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Abstract: Morphological, structural and mechanical analyses were performed on reinforced con-
crete slab samples used in traditional buildings in Casablanca, Morocco. X-ray diffraction and mor-
phological analysis revealed that all samples had a low Ca/Si intensity, which could be the primary
factor responsible for the reduction in compressive strength of our samples. The compressive
strength ranges between 30.5 and 29.1 MPa, and the flexural strength ranges between 13 and 15
MPa. These results aim to obtain the basic knowledge necessary to propose a correct diagnosis, use-
ful for planning conservation projects compatible with the specificity of the local culture of the build-
ing.
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1. Introduction

The improvement of concrete slabs is a typical requirement for the restoration of old
buildings [1,2]. Over time, these buildings present a variety of pathologies, due to lack of
maintenance, climatic conditions, as well as construction technology [3]. It is well known
that the life span of a concrete structure depends on many factors of physical, chemical or
biological origin that can accelerate its deterioration [4]. Before any intervention, it is es-
sential to perform a preliminary analysis and laboratory tests to evaluate the performance
of old structures. According to the literature, Chen et al. [5] studied how temperature af-
fects the dynamic mechanical properties of concrete. The results showed that the dynamic
strength increased as the strain rate increased. Cruz et al. [6] investigated the chemical
and physical characterization of ancient concrete built in 1907, the average modulus of
elasticity was found to be 30 GPa and the strength class was revealed to be higher than
C30/37. Qazweeni et al. [7] studied the physical, chemical, and mechanical properties of
old concrete structure. The used concrete had high voids and absorption ratios, as well as
a low density and a wide scatter in compressive strength results. Prassianakis et al. [8]
used destructive and ultrasonic nondestructive testing methods to determine the mechan-
ical properties of old concrete. Ambroziak et al. [9] revealed the durability and strength
of concrete continuous footings based on the concrete’s physical, chemical, and mechani-
cal properties. Large dispersions of the cylindrical compressive strength (6.9-29.3 MPa),
density (1750-2100 kg = m?), and water absorption (5-14%) were observed. Gibas et al.
[10] investigated the compressive strength of cored concrete specimens. The compressive
strength was greater than 60 MPa. As a result, the subject of old concrete structures is
being studied in a variety of technical and scientific studies, using a variety of methods
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and laboratory tests to determine their properties. The lack of universal tools for describ-
ing the behavior of old concrete suggests the need for new research and laboratory exper-
iments. A correct assessment of the properties of old concrete is required to ensure the life
span of old structures. In this context, Morphological, structural, and mechanical analyses
were performed on reinforced concrete slab samples used in traditional buildings.

2. Experimental
2.1. X-ray Diffraction Analysis (XRD)

The samples were characterized by X-ray diffraction analysis (XRD) with model (A
Siemens D-501 X-ray diffraction (XRD) instrument, CuKa1, A = 1.540598 A) at room tem-
perature. Data was collected in the 20 range of 20° to 80° with a step size of 0.0167° and a
count time of 18 s/step.

2.2. Scanning Electron Microscopy (SEM) and Energy Dispersive X-rays (EDX)

The chemical morphology of all samples was analyzed using scanning electron mi-
croscopy (SEM) and energy dispersive X-ray (EDX) techniques (The FEI Quanta450 FEG
environmental scanning electron microscope (ESEM)).

2.3. Hydrostatic Balance Test

According to NF EN 1097-6: 2001, we placed all of the samples in the hydrostatic
balance’s suspension system, in which they were completely immersed and weighed at
0.01% in water and air to calculate the mass (Mwater) and mass in air (Mair). Furthermore,
all samples were dried at (1055) °C until they reached a constant mass (the dry mass
(Mary)). The following formula was used to calculate bulk density (kg/m?) and water ac-
cessible porosity (%): (ow: density of water (kg/m?).

Mgy
= (1)
air water
M. — M
n=—2a__9d% » 100 @)
Mair - Mwater

2.4. Sclerometer Test

To perform this test, we took into account the Moroccan standard NM 10-1-008 [11],
which defines an appropriate performance. In order to start the test, the evaluated areas
were dried and polished with a prism to obtain a smooth finish on the surface. An Original
Schmidt PROCEQ type PT hammer was used. A total of five tests per post were recorded
(Figure 2).

2.5. Identification of Compressive and Flexural Strength

The specimens’ compressive strength was determined after compression and bend-
ing tests in accordance with European standard EN 196-1. Six fragments were obtained
from four specimens of varying sizes (2 for each specimen). Each fragment’s compressive
strength was tested, and the average result of the two fragments was calculated.

2.6. Identification of Elasticity Modulus

According to the European standard “EN 12390-13: 2013”, the specimen is placed
with the measuring equipment fixed axially in the middle of the testing machine. The
preload stress (stress) p is applied. This stress is maintained for a maximum of 20 s. At the
end of this period, the strain measuring equipment is reinstalled. The strain of each meas-
uring line is recorded and the average strain ¢ is calculated using the formula below [12]:



Eng. Proc. 2023, 52, x FOR PEER REVIEW 3of7

Al

=T ©)

where [, is the initial length, I; is the final length and the Al the variation in concrete
slab length.

3. Results and Discussions
3.1. X-Ray Diffraction Analysis

XRD measurements of our samples are shown in Figure 1. The observed diffraction
peaks show a low intensity of Ca/Si for all the samples studied. It can be noted that the
Ca/Si ratio is one of the factors contributing to the compressive strength. According to
Tob’on et al. [13], the amount of Ca/Si is the main parameter at later hydration ages. The
spacing values obtained at the Ca/Si vertex is highly correlated with the results obtained
[14]. According to the XRD analyses, the trend of the maximum Ca/Si values is in good
agreement with the compressive strengths and the Ca/S ratio.
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Figure 1. XRD pattern for different specimens of Concrete slab.

3.2. Scanning Electron Microscopy (SEM)

SEM-EDX analysis was performed on the different concrete slabs shown in Figure 2.
SEM-EDX analysis revealed that the samples contain C-5-H gel, small amounts of carbon
and sulfur, Ca/Si ratio and different morphologies. The presence of sulfur in the specimens
shows that the concrete is corroding at the reinforcement level. It can be noted that the
increase in compressive strength is related to the increase in Ca/Si ratios. This result is
consistent with that found by X-ray diffraction results. In addition, other factors may in-
fluence the low compressive strength value of the samples, such as porosity, poor aggre-
gate-paste adhesion aggravated by bleeding, and water lenses under the aggregate parti-
cles [15].
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Figure 2. SEM and EDX of concrete slab specimen (CB1).

3.3. Apparent Density and Porosity Accessible to Water

The bulk density of the concrete slab depends on several essential parameters such
as: the weight of the cement and the planer, the density of the quarry sand, the amount of
air and water trapped. We calculated the bulk density using Equation (1). We found the
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value to be between 1642.8 kg/m? and 1503.4 kg/m?, respectively (Table 1). This can be
explained by the rate of water absorption [16]. The structure that contains these samples
makes the building very damaged and in danger of collapsing. This result is due to the
decrease in the compactness of the concrete slabs. The increase in the porosity of the mor-
tars in the hardened state leads to a decrease in their density (Figure 3a). Poor dispersion
in the matrix is also observed when agglomerated particles are found to cause the for-
mation of a “ball” presented at certain points in the composite [17]. The high water ab-

sorption (Figure 3b) rate of concrete slabs and their microporous structure increase the
porosity of the composite [18].
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Figure 3. (a) Porosity and (b) Absorption water for different Concrete slab samples.

Table 1. Hydrostatic balance test of concrete slab samples used in traditional buildings in Casa-
blanca, Morocco.

Dry M
Samples ;Zd (ga)ss Density x 106 (g/cm3) Absorption by Mass (%)
CB1 7 468.5 1.6428 6.76
CB2 84125 1.5809 8.43
CB3 8344.3 1.5034 7.55
CB4 7 645.5 1.5383 9.63

3.4. Sclerometer Test

Table 2 displays the experimental values for the sclerometric compressive strength.
It should be noted that the sclerometric compressive strength for the beams is an average
of 5.8 MPa, while the column is an average of 18.9 MPa. Furthermore, the mean value
derived from the sclerometric compressive strength of the concrete slab is 30.2 MPa, which
is low when compared to the recommended values for this type of structure [15,20]. This
low sclerometric compressive strength value is due to the material structure of these tra-
ditional buildings, which is composed of weak concrete translated by the low dosage of
cement mode 35, so that insufficient length of the anchor can influence the reduction of
compressive strength and thus poses the failure problem [13].

Table 2. Results obtained by sclerometer test for concrete slab samples.

Samples Your:ll%/[ll\)/la(;dule SEZI;;:?;?;) Flexion Strength (MPa)
CB1 15.2 27.6 4.5
CB2 6.4 16.3 3.2
CB3 13.1 17.2 3.5
CB4 5.7 12.3 2.7
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3.5. Compressive Strength

Figure 4 depicts the compressive strength test results for the various concrete slabs.

According to Table 3, the average value for compressive strength is between 30.5 and
29.1 MPa. This result is comparable to that obtained by measuring the resistance to sce-
lometric compression and lower to that obtained with existing concrete slabs [21]. On the
other hand, the difference in values found for each sample is compatible with the Ca/Si
ratio determined by EDX and XRD analysis.

3.6. Elasticity Modulus

The extracted Young’s modulus measurements for the different samples are pre-
sented in Table 3. The values obtained vary between 5 and 7.6 MPa and are very low com-
pared to the value obtained in the previous study [22]. This is due to the difference in
porosity and density for each concrete slab studied. Other factors influencing Young’s
modulus are hardening, age, aggregate type and water-cement ratio, and Ca/Si ratio.

3.7. Flexural Tensile Strength

The flexural strength tests of the concrete slab are shown in Figure 4. The obtained
values are presented in Table 3. As can be seen; the obtained flexural strength values vary
between 13 and 15 MPa, respectively. This result is lower than that of the existing concrete
slab [23]. The results is interpreted that many carboxylic acids are known to be strong
retarders based on the EDX measurement.

Table 3. Mechanical properties of concrete slab samples used in traditional buildings in Casablanca,
Morocco.

Compression Resistance

Samples Standard Deviation (Mpa) Sclerometer (MPa)
column 1 1.4 6.3
column 2 1.4 53
Beam 1 2.8 15.9
Beam 2 1.6 21.3
CB1 12 275
CB2 12 165
CB3 13 263
CBa 14 12.4
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Figure 4. Mechanical properties for Different Concrete slab samples.

4. Conclusions

The article presents the results of a study on the concrete slab of the Medina of Cas-
ablanca, an important city in the cultural heritage of Morocco. These results aim to obtain
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the basic knowledge necessary to propose a correct diagnosis, useful for planning conser-
vation projects compatible with the specificity of the local culture of the building. In par-
ticular, this work focuses on the study of morphological, structural and mechanical char-
acteristics of the concrete slab. Different parameters are obtained such as apparent density,
porosity, compressive strength, elasticity modulus and flexural strength.
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