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INTRODUCTION

Concrete is widely used worldwide for the construc-
tion of structures of various sizes, whether they are large,
medium, or small [1-4]. According to Monteiro et al. 5]
30 billion tons of concrete are produced globally each year.
Generally, the nominal compressive strength is the most
important property of concrete, and it is determined at 28
days of age [6-8]. This strength is tested on standard-shaped
specimens, such as cylinders with a diameter of 150 mm
and a length of 300 mm or cubes with sides of 150 mm [9,
10]. To this end, several studies have been conducted to
convert the strength of cylinders to the strength of cubes,
and a factor of 1.2 has been proposed for ordinary concrete
[11, 12]. However, this factor decreases with the increase in
concrete strength. The IS 516 (Part 4): 2018 standard rec-
ommends that the equivalent strength of a cylinder with a
length-to-diameter ratio of 2 should be corrected by a cor-
rection factor of 1.25 compared to a cube [13]. However,
when it comes to in-situ testing (destructive testing) to ver-
ify the quality of concrete, non-standard-sized specimens
referred to as cores are commonly used. Cores are smaller
in size compared to standard cylindrical specimens, which
are referred to as the scale effect [14]. Compared to other
non-destructive tests, these destructive tests provide more
accurate compressive strengths [15, 16]. It would be pru-
dent, therefore, to evaluate compressive strength using con-
crete cores.

The compressive strength of cores obtained through cor-
ing (destructive testing) of both old and new structures can
be influenced by the size of the specimens [17]. Numerous
experimental studies in the literature examine the impact
of specimen size and shape [18-21]. For instance, authors
[22, 23] established a linear correlation between the com-
pressive strengths of cubes and microcores. Chockalingam
et al. [24] simultaneously investigated the effects of speci-
men shape, size, and aggregate size, noting that as aggregate
size and specimen length increase, compressive strength,
splitting tensile strength, and flexural strength decrease. A
recent study examined the effects of sample size, aggregate
size, and compressive strengths between 25 MPa and 30
MPa [13]. Zhu et al. [25] established the role of aggregate
and sample size on the overall fragility of the structure.

Other researchers have explored the influence of the
maximum aggregate size on the strength of microcores
[26, 27]. The smallest dimensions of microcores tested
were 28 mm, as studied by Indelicato and Kilinc et al. [9,
28]. Regarding regulations, the American standard ASTM
C42 for obtaining drilled cores requires a dimension of
95 mm [29]. In contrast, the new European standard EN
13791:2019 [30] requires a dimension of 100 mm and rec-
ommends that core size be at least three times the maxi-
mum aggregate size used in concrete production. It is worth
noting that ISO/DIS 7032 [30,31], DIN 1048 Teil 2 [32], and
the guidelines of ACI Committee 301 [33] permit the use of
cores smaller than 50 mm in specific situations.

Various studies have suggested increasing the num-
ber of smaller-sized cores [9, 34]. According to the study
conducted by Vasanelli et al. [35], the limited number of
extracted cores does not provide a faithful representation of
the concrete strength in the examined structure. The accu-
rate conversion of core results relative to standard specimens
is directly dependent on the number of cores extracted.
Moreover, uncontrolled factors constitute sufficient rea-
sons to increase the number of cores [36]. Following the
research by Boussahoua et al. [37], the minimum number
of cores that ensure a proper evaluation of concrete strength
is seven to nine cores. According to the authors, statistical
origin error is strongly influenced by the number of cores.
However, Alwash et al. [38] note that precision adds little
value beyond seven to eight cores, and other authors [39,
40] have concluded that compression strength stabiliza-
tion occurs from nine cores onward. Contrary to specific
standards such as EN 13791 [39], ACI 228 1R [41], and
NA17004 [42], which recommend reducing the number of
cores to avoid compromising the strength of structures.

The mechanical properties of cores are influenced by
several factors. For instance, researchers [10, 43] have high-
lighted various elements affecting core performance, includ-
ing moisture, the length-to-diameter ratio (L/D), drilling
direction, and the type of coring equipment used. However,
there are still many factors in this domain that remain to
be explored. The standards commonly applied for coring in
existing structures include the American Concrete Institute
(ACI) standards [41, 44, 45] and European standards [30,
46]. The mentioned studies predominantly focus on ordi-
nary concrete containing coarse aggregates. Nevertheless,
there is a scarcity of research focused on concrete designed
for thin elements, such as slabs and walls [47-49]. However,
literature reveals that several studies have been conducted
using non-destructive tests to assess the quality of con-
crete. For instance, Ju et al. [50] estimated the compressive
strength of high-strength concrete (HSC) from nuclear
power plants using non-destructive tests on concrete spec-
imens up to 100 MPa. The authors compared results from
30 mm, 50 mm, and 100 mm cores with those obtained
from non-destructive tests. Similarly, Wankhade and
Landage [51] conducted a study on a water reservoir and
emphasized the importance of these non-destructive tests
in identifying and detecting internal defects and cracks in
concrete. However, the combined use of non-destructive
tests to assess concrete strength in structures was examined
by Jain et al. [52]. The validation of non-destructive tests
is thus performed through destructive tests, granting them
crucial importance. Ivanchev [53], along with Shrestha and
Giri [54], introduced these two methods for the evaluation
of compressive strength.

This study aims to assess the ability to predict the com-
pressive strength of high-strength concrete based on com-
pression strength tests of cores and cast specimens. The
correlation of compressive strength is examined across
various core sizes and standard cylindrical specimens,
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Table 1. Chemical composition of cement (%)

$i0, AL,0, Fe,0, CaO MgO K,O

Na,O

SO; CaOfree Insoluble Losson ignition

20.19 523 3.34 56.9 2.01 0.61

0.15

2.31 1.01 241 5.84

considering the effects of the curing environment. With the
insights drawn from the results, it will become feasible to
estimate the in-situ compressive strength of concrete and
suggest the minimum number of cores needed for accurate
predictions according to the established conversion model.

EXPERIMENTAL DESIGN

Concrete Preparation

A compressive strength of concrete exceeding 45 MPa
has been developed, considered as high strength according
to ACI 213R and DTR BC248 [55, 56]. This compressive
strength was measured following ASTM C469 and ASTM

Table 2. Physical characteristics of fine and coarse aggre-
gates

Materials Used
High-strength concrete was prepared using standard Characteristics Sand Gravel
Portland cement of type CEM II/A 42.5. At the age of 28  Granular class 0/3.15 3/8
days, this binder exhibits a compressive strength of 45..78 Apparent density (Kg/m’) 1480 1500
MPa and a flexural strength of 8.47 MPa. The chemical Absolute density (Kg/m?) 5520 5500
properties of the binder are detailed in Table 1. Th'SO e en: }1’ g
Table 2 presents the detailed properties of the 0/3.15 tnness moduie 21
1 0
sand and 3/8 gravel used, while Figure 1 illustrates their Sand equivalent (%) 82 )
respective particle size distribution. Cleanliness of gravel (%) 14
Table 3. Mixture proportions
Concrete Sand (Kg/m?®) Gravel (Kg/m?) Cement (Kg/m?) Water (I/m?)
0/3 3/8 8/15 15/25
C45/55 533 1073 - - 493 211
100
90 - —=— Sand (0/3.15)

—e Agreggate (3/8)

Percent passing (%)
—_ [} [O%) B W N - o
(=) S S S (=) [e) S S

(=]

10

100 1000
Sieve opening(ium)

Figure 1. Particle size distribution of the sand and aggregate.
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200 mm
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100 mm

a)

Figure 2. Tested concretes: (a) Cast specimen, (b) Concrete blocks for core drilling.

C39 on cylinders with a diameter of 150 mm and a height
of 300 mm [57, 58]. The materials used in the concrete mix
include sand, aggregates, Portland cement, and tap water,
as presented in Table 3. The Dreux-Gorisse method was
employed as the concrete formulation method.

Specimens Produced

The experimental program is conducted in two series
of tests, involving cast specimens as well as cores extracted
from the same concrete. The first series, comprising 36 cast
specimens with diameters of 50 mm, 100 mm, and 150 mm
and a length-to-diameter ratio equal to 2 (L/D=2), was
subjected to two environmental conditions: exposed to air
(natural conditions) and submerged in water at 20 °C (Fig.
2a). The second series involves extracting 27 cores from
blocks with diameters of 50 mm, 75 mm, and 100 mm, nine
cores for each type (see Fig. 2b). It is noteworthy that these
blocks were exposed to open air. Core drilling was per-
formed following ASTM C42 [29], and compression tests

Table 4. Mean densities of cast specimens and cores

were conducted within 7 days of coring. Before testing, the
cores were prepared following the guidelines of standard
NA 5071 and DIN EN 12.504-1 [59, 60]. In this research,
two length-to-diameter ratios equal to 1 and 2 were used
for the cores, with their extraction performed in the direc-
tion of concrete casting.

Table 4 summarizes the densities of the cast specimens as
well as the cores extracted from the concrete blocks. These
values represent the averages of nine specimens obtained
at the age of 28 days, all made with the same concrete mix.
The standard deviation and coefficient of variation values
are provided for each studied specimen.

To better present the experimental results, various forms
of conversion models were tested, namely linear regression
(1), power function (2), exponential function (3), loga-
rithmic function (4), and polynomial function (5). These
forms are commonly employed in the literature to assess

Density of cast specimen

Cure L/D Dimensions (mm) Density (t/m?) SD CV (%)
50x100 2.398 0.069 2.877
Water 2 100x200 2.401 0.020 0.833
150x300 2.394 0.007 0.292
50x100 2.347 0.050 2.130
Air 2 100x200 2.389 0.016 0.670
150x300 2.362 0.018 0.762
Density of crushing cores
50x50 2.255 0.020 0.882
Air 1 75x75 2.317 0.022 0.955
100x100 2.352 0.038 1.613
50x100 2.273 0.014 0.614
Air 2 75x150 2.345 0.070 2.965
100x200 2.379 0.041 1.738
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the compressive strength of concrete in existing structures
[15, 61, 62].

fi=aD+b 1)
f,=aDP+c )
f; = aexp® +c 3)
f,=alnD+b (4)
f=aD?*+bD+C (5)

With:
f= fc(d)/fc(lso) or f= fp(d)/fc(lso)

fe(ay : Mean compressive strength of cores in MPa,

f_c(l soy Mean compressive strength of standard cast
specimens preserved in water or air, depending on the
combination

D: Core diameter in mm.

The parameters a, b, and ¢ were accurately determined
from the experimental data using the least squares method.
To assess the quality of the conversion model, statistical
indices such as standard deviation, coefficient of variation,
and coefficient of determination are utilized. Additionally,
the standard deviation (SD) of the model concerning the
mean compressive strength and the root mean square error
(RMSE) of prediction have been used to assess the disparity
between the compressive strength predicted by the model
and the experimental strength. These indices have been cal-
culated according to equations (6) and (7).

RMSE = \/%Zﬁvﬂ(ﬁx” ~ fa)? (6)

—_—\2
cal )
mean

1
SD = \/;Z?zl(f:ﬂl - )
Where 5" is the experimentally obtained compres-
sive strength, f$ is the compressive strength calculated by
the proposed model, and f$3l, is the mean compressive

mean
strength of the model.

EXPERIMENTAL RESULTS

Case of Cores with L/D =1

Individual simulation of the compressive strength of
various cores compared to that of standard specimens,
whether stored in water or air, was conducted. In total, 81
simulations were performed. To establish an appropriate
relationship between the diameter (D) of the cores and the
compressive strength ratios f.,/f.50)> correlations were
conducted based on (D) and the curing method. Five dif-
ferent mathematical equations were tested, and equation
selection was based on an analysis of four statistical indi-
cators, including the coefficients of determination, correla-
tion coefficient, coefficient of variation, and mean relative
error. From the results obtained in Table 5, it is evident that
the coefficient of variation (CV) and average relative error
(ARE) are low for the exponential function in both cur-
ing conditions. As depicted in Figure 3, equations 8 and 9
were chosen as the ideal representations of the correlation
between the diameter (D) of the cores and the ratios f,4)/
fes0)> with the first equation applying to wet curing and the
second to air curing. This equation format was also selected
for non-destructive tests [63- 65].

fy = 0.3138exp®01062 — 0,080 8)

f, = 0.3398exp®0106D — 0,087 )

Table 5. Regression formulas used and associated statistical indices (L/D=1)

]76(1 50) in water

Function form R? R CV (%) ARE (%)
f1=0.0079 D + 0.022 0.622 0.789 21.221 19.316
f,=0.0313 D0.7245- 0.0995 0.606 0.779 22.644 19.172
f3=0.3138€0.0106D - 0.080 0.663 0.815 17.466 14919
f,=0.53981n(D) - 1.5884 0.561 0.749 26.382 23.974
f5=0.0003D2 - 0.0304D + 1.012 0.741 0.861 27.558 21.044
fc(lSO) in air
f,=0.0086 D + 0.020 0.630 0.793 21.268 19.442
f,=0.0339 D*7*%-0.109 0.613 0.783 22.798 19.367
f3=0.3398e"01%6P - 0.087 0.672 0.820 17.533 15.005
f,=0.5844In(D) - 1.858 0.568 0.754 24.025 24.025
f5=0.0003D? - 0.0329D + 1.342 0.734 0.857 32.347 23.225
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Figure 3. Size effect for cores L/D=1. (a): Cure in water, (b)

Figure 3 illustrates the ratios of 50 mm, 75 mm, and 100
mm cores to standard specimens f,,4)/f.(150 Where the L/D
ratio is 1. The presented results below are individual ratios
from 81 simulations. The colors black, red, and blue corre-
spond to 50 mm, 75 mm, and 100 mm cores, respectively.
Conditional coring was performed, and the cores were
meticulously prepared following the previously mentioned
standards.

The individual simulation results show that 60.49%
of the f190)/fc(150) ratios are below 1, with an average of
0.972 (Fig 3a). In contrast, the f,5)/f(150) and fis0)/f(150)
ratios are all below 1, with averages of 0.615 and 0.576,
respectively. Thus, it can be observed that the compres-
sion results of the 100 mm cores are close to 1, while the
other two cores require correction factors, despite their
low slenderness (L/D=1). Equation (3) was selected as the
most appropriate relationship, and model analysis pro-
vided us with a coefficient of determination R* equal to
0.663.

The ratios f,q)/fc150) Obtained from the experimenta-
tion show an increase when f 5, is cured in the air. Indeed,
the average of the f,,00)/fc(150 ratios is 1.05, demonstrating a
slight superiority of the f,40) cores in this specific context.
However, the averages of f,,75)/f.150) and fi,s0)/fc(150) ratios
are 0.665 and 0.624, respectively. An increase in these ratios
is observed compared to curing in water. In the case of air
curing, the suggested exponential model (Fig. 3b) has a
coefficient of determination (R?) equal to 0.672.

Below presents the variation of the Root Mean Square
Error (RMSE) with the number of cores for the coring
technique, as well as the standard deviation (SD) of the
conversion model calculated according to equation 6 (Fig.
4). These two statistical parameters are related to the cur-
ing environment. A decrease in prediction error (RMSE)
is observed with an increase in the number of cores in
both curing environments, but the stability of the RMSE

foo 1.

P50 'c150

ff

p75 'c150

§ 10 1 fp100/ fc150
S ] | £t Curein air

> o

R =0.3398¢""""" 0,087
R2=0,672

. . e
0 10 20 30 40 50 60 70 80 90 100 110 120
Core diameter (mm)

b)

: cure in air.

error seems to manifest only from 8 to 9 cores for the 75
mm and 100 mm cores in the case of wet curing (Fig. 4a).
On the other hand, no stability in the RMSE error was
observed for the 75 mm and 100 mm cores in air curing.
This is likely due to the influence of the L/D ratio of 1.
However, stability in the 75 mm cores was observed in
both curing conditions, from 5 cores, corresponding to
strength of about 2 MPa.

The standard deviation (SD) of our conversion model,
measured during the determination of f ;5 in water,
stabilizes from 6 cores onward (Fig. 4b). There is a slight
variation in compression between 6 and 9 cores of differ-
ent sizes. The 100 mm core exhibits the maximum stan-
dard deviation of the model, reaching 3 MPa. Stabilization
in the case of air curing is observed between 5 and 7 cores,
and then increases slightly for compressive strengths
equivalent to those obtained with water curing (Fig. 4d).
This is due to the curing conditions of high-strength con-
crete (in the open air), meaning the increase in uncon-
trolled parameters such as humidity and temperature,
reducing the quality of the conversion model. However,
increasing the number of cores will stabilize the standard
deviation (SD) and the root mean square error (RMSE) of
the exponential model.

Table 6 presents the ratios between the cores and cast
specimens of the same dimensions with the L/D ratio
for cores equal to 1. The mean values, standard devia-
tion (SD), and coefficient of variation of the compres-
sive strengths of the cores were calculated based on 81
simulations.

Opverall, a prevalence of core strengths over cast spec-
imens was observed. Analyzing the statistical indicators,
it is noted that the f,50)/f(150) ratio of specimens cured in
air exhibits a higher standard deviation and coefficient of
variation.
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Figure 4. RMSE and SD of the prediction model as a function of the number of cores: Case of L/D=1. (a) and (b): Cure in

water, (c) and (d): cure in air.

Table 6. Comparison of different cores with cast specimens

(f.(a)) cure in water

(f ) cure in Air

fp100/ fc100 fp50/ fc50 fplOO/ fc100 fp50/ fc50
Arithmetic mean 1.390 1.120 1.173 1.156
Standard Deviation 0.234 0.102 0.153 0.253
Coef of variation (%) 16.835 9.091 13.043 21.886

Case of Cores with L/D =2

The five equation forms were also tested in the case of
D/L=2 and both curing conditions (see Table 7). Among
these equations, the exponential function also stands out
with lower coefficients of variation (CV) and average rela-
tive errors (ARE). Thus, equations 10 and 11 were selected
as optimal expressions for the compressive strength curve
of high-strength concrete (Fig. 5). For this equation form,

the coefficients of determination (R*) and correlation (R)
are higher in the case of air curing. However, these coef-
ficients, in the case of water curing, remain lower than
those of the polynomial equation, but the latter exhibits
higher coefficients of variation (CV) and average relative
errors (ARE). This allows us to retain the logarithmic
fitting curves for the experimental results, with a coeffi-
cient of variation (CV) below 17% valid for both curing
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Table 7. Regression formulas used and associated statistical indices (L/D=2)

]_Cc(l 50) in water

Function form R? R CV (%) ARE (%)
f,=0.008D - 0.053 0.755 0.869 20.437 19.310
f,=0.018D"%- 0.089 0.745 0.863 21.558 18.470
f3=10.2594€%%'2P - 0.069 0.802 0.895 15.780 13.559
f,=0.569In(D) - 1.887 0.692 0.832 26.200 24.703
f5=0.0002D? - 0.0257D + 1.29 0.848 0.921 31.054 24371
fe(1s0) in air
f,=0.009D - 0.057 0.764 0.874 20.189 19.016
f>,=0.0199D"%- 0.098 0.754 0.868 21.280 18.199
f3=0.2809¢%%12P - 0.073 0.807 0.898 15.640 13.418
f,=0.6162In(D) - 2.042 0.700 0.837 25.964 24.401
f5=0.0002D? - 0.0278D + 1.437 0.646 0.804 37.718 26.948

environments of f.,5,). However, in the case of D/L=1, it is
observed that the coefficient is above 17% in both curing
environments.

0.2594exp®0122 — 0.069

f3 (10)

f; = 0.2809exp®°12P — 0.073 (11)
An exponential trend was also observed. The results
presented in Figure 5 show the ratios f_(4)/f,(;50) as a function
of core diameters (D), this time with an L/D ratio of 2. An
increase in the ratios f,q)/f.(50) is noted with the increase in
core diameter. The relationships obtained exhibit higher R?
coefficients compared to L/D=1. The experimental results

yield ratios below 1. The average differences in compressive
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strengths between the conversion model and experimen-
tal results in a wet environment (f 5,)) are 19.44%, 0.43%,
and 13.25% for the 50 mm, 75 mm, and 100 mm cores,
respectively. These differences correspond to compressive
strength differences of 4.65 MPa, 0.11 MPa, and 5.66 MPa
(Fig. 5a). Comparing the model results with those of stan-
dard specimens, conversion factors of 2.48, 1.76, and 1.26
are obtained for the 50 mm, 75 mm, and 100 mm cores,
respectively. A decrease in the ratios f,4)/f(;50) is observed
regardless of the curing method of f 5, compared to ordi-
nary concrete with compressive strengths of about 25 MPa
and 30 MPa [13].

The ratios f,4)/f;(150) also increase with the diameter
(D) in the case of air curing (Fig. 5b). The experimental
results for 100 mm cores require no corrections. These
results are comparable to those obtained by Ju et al. [50] for
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Figure 5. Size effect for cores L/D=2. (a): Cure in water, (b): cure in air.
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50 mm and 100 mm cores. However, the other two diam-
eters necessitate conversion factors, although these remain
lower when f 5, is cured in water. Nevertheless, the fitting
model encompassing all cores requires conversion factors
of 2.3, 1.62, and 1.16 for the 50 mm, 75 mm, and 100 mm
cores, respectively, compared to the standard specimen.
However, the 100 mm cores conform to the conversion fac-
tors of ASTM C42 and EN 13791 [29, 30]. The compressive
strength difference between the model and in-situ results
for the 50 mm, 75 mm, and 100 mm cores is 5.56 MPa, 0.19
MPa, and 4.71 MPa, respectively. Overall, the compres-
sive strength difference is acceptable, allowing us to assert
that the proposed models align well with the experimental
results.

The performance of the proposed models in terms of
average prediction errors (RMSE) and standard deviations
(SD) based on the number of cores is presented in Figure
6. This visualization provides insight into the predictive
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capability of the models as the number of cores increases.
It is observed that increasing the number of cores decreases
the prediction error, and consequently, the model is con-
sidered stable and reliable with at least 7 cores for the 100
mm and 50 mm cores (Fig. 6a). Several authors converge
on the same conclusion, suggesting that the optimal num-
ber of cores is estimated between seven and nine [37, 38].
On the other hand, the 75 mm core stabilizes between 5
and 9 cores. In this curing case, the mean prediction error
remains stable at 6.7 MPa, 2 MPa, and 5 MPa for the 100
mm, 75 mm, and 50 mm cores, respectively. The standard
deviation (SD) of the model shows little variation beyond
6 cores for all three diameters (D) studied (Fig. 6b). As
anticipated, there is a consistent pattern of stability in the
average prediction errors (RMSE) and standard deviation
(SD) during water curing. Conditional coring helps reduce
uncertainties in the evaluation, along with the required
number of cores, and consequently, the costs of in-situ tests.
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Figure 6. Influence of the number of cores on the error prediction RMSE and SD of the conversion model: Case of L/D=2.

(a) and (b): Cure in water, (c) and (d): cure in air.
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Table 8. Comparison of different cores with cast specimens (L/D=2)

(f.(a)) cure in water

(f.(a)) cure in Air

fplOO/ fcl()O fpSO/ chO fplOO/ fclOO fp50/ f¢:50
Arithmetic mean 1.068 0.948 1.105 1.002
Standard Deviation 0.151 0.113 0.055 0.103
Coef of variation (%) 14.139 13.325 4.977 10.279

The curve in Figure 6c, related to air curing, indicates
that the prediction error RMSE does not stabilize. Some
authors suggest that nine cores are necessary to achieve sta-
bilization [39, 40]. Following these combined or individual
non-destructive testing (NDT) trials, Boussahoua et al. [66]
observed that the minimum number of concrete strength
evaluations is also nine. The comparison with f, 5, cured
in the air has a negative effect, indicating that an increase
in the number of cores becomes necessary. This may lead
to structural instability and costly investments for destruc-
tive tests. The introduction of uncontrolled parameters
confirms the disturbance of the model (Fig. 6d). Indeed,
it is noticed that the standard deviation (SD) of the model
increases slightly from 7 cores. However, it is important
to note that this deviation remains relatively low, reaching
only 0.32 MPa.

Table 8 compares the relationship between the com-
pressive strength of cores and cast specimens of high-
strength concrete with an L/D ratio of 2. A similar trend
was observed; water curing decreases the ratios between
cores and cast specimens. It is observed that these ratios are
slightly higher or almost equal to 1. This facilitates the con-
version of the compressive strength of cores. This observa-
tion can be explained by the cohesion of the concrete from
cores extracted from blocks. It highlights the fact that the
diameter of aggregates used in manufacturing does not

14
1,3
1,2
]
1,04 Letso’

folf

50" "¢150

f ol T,

100" "c150

A f If

¢150° "c150
Cure in water|

o %
e

09 1

Experimental data fe)/fe150

y = 0.4775¢""> -0.0351
R2=0.544

o o 0 0 0 o0 o
M whr U N
P T T T RO RO R

o o
o -
1

T I T T T S S O B
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160
Diameter of cast specimen (mm)

a)

influence compressive strength. However, these ratios show
a significant decrease compared to ordinary concretes with
strength below 40 MPa [13].

Case of Cast Specimens

Figure 7 illustrates the evolution of the compressive
strength of cast specimens based on their diameter, distin-
guishing between those cured in water and air. An expo-
nential improvement was observed in compressive strength
with an increase in specimen diameter in both curing
environments.

The exponential relationship of Equation 3 was also
selected for the cast specimens. Compared with specimens
feqs0) cured in water, it yielded a = 0.478, b = 0.0052, and c =
-0.0351. On the other hand, specimens cured in air resulted
in a =0.429, b = 0.0061, and ¢ = -0.0673. This correlation
provides a better estimation of f;(, An improvement in
the coefficient of determination (R?) is observed, increas-
ing from 0.544 for water curing to 0.663 for air curing.
Similarly, the correlation coefficient (R) also experienced
an improvement, rising from 0.737 in water curing to 0.814
in air curing.

The analysis of individual ratios for specimens cured in
water, f.10)/fc(150) reveals that 24.69% of them have values
greater than 1. The mean ratio for all specimens f.;9)/f(150)
is 0.880. In contrast, f.sp)/fc(150) Tatios for specimens cured
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Figure 7. Relationship between compressive strength of cast specimens and diameter (D). (a): Cure in water, (b): cure in air.
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Table 9. Exponential equations as a function of (R) and (Vp)

References

Chen et al. [63]

Chen et al. [63]
Biswas et al. [64]
Trtnik et al. [65]

Atici [67]

Atici [67]
Mohammed et al. [68]

fo= 2222 3.6
fo = 20,2407 2.6
fouy = 2787000195V
ooy = 0.856€!252%

fruy =3.34e005%

fou = 0.0316€3%

fiy = 9.5879 00

Regression Formula (MPa)

Maximum strength (MPa)
<70 MPa

>70 MPa

79.40

50

36.4

36.4

40

in water are all below 1, with an average value of 0.608. For
specimens cured in open air, 19.75% of f_(;00)/f(150) Tatios
are above 1, with an average value of 0.904. Additionally,
fes0yfe(150 ratios are all below 1, with an average of 0.533.
These ratios decrease with specimen size. However, air cur-
ing improves the f(00)/fc(150) ratio while simultaneously
decreasing the f_(50)/f(150) ratio. Compared to a recent study
[13], it is observed that the use of high-strength concrete
leads to a decrease in f(50)/f.(150) a0d fe(100)/fc(150) TaLIOS.

Comparisons with Other Studies

In this study, only exponential formulas were proposed
to validate previously suggested equations. These formulas
pertain to the compressive strength of concrete, estimated
between 36.4 and 79.4 MPa.

Most research conducted in this field shows that expo-
nential expressions provide a good prediction of compres-
sive strength. The formulas presented in this study exhibit a
relatively low RMSE. Consequently, the equations for esti-
mating the compressive strength of high-strength concrete,
by combining the most significant factors, can be useful on
construction sites. Of course, further research is needed to
refine the models proposed in this study.

CONCLUSION

In this study, a series of destructive tests (DT) was con-
ducted on blocks cured in the open air, while another series
was performed on cast high-strength concrete specimens
cured in two different environments: open air and in water.
The aim was to analyze the impact of specimen size, L/D
ratio, and curing environment on compressive strength.
The test results were compared to those of standard spec-
imens to explore potential relationships for estimating
average compressive strength. Various statistical indicators
were employed to enhance this study. The obtained results
lead to the following conclusions:

- The individual simulation of compressive strength for
various ratios of f,4/f150) led to the development of
exponential equations, enabling an accurate estimation
of the compressive strength of high-strength concrete.

Indeed, the statistical indicators (CV) and (ARE) are
lower in the case of exponential equations.

Modeling the ratios f,q)/f(150) s a function of the diam-
eter (D) of the cores remains below 1. In this regard,
the conversion models depend on the core size, the L/D
ratio, and the curing environment. Indeed, reducing the
size results in a significant decrease in the f,4)/f.150)
ratio, observed under constant L/D ratio and curing
conditions.

The transition from an L/D ratio of 1 to an L/D ratio
of 2 in the case of wet curing results in a reduction of
3.24% for f100)/f(150 6-34% for f(75)/fc(150) and 9.52%
for f,(s0)/fc(150)- There is a decrease of 4.55%, 7.13%, and
11.79% for cores of 50 mm, 75 mm, and 100 mm, respec-
tively, in the case of air curing. The results highlight the
significant impact of core size in the proposed models,
underscoring its importance as a crucial parameter.

Air curing leads to a decrease in the ratios f,q)/fc(1s0)
especially when L/D=1. The core of 100 mm shows a
reduction of 10.13%, while decreases of 8.64% and
10.33% are recorded for the 75 mm and 50 mm cores,
respectively. However, core size has demonstrated a
more significant influence compared to the two previ-
ously emphasized parameters.

The effectiveness of our exponential models relies
on various statistical indicators, including prediction
errors (RMSE) and standard deviation (SD) of the con-
version models. Comparison with water-cured standard
cylindrical specimens allowed us to reduce the number
of cores. Indeed, both statistical parameters stabilize, in
wet curing, from 7 to 8, depending on the L/D ratio.
However, when compared to air-cured standard cylin-
drical specimens, it was shown that at least 9 cores are
needed. In practice, when the quality control level of the
concrete is high, 7 cores may suffice.

Given that this experimental study was conducted for a
specific formulation and a w/c ratio of 0.43, additional
experimental work involving other formulations, the
direction of concrete flow, and L/D ratios equal to 1
for molded specimens would be necessary to further
improve the precision and applicability of the developed
models. This would contribute to the generalization of
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prediction equations for high-strength concrete in engi-
neering practice.

- Although the coring method of resistance evaluation
is partially destructive, it remains the most reliable for
evaluating compressive strength. The use of small-di-
ameter cores is crucial for maintaining the structural
stability of concrete structures.
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