determined the validation
coefficient of 2.1%. In the GECONSAC laboratory it has a
deviation of 15.0 and thus we determined the validation
coefficient 5.7%. The final result is determined that in the
QCE laboratory it has a higher percentage of 17.5 and the TEM
laboratory has the lowest percentage of 5.9.

Table 12. Coefficient of variation at 28 days, concrete f ¢ of

175 kg/cm?
Laboratory Coefficient of Variation Meets ASTM C-39 (<
(%) 4.6%)
DINO 3.5 Yes
QCE 5.8 No
TEM 2.1 Yes
GECONSAC 5.7 No

According to ASTM C-39, the maximum recommended
limit for the coefficient of variation (CV) in multi-laboratory
tests is 4.6%. In the 175 kg/cm? mix design, TEM and DINO
laboratories met this parameter. In contrast, QCE and
GECONSAC exceeded this limit, suggesting greater
variability in their 28-day compression results (Table 12).

Table 13. Concrete result 320 kg/cm?

No. SAMPLE DINO QCE TEM GECONSAC
1 PRO-01 420 464 432 32
2 PRO-02 428 463 430 442
3 PRO-03 401 492 441 473
4 PRO-04 416 461 415 456
5 PRO-05 434 523 443 429
6 PRO-06 405 465 449 470
N= 6 6 6 6
Min = 401 461 415 429.21
Max = 434 523 449 472.88
Average = 4173  478.0 435.0 450.4
% Var = 7.9% 3.0% 7.8% 9.7%
Desv Std Prom = 11.7 22.7 11.0 17.3
Variance = 163.9 620.0 146.0 359.0
Median = 418 464.5 436.5 449.07
Coef. Validation = 2.8% 4.8% 2.5% 3.8%
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Table 13 shows the results of the 320 kg/cm? concrete
produced in the laboratories (DINO, QCE, TEM,
GECONSAC) where a number of specimens (6 units in each
of them) is shown, the minimum quantity DINO 401; QCE
461; TEM 415, GECONSAC 429.21. The maximum quantity
DINO 434; QCE 523; TEM 449; GECONSAC472.88. The
average of the maximum and minimum quantity is DINO
417.3; QCE 478; TEM 435; GECONSAC 450.4. The
percentage of the variation is presented in the DINO laboratory
at 7.90%; QCE 13.00%; TEM 7.80%; GECONSAC 9.70%.
The average standard deviation in DINO 11.7; QCE 22.7;
TEM 11; GECONSAC 17.3. Its variance in the DINO
laboratory 163.9; QCE 620; TEM 146; GECONSAC 359. The
median in the DINO laboratory was 418; QCE 464.5; TEM
436.8; GECONSAC 449.07. The validation coefficient in the
DINO laboratory is 2.80%; QCE 4.80%; TEM 2.50%;
GECONSAC 3.80%.

Table 14. Coefficient of variation at 28 days, concrete f ¢ of

320 kg/cm?
Laboratory Coefficient of Variation = Meets ASTM C-39
(%) (£4.6%)
DINO 2.8 Yes
QCE 4.8 No
TEM 2.5 Yes
GECONSAC 3.8 Yes

Table 14 shows that the 320 kg/cm? mixture design, the
TEM, DINO and GECONSAC laboratories complied with the
maximum limit of 4.6% established by the ASTM C-39
standard for the coefficient of variation (CV). On the other
hand, QCE presented a value slightly above the threshold,
which indicates a slight additional dispersion in its results.

f'c 320kg/cm?
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Figure 18. Concrete results 320 kg/cm?

In Figure 18, the 6 specimens of each laboratory are shown,
and the results of Figures 12-15 will also be compared. In
PRO-01 it is determined that the highest resistance is in the
QCE laboratory and the least resistance is in the DINO
laboratory. In PRO-02 it is determined that the highest
resistance is from the QCE laboratory and the lowest is from
the DINO laboratory. In PRO-03 it is determined that the
highest resistance is from the QCE laboratory and the lowest
is from the DINO laboratory. In PRO-04 it is determined that
the highest resistance is from the QCE laboratory and the
lowest from the TEM laboratory. In PRO-05 it is determined
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that the highest resistance is from the QCE laboratory and the
least resistance is from the GECONSAC laboratory. In PRO-
06 it is determined that the highest resistance is from the
GECONSAC laboratory and the least resistance is from the
DINO laboratory.

In Figure 19, it is evident in the laboratories that DINO has
an average standard deviation of 11.7 and thus we determine
the validation coefficient of 2.8%. In the laboratory QCE has
an average standard deviation of 22.7 and thus we determined
the validation coefficient of 4.8%. In the TEM laboratory it
has a deviation of 11.0 and thus we determined the validation
coefficient of 2.5%. In the GECONSAC laboratory it has a
deviation of 17.3 and thus we determined the validation
coefficient 3.8%. The final result is determined that in the
QCE laboratory it has a higher percentage of22.7 and the TEM
laboratory has the lowest percentage of 11.0.

STATISTICS f'c 320kg/cm?
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Figure 19. Statistical result of concrete 320 kg/cm?

4. DISCUSSIONS

The experimental program was based on the ACI 211.1 mix
design method, targeting strengths of f'c = 175 kg/cm® and f'c
=320 kg/cm?, with slumps of 6” and 7", respectively. The mix
proportions summarized in Tables 15 and 16 ensured
consistent material dosing across all batches, with a total of 60
cylindrical specimens prepared for testing. The subsequent
evaluation in four laboratories (TEM, GECONSAC, DINO,
QCE) provided a valuable basis for interlaboratory
comparison of fresh and hardened concrete properties.

Table 15. Concrete mix design 175 kg/cm?

Material Stock Weight (kg/m®)  Batch (m?)
Pacasmayo Extraforte 366 13.9
Water 208 7.9
Fine Aggregate 488 18.54
Coarse Aggregate 860 32.68

Table 16. Concrete mix design 320 kg/cm?

Material Stock Weight (kg/m®)  Batch (m?)
Pacasmayo Extraforte 536 19.29
Water 208 7.48
Fine Aggregate 385 13.86
Coarse Aggregate 860 30.96




The next step is to place the aggregates in a concrete mixer
of fc= 175kg/cm? and f'c= 320 kg/cm?, where we will obtain
different results for 3, 7 and 28 days of curing in the 4 selected
laboratories TEM, GECONSAC, DINO, QCE.

In this research, it was possible to determine the coefficient
of variation and the multi-laboratory dispersion, obtaining the
following results: DINO registered an average standard
deviation of 11.7 and a coefficient of variation of 2.8%; QCE
had a mean standard deviation of 22.7 and a coefficient of
4.8%; TEM obtained an average standard deviation of 11.0
and a coefficient of 2.5%, while GECONSAC reached a
standard deviation of 17.3 and a coefficient of variation of
3.8%.

When comparing these values with the reference limits
established by the ASTM C-39 standard for multilaboratory
tests, it is concluded that the TEM and DINO laboratories
satisfactorily meet the acceptable threshold of statistical
accuracy, registering coefficients of variation less than 4.6%
for both mixture designs (175 and 320 kg/cm?). On the other
hand, QCE exceeds this threshold in both mixtures, while
GECONSAC exceeds the limit in the design of 175 kg/cm?.
This evaluation, as shown in Tables 14 and 16, shows the need
for laboratories with high deviations to strengthen their quality
control processes, particularly in the standardization of test
procedures, metrological verification of equipment and
technical training of personnel.

In particular, the QCE laboratory, presenting the highest
standard deviation and the highest coefficient of variation
among the four evaluated, reflects a significant variability in
its results. This dispersion could be associated with factors
such as poorly standardized internal procedures, differences in
specimen curing, or the lack of recent calibration of testing
equipment. The influence of the experience and training of the
operational personnel is also considered. Based on the
accuracy limits set by ASTM C-39 for multi-laboratory
studies, the values reported by QCE are outside the optimal
range, suggesting the need to implement internal technical
audits and ongoing training programs.

It is worth mentioning that, although some laboratories
indicated that they were certified to perform compression tests,
no documents were presented to support such accreditations,
such as the registration number, the technical scope or the
certifying entity. This lack of traceability in certification
represents a limitation to directly correlate accreditation with
the statistical performance of laboratories.

On the other hand, a thesis [22] was identified in the
literature review that studied the compressive strength in
concretes with the addition of coconut fiber and different
percentages of fine and coarse aggregate, with a design of f'c
= 210 kg/cm?. In this study, 48 specimens were tested at 14
and 28 days, obtaining significant increases in resistance for
contents of 1%, 2% and 3% of additive. However, although
this type of work contributes to the development of alternative
technologies, its approaches and objectives are not directly
aligned with the purpose of this study, which focuses
exclusively on the variability of interlaboratory results under
conventional test conditions.

In this sense, although comparative calculations of the
coefficient of variation and dispersion were carried out in
concretes with additives such as coconut fiber (where standard
deviation values between 2.0 and 5.7, and coefficients of
variation between 0.8% and 2.4% were obtained), these data
cannot be directly extrapolated to this statistical analysis
between conventional laboratories. Therefore, it has been
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decided to restrict the analysis and discussion to the results
obtained under normative conditions of quality control,
eliminating irrelevant references and strengthening the
technical consistency of the interpretation.

In Figure 20, the author prepared 6 trials of 3 types of
percentage quantity at 1%, 2% and 3% where it is possible to
determine that it has a good percentage in PRO-04, where we
want to compare our results using our method and formulas in
excel.

In Figure 21, the thesis students had as results in their
coefficient of variation and dispersion 1% (2.4%), 2% (1.0%)
and 3% (2.5%), where it is true that the lower the resistance,
the greater the 2% and it is possible to put an end to our
discussion.

Compressive strength

PRO-01 PRO-02 PRO-03 PRO-04 PRO-05 PRO-06

300

20
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(==}
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Figure 20. Compressive strength results of concretes with
1%, 2% and 3% coconut fiber addition [39]
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Figure 21. Coefficient of variation and dispersion of
concretes with 1%, 2% and 3% coconut fiber addition [39]

According to ASTM C-39/C39M-18, in multi-laboratory
studies the typical acceptable coefficients of variation for
concretes with strengths below 35 MPa range from 4% to 6%,
depending on the level of reproducibility sought and the test
environment. In this study, the TEM and DINO laboratories
have QoL below 3%, which reflects an adequate technical
control. GECONSAC is at the acceptable limit, while QCE
exceeds the reference values established by the standard, even
reaching 4.8% on average.

In Table 17, the deviation suggests a loss of statistical
reproducibility which, according to the technical literature and
regulatory experience, may be related to several operational



factors: Expired or inaccurate calibrations in the test presses,
lack of uniformity in mixing and curing procedures, or
deficiencies in the training of the personnel performing the
tests. Previous studies have documented that human error and
variability in specimen positioning directly influence the
dispersion of results, especially when centralized alignment
and loading protocols are not used.

Table 17. Calculation of the coefficient of variation and

dispersion [39]
No. SAMPLE 1% 2% 3%
1 PRO-01 2242 251.12 229.78
2 PRO-02 232.22 255.82 219.05
3 PRO-03 240.97 252.61 217.41
4 PRO-04 235.59 257.24 224.73
5 PRO-05 227.93 249.89 231.76
6 PRO-06 227.09 254.57 230.54
N= 6 6 6
Min = 2242 249.89 217.41
Max = 240.97 257.24 231.76
Average = 231.3 253.5 225.5
% Var = 7.2% 2.9% 6.4%
Desv Std Prom = 5.7 2.6 5.6
Variance = 384 8.0 38.1
Median = 230.075 253.59 227.255
Coef. Validation = 2.4% 1.0% 2.5%

In the case of QCE, it is recommended to implement an
internal technical audit, review field test protocols, ensure
metrological traceability of the equipment used, and
periodically train technical personnel, in order to reduce
variability and comply with the interlaboratory accuracy
standards required by international standards such as ASTM
C-39 and complementary standards such as ISO/IEC 17025.

According to ASTM C-39/C39M-18, for concrete mixes
with compressive strength less than 35 MPa, the typical
coefficient of variation of reproducibility between laboratories
should not exceed 4.6%. In the case of the QCE laboratory, an
average CV of 4.8% was observed, which represents an excess
of 0.2 percentage points with respect to the normative
threshold. Although this difference may seem marginal, in
structural contexts it can imply significant errors in the
acceptance of concrete, especially if it is a large volume or
highly critical work.

This deviation, although slight, reveals a break in QCE's
interlaboratory control capacity, which must be addressed
through the standardization of procedures and the metrological
traceability of its equipment. Its inclusion within the "non-
standard" range of ASTM C-39 justifies the need to implement
urgent technical improvements and makes the laboratory a
priority case for continuous improvement and technical audit
programs.

4.1 Limitations

In the present study, a mixing plant was not used for the
manufacture of the specimens. Each participating laboratory
reproduced the mixture design provided by the research team,
following the dosage established under the guidelines of ACI
211.1. This decision responded to the need to evaluate the
variability of the tests under real operating conditions, as they
are usually carried out in the Trujillo region.

The aggregates and materials were procured locally by each
laboratory, and detailed technical instructions were provided
for the mixing, molding, curing, and testing of the cylinders.
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However, a system of direct supervision and cross-audits
between laboratories were not implemented, which is a
methodological limitation recognized in this study. This
decentralization may have influenced the dispersion of results
due to uncontrolled variations in factors such as mixing time,
concrete homogeneity, compaction technique, or curing
conditions.

Likewise, complete uniformity in the test ages was not
achieved. While the TEM laboratory performed tests at 3, 7
and 28 days, the other laboratories (QCE, DINO and
GECONSAC) tested only after 28 days. To guarantee the
comparative validity of the statistical analysis, only the results
obtained at 28 days were considered, an age that represents the
most widely used technical standard in the acceptance of
concrete structures. However, this lack of methodological
homogeneity limits the possibility of comparing the evolution
of the resistant development of concrete in all cases.

Finally, each laboratory tested six specimens per type of
concrete (f'c = 175 and 320 kg/cm?), using three replicates at
28 days for two different batches. Only the TEM laboratory
distributed its six specimens in three ages, using two cylinders
for each interval (3, 7 and 28 days). This strategy, although
valid within the practical conditions of the study, does not
meet the ideal number of replicates per age defined in ASTM
C-39. This limitation was due to logistical and budgetary
constraints, and reflects the operational reality of regional
laboratories, where testing practices are usually concentrated
exclusively after 28 days.

Despite these limitations, the study offers a useful and
representative approach to the interlaboratory variability
existing in non-standardized regional technical contexts, and
proposes a baseline on which future strategies of
standardization, metrological control and technical
accreditation can be implemented.

5. CONCLUSIONS

The present study evaluated the variability of concrete
compressive strength results among four laboratories in the
city of Trujillo, Peru, following the guidelines of the ASTM
C-39 standard. Two mixture designs (fc = 175 and 320
kg/cm?) were analyzed, with a total of 48 specimens, and the
coefficient of variation (CV) and standard deviation (SD) were
calculated for each laboratory.

The results show that the TEM and DINO laboratories
obtained a good statistical performance, with average CV less
than 3%, complying with the reproducibility limits
recommended by ASTM C-39. For its part, GECONSAC is at
the acceptable limit, while the QCE laboratory exceeded the
threshold of 4.6% established by the standard, with an average
CV of 4.8% and a SD of 22.7, evidencing a significant
dispersion in its results.

This dispersion may be associated with factors such as non-
standardized internal procedures, variable curing conditions,
absence of recent metrological verification of the equipment,
and lack of continuous training of technical personnel. Direct
comparison with the normative values of ASTM C-39 allows
us to conclude that QCE presents a performance outside the
optimal range, which requires corrective interventions.

Among the limitations of the study are the decentralized
preparation of the samples, the lack of homogeneity in the test
ages (only TEM applied 3/7/28 days) and the limited number
of specimens per laboratory. Although these conditions limit



classical statistical reproducibility, they faithfully reflect the
real operating conditions of laboratories in non-standardized
Peruvian regional contexts.

The main scientific contribution of this study lies in
providing a quantitative and contextual baseline on
interlaboratory variability in real operating conditions, an
aspect little addressed in the national and international
literature. This approach allows identifying technical gaps in
concrete testing processes and proposes a methodological
model that can be replicated in other regions of the country.

It is recommended that future research expand the number
of laboratories evaluated, standardize test ages, verify
equipment calibration using traceable metrological
certificates, and consider cross-technical audits between
laboratories. These actions will strengthen the concrete quality
control system in Peru and move towards a more robust and
reliable national accreditation system. Include mix designs
with mineral or chemical additives (e.g., microsilica, fly ash,
plasticizers) to analyze their effect on the consistency of
results between laboratories. Implement non-destructive tests
such as ultrasound or sclerometer, which can be correlated
with the results obtained by compression and serve as
complementary methods of verification in the field. Expand
the number of participating laboratories, including those
accredited under ISO/IEC 17025, to generate comparisons
with international quality standards. Apply blind testing
methodologies, where operators are unaware of the
provenance of the specimen, in order to minimize technical
bias and assess the true reliability of the results.
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