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Abstract

The present work consisted in carrying out a study on the effective formula-
tion of concrete for an optimal resistance to compression (fc,;) between 20
and 30 MPa for the sites animated by the actors of the informal and
semi-informal sectors of the construction. Studies have been carried out on
projects under construction, by taking samples of fresh concrete in order to
evaluate their real compressive strengths. These surveys show that there is a
problem in the concrete formulation, as nearly 2/3 of the results show the
lack of technical knowledge on concrete formulation practices. Indeed, on
eight sites surveyed and whose fresh concrete samples were taken, only two
sites (7 and 8) report fairly consistent results. Their 28-day compressive
strength values are respectively 35.36 and 22.18 MPa. In addition, various
formulations proposed with aggregates from different quarries or extracts
from the bed of the Congo River, were determined in the laboratory. This
study allowed us to obtain fairly objective results overall, which is characteris-
tic of concretes of required quality. Of the six (06) formulation proposals, av-
erage resistances of 19.6 MPa at 07 days and 25.28 MPa at 28 days were ob-
tained. These results at 28 days are in the range of 20 to 30 MPa, set as objec-
tive in this study. These formulations can be a reliable source for concrete
manufacturers in these construction sectors. Similarly, the statistical study
based on principal component factor analysis tests has shown that the most
appropriate formulation, in terms of mechanical resistance, is that proposed
with sand extracted from the Congo River (formulation 3). This is justified by
the fact that this sand is consistent and has a good granular distribution.
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Characteristics, Informal and Semi-Formal Sectors

1. Introduction

The act of building has become much more intense nowadays not only because
of phenomena related to the accelerated urbanization of cities, but also in order
to meet a pressing need, that of the building of basic infrastructure by public
authorities or private partners, for the benefit of the population. In developing
countries (DCs), there is a strong need for quality works. The real estate sector,
for example, is characterized by a remarkable imbalance compared to the cur-
rent pace of housing production. We are witnessing a development of “self-con-
struction” in the construction of individual houses, and even other public infra-
structures. This sector is the one that can be described as informal or semi-in-
formal construction. In some countries, these sectors contribute about 90% of
the production of habitat [1]. In accordance with this growth, many technical
problems arise in the field of construction. Many technical deficiencies are
noted, especially in the formulation of concrete. It is noted that nearly six (6) bil-
lions cubic meters of concrete per year are produced worldwide, since the re-
sources needed for its manufacture exist in many countries and in large quanti-
ties. Also, this justifies the fact that this manufactured material is the most used
in the world [2]. If the formulation of a concrete can be understood as the proc-
ess of selection of constituents (aggregates, cement, additives) and their propor-
tions optimal to manufacture a complex possessing certain required properties
(consistency, resistance, durability...), it is nonetheless true to note that this is
still done for the most part empirically, whereas there are more rational scien-
tists [3]. Also, in these sectors of construction where self-construction predomi-
nates, the quality assurance of the works is not often appropriate, due to the lack
of control of the appropriate technology for the realization of the works. Indeed,
the reality is that in developing countries (DCs), the formulation of common
concrete is subject to many hazards to the point where the durability of the
structures made of concrete suggests a doubt in the consistency of the work.
Thus, we observe the appearance of cracks and many disorders in the structures
made from the first moments of exploitation thereof. Of course, concrete is a
mixture the composition of which has an influence on its mechanical characteris-
tics. But if they are less critical, the development of a suitable concrete may then be
unreliable. This measures the importance of the study on the formulation of con-
crete, all the more necessary as the required characteristics are demanding.

The new construction techniques require a maximum reliability of the struc-
ture vis-a-vis the natural hazards such as natural disasters, dynamic solicitations
or others. On the other hand, in addition to the ultimate compressive strength,
these concretes must meet many specifications relating to rheological properties,

early age characteristics, deformation properties and durability aspects [4] [5] et
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[6]. However, Packa’s (2015) surveys in the Republic of Congo of concrete for-
mulation methods in some Congo cities, namely Brazzaville, Ouesso and Pointe-
Noire, have shown that the companies identified for this survey make greater use
of the process. From the capacity of the wheelbarrow (50 to 60 liters) and the
weight of the cement bag (50 kg), this empirical process is called a wheelbarrow
“BS”. However, these professionals hardly use the known classical and scientific
methods (Faury, Vallette, Bolomey, Dreux-Gorisse...). Indeed, this survey reveals
that 66% of professionals in these sectors in Brazzaville use the “BS” process,
85% in Pointe-Noire and 100% in the city of Ouesso in the northern part of the
Congo [7].

On the other hand, from the point of view of concrete reliability, the studies
carried out by Castaldo ef al (2018) on the evaluation of the partial safety factor
related to the uncertainties of the overall strength model of reinforced concrete
structures, showed evidence of a plastic behavior of the concrete in traction
which leads to a very high coefficient of variation. The influence of numerical
model uncertainty in describing the behavior of reinforced concrete elements
was highlighted. Thus, the safety factor must be greater than one (01), this to
avoid any early structural failure with physico-mechanical quality of strongly
supported material [8].

Similarly, in the requirement for quality concrete, the influence of uncertain-
ties related to materials and resistance models in the reliability-based calibration
of resistance models makes reference to the design formulation of the support-
ing structures which must be compotated at both the service limit state and the
ultimate limit state [9]. Moreover, reinforced concrete structures are also often
attacked by degradation or aging effects when they are implanted in an aggres-
sive environment; their durability is thus put into question. Indeed, through the
Castaldo approach (2018), we can make predictability in the structural design by
making the structure less vulnerable to the concrete degradation process, if at
least the absolute tightness of the material can be obtained because of its porous
nature. However, in such an environment, such as saline or sulphate media, the
durability induced by the transfer properties of the material, takes on an obvious
character; it can lead to premature degradation of the material (concrete) result-
ing in the correction of steels and the leaching of concrete [10] [11] [12] [13].

Therefore, this work proposes to carry out a study on the concrete formula-
tion with technical constraint, to obtain an estimated compressive strength be-
tween 20 and 30 MPa, to use in the informal and semi-informal sectors of the
construction, with the materials collected locally in the region of Brazzaville. It is
therefore to propose different formulations by combining various materials from

several quarries or the Congo River.

2. Material and Methods

Investigation and sampling of fresh concrete on construction sites

The study was initially based on a site survey in 2016 to test fresh concrete.
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The surveys consisted of taking samples of fresh concrete (bastard concrete)
in cubic or cylindrical molds on various sites in progress and identified in Braz-
zaville.

The evolution of the mechanical characteristics of these concretes has been
monitored in the laboratory. Also, to reduce some of the results of cubic sample
resistances to cylindrical samples, we used the relation Scyl/dcub, linking the re-
sistances obtained on cubic and cylindrical samples according to the approach of
Dreux-Gorris (1983) [14] [15]. A total of eight (08) samples of fresh concrete
were collected from eight (08) different sites and one (01) sample type of con-
crete was made at the Office of Building Control and Public Works (BCBTP),
called sample control.

Mechanical analysis of fresh concrete sampled (standards NF EN 12350-1,
NF EN 12390-3, NF EN 206-1)

The aggregates consist of gravel, sand from the Congo River or the Djiri
quarry, with a certain amount of mixing water. Mixing and vibration are often
done manually. The data for the materials used, including the geographical co-
ordinates of the work in progress are presented in Table 1. The materials used for
the manufacture of these concretes according to the cases are presented in Table 2.

Tests and experimentation in the laboratory

The concrete samples taken from the eight (8) sites were placed in cylindrical
and cubic molds. These samples are then tested at 7, 14, 21 and 28 days (sites 2,
3, 4 and 7) for the determination of compression characteristics and then tested
at 7 and 28 days for sites 1, 5, 6 and 8 in view of the difficulties related to the ac-
tivity even in the said sites (Figures 1-4).

Simple compression test of concrete (NF EN 12350-1 standard, NF EN
12390-3 April 2012; NFP15-403)

For this test, cylindrical (16 x 32H) or cubic (15 x 15 x 15) samples were prepared.

Table 1. Materials used in the sites visited (Brazzaville).

Construction sites
Shipyard 0:
Sample Control sample
Shipyard 1
Shipyard 2

Shipyard 3
Shipyard 4

Shipyard 5
Shipyard 6

Shipyard 7

Shipyard 8

Cement types

CEM II 42.5R

CEM 11 42.5
CEMII 42.5R

CEMII 32.5R
CEMII 32.5R

CEMII 42.5R
CEMII 42.5R

CEM II 42.5R

CEM II 42.5R

Quantity ~ Mixing of

Gravel classes  Origin of sand Latitude Longitude
of water concrete
5/10 et 12.5/25 Crushed Variable Manual - -
3.15/12.5 Congo River ~ Variable Manual 4°17'44.0"S 15°14'35.7"E
5/25 Concassé Variable Manual 4°17'02.8"S 15°1520.6"E
5/16 et 12.5/25 Congo River ~ Variable Manual 4°17'41.1"S 15°1520.5"E
. . Manual + 15 35 o163 5
5/31.5 Congo River ~ Variable . 4°14'55.3”S 15°16'23.5"E
adjuvant
5/31.5 Djiri quarry ~ Variable Manual 4°14'56.4"S 15°16'13.8"E
5/25 Congo River ~ Variable Manual 4°14'57.1"S 15°16'13.5"E
5/25 Djiri quarry ~ Variable concrete mixer 4°1529.0"S 15°15'54.4"E
. . concrete mixer o N o N
3.15/10 et 12.5/25 Congo River ~ Variable 4°1628.5"S 15°17'10.1"E

+ adjuvant
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Figure 1. IGM Electronic Concrete Baler.

Figure 2. Surfacing square for concrete specimen, PROVITEQ type.

Figure 4. Specimen subjected to compression.
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Materials used
¢ An electronic concrete press (Figure 4)
¢ An electronic scale
¢ A surfacing device (Figure 5)

e Sulfur

e A trowel

e A pot (for driver suffers it)
e A hotplate

Procedure (NF EN 12390-2)

After setting and curing the cement, the test pieces are demolded and im-
mersed in water. These specimens are then removed and dried 24 hours before
the test, for each age (7, 14, 21 and 28 days). Then we weigh them to know the
weight of each specimen, and we proceed to surfacing (Figure 5) from liquefied
sulfur through a hot plate, because a non-surfaced test piece loses 10% to 15% of
its resistance.

The specimen previously surfaced (Figure 6) is placed and centered on the
hydraulic press (Figure 7) along its vertical axis between two discs (upper and
lower) of the press. The lower disk is subjected to an upward movement and the
value of the breaking load expressed in KN is read from the electronic board of
the press.

Method of Concrete Formulation

Obtaining the characteristics required for concrete requires imperatively
adopting and optimizing its formulation to the requirements appropriate to the
structure and its environment. This is why the process usually involves two
phases; the approach of a composition (from the Dreux-Gorisse method) where
the search for maximum compactness (workability) is required, and the experi-
mental fitting approach of this formulation (laboratory convenience tests), [14]
[15] and [5].

On the other hand, all the physicomechanical properties of aggregates includ-
ing densities, sand equivalent, micro-deval test, specific gravity, particle size
analysis, metric finesse module, Los Angeles test, the tests on the cement, the
curves of mixture..., were determined according to the standards in force by
Makela (2016), [16]. Our formulations were carried out according to the
Dreux-Gorisse method for a current concrete dosed at 350 kg/m’.

The method consists in determining, according to the maneuverability crite-
ria, the resistance of the parameters fixed in the specifications, the nature and
the quantities of materials necessary for the manufacture of a cubic meter of
concrete. It develops in five (05) steps, including the determination of the break
curve, the compactness, the absolute volume of the cement, the masses of each
granulate and the theoretical density of each material. These concretes meet the
following characteristics: cement dosage: 350 kg/m’; the type of cement: CEM II
42.5; the maximum diameter of aggregates: 25 mm; vibration: normal; the slump

at the Abram cone searched for: 6 cm (plastic concrete); the desired compressive

DOI: 10.4236/0jce.2019.91005

62 Open Journal of Civil Engineering


https://doi.org/10.4236/ojce.2019.91005

N. Malanda et al.

strength at 28 days of age for cylindrical mold (16 x 32H), 20 to 30 MPa.

Six (6) concrete formulation variants were examined with the aim of finding a

formulation that meets the requirements of a quality concrete and the materials

available in the different quarries (Table 2).

3. Results and Analysis

Results and interpretation of fresh concrete collected in situ
The results of the characteristic compressive strengths at d-days obtained after

crushing of the specimens of the concretes are presented according to Figure 5

and Figure 6.

The results in these Figure 5 and Figure 6 show that:

The control sample (Site 0) has a mean concrete compressive strength of
25.07 MPa obtained at 28 days of age. This concrete is characteristic of a
concrete of required quality because it corresponds to a concrete of normal
type whose values vary between 20 MPa and 25 MPa. It can therefore be used
as support for the load-bearing elements in the construction;

The sites 5, 3 and 2 respectively have average compressive strengths of 14.13
MPa, 13.38 MPa and 13.73 MPa obtained at 28 days of age. These concretes
are not in conformity;

Sites 6 and 8 have mean concrete compressive strengths of 19.05 MPa and
22.18 MPa, respectively, at 28 days of age. These concretes are characteristic
of concretes of acceptable quality, which corresponds to concretes of normal
type. the concrete of site 6 having a value of 19.05 MPa can be corrected al-
though it is below 20 MPa;

Sites 1 and 4 respectively have average compressive strengths of 6.22 MPa con-

crete and 9.16 MPa obtained at 28 days of age. These concretes are characteristic

Table 2. Classification of materials for six formulations.

N° Sand Gravel Cement
Crushed gravel of Kombé
Formulation 1 White quarry sand of Djiri * G, (3.15/16) CEM I 42.5
e G,(12.5/25)
Crushed gravel
Formulation 2 Djiri white sand ® 50% mixture of G, (3.15/16) CEM 11 42.5
® 50% of G, (12.5/25).
i X X . Crushed gravel
Formulation 3 Red sand from the Congo River collected in Brazzaville CEMII 42.5
* G,+G, (5/25).
Crushed 1
. Djiri white sand + crushed 0/4 Kombé enhanced sand (taking rushed grave
Formulation 4 o . e G, (3.15/16) CEM I142.5
70% of Djiri’s white sand and 30% of crushed sand 0/4)
o G, (12.5/25).
hed 1
. Red sand from the Congo River + crushed sand 0/4 (70% Crushed grave
Formulation 3 Congo River sand and 30% crushed 0/4 sand) * G (3.15/16) CEMII42.5
J ° o G,(12.5/25).
Crushed gravel
F lati hed sand 0/5 EMII 42.5
ormulation 6 Crushed sand 0/ G, (3.15/16) and G, (12.5/25). C
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Figure 5. Resistance results of concretes to compression (four measures).
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Figure 6. Resistance results of concretes to compression (two measures).

of a concrete of very low quality because the average resistance to compres-
sion corresponds to that of a concrete of cleanliness. These concretes are not
required for the load-bearing elements in the construction and are far from a
dosage of 350 Kg/m?*

e Site 7 is atypical and has an expected average compressive strength of con-
crete obtained at 28 days of age of 28.29 MPa. This concrete is characteristic
of a concrete of very good quality because this resistance corresponds to a
concrete of normal type whose values vary between 20 MPa and 30 MPa.
This concrete is usable for the load-bearing elements in the construction.

Opverall, these results obtained after analysis have not been conclusive because
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Tamisat in %

%
%

Figure 7. Granulometrical analysis of the sands of Djiri, Congo River and Mfilou.

the implementation rules for the formulation of these concretes have not been
respected by professionals in the informal and semi-informal sectors of con-
struction. The reasons are diverse and can be summarized by the lack of knowl-
edge of building standards and mastery of appropriate technology.

Results of granulometrical analysis of aggregates

Here, the granulometrical analysis carried out on three categories of sands of
Djiri, of the Congo river and of Mfilou (another career difficult exploitable)
showed that these rolled sands were not conclusive. These are very far from
normality because they contain too many fine particles (Figure 7). For this, it
was necessary to make a physical improvement with crushed sand. Indeed, al-
though it is also rich in fine elements, it better meets the criterion of concrete
sand (Figure 8). It seems to be good for improving the performance of other
types of sand.

Thus, the results of the mixtures obtained after improvement, namely, Djiri
sand plus crushed sand and Congo River sand plus crushed sand, are given in

Figure 9.

It is noted that this improvement of the physical characteristics, in particular

Legend: — Mfilou sand
= Dijiri sand
- River sand
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Figure 8. Particle size analysis of crushed sand.

their granulometry, allowed that these approach the normal sand.

The results obtained after crushing the specimens at 7, 14, 21 and 28 days of
age are shown in the tables below for each formulation. Six (6) formulation
variants of the concretes were examined in the laboratory.

Formulation 1: (Djiri sand 0/0.63 mixed with both classes of gravel (3.15/16
and 12.5/25))

The application of the Dreux-Gorisse method for the formulation of concrete
dosed at 350 Kg/m’ yielded the results recorded in Table 3.

The results of simple compressive strengths after crushing cubic specimens
are shown in Table 4.

The 28-day-old compressive strength found shows that this concrete is typical

of medium grade concrete because it is of normal type.
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Legend: == Sand (70% Djiri+30% crashed: 02.50)
== Sand (70% river+30% crashed: 02.50)
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Figure 9. Particle size analysis of the improved Djiri and Congo River sands.

Table 3. Results of Concrete Formulation 1: Djiri sand with two classes of gravel.

Dosage at 350 kg/m?®
Concrete component
Weight (kg) Volume (L)
Sand of Djiri 0/0.63 525.31 332.47
GI1 (crushed gravel 3.15/16) 295.44 211.03
G2 (crushed gravel 12.5/25) 1019.45 733.42
Cement: CEM II 42.5 350
Drilling water 197 L
Density of theoretical concrete 2.40 t/m?
G/S 2.50
C/E 1.78
Density of fresh concrete 243 t/m?
67 Open Journal of Civil Engineering
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Formulation 2: (Djiri sand 0/0.63 with the mixture of two classes of gravel G1
+ G2 (50% G1 + 50% G2: (5/25), see Table 2). The results of the composition of
the mixture obtained are shown in Table 5.

The results of simple compressive strengths after crushing cylindrical speci-

mens are shown in Table 6.

Table 4. Characteristic Results of Concrete (Formulation 1).

Concrete Densit Résistance ~ Averages
4 Average Subsidence Consistency Weather

age/days in t/m> inMPa  cybe Cylinder
2.43 24.37
7 days 2.43 25.06 21.05
2.42 25.75
2.44 26.08
14 days 2.46 27.08 21.66
247 28.08 18 ith
c'm (wi Very soft  Soft time
243 28.82 adjuvant)
21 days 2.43 2749  21.99
2.43 26.16
2.44 29.76
28 days 2.43 28.73  22.98
2.42 27.70

Table 5. Concrete formulation 2 results (case of Djiri sand with G1 + G2 mixture).

Dosage at 350 kg/m?®
Concrete component
Weight (kg) Volume (L)
Sand of Djiri 0/0.63 579.65 366.87
Crushed gravel G1 + G2 (5/25) 1260.4 893.91
Cement: CIMAF CEM 11 42.5 350
Drilling water from BCBTP 197 L
Density of theoretical concrete 2.38 t/m?
G/S 2.17
C/E 1.78
Density of fresh concrete 2.39 t/m?

Table 6. Characteristic Result of Concrete (Formulation 2).

Concrete  Densit Résistance
7 Average Averages Subsidence Consistency Weather

age/days in t/m3 in MPa
2.33 20.00
7 days 2.31 20.00
2.29 19.90
2.34 26.27
14 days 2.35 25.37
2.36 24.47 8 cm ‘ Time
Plastic
2.37 25.32 sunny
21 days 2.35 26.62
2.33 27.92
2.37 27.78
28 days 2.36 26.76
2.35 25.73
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The compressive strength at 28 days of age of concrete shows that this con-
crete is of required quality because it corresponds to a concrete dosed at 350
Kg/m’.

Formulation 3: (Congo River sand with G1 + G2 gravel). The results of this
formulation are presented in Table 7.

The results of simple compressive strengths after crushing cylindrical speci-
mens are shown in Table 8. This resistance obtained at 28 days of age of this
concrete shows that this type of concrete is of very good quality.

Formulation 4: (improved Djiri sand with both types of gravel G1 + G2)

The results of the composition of the mixture obtained are shown in Table

The simple compressive strength of this type of concrete is between 20 MPa
and 30 MPa, so this is a normal concrete type Table 10.

Formulation 5: (improved Congo River sand with both types of G1 and G2
gravel), see Table 11. It reveals that the result of the composition of mixture are
shown in Table 11.

Table 7. Results Formulation 3 (River and G1 + G2).

Dosage at 350 kg/m*
Concrete component
Weight (kg) Volume (L)
Congo River sand 0/0.63 563.72 383.48
Crushed gravel G1+G2 5/25 1278.95 907.10
Cement: CIMAF CEM II 42.5 350
Drilling water from BCBTP 197L
Density of theoretical concrete 2.38 t/m’
G/S 2.27
C/E 1.78
Density of fresh concrete 2.39 t/m’

Table 8. Characteristic Results of Concrete (Formulation 3).

Concreteage/ Density Average Resistance
Vi

Averages Subsidence Consistency Weather
days int/m? 8¢ inMPa verages Su v
2.27 22.99
7 days 2.28 22.69
2.29 22.39
2.27 25.62
14 days 2.28 25.75
2.29 25.87
6 cm Plastic Mild time
2.31 28.30
21 days 2.30 27.31
2.29 26.32
2.36 27.46
28 days 2.35 27.41
2.33 27.36
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Table 9. Formulation Results 4 (enhanced by sand and both types of gravel).

Dosage at 350 kg/m®
Concrete component
Weight (kg) Volume (L)
Djiri sand improved 0/2.50 581.90 363.69
Crushed gravel 3.15/16 240.05 171.46
Crushed gravel 12.5/25 1019.45 733.42
Cement: CIMAF CEM II 42.5 350
Drilling water from BCBTP 197 L
Density of theoretical concrete 2.39 t/m’
G/S 2.16
C/E 1.78
Density of fresh concrete 2.39 t/m’

Table 10. Characteristic Results of Concrete (Formulation 4).

Concrete  Density Average Résistance
Vi

Average Subsidence Consistency Weather
age/days  int/m? n MPa verag " v
2.36 20.25
7 days 2.36 20.38
2.35 20.50
2.30 24.30
14 days 2.31 25.32
2.31 26.34 9 cm . Mild
Plastic .
234 26.35 time
21 days 2.33 25.37
2.32 24.38
2.39 25.57
28 days 2.39 25.55
2.39 25.52
Table 11. Results formulation 5 (improved river the two gravels G1 and G2).
Dosage at 350 kg/m?®
Concrete component
Weight (kg) Volume (L)
River sand improved 0/2.50 602.40 398.94
G1 (Crushed gravel 3.15/16) 221.58 158.27
G2 (Crushed gravel 12.5/25) 1019.45 733.42
Cement: CIMAF CEM 1II 42.5 350
Drilling water from BCBTP 197 L
Density of theoretical concrete 2.39 t/m?
G/S 2.06
C/E 1.78
Density of fresh concrete 2.39 t/m?
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The results of simple compressive strengths after crushing cylindrical speci-
mens are shown in Table 12.

The dosage of this concrete is 350 Kg/m® and corresponds to a normal type of
concrete that can be used in the load-bearing elements. Applying the age coeffi-
cients to evaluate the resistance at 7 days from the resistance found at 7, 14, 21
or 28 days, we obtain the results in Table 12.

Formulation 6 (crushed sand with both classes of gravel). The formulation
results are presented in Table 13.

The results of the simple compressive strengths after crushing cylindrical
specimens are shown in Table 14. The compressive strength at 28 days of age of
this concrete is characteristic of medium quality concrete.

Applying the age coefficients to evaluate the resistance at 7 days from the re-
sistance found at 7, 14, 21 or 28 days, we obtain the results in Table 14.

The results obtained from the six (6) formulations produced for a dosage of
350 Kg/m® can be selected for the informal and semi-informal construction sec-
tors, since the compressive strength at 28 days of age of concrete is between 20
and 30 MPa (Figure 10).

Table 12. Results of Concrete Formulation (Formulation 5).

Concrete I?enmtz Average Resistance Average Subsidence Consistency Weather
age/days in t/m in MPa
2.30 20.20
7 days 2.29 20.10
2.28 20.00
2.32 25.92
14 days 2.33 24.93
2.33 23.93
6 cm Plastic Soft time
2.36 23.65
21 days 2.35 25.27
2.33 26.89
2.35 25.87
28 days 2.35 25.80
2.35 25.72

Table 13. Results Formulation 6 (crushed 0/5 and both types of gravel).

Dosage at 350 kg/m*
Concrete component
Weight (kg) Volume (L)
River sand improved 0/2.50 630.94 423.45
G1 (Crushed gravel 3.15/16) 197.33 140.95
G2 (Crushed gravel 12.5/25) 936.39 673.66
Cement: CIMAF CEM II 42.5 350
Drilling water from BCBTP 197L
Density of theoretical concrete 231
G/S 1.80
C/E 1.78
Density of fresh concrete 2.32
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Table 14. Characteristic Results of Concrete (Formulation 6).

C t Densit Resist
onerete . enst Z Average esistance Average Subsidence Consistency Weather
age/days  int/m in MPa
2.23 14.33
7 days 2.25 14.38
2.27 14.43
2.32 17.48
14 days 2.34 18.51
2.35 19.54 Sunny
7 cm Plastic K
2.30 24.06 time
21 days 2.31 22.94
2.32 21.82
2.33 24.80
28 days 2.33 23.18
2.32 21.56
30.00
25.00
20.00
15.00 m7 days
M 28 days
10.00
5.00
0.00
Formulation 1 Formulation 2 Formulation 3 Formulation 4 Formulation 5 Formulation 6

Figure 10. Table of the results of the six concrete formulations carried out.

Here, we also note that for the improved sands, the correction is done by
mixing the reference sand with the crushed sand which contains fine particles
that stem from the sandstone of the Inkissi.

Indeed, the will often contains clay particles. This justifies the difference be-
tween the various formulations.

Statistical analysis

To verify the level of reliability of the compressive strengths for the proposed
formulations, we made an objective observation of the results obtained in the
laboratory. We find that there is a discrepancy between the different formula-
tions.

Indeed, given the results in the table below, it appears that the means (statis-
tics) of each formulation are different test (Table 15).

Thanks to the SPSS2 software, we were able to perform the Least Meaning
Difference Test (LSD).

By applying the multiple mean comparisons test (Table 16) and taking into
account the significance level of 10%, two groups of formulation are observed.
The first groups formulations 1 and 6; while the second contains the rest of the
formulations (2, 3, 4 and 5).
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Table 15. Distribution of the average resistance by type of formulation according to the age of the concrete.

Jours Formulation 1 Formulation 2 Formulation 3 Formulation 4 Formulation 5 Formulation 6  Total
7 Jours 20.05 20.00 22.69 20.38 20.10 14.38 19.60
14 Jours 21.08 25.37 25.75 25.32 24.93 18.51 24.49
21 Jours 22.49 26.62 27.31 25.37 25.27 22.94 25.83
28 Jours 22.98 26.76 27.41 25.55 25.80 23.18 25.28

Total 21.65 24.69 25.79 24.15 24.02 19.75 23.80

Table 16. Test of multiple comparisons (LSD) of averages of different formulations.

(I) Formulation (J) Formulation Difference of averages (I-]) Standard error P-value
Formulation 2 —3.0375* 1.37590 0.033
Formulation 3 —4.1400* 1.37590 0.004
Formulation 1 Formulation 4 —2.5025* 1.37590 0.076
Formulation 5 —2.3738* 1.37590 0.092
Formulation 6 1.8963 1.37590 0.175
Formulation 1 3.0375* 1.37590 0.033
Formulation 3 -1.1025 1.37590 0.427
Formulation 2 Formulation 4 0.5350 1.37590 0.699
Formulation 5 0.6638 1.37590 0.632
Formulation 6 4.9338* 1.37590 0.001
Formulation 1 4.1400* 1.37590 0.004
Formulation 2 1.1025 1.37590 0.427
Formulation 3 Formulation 4 1.6375 1.37590 0.241
Formulation 5 1.7663 1.37590 0.206
Formulation 6 6.0363* 1.37590 0.000
Formulation 1 2.5025% 1.37590 0.076
Formulation 2 -.5350 1.37590 0.699
Formulation 4 Formulation 3 -1.6375 1.37590 0.241
Formulation 5 0.1288 1.37590 0.926
Formulation 6 4.3988* 1.37590 0.003
Formulation 1 2.3738* 1.37590 0.092
Formulation 2 —0.6638 1.37590 0.632
Formulation 5 Formulation 3 -1.7663 1.37590 0.206
Formulation 4 —0.1288 1.37590 0.926
Formulation 6 4.2700* 1.37590 0.003
Formulation 1 -1.8963 1.37590 0.175
Formulation 2 —4.9338* 1.37590 0.001
Formulation 6 Formulation 3 —6.0363* 1.37590 0.000
Formulation 4 —4.3988* 1.37590 0.003
Formulation 5 —4.2700* 1.37590 0.003
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Factor 2

In order to make the information mentioned above robust, we preferred to re-
fine this study by a factorial analysis. The goal is to know the formulations that
have statistically the same resistances and those that oppose. For this purpose,
we opted for principal component analysis by introducing two continuous va-
riables into active (strength and density) and two nominal variables into illustra-
tive (type of formulation and age of concrete), Figure 11.

For this we used the software Spas. 5.

The results in Figure 11 reveal four groups of formulation. In this figure, the
evolution of compressive strength as a function of age is from right to left.

This factorial analysis in principal component, on the first two variables (re-
sistance and density) and the two others (type of formulation and age of the
concrete), reveals the composition of 4 distinct groups:

e Group 1, contains formulation 3 which is much more resistant than other
formulations, regardless of the age of the concrete. This is the most impor-
tant resistance group;

e Formulations group 2, formulations 2, 4 and 5. It can be considered as the
group of formulations whose impact resistance is acceptable.

e Group 3 (formulation 1) has low resistance but also contains the highest den-
sity;

e Group 4 (formulation 6) is low in strength and high in density.

It can thus be noted that in Group 2, the compressive strengths of concrete at
different ages are fairly close and acceptable overall, while their densities are
relatively low. Group 1 is atypical from the point of view of its resistance.

Groups 3 and 4 have concrete formulations with very close minimum values of

RESISTANCE

0.5

28 days

Density

# Formulation 3

= Formulation 5

GROUP 2

4 days

Formulation 6 »

-1.0
Legend : — evolution of compressive
strength as a function of age
GROUP 3
1.5 Formulation 1
0.8 0.4 0 0.4 0.8 12
Factor 1

Figure 11. Main plan of the factor analysis.
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22.98 MPa and 23.18 MPa, respectively. The XX1, XX2, XX3 lines translate the
evolution of the compressive strengths for different formulations over the ages.
Indeed, at 7 days, the formulation 6 (group 4) has the lowest value. At 14 and 21
days of age, there is a clear evolution of resistance but very remarkable for group
2. And, at 28 days of age, we find formulation 3 (group 1) with the greatest value
while the lower is at the level of formulation 1 of group 3.

In view of the above, we can say that the best formulation is that which con-
sists of Congo River sand, with gravel G1 + G2 (formulation 3). In addition, low
strength formulations are those consisting of aggregates (Djiri sand with gravel
G1 and G2) for formulation 1, and then (sand crushed with gravel G1 + G2) for

formulation 6.

4. Discussion

The results discussed mainly concern the formulation of concretes. Several stud-
ies have been carried out as part of the determination of concrete compositions
and their technical specifications. Many have been published [3] [6] [17] [18]
[19] [20] and [21].

From the point of view of the methodological approach, Turcy and Loukili
(2003), who conducted studies on the formulation of self-placing concretes
(BAP), point out that the scope of the formulator's possibilities can be widened
by trying to apply other methods, highlighting the minimization of the binder
paste or the optimization of the granular skeleton. These studies nevertheless
reveal that the compressive strengths of concretes are at least 40% higher than
those of ordinary concretes (Dreux-Gorisse), despite a similar E/C ratio. This
highlights the role of pulp volume and limestone filler on the compactness of the
solid skeleton of self-placing concretes (BAP) [22].

It thus appears that the strengths of ordinary concretes can be further im-
proved if one really studies the influence of the granular class on the cementi-
tious material [23] [24] and [25].

However, Drissi et al. (2005), in their studies on the influence of concrete
composition parameters on its compressive strength, also point out all the re-
markable progress on concretes, from the point of view of the rheology that the
mechanical behavior are due to the thorough knowledge of the physico-chemical
properties of the constituents (sand, gravel, cements). This technical argumenta-
tion is also supported by Larrard ef al (2010), as well as Makhaly et al (2014).

Similarly, the 28-day compressive strength for ordinary concrete decreases by
17% by increasing the E/C ratio from 0.5 to 0.55. This could also be explained to
a certain extent by a lack of hydrated calcium silicate (C-S-H) formation that is
most involved in the development of resistance [18].

Berredjen et al (2015) used the Dreux-Gorisse formulation method for the
manufacture of concretes needed to study the durability indicators of recycled
aggregates based on natural rolled aggregates.

This study also reveals that the mechanical strength of a concrete is funda-
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mentally linked to the mechanical performance of the aggregates since at 28
days, concrete composed of 75% natural aggregates and 25% recycled aggregates
have a better resistance (in compression and traction) [5] [21] [26] and [27].

In addition to this comparison made on the different formulations of con-
cretes where the dependence of the physico-mechanical performances of con-
cretes in relation to the granular class and the C/E ratio has been demonstrated,
the different formulations proposed for the informal and semi-presented in this
study comply with the standard.

Thus, it remains to re-evaluate the activity of the influence of the granular
class on the cement matrix to further improve the performance of these con-

cretes.

5. Conclusions

This study was an attempt to seek solution for efficient concrete formulation for
fC,; of 20 and 30 MPa in the informal and semi-informal construction sectors. It
was carried out in the laboratory using the Dreux-Gorisse method on construc-
tion materials taken from the quarries around Brazzaville. Also, a survey was
conducted in the same frame. This involved taking fresh concrete from various
construction sites in Brazzaville.

The results obtained after crushing samples of concrete collected fresh in situ
and tested in the laboratory, showed on eight (8), five (5) samples have the
characteristics of non-conforming concrete at a dosage of 350 Kg/m’, one (1)
only site (site 7) has the characteristics of a concrete of quality or normal type;
site 8 shows characteristics of medium quality concrete. This imbalance is ex-
plained by the lack of control of the appropriate technology.

As regards the formulation of concretes, the exploitation of the Dreux-Gorris
method requires an improvement in the physical properties of sands which con-
tain too fine elements.

Thus, the size of fine sand particles (Djiri and Congo River) has been im-
proved with crushed sand to bring them closer to normal sand (NFP15-403), the
case of formulations 4 and 5.

Of the six (06) formulations, the 28-day-old characteristic compressive strength
(fc28) results ranged from 22.98 to 27.4 MPa.

These values are in the range of 20 to 30 MPa, which is considered as a
benchmark in the technical specifications of common civil engineering struc-
tures in the informal and semi-formal construction sectors.

In sum, these types of formulations can be retained by these sectors of the
construction for the manufacture of concrete of quality required for a good du-

rability of the works.
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