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Abstract
Studies revealed that all the grain size-grading curves speci�ed by concretes mix designs were all typi�ed by an almost perfect quasi-fractal distribution of the
aggregate particle size. This enabled to identify the basic granular mixture (no cement, �ne or mineral addition) and determine the porosity, based on the
granular fractal-identi�cation modulus"\text{F}\text{D}.\text{l}\text{o}\text{g}(\text{d}/\text{D})", comprising the fractal dimension \left(\text{F}\text{D}\right)
of the aggregate involved and the granular range (\text{d}/\text{D}). The aim of this research work was to shed new light on the prediction of concrete
mechanical compressive strength - as a major topic addressed by many researchers who investigated concretes - and introduce a new approach to expand the
use of the "\text{F}\text{D}.\text{l}\text{o}\text{g}(\text{d}/\text{D})" modulus, which explicitly addressed the aggregate granularity and implicitly determined
the related compactness. The approach adopted a two-phase concrete model, where the �rst phase being the aggregate and the second phase referring to the
paste (cement, water, mineral addition and possibly �nes). The implemented granular fractal-identi�cation modulus (GFIM) included new parameters of
concretes mix designs as dosage and nature of the concrete components, comprising identical aggregates and hence similar (GFIM) and compactness
values. Applying a reading array to experimental compiled results of more than 300 concretes selected from literature provided a clear correlation between the
development of concrete compressive strength {\text{R}}_{\text{C}28}and a combination of the classical parameters used. The approach thus established a
new and more instructive as well as pedagogical paradigm for adequately assessing and controlling concretes performance on fractal basis.

1. Introduction
Mechanical compressive concrete strength is one of the main properties that is strongly required in structural design because either normal or high-
performance structural concrete components are basically designed to resist compressive loads. Since the �rst work of g [1], several studies were carried out
to predict the mechanical compressive strength of concretes [2–7]. Therein scienti�c community, having widely investigated and experimented concrete
properties, focused on several parameters and the in�uence of the component’s nature and dosage, in particular. Researchers even sought - through the
various concrete formulation methods studied - to establish a state of the art of the related know-how developed so as to provide a solution for the prediction
of the concrete mechanical compressive strength. In addition, specialists acknowledged that concretes feature various aggregate properties as chemical and
mineral composition, shape, roughness, weathering conditions, speci�c gravity, hardness, strength, physical and chemical stability, pore structure, mineralogy,
surface area, surface texture, particle size and shape, elastic modulus, grading and water absorption, speci�c surface area, etc. For most studies reported in
literature, there is a common ground in that concretes with different mix proportions were expected to be involved and that parameters may be signi�cantly
different between approaches, because of the very large number.

As a continuation of works related to fractal analysis, we believed that it is still very appropriate to give the aggregate compactness due importance in addition
to parameters including the nature and dosage of the concrete components and contributed to the prediction of the concrete compressive strength. Conversely
to the above statements, we applied a reading array to experimental compiled results of more than 300 concretes collected from available literature. We
therefore expressed the aggregate compactness employing the implemented granular fractal-identi�cation modulus (GFIM), which is widely detailed herein. To
apply the reading array, we used a wide range of experimental works available in the literature and for which the dosage and nature of each concrete
components as well as the GFIM were provided. We therefore adopted a two-phase concrete model in that the �rst phase being the aggregate and the second
one referring to the paste (cement, water, mineral addition and possibly �nes).

To achieve the intended objective, the following three-staged procedure was adopted. In the former stage of this research work, we comprehensively reviewed
what was accomplished in previous research studies regarding some known models for the prediction of the compressive strength of concretes. In this stage,
we examined the ability of the reviewed models in predicting the experimental results of the works covered in this research programme. However, since we
focused to expand the two-phase model by means of the compactness factor, we explored each method studied looking for direct existence of data on
granularity and implicit related compactness. We exceptionally outlined some of the approaches rather brie�y because we considered from the very beginning
to introduce an alternative approach to investigate concretes considering the parameter (\text{F}\text{D}.\text{l}\text{o}\text{g}(\text{d}/\text{D})that effectively
provide granularity for every design mixture. Still in the same stage, application of the fractal distribution to aggregates was then discussed. Noteworthy, one
may notice that many authors applied power laws for the so-called reference granular distributions [8]. These laws were identical to the ones used in fractal
analysis, especially in the works available in literature. Moreover, those works were also based on the approaches by [9–10], which demonstrated that all
concrete mix design methods used aggregates that are distinguished by a quasi-fractal granular distribution (cumulative number of grains as a function of
their size). In the next stage and in continuation of the above trend, we addressed all aspects concerning the fractal character of the aggregate size
distribution. To do so, we converted all the particle size curves of the experimental data - covering more than 300 mix designs regarding the mechanical
compressive strength of concrete - into fractal lines to determine the GFIM (granular fractal-identi�cation modulus). Likewise, we subsequently approached
the de�nition as well as the description of the two-phase model for the multi-parameter concretes studied in [11–13] and expanded the approach by means of
the GFIM modulus. The last stage involved the correlation of the results generated by the reading array. This enabled us to draw some conclusions that
highlight the didactic and pedagogical potential of this new paradigm in the study of the mechanical compressive strength of concretes. It is clear that this
work, it needs another major work to verify the validity of the results obtained, and the reason is that this requires a broad program of work that is very
important given the number of parameters to be studied Such as the dosage, the nature of the various components, the coe�cient of determination of
granular fractals, and other parameters, both conventional and non- conventional.

2. Database Collection And Models Implementation
For the concretes examined, the compressive strengths evaluated using the Féret [1] model show little dispersion and the points are distributed almost along a
straight line. Scatters of the compressive strength model of De Larrard [4] are relatively more pronounced but remain small, followed by those of Abrams [2]
and Bolomey [3], which exhibit a large dispersion.
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This section is based on experimental work in which most of the information referred to must be recorded (Fig. 1). We collected more than 321 types of
concrete produced by 20 authors are mentioned in tables (1, 2, 3 and 4) through 59 different research programmes and where different types of concrete
mixtures were elaborated. Most countries on the African continent apply European methods, particularly Algeria where French standards are the only ones
used. Of the 350 concretes initially collected, 29 were excluded because the sum of the volumes of the components with the volume of air is not equal or does
not reach 1000 litres. The compiled experimental results of the selected concretes were collected from different research programmes performed during the
period 1992–2018. In most cases, concretes and concretes with added minerals were employed.

In this section, we initiate a comparative survey between experimental results available in the literature and calculated values generated using the above
quoted models [1–4]. Figures (2, 3, 4 and 5) illustrates the experimental results of the concretes mechanical compressive strengths ({\text{R}}_{\text{C}28})
versus the values computed using the approaches and models provided by [1–4].

2.1 Description of the enriched biphasic model
2.1.1 De�nition of the two-phase model Powers [11], in 1966, takes stock of the evolution of de�nitions of concrete material. They all retain the biphasic nature
with, however, the variations proposed by the various authors. It should be noted that some authors consider the paste to be composed of cement and water
(possibly air) while others include the �nes which will then be separated from the aggregate.
De Larrard [4] and Yang [12] in his work also uses the two-phase nature of concrete to study the deformation of hardened concrete and the compressive
strength. In the paragraph concerning the general model of compressive strength, he speci�es that all grains with a diameter greater than 0.08mm will be
considered as part of the aggregate and the rest as part of the paste. In the method he developed, he �rst determines the mechanical strength of the cement
matrix before using it to determine the Rc28 of concrete.

Among the many studies using the two-phase model of concrete, that of Benkemoun [15] uses the same model using the �nite element method to study the
constitution of a new anisotropic model of plasticity. Bonifaz [16] also uses the �nite element method with the same model to study concrete.

2.1.2 Enrichment of the two-phase model. We propose to enrich this model by integrating the parameter mentioned in paragraph 3, the GFIM, to account for
the in�uence of the shape of the grain size curve, therefore of the value of DF, on the compactness of the aggregate given the work of [9, 17].
This is not the �rst time that the role of aggregate compactness has been demonstrated because several authors use this property to propose reference grain
size curves [3, 4] showed the in�uence of the compactness of elementary granular classes on that of the aggregate.

The threshold of 0.1mm remains to be speci�ed depending on the mineralogical nature of the grains, in the literature one will most often �nd the threshold
between 0.08mm and 0.125mm [17].

2.2 Fractal models and granular distribution
All the work of [ 9–10, 17–19] applied fractal analysis of materials in their respective works. In this study, we apply fractal analysis to aggregates, identifying
the granular distribution using the fractal dimension (FD) and the granular range (d/D). The parameter (FD) is calculated by transforming the grain size curves
into fractal lines (cumulative number of grains versus their own diameter). Evaluation of the fractal dimension by means of straight fractal lines after
transformation of grain size curves is well established in the scienti�c literature and studies quoted [9–10, 17–19] describe very well the process with detailed
information. Moreover, since the fractal line of an ideal fractal object is initially unbounded, we can determine the number of each grain by delimiting this line
with parameters (d/D) and assuming all grains are spherical. Several works used the fractal model in civil engineering applications.

2.2.1 Fractal character of high-performance concrete Lecomte and Thomas [19] used fractal analysis to identify granular mixes of high compactness
concretes. He pointed out that the minimum porosity may be approximated by a power law, by either [8]' approach or other authors models. This allowed [19]
making the link with the fractal approach, using power laws. In fact, [19] studied a distribution of a granular mixtures for a very high-performance concrete and
obtained a value of the fractal dimension close to 2.74 (slope of the line equal to -2.74).
2.2.2 Fractal character and granular mix porosity. In the works by [9, 17], it was demonstrated that the parameter (d/D) not only identi�es each particle size
curve but also the dry granular mixture. This was possible because the approach enabled to determine the design mix porosity-compactness, as shown in the
following equation. The approach is therefore based on the assumption that the optimal value of (FD) is 3 (another optimal value can be proposed). The
analyses carried out in their respective works yielded a suitable expression "Por(d/D)" (Eq. 1) [9]; for the porosity of a granular mixture, taking into account the
porosity of the elementary granular classes "Por(d)" a tightening index (A1) and the curve �tting of the experimental data values using the Gauss-Ampere
function.
We introduce in (Fig. 2(a)) a pattern taken from the work of [9); and in (Fig. 2 (b)) an application to some of works involved in our study. The study by [9);
covered a signi�cant range of the "FD.log (d/D)" factor and whose values were between 0 and − 50. The (FD) value of the design mix studied is noticeably less
than 3 and that of "FD.log (d/D)" factor varies from − 4.5 to -7.5. The reason was that only one branch or segment of the initial curve is produced. As shown in
(Fig. 2(b)), in this initial curve branch, the (FD) value decreases as the porosity increases at a constant (d/D) value whereas for the other branch both the (FD)
value and porosity are decreased:

 \text{P}\text{o}\text{r}(\text{d}/\text{D})=\text{P}\text{o}\text{r}\left(\text{d}\right)-{\text{A}}_{\text{I}}.{\text{e}}^{\frac{{-
(\text{F}\text{D}.\text{log}\left(\text{d}/\text{D}\right)-(3.\text{log}\left(\text{d}/\text{D}\right))}^{2}}{2{\text{W}}^{2}}}  (Eq. 1)

where Por (d/D) is the Granular mix porosity of (d/D) and \text{P}\text{o}\text{r}\left(\text{d}\right) is the porosity of elementary class (d). "3.log(d/D)" is the
optimal fractal granular identi�cation modulus ({\text{F}\text{D}}_{\text{O}\text{p}\text{t}}=3) and "FD.log(d/D) is the fractal granular identi�cation modulus.
(W) is the standard deviation as this coe�cient describes scattering around optimal value "{\text{F}\text{D}}_{\text{O}\text{p}\text{t}}.\text{L}\text{o}\text{g}
(\text{d}/\text{D})" and (AI) is thetightening coe�cient indicating tightening process effect.
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In what follows, expression (\text{D}/\text{d}) is rather preferred to (\text{d}/\text{D}) as the minus sign is the sole difference and as expression "
{\text{F}\text{D}}_{\text{o}\text{p}\text{t}}-\text{F}\text{D}).\text{log}\left(\text{D}/\text{d}\right)" within the granular mix porosity expression
"\text{P}\text{o}\text{r}(\text{d}/\text{D})" is squared and no results change is made.

2.2.3 Fractal character and RVE-model of granular mixtures. In 2012, Sebsadji and Chouicha [10] determined an analytical value of Representative Volume
Element (RVE) for a granular mixture (see Eqs. 2 & 3, below), applying fractal analysis of granular mixtures and assuming that each granular mixture is a
multiple of an elementary volume:
 \text{R}\text{E}\text{V}=\frac{{\text{R}\text{E}\text{V}}_{\text{a}\text{b}\text{s}}}{{\delta }}=\frac{{\text{R}\text{E}\text{V}}_{\text{a}\text{b}\text{s}}}{1-
{\text{P}\text{o}\text{r}}_{\left(\text{d}/\text{D}\right)}}  (Eq. 2)

 {\text{R}\text{E}\text{V}}_{\text{a}\text{b}\text{s}}=\sum _{\text{i}=1}^{\text{n}}{\text{N}}_{\text{\varnothing }\text{i}}{\text{V}}_{\text{\varnothing }\text{i}} 
(Eq. 3)

where (REV) is the Representative Elementary Volume and (REVabs) is the representative elementary absolute volume. (δ) is the volume content of granular
mix compactness and "{\text{P}\text{o}\text{r}}_{(\text{d}/\text{D})}" is the granular mix porosity for a (d/D) granular extent, corresponding to that of a fresh
concrete. (Nϕi) is the representative elemental number of grains with dimension (φi) and (Vϕi) is the elementary volume of a grain with dimension (φi).

3. Concretes Mechanical Compressive Strength Models
In this section, we introduced some of the existing models for the prediction of the compressive strength of concrete, which we applied in order to verify their
ability to predict the experimental values of existing concrete mix designs. In this context, we wish to mention the works of Féret (1892) as represented in
Eq. (4), Abrams (1918) proposed a rather simple exponential equation of the type shown in the following Eq. (5), Bolomey (1936) approach Eq. (6) focuses on
the main role played by cement (mass and real class) and water, More recently, De Larrard (2000) provided a more elaborate model for the evaluation of the
compressive strength of the material. The following model relationship see equations (7, 8) below is intended to predict the compressive strength of cured
Portland cement-based concretes, at 28 days. Also, since we focused on contributing to the improvement of the two-phase model by using the compactness
factor, we thoroughly explored the occurrence of granularity and thus implicitly compactness data for each method examined. We therefore only brie�y
highlighted some of these approaches as we proposed an alternative procedure to study concrete, enabling the parameter FD.log (d/D) to provide full value for
the mix design granularity. Only then, we proceeded to consider the application of fractal distribution to aggregates.

Féret’s formula − 1892

\text{R}=\text{k}{\left(\frac{\text{C}}{\text{C}+\text{W}+\text{V}}\right)}^{2}
4
where (R) is the concrete mechanical compressive strength, (k) the coe�cient depending on cement class aggregates type and preparation method, (C) the
cement content, (W) the water content and (V) the subsisting volume of air.

Abrams formula − 1919

{\text{f}}_{\text{c}}=\text{a}\text{*}{\text{b}}^{\text{W}/\text{C}}
5
where {(\text{f}}_{\text{c}}) is the mechanical strength of concrete, (a) and (b) are two controlling constants on which the exponential expression depended and
(w/c) is the cement-to-water ratio.

The basic values of the two constants (a) and (b) are approximately 147 and 0,0779, respectively. Once again, only water and cement contents are taken into
account in this equation. The implementation of this approach involves the selection of the slump, the D-value, the estimation of the quantity of gravel with
measurement of its density by tapping and the use of the modulus of �neness of the sand as well as the calculation of the mass of sand involved. The
aggregate considered is divided into two families (gravel and sand), thus little is actually understood about granularity.

Bolomey formula − 1936

{\text{R}}_{\text{c}28}=\text{G}.{{\sigma }}_{\text{c}28}^{{\prime }}\left(\frac{\text{C}}{\text{W}}-0.5\right)
6
Here, {(\text{R}}_{\text{c}28}) is the concrete mechanical compressive strength at 28 days. \left(\text{G}\right) is the coe�cient that is related to the aggregate
type, between 0.35 and 0.65, ({{\sigma }}_{\text{c}28}^{{\prime }}) is the real cement class or real mechanical strength of standardised cement-mortar and
(\text{c}/\text{w}) is the cement-to-water ratio.

De Larrard formula − 2000

{\text{f}}_{\text{c}}={\text{K}}_{\text{g}}{\text{R}}_{\text{C}\text{V}}{\left(\frac{{\text{V}}_{\text{c}}}{{\text{V}}_{\text{c}}+{\text{V}}_{\text{w}}+
{\text{V}}_{\text{a}}}\right)}^{2}{\text{M}\text{P}\text{T}}^{-\text{0,13}}
7
In this relation, ({\text{f}}_{\text{c}}) is the compressive strength of concrete and ({\text{K}}_{\text{g}}) is the coe�cient describing the effect of the aggregate
over the compressive strength. ({\text{R}}_{\text{c}\text{v}}) is the mechanical strength of cement real class, ({\text{V}}_{\text{a}}) is the volume of air included
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in unit volume of cement fresh paste, ({\text{V}}_{\text{c}}) is the volume of cement in unit volume of cement fresh paste and {(\text{V}}_{\text{w}}) is the
volume of water in unit volume of cement fresh paste. Finally, \left(\text{M}\text{P}\text{T}\right) is the maximum paste thickness expressed as:

\text{M}\text{P}\text{T}={\text{D}}_{\text{m}\text{a}\text{x}}(\sqrt[3]{{\text{g}}^{\text{*}}/\text{g}}-1)
8
where \left({\text{D}}_{\text{m}\text{a}\text{x}}\right) corresponds to the 90% mixture passing aggregate and\left(\text{g}\right) is the granular volume within a
unit volume of concrete and both parameters are easily de�ned from the mixture formulation; (g*) de�nes the real compactness of the same aggregate, which
may either be measured or evaluated by means of the MEC model of De Larrard (2000) and Boukli et al. (2014).

For the concretes examined, the compressive strengths evaluated using the Feret [1] model show little dispersion and the points are distributed almost along a
straight-line, Fig. 3. Scatters of the compressive strength model of De Larrard [4] are relatively more pronounced but remain small Fig. 4, followed by those of
Abrams and Bolomey [2, 3] Figs. 5 and 6, which exhibit a large dispersion.

4. Implementation Of The Fractal Model
Studies by [9] and [10] showed that concretes with different mix designs exhibit an almost perfect fractal distribution for the grain size of concrete aggregates.
This observation is again validated in this work where different concretes manufactured from 1992 to 2018 were studied. Figure 7 is an illustrative example
that demonstrates the transformation of granular distributions into fractal distributions for Dhir [20]. The granular mixtures are clearly identi�ed using the
fractal dimension (FD) and the granular range (d/D).

The particle size curves of all the basic granular mixtures used display a value of the fractal dimension ({\text{F}\text{D}}_{\text{g}}) between 2.30 and 3.00
while all the particle size curves of all the granular mixtures with cement, �ne mineral and addition feature a value of the fractal dimension
({\text{F}\text{D}}_{\text{c}}) ranging between 2.55 and 2.85. In accordance with the two-phase concrete model, the base aggregate comprises no additives or
�nes. In all cases, the value of the correlation coe�cient proves that it is a quasi-fractal distribution.

By considering the fractal dimension (\text{F}\text{D}) of the granular mixtures and their granular extent (d/D), we can express (Eq. 9) for a basic granular
mixture without cement and mineral additions, and (Eq. 10) for a granular mixture with cement and active additions. The maximum size (\text{D}) of the
aggregate for both mixtures is the same. However, there are two minimum dimensions, namely the �rst is for ({\text{d}}_{\text{g}}) basic granular mix and the
second is smaller than the �rst for ({\text{d}}_{\text{c}}) granular concrete mix.

 {\text{G}\text{F}\text{I}\text{M}}_{\text{g}}={\text{F}\text{D}}_{\text{g}}.\text{l}\text{o}\text{g}(\text{D}/{\text{d}}_{\text{g}})  (Eq. 9)

 {\text{G}\text{F}\text{I}\text{M}}_{\text{c}}={\text{F}\text{D}}_{\text{c}}.\text{l}\text{o}\text{g}(\text{D}/{\text{d}}_{\text{c}})  (Eq. 10)

In which ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}), ({\text{G}\text{F}\text{I}\text{M}}_{\text{c}}), ({\text{F}\text{D}}_{\text{g}}) and ({\text{F}\text{D}}_{\text{c}})
are, respectively, the fractal granular identi�cation modulus of basic granular mixtures and of concrete and the fractal dimensions of basic granular mixtures
and of concrete. Finally, (\text{D}), ({\text{d}}_{\text{g}}), ({\text{d}}_{\text{c}}) are, respectively, the maximum grains size the minimum grains sizes of basic
granular mixtures and of concrete. Tables 1 to 4 provide the variation in the values of the fractal dimension of the basic granular mixture as well as that of the
fractal modulus of granular identi�cation for all the works of the authors from the four continents.

The Table 3 and Table 4, in supplementary materials (Supporting Information) contains the results of the concretes studied by the [26], whose work cited us,
which used aggregates from a few American quarries, and [37–39] which used the aggregates from some quarries of Asia.

The Table n ° 1 above contains the identi�cation results of the granular mixtures of bases used in the concretes studied by the authors [19–25] of which their
work cited to us during the data collections, noting that the aggregates used come from some European quarries.
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Table 1
Concrete having the same {\text{G}\text{F}\text{I}\text{M}}_{\text{g}} and {\text{F}\text{D}}_{\text{g}} values of some works by European

Authors,
Year &
Ref.

Total number TN Modulus{\text{G}\text{F}\text{I}\text{M}}_{\text{g}} Fractal Dimension

Concretes {\text{G}\text{F}\text{I}\text{M}}_{\text{g}} {\text{F}\text{D}}_{\text{g}} R²

Lecomte
(1992)

3 0      

De
Larrard
[2001)

5 0      

Zennir
(1996)

9 9 6.59 2.64 0,9

Dhir
(2005) -
PC

12 2 6.27 2.51 0,9

2 6.12 2.45 0,9

Dhir
(2005) -
PFA

15 2 6.52 2.61 0,9

2 6.45 2.58 0,9

Dhir
(2005) -
Mixt

11 2 6.20 2.48 0,9

2 6.32 2.53 0,9

3 6.42 2.57 0,9

3 6.45 2.58 0,9

Meddah
(2010)

4 0      

Hager,
Gawęska
[2015

1 0      

Roziere
(2009)

1 0      

The Table 2 also contains the results of the concretes studied by the authors [27–36] whose work cited us, which used the aggregates coming from quarries in
some countries located in the north of the African continent.
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Table 2
Concrete having the same {\text{G}\text{F}\text{I}\text{M}}_{\text{g}} and {\text{F}\text{D}}_{\text{g}} \text{v}\text{a}\text{l}\text{u}\text{e}\text{s}of some w

Authors,
Year & Ref.

Total number TN Modulus{\text{G}\text{F}\text{I}\text{M}}_{\text{g}} Fractal Dimension

Concretes {\text{G}\text{F}\text{I}\text{M}}_{\text{g}} {\text{F}\text{D}}_{\text{g}}

Mehamdia
(2015)

6 6 6.91 2.77

Guemmadi
(2009)

26 23 6.39 2.56

Joudi (2012) 15 3 6.71 2.69

3 6.76 2.71

6 6.79 2.72

3 6.84 2.74

Achour
(2008)

18 0    

Rabehi
(2014)

8 2 6.26 2.72

2 6.21 2.70

2 6.14 2.67

Boukli
(2009) DA

Boukli
(2009) DM

17

17

17 6.90 2.66

17 6.93 2.67

Saadani
(2000)

15 2 6.41 2.57

2 6.44 2.58

2 6.49 2.60

2 6.56 2.63

Benouis
(2011)

7 2 6.83 2.63

Mennaai
(2008)

1 1 5,99 2,50

TN: Total number of concretes. {\text{G}\text{F}\text{I}\text{M}}_{\text{g}} : Total number of concretes with the same {\text{G}\text{F}\text{I}\text{M}}_{\text{g}}

5. Relevant Parameters For Rc28

5.1 Effect of conventional parameters
Of all the parameters mentioned in the introduction and that have a direct in�uence on the concrete mechanical strength, only some conventional ones such
as (\text{c}/\text{w}) together with ({\text{K}}_{\text{c}}), ({\text{d}}_{\text{m}\text{g}}), (Kg), ({\text{M}}_{\text{f}}), ({\text{M}}_{\text{A}\text{d}\text{m}}) and
({\text{K}}_{\text{A}\text{d}\text{m}}), (\text{G}/\text{S}) as well as some less conventional ones like (\text{D}/{\text{d}}_{\text{g}}),
(\text{D}/{\text{d}}_{\text{c}}), ({\text{F}\text{D}}_{\text{g}}), ({\text{F}\text{D}}_{\text{c}}), "\text{P}\text{o}\text{r}(\text{D}/\text{d})" were used in the following
sub-sections. This selection campaign allowed specifying parameters, which may primarily be integrated in the analysis in order to achieve the planned
objectives.

It is clear that of all the parameters, only a small number are included in the analysis because not only are some di�cult to identify and/or quantify but also,
they hardly affect the mechanical strength of the concrete in any signi�cant extent compared to the classical parameters. To [18], for instance, the actual
shape of the aggregates is a case where fractal analysis seems to provide a solution.

5.1.1 C/W effect - as conventional parameter - to all authors' works. Figure 8 shows that some concretes [26, 34, 38] exhibit different values of the mechanical
compressive strength whereas (c/w) ratio remains constant. Use of different contents and classes of cement between authors generates a large dispersion.
Thus, taking into account only the (c/w) ratio as a decisive factor is totally irrelevant and inappropriate. Conversely to [22, 33] values of some other concretes
mechanical compressive strengths seem well distributed on either side of a straight line for a varying (c/w) ratio (see also Fig. 8). These three latter works are
very particular because authors used concretes with identical basic granular mix, i.e. concretes providing a similar ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}})
value (Eq. 9), as indicated in Tables 1 to 4.
5.1.2 C/W effect - as conventional parameter - to each author's work. We provide here a study, by author, which illustrates the effect of (c/w) on the
compressive strength of concrete, Figs. 9, 10 and 11. Since we intend to study the in�uence of the ratio in the works of each author, we do not need to use the
actual or standardised class of cement, unless some authors use different classes in the same work.
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Graphs in Fig. 9 (a, b, c, d) indicate that when the correlation factor is high, this implies that the same basic granular mix is used for the concretes produced by
each author. This is evidenced by little or no change in (\text{G}/\text{S}) as well as no change in parameters such as ({\text{F}\text{D}}_{\text{g}}),
({\text{d}}_{\text{g}}), ({\text{d}}_{\text{c}}) and (\text{D}) and a change in ({\text{F}\text{D}}_{\text{c}}). However, (c/w) ratio varies signi�cantly, sometimes
showing double and intermediate ratios. Hence, the explanation for the variation of the compressive strength of concrete with (c/w) ratio and the increase of
the correlation factor. This type of concrete proves the relevant contribution of (c/\text{w}) ratio in assessing concrete mechanical compressive strength for an
almost similar basic granular mixture.

For the subsequent three authors' concretes presented in Figs. 10 (a, b, c, d) and for which the correlation is either weak as for [29] and [30] or remains
signi�cant as in the case of [20] the evaluation of the different ingredients allowed to evaluate the variation of the (c/w) ratio as well as the granular content.
This is again evidenced by the considerable variability of (\text{G}/\text{C}) or of both ({\text{F}\text{D}}_{\text{g}}) and of ({\text{F}\text{D}}_{\text{c}}). In
addition, this suggests once again that the parameters related to the binder, the paste and the grains size curves are also relevant parameters and need all be
taken into account must all be taken into account. Further, variation of the (c/w) ratio alone is still not su�cient to account for the evolution of any concrete
({\text{R}}_{\text{c}28})mechanical compressive strength.

Considering the last graphs of Fig. 11 (a, b, c, d) with zero correlation, the (c/w) ratio of the examined concretes either varies or may even remain constant
while the basic granular mixture shows considerable variations. This is clearly evidenced for such concretes by the variation of both
({\text{F}\text{D}}_{\text{g}}) and ({\text{F}\text{D}}_{\text{c}}) factors whereas the (\text{G}/\text{S}) ratio varies or being approximately constant. As
previously stated by [9], this further validates that ({\text{F}\text{D}}_{\text{g}}) and ({\text{F}\text{D}}_{\text{c}}) may also be considered as relevant parameters
as they tell more than (G/S) about the granularity. Finally, (\text{c}/\text{w}) ratio is nor relevant nor inappropriate alone for the concrete
({\text{R}}_{\text{C}28})mechanical compressive strength evolution. Tables (1, 2) and Tables (3, 4 in Supplementary Materials) provides the whole range of
concretes carried out by different authors, considering concretes with various and similar values of "
{\text{F}\text{D}}_{\text{g}}.\text{l}\text{o}\text{g}\left({\text{D}/\text{d}}_{\text{g}}\right)" parameter.

5.1.3 Effect of conventional parameters \mathbf{G}/\mathbf{S} and {\mathbf{d}}_{\mathbf{m}\mathbf{g}} To account for the mechanical strength of
aggregates, we adopted the classi�cations of [3] and [21], which allocate a coe�cient value ({\text{K}}_{\text{g}}) to each aggregate type. The two known
parameters ({\text{d}}_{\text{m}\text{g}}) and ({\text{K}}_{\text{g}}) are not relevant when taken separately since for the same values of the two known
parameters v the value of ({\text{R}}_{\text{c}28}) changes. For [28, 29, 33], on the other hand, ({\text{R}}_{\text{c}28}) varies with a constant (\text{G}/\text{S})
ratio and there are cases in which the ({\text{R}}_{\text{c}28}) varies with the (\text{G}/\text{S}) ratio without being able to identify a common correlation. In the
work of [21], ({\text{R}}_{\text{c}28}) decreases with the increase of (\text{G}/\text{S}) while it increases regularly with the increase of (\text{G}/\text{S}) in the
work of [19]. Those results enhance the fact that (\text{G}/\text{S}) ratio alone may not be regarded as a relevant parameter to fully understand the
mechanical behaviour of the concretes.

5.2 Effect of non-conventional parameters
This section is devoted to assess the relevance of some non-conventional parameters, aimed at the determination of their in�uence on concretes mechanical
compressive strength ({\text{R}}_{\text{C}28}). We particularly focus our attention on the porosity of granular mix designs without cement, �nes and mineral
additions, using the mathematical expression derived by [9]; (see related sub-sections). We will then use the parameters "
{\text{F}\text{D}}_{\text{g}}.\text{l}\text{o}\text{g} \left({\text{D}/\text{d}}_{\text{g}}\right)" and "{\text{F}\text{D}}_{\text{c}}.\text{l}\text{o}\text{g}
\left({\text{D}/\text{d}}_{\text{c}}\right)".

5.2.1 Porosity of granular mixes - Por (D/d) It can be seen in Fig. 12 that for the same values of the cement free granular mixture porosity, whether by author or
between authors, the value of ({\text{R}}_{\text{C}28}) differs, hence the need to integrate other parameters. For instance, concretes of [27] are different in their
porosity values Fig. 10.
5.2.2 Granular fractal-identi�cation modulus {\mathbf{G}\mathbf{F}\mathbf{I}\mathbf{M}}_{\mathbf{g}} and
{\mathbf{G}\mathbf{F}\mathbf{I}\mathbf{M}}_{\mathbf{c}}We may notice from Fig. 13 that concretes can have the same value of the modulus
({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) - see (Eq. 9) - but different values of ({\text{F}\text{D}}_{\text{g}}) for concretes of [28] and those of [33]. This is why
we are to identify each basic granular mixture by ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) and ({\text{F}\text{D}}_{\text{g}}). One may also notice that for the
same parameter values of ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) or ({\text{F}\text{D}}_{\text{g}}) alone, whether by author or between authors, there is
variation in the value of ({\text{R}}_{\text{C}28}) value, hence the need to consider other parameters.
Comparison of the depicted experimental results shows that - even for works by [28, 22, 29], concretes endowed with identical values of
({\text{F}\text{D}}_{\text{c}}) and ({\text{G}\text{F}\text{I}\text{M}}_{\text{c}}) - see (Eq. 10) - show small variations when parameters
({\text{F}\text{D}}_{\text{c}}) and ({\text{G}\text{F}\text{I}\text{M}}_{\text{c}}) are used. Therefore, even basic granular mixes may engender differences in
concretes when some components such as cement, �nes, mineral additions and - of course water - are included. However, the variations are not considerably
larger as there is not considerable variability in ({\text{G}\text{F}\text{I}\text{M}}_{\text{c}}) values with those concretes. Conversely, this phenomenon does not
occur with concrete in the works of [21, 37,33) for which there is constriction of ({\text{G}\text{F}\text{I}\text{M}}_{\text{c}}) values with respect to the related
range of ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) values and whose basic granular mixes were different but provided nearly similar concretes. In
accordance with Table 1, we may also notice - for instance - that in the case of Achour's concretes [27], the values of ({\text{F}\text{D}}_{\text{c}}) and
({\text{G}\text{F}\text{I}\text{M}}_{\text{c}}) are widely scattered, hence the di�culty of using this work. The same di�culty is experienced when using
Saadani's concretes [34]. Indeed, although there is a tightening of the concretes as evidenced by the small variation in
({\text{G}\text{F}\text{I}\text{M}}_{\text{c}}), the basic granular mixtures are still different.
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In his work, [9]; insisted on the relevance of (GFIM) factor to determine the porosity value of basic dry granular mixes. Also, the above results discussed earlier
in sub-section show that there is an evident correlation between concretes mechanical compressive strength ({\text{R}}_{\text{C}28}) and
(\text{c}/\text{w})ratio for concretes with the same ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) value. Given these two results, we decided to emphasise that
concretes prepared with similar base granular mixtures and with identical ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}). For this purpose, we initially use the
works where all concretes of the same author are prepared with the same basic granular mixture [22, 31], i.e. concretes with the same
({\text{F}\text{D}}_{\text{g}}), (\text{D}) and ({\text{d}}_{\text{g}}) values. We then select some concretes with identical "
{\text{F}\text{D}}_{\text{g}}.\text{l}\text{o}\text{g}(\text{D}/{\text{d}}_{\text{g}}" values and, in particular, those incorporating �nes [29]. We may eventually
consider more works in which two and/or three concretes types that have the same value of ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) are used. However, we
cannot come up with useful information since two points will always produce a straight line while three points are insu�cient to detect the behaviour trend.

5.2.3 Granular fractal-identi�cation modulus {\mathbf{G}\mathbf{F}\mathbf{I}\mathbf{M}}_{\mathbf{g}} and {\mathbf{S}}_{\mathbf{s}} The in�uence of
conventional parameters such as (\text{C}/\text{W}) together with ({\text{K}}_{\text{c}}), ({\text{M}}_{\text{f}}), ({\text{M}}_{\text{A}\text{d}\text{m}}) with
({\text{K}}_{\text{A}\text{d}\text{m}}) and (\text{G}/\text{S}) was extensively investigated. In this case, we study the effect of the cement class with respect to
({\text{K}}_{\text{c}}) parameter:
 {\text{K}}_{\text{c}}= (52.5/{\text{R}}_{\text{s}\text{c}})  (Eq. 11)

In (Eq. 11), the relation of ({\text{K}}_{\text{c}}) to ({\text{R}}_{\text{s}\text{c}}) of a normalised cement class is determined using the standardised cement class
to the potentially maximum class ratio, being equal to 52.5 MPa. However, we considered cement standardised class because of the lack of adequate quality
data on the true class of cement within some authors' works. The in�uence of the types of mineral additions is taken into account through the use of
({\text{K}}_{\text{A}\text{d}\text{m}}) in accordance with NF EN 206 + A1 [40].

To [21], who already addressed the in�uence of the speci�c surface of �llers, this latter has two effects, namely an accelerating role and a binding effect
depending on the aluminates blended in the cement. [38] pointed out the importance of the speci�c surface of cements. The type of �nes is analysed using
the speci�c surface developed and calculated as the sum of the surface of all the grains divided by the total mass of the �nes concerned, in (m2/kg). In the
work of [29], the value of the Blaine speci�c surface is well established. However, this value is replaced with that determined by previous calculations in order
to provide a homogeneous representation for all the �nes used by the other different authors.

As previously explained, the experimental study presented in [29] work enabled to fully appreciate the in�uence of �nes. In details and as illustrated in Fig. 10,
the initial experimental curve showing the evolution of ({\text{R}}_{\text{C}28}) as a function of the (\text{c}/\text{w}) ratio exhibited a very poor correlation. In
order to be representative, we therefore decided to select only concretes endowed with the same value of the granular fractal-identi�cation modulus
({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) of basic granular mixes shown in Fig. 13(a, b, c, d). Again, this latter �gure illustrates the evolution of
({\text{R}}_{\text{C}28}) as a function of (c/\text{w}) and provides the same features as that mentioned above. On the other hand, we added the used
({\text{S}}_{\text{S}}) �nes value to ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}). Using these two relevant indicators, Fig. 13(b) demonstrates, on the basis of
the results obtained, that the investigated concretes provide a better understanding of the role of the �nes with respect to all their ({\text{S}}_{\text{S}}) values.

It is worth noting that reading of Fig. 13(b) curve becomes pro�tably easy. In addition, it expresses a result found by the author who speci�es that for �nes
(F5), the Blaine and calculated speci�c surface are 540m2/kg and 729.7 m2/kg, respectively and that for �nes (F10) the respective values are equal to 450
m2/kg and 441.2 m2/kg. In addition, there is an optimum value (18%) for the �nes dosage. However, for �nes (F29) whose respective Blaine and calculated
speci�c surface are 265m2/kg and 206.5 m2/kg, the experiment may not reach this optimum dosing value. It is also worth noting that when this optimum
dosage is exceeded, ({\text{R}}_{\text{C}28}) decreases due to the increase of the volume of solid grains and liquid ratio, which reduces workability and hence
compactness in terms of the installation used. Hence the decrease in ({\text{R}}_{\text{C}28}).

Partial outcomes achieved in the works of [32] work are illustrated in Figs. 13 (c, d), respectively. These demonstrate that changing the speci�c surface area of
the cement (different grain size curves) lead to different curves with constant values of (c/w) ratio. This is why we decided to integrate as a relevant parameter
comprising the speci�c surface of the cement and mineral additions and calculated using the same method as for �nes.

The above analysis permitted to �rst conclude that it is necessary to consider cement (C) with ({\text{K}}_{\text{C}}) as well as
({\text{M}\text{i}}_{\text{A}\text{d}\text{m}}) mineral additions with ({\text{K}\text{i}}_{\text{A}\text{d}\text{m}}) and ({\text{M}}_{\text{f}}) �nes with their
respective values of ({\text{S}}_{\text{S}\text{f}}) and ({\text{S}\text{i}}_{\text{S}\text{A}\text{d}\text{m}}). The (i) symbol is introduced because in some works
more than one mineral addition is used.

On the other hand, and knowing that dosage and type of the mix designs vary, it is no longer appropriate to carry out a survey with only C/W but to effectively
take into account the expression of the ratio of the paste components of the (\text{B}) binder and of the (w) water:

 \text{B}=\left(\left(\text{C}\times {\text{K}}_{\text{C}}\times {\text{S}}_{\text{S}\text{c}}\right)+{(\text{M}}_{\text{f}}\times {\text{S}}_{\text{S}\text{f}})+(\sum
_{\text{i}}{\text{M}\text{i}}_{\text{A}\text{d}\text{m}}\times {\text{K}\text{i}}_{\text{A}\text{d}\text{m}}\times
{\text{S}\text{i}}_{\text{S}\text{A}\text{d}\text{m}})\right)/(1000\times \text{W})  (Eq. 12)

Fines of active mineral additions.

\sum _{\text{i}}{\text{M}\text{i}}_{\text{A}\text{d}\text{m}}\times {\text{K}\text{i}}_{\text{A}\text{d}\text{m}}\times
{\text{S}\text{i}}_{\text{S}\text{A}\text{d}\text{m}})

Fines of inert �llers.
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{(\text{M}}_{\text{f}}\times {\text{S}}_{\text{S}\text{f}})

Fines of cementitious binders.

\left(\text{C}\times {\text{K}}_{\text{C}}\times {\text{S}}_{\text{S}\text{c}}\right)
As we had to work with the same basic granular mixtures therefore �nally the ({\text{R}}_{\text{C}28}) will be studied according to:

 {{\text{G}\text{F}\text{I}\text{M}}_{\text{g}}}^{\left(\text{B}\right)/(1000\times \text{W})}  (Eq. 13)

The above conclusions are emphasised by the explanations given above (the above in sub-section) where it was already decided to determine
({\text{F}\text{D}}_{\text{g}}) and ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) excluding �nes and mineral additions but to evaluate ({\text{F}\text{D}}_{\text{c}})
together with ({\text{G}\text{F}\text{I}\text{M}}_{\text{c}}) incorporating both components. For, we divide the value of (\text{C}.{\text{R}}_{\text{s}\text{c}}) by
52.5 MPa (maximum standardised strength) and by 1000 m2/kg (maximum speci�c surface ({\text{S}}_{\text{S} }) for cement, �nes and mineral additions) so
as not to carry a large value and make measurement units homogeneous.

6. Analyses And Discussion
In what follows, we will apply the results we achieved, i.e. the use of the parameter appearing in the following Eqs. (14) and (15):

B/W=\left(\left(\text{C}\times {\text{K}}_{\text{C}}\times {\text{S}}_{\text{S}\text{c}}\right)+{(\text{M}}_{\text{f}}\times {\text{S}}_{\text{S}\text{f}})+(\sum
_{\text{i}}{\text{M}\text{i}}_{\text{A}\text{d}\text{m}}\times {\text{K}\text{i}}_{\text{A}\text{d}\text{m}}\times
{\text{S}\text{i}}_{\text{S}\text{A}\text{d}\text{m}})\right)/\text{W} (Eq. 14)

Converting the ratio unit (B/W) from (kg/l) to (kg/m3), so writes the expression (B/W.1000). After (Eq. 14), we have:

 {\text{R}}_{\text{C}28\cong }{{\text{G}\text{F}\text{I}\text{M}}_{\text{g}}}^{\left(\text{B}/1000.\text{W}\right)}  (Eq. 15)

where (𝑅𝐶28) is the compressive strength of concrete at 28 days, ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) is the granular fractal-identi�cation modulus of
basic granular mix. (\text{B}/\text{W}) is the ratio of equivalent cement-to-water, (\text{C}), ({\text{K}}_{\text{c}}) and ({\text{S}}_{\text{s}\text{c}}) is respectively
the cement content, the factor of standard class and the speci�c surface, respectively. ({\text{M}}_{\text{f}}) and ({\text{S}}_{\text{s}\text{f}} ) are, respectively,
the aggregate �ne particles content and the related speci�c surface. Finally, ({\text{M}}_{\text{A}\text{d}\text{m}}) and ({\text{K}}_{\text{A}\text{d}\text{m}}) and
({\text{S}}_{\text{s}\text{A}\text{d}\text{m}}) are, respectively, the mineral additions content, the factor of equivalent and the speci�c surface.

Graphs of the selected concretes are shown in Figs. 14 and 15 below. The curves are obtained by applying formula (15) for the works already planned in the
above in sub-section. To achieve such objectives, we investigated identical basic granular mixes having the same ({\text{F}\text{D}}_{\text{g}}) and
({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) values to end up with concretes de�ned by ({\text{F}\text{D}}_{\text{c}}) and
({\text{G}\text{F}\text{I}\text{M}}_{\text{c}}) values, as well as the speci�c surface area ({\text{S}}_{\text{S}}).

6.1 Concrete of the same basic granular mix.
Figure 14(a), Illustrates the results of the analysis of the concrete compressive strength, according to the new model. We have presented the concretes of [22,
28, 29, 31] which used the same granular mixtures of bases for several concretes.

Figures 14 (e), (f), seems to indicate the evolution ({\text{R}}_{\text{C}28}) of the concretes [22, 31] taking into account
({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) which shows that these are results of the concretes included of the basic granular mixtures of the same value
({\text{G}\text{F}\text{I}\text{M}}_{\text{g}})

6.2 Adjustment of the experimental curves
The present work focused on the evolution of the value of ({\text{R}}_{\text{C}28}). We therefore assumed a �t using two forms for all the experimental curves
obtained for the types of concretes explored. Also, we proposed �rst the Gauss Ampère function:

 \text{Y}={\text{Y}}_{0}+\text{A}\times {\text{e}}^{{-(0.5\times (\text{X}-{\text{X}}_{\text{o}\text{p}\text{t}\text{i}\text{m}\text{a}\text{l}})}^{2}/{{\omega }}^{2}}  (Eq.
16)

and in the case of acceptable correlation or otherwise, the following simpli�ed exponential function is used:

 \text{Y}={\text{Y}}_{0}+\text{A}\times {\text{e}}^{(\text{R}\times \text{X})}  (Eq. 17)
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The curves of Fig. 15 are obtained by applying formulas (15), (16), (17) for the work already planned according to the identical concretes having the same
values ({\text{F}\text{D}}_{\text{g}}) and ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) and the values ({\text{F}\text{D}}_{\text{c}}) and
({\text{G}\text{F}\text{I}\text{M}}_{\text{c}}), as well as the speci�c surface ({\text{S}}_{\text{S}}).

Figure 5(a) and (b) are shown the concrete results for [28], according to an extrapolation analysis by the Gauss-Amper function and the Exponential, according
to different values of {\text{G}\text{F}\text{I}\text{M}}_{\text{C}}.

Figures 15(c) and (d) are shown the concrete results an extrapolation analysis by the Gauss-Ampere for [29] according to different values of{
\text{S}}_{\text{S}\text{f}}, and for [20] Shapes of curves obtained using �tting in terms of number of points (concretes).

Figures 15 (e) and (f) for extrapolation analysis of the Gauss-Ampere and Exponential for [22] according to different values of
{\text{G}\text{F}\text{I}\text{M}}_{\text{g}}., and for [31] the Gauss-Ampere according to different values of {\text{G}\text{F}\text{I}\text{M}}_{\text{g}}.

6.3 About the prediction of{\mathbf{R}}_{\mathbf{C}28}
Another stand-alone work that follows this complete work to validate the theoretically expected results. Therefore, as a possible expedient trend for gaining
con�dence with the proposed approaches, further experimental investigations are needed on a large range of concretes for which the
({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) and ({\text{F}\text{D}}_{\text{g}}), ({\text{S}}_{\text{S}}) Table 5, value is the same as that for which �ttings were
made.

 
Table 5

Concrete has the same {\mathbf{G}\mathbf{F}\mathbf{I}\mathbf{M}}_{\mathbf{g}} values, and different for {\mathbf{G}\mathbf{F}
Authors &
ref

Fit Formula TN
of
C

{\mathbf{G}\mathbf{F}\mathbf{I}\mathbf{M}}_{\mathbf{g}} {\mathbf{G}\mathbf{F}\mathbf{I}\mathbf{M}}_{\mathbf

Zennir [22) Extrapolation
Exponential

03 6,59 13,14

03 13,33

03 13,52

Boukli [28]

DA

Extrapolation

Gauss
Ampere

06 6,90 14,52

and
Exponential

07 14,68

  07 14,79

Boukli [28]

DM

Extrapolation

Gauss
Ampere and
Exponential

06 6,93 14,52

07 14,68

07 14,79

Guemmadi
[29]

Extrapolation
Gauss
Ampere

04 6,39  

08  

07  

07  

Mehamdia
[31]

Extrapolation
Exponential

06 6,91 14,74

To this end, the following procedure discusses the stages of how to perform laboratory tests in a new experimental program.

As a �rst point, it is necessary to carry out laboratory tests on a wide range of concretes including all practically possible variations. This because - as clearly
described for the examined concretes above - partial curves cannot capture the real shape and consequently do not provide much information about the
{\text{R}}_{\text{C}28} variation curves.

The next point is to perform experimental tests on concretes using a precise value of ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) and
({\text{F}\text{D}}_{\text{g}}) and by varying the type and dosage of the components in order to establish how the different curves unfold for the same
({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) value and thereby control the in�uence of two (type and dosage) parameters of the concretes components.

The last point - to complete the procedure - is to work with a new value of ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) and to vary the other design-mix
ingredients as previously stated, in order to highlight in a special way the in�uence of both ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) and
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({\text{F}\text{D}}_{\text{g}}). The expressions used - Gauss-Ampere function - for instance, suggest that the only difference will be attributed to the difference
between the values of ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}):

{\text{R}}_{\text{C}28}={\text{Y}}_{\text{o}}+\text{A}\times {\text{e}}^{{-(0.5\times (\text{X}-
{\text{X}}_{\text{o}\text{p}\text{t}\text{i}\text{m}\text{a}\text{l}})}^{2}/{{\omega }}^{2}} (Eq. 18)

This fact may not be true since we are working with different basic granular mixes for which the porosity value may be different but the volume of the paste is
still the same and therefore different concretes are obtained. However, this change is required to understand whether there is correlation when the
({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) and ({\text{F}\text{D}}_{\text{g}}) values are considered as variables or otherwise to �nd out how dependent are the
variables {(\text{Y}}_{0}), (\text{A}) and (\text{w}) according to the value of ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}). In particular, although the optimal value
of ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) was similar for all the works on dry granular mixes of [9], this may not necessarily true for concretes using
granular mixes incorporated with cement, �nes, mineral additions and water.

First statement

In the mixtures used by [29], the total dosage (cement and �nes: C + F) is equal to 350 kg/m3 for the majority of concretes, with the exception of those
represented by the curve (18% (C + F) for which {\text{S}}_{\text{c}\text{f}}=729.72 {\text{m}}^{2}/\text{k}\text{g} ). In this case, the four concretes contain
dosages (C + F) vary from 250 to 450 kg/m3, while the �ne dosage is always equal to 18% of the total dosage (C + F).

Second statement

One of the complicating problems observed and that caused di�culties in obtaining results for the prediction of ({\text{R}}_{\text{C}28}) is attributed to the
limited range of concretes prepared by each author. To clearly address the urgent need for concretes to be investigated in more exhaustive manner, we took the
curve of [29] with �nes whose speci�c surface is equal to 729,72 m2/kg. This curve is based on a collection of data for tests performed on eight (points)
different concretes, as illustrated in Fig. 13(b2). This �gure shows the �t of the curves obtained with a reduced data of the eight concrete types tested. If, for
instance, the number of points is limited to 3 or 4 concretes, the �t may only be made with the simpli�ed exponential function. Interestingly, as the points
number increases and larger interval sweeps are considered, �tting results provided using this Gauss-Ampere function are closer to the real curve.

Third statement

In every type of the concretes explored, �ttings based on Gauss-Ampère law provide the determination of ({\text{R}}_{\text{C}28}) maximum value along with
optimum value for the dosage of cement, �nes and mineral additions. However, this process can only be applied for separate basic granular mixture
categories analysis, see ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) value in (Eq. 9).

As a quick and possibly expedient problem, we take the example represented by Fig. 13(a2) of the work of [29]. These are concretes with

({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}=\text{6,38}), ({\text{F}\text{D}}_{\text{g}}=\text{2,56}) and ({\text{S}}_{\text{S}}= 206,53 m2/kg) for the �ne included
using different rates (0 to 42%). The �ttings shown in Fig. 6 (b) enables to determine the maximum ({\text{R}}_{\text{C}28}) and the optimal dosage of cement,
�ne and mineral additions for a constant volume of water, knowing the value of ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}), see (Eq. 9). We therefore �nd that:

 {\text{R}}_{\text{C}28\text{m}\text{a}\text{x}}  = 43,34 MPa

And

\left(\text{C}\times {\text{K}}_{\text{C}}\times {\text{S}}_{\text{S}\text{c}}\right)
+

\left({\text{M}}_{\text{f}}\times {\text{S}}_{\text{S}\text{f}}\right)
+
(\sum _{\text{i}}{\text{M}\text{i}}_{\text{A}\text{d}\text{m}}\times {\text{K}\text{i}}_{\text{A}\text{d}\text{m}}\times
{\text{S}\text{i}}_{\text{S}\text{A}\text{d}\text{m}})
/(1000\times \text{W})=\text{1,36}
This last expression reduces to

(\text{C}\times {\text{K}}_{\text{C}}\times {\text{S}}_{\text{S}\text{c}})
+
{(\text{M}}_{\text{f}}\times {\text{S}}_{\text{S}\text{f}})
/(1000\times \text{W})=\text{1,36}
in the case of no mineral addition.

Several theoretical solutions are suited for evaluating the cement-�ne couple. As part of this discussion, we mention only three combinations, for instance.
Hence, the �rst combination corresponds to (\text{C}=\text{606,50} \text{k}\text{g}/{\text{m}}^{3}) and ({\text{M}}_{\text{f}}=0 \text{k}\text{g}/{\text{m}}^{3}).
The second one is for (\text{C}=\text{592,45} \text{k}\text{g}/{\text{m}}^{3}) and (5% of cement + �ne), i.e. ({\text{M}}_{\text{f}}=\text{31,16}
\text{k}\text{g}/{\text{m}}^{3}) and �nally, the last combination comprises 18% of cement + �ne) and therefore (\text{C}=\text{552,01}
\text{k}\text{g}/{\text{m}}^{3}) and ({\text{M}}_{\text{f}}=\text{121,16} \text{k}\text{g}/{\text{m}}^{3}). Of course, these propositions remain only theoretical
solutions because the total mass and volume of cement and �nes vary in each case.
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In the cases examined, we have, respectively, three (\text{189,53} \text{l}/{\text{m}}^{3}, \text{197,07} \text{l}/{\text{m}}^{3} and \text{218,90}
\text{l}/{\text{m}}^{3}) water dosages with a constant water dosage equal to 198 \text{l}/{\text{m}}^{3}. The question that remains to be raised is what is the
adequate volume of aggregate to be used, since the total volume of the ingredients together with that of air, is equal to 1000 litres. However, the volume or
masse of the aggregate may be determined in each case - if necessary - by keeping the same value of the (GFIM). However, we have to specify that - by
reducing the quantity of aggregate - we strongly reduce the porosity. This indicates that it is a different concrete compared to the concretes produced
previously with the same mass of aggregate.

As an alternative solution, we may also proceed by reducing the quantity of the water incorporated but it is likely not to know whether the corresponding point
still remain on the same curve. Indeed, the suggested three theoretical solutions involve operating with high rates of cement dosage. These may not be
suitable in practice. In addition, they effectively generate some extra troubles because of cost, shrinkage and creep. Again, the remaining question is to what
extent these theoretical solutions adequately re�ect the concretes physico-chemical phenomena, even though Fig. 13(a2) shows a decrease in
({\text{R}}_{\text{C}28}) for a value of "(\text{C}\times {\text{K}}_{\text{C}}\times {\text{S}}_{\text{S}\text{c}}){+(\text{M}}_{\text{f}}\times
{\text{S}}_{\text{S}\text{f}}\left)\right)/(1000\times \text{W})" greater than 1.36.

Fourth statement

It should be noted that the same Gauss-Ampere function was used to identify the evolution of the compactness of basic granular mixtures (see section 3.2).
We must add, however, that for concrete the introduction of the paste can disturb the arrangement of the grains when the related volume is greater than the
volume of the pores. This indicates the link between the fractal model and the two-phase model of concrete with the excess paste theory. Use of the simpli�ed
exponential formula tend to no longer affect the ({\text{R}}_{\text{C}28}) value, starting from a certain dosage level of solid grains (cement, �nes and mineral
additions). This effectively is contrasted with the known related phenomena. In addition, the reached ({\text{R}}_{\text{C}28}) value increases signi�cantly and
appears not to well relate to experimental observations.

Fifth statement

It seems clear - in the light of the above experimental results - that for a known basic granular mixture with �xed ({\text{G}\text{F}\text{I}\text{M}}_{\text{g}}) i.e.
for a given porosity, the volume variation of paste may lead to different concretes. This is why practitioners and researchers use the Standard Test of NF EN
206 [40] to determine the true class of cement but always using the same standardized basic granular mixture. Also, it should be noted that assessment of
optimal workability of concretes is an additional di�culty with regard to the choice of the paste dosage and type. Therefore, there is recognition of the need of
further investigations in order to remove the di�culties.

7. Conclusion
This work explicitly aimed to present a new paradigm for the study and control of the mechanical compressive strength of concrete. The use of the two-phase
model and the fractal granular identi�cation modulus enable to evaluate the in�uence of a set of parameters related to the incorporated ingredients, namely
the cement (dosage, type and speci�c surface), the �nes (dosage and speci�c surface), mineral additions (dosage, activity coe�cient and speci�c surface)
and of course water on ({\text{R}}_{\text{C}28}).

We started with the same basic granular mixture, no cement, no �nes and no addition of minerals to end up with different concretes with - of course - the
addition of these latter components and water. Although the concrete samples studied were prepared by different authors as well as at different dates and
with different methods and arrangements, this did not prevent the proposed approach from yielding this new paradigm, as illustrated by (Eq. 13).

In addition to the necessity of having another work to follow this work, as we mentioned at the beginning, the purpose should be the time interval for the
contrast of concrete to be very wide. However, similar results currently obtained by extending the same model to concrete with additives prove the exploratory
value of this approach. It will also be necessary to extend these results to other types of concrete such as self-uniforming concrete and high-performance
concrete.

The accuracy of the results obtained even indicates that concrete is far from being this material undergoing a complex study because it calls into question
what seemed to be the dispersions inherent in all experimental work.

It is recalled that the model was applied to grains of aggregates whose real shape was not spherical (random angular shape). Also, the approach was limited
to the use of the standardized class of cement due to lack of to have been able to use the true class and that in spite of the obvious error relating to each
determination of ({\text{R}}_{\text{C}28}), see (Eq. 13).

The use of the two-phase model of concrete coupled with the fractal model of granular distribution allows us to clarify and better understand the theory of
excess paste which has been proposed in various works.

The didactic aspect of this approach is an asset because we quickly understand how to produce concrete with maximum mechanical resistance. However, it
remains to verify the adequacy of the various curves obtained with the real physico-chemical phenomena.

Of course, we are still far from claiming to offer one or more ideal and general grain size curves since we can only compare concretes made with the same
basic granular mixture. It remains for us to study how to access the case where the basic granular mixture is different in order to apply it to the wide range of
concretes used.
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The question of the optimal value of FD remains and seems more complex than that advanced in the work of [9]; for dry granular mixtures. Indeed, it is
necessary to take into account the in�uence of the addition of other components (theory of excess paste) as well as the workability property and the
associated impact on the values of the other concrete ingredients.
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Figure 1

Design Automation diagram for our new model, based on collected data

Figure 2
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Evolution of porosity in terms of fractal model: (a) Porosity model of [9]; and (b) Application on some mix designs

Figure 3

Comparisons of experimental results with available models.

Application of the formula of Feret [1]

Figure 4

Comparisons of experimental results with available models.

Application of the formula of Abrams [2]
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Figure 5

Comparisons of experimental results with available models.

Application of the formula of Bolomey [3]

Figure 6

Comparisons of experimental results with available models.

Application of the formula of De Larrard [4]

Figure 7

Examples of grains size curves transformed into fractal straight lines the work of [20]:

(a)  Particle size curves and (b) Associated converted fractal lines 

Figure 8

Effect of (c/w) ratio on RC28
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Figure 9

RC28 - C/W evolution of some authors' concretes with increased correlations (a), (b), (c), (d)

Figure 10

RC28 - C/W evolution of some authors' concretes with low to reasonable correlations (a), (b), (c), (d)
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Figure 11

RC28 - C/W evolution of some authors' concretes with zero correlations (a), (b), (c), (d)

Figure 12

In�uence of Por(D/d) of cement free granular mixes [9]; on compressive strength RC28

Figure 13

Experimental curves illustrating strength RC28 in terms of C/W: (a) Complete curve - RC28 - C/W [29]; (b) RC28 - C/W in terms of FDg, GFIMg & �nes SSf [29], (c)
Complete curve RC28 - C/W [32]; (d) RC28 - C/W in terms of cement SSc [32].

Figure 14

Experimental curves and �tting of concrete types: (a), (b) Gross experimental curves using values of all concretes and of GFIMg & GFIMc [28], (c), (d) Gross
experimental curves using values of all concretes of GFIMg and Ssc [29], (e), (f) Gross experimental curve using values of GFIMg [22, 31];
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Figure 15

Experimental curves and �tting of concrete types: (a, b, c) Fitting according to the Gauss Ampere/Exponential function using values of GFIMg/GFIMc/SSf [28,
29], (d) Shapes of curves obtained using �tting in terms of number of points (concretes) [29], (e, f) Fitting according to the Gauss Ampere/Exponential function
using values of  GFIMg [22, 31]; 
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