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Abstract

In Togo, quarry sands (silty sand) and river sands are the most used in the construction of structures, particularly for mortar
manufacture. Crushing sands from rock crushing quarries are very little used because they contain enough fine elements. In
this work, the characteristics of a mortar obtained by mixing river sand with crushing sand are studied. Identification tests
were carried out on the mortar components which are river sand, crushing sand and cement. Then the river sand mass is
varied in the mixture in proportions ranging from 0 to 100% and in steps of 25%. Tests of measurement of slump, density,
porosity and flexural and compressive strengths at 28 days of age are carried out on each mixture. It appears that the
characteristics of the mortar studied are improved by the addition of river sand. A mixture of 50% river sand and 50%
crushed sand is the optimal mixture which makes it possible to have characteristics of the mixed mortar better than those of a

mortar containing unmixed sand.
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Introduction

Sand is the most widely used construction material worldwide
where it is mainly used in the manufacture of mortars and
concretes. There are two main categories of sands*? natural
sands coming from sea, mountains, rivers or extracted from
quarries and artificial sands coming from the crushing of slag
blocks in blast furnaces.

In Togo, for the manufacture of mortars to be used for making
bricks, concrete or plaster, quarry silty sands and river sands are
very often used.

The use of crushing sands is infrequent although there are
several rock crushing quarries in Togo. While crushing sand can
be used in the manufacture of concrete, mortars and bricks. The
use of these sands improves the characteristics of concrete or

reduces the use of natural sands®™*°.

In this work, the characteristics of a mortar based on crushing
sand and a mortar obtained by mixing the crushing sand with
river sand in various proportions are studied.

Materials and methods

The materials used during this study include: i. the sand of the
Zowla river located 71.7km east of Lomé, the capital of Togo,
ii. crushing sand from the crushing quarry of the China Road
and Bridge Corporation (CRBC) located in Agbélouvé 60km
north of Lomé, iii. CPJ35 cement produced by CIMTOGO, one
of the cement factories in Togo and iv. drinking water from
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“Société Togolaise des Eaux”, the drinking water production
and supply company in Togo.

Table-1 shows the characteristics of the sands used, the grain
size curves of which are shown in Figure-1. The river sand used
is an average sand, very clean and can provide good concrete
with good workability, good resistance and limited risks of
segregation?. The crushing sand used is coarse sand with enough
fine elements. It is clean and can allow quality concrete with
good strength but with workability defects and risks of
segregation®.

Table-1: Sands characteristics.

Characteristics Zowla river CRBC Crushing
sand sand
Sand equivalent 89.9 71
Absolute density 2.67 2.78
Apparent density 1.42 1.66
Fineness modulus 2.60 2.99
Porosity 46.53 40.43

The characteristics of the cement used are presented in Table-2
and comply with European standard N EN 197-1%,
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Figure-1: Sands grading curve.

Table-2: Cement characteristics.

Characteristics Value
Fineness modulus 2.66
Stability (mm) 0.5
Consistency (%) 25.8
Compressive strength at 28 days (MPa) 30.51

To achieve the objective of this study, the mass rate of river
sand is varied compared to the total mass of the mixture for
rates ranging from 0 to 100% in steps of 25%. The mass of
cement is fixed at 250kg/m* of mortar which corresponds to the
dosage commonly used for the manufacture of bricks in Togo.
Two Water/Cement (W/C) ratios are used, namely 0.45 and 0.5;
this would give an idea of the influence of water on the
characteristics. Table-3 summarizes the materials quantities
used for each mixture performed.

Table-3: Material quantities for each mixture.

Sand river ratio

) 0 25 50 75 | 100
Sand river mass | | 1975 | 375 | 5625 | 750
(ko)

Crushing  sand | 700 | seos | 375 | 1875 | o
mass (kg)

Cement mass (kg) | 250 250 250 250 250
Water 0.45 | 112.5 | 112.5 | 112.5 | 112.5 | 1125
mass

according

to W/C| 050 ]| 125 | 125 | 125 | 125 | 125
ratio

From these dosages, mortar specimens of dimensions 4*4*16
cm® are made in accordance with standard NF P18-400*.
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These test pieces are then kept in the shade and crushed on the
28th day. On these test pieces, it is determined: i. the slump on
the fresh mortar using the Abrams cone according to standard
NF EN12350-8". ii. the density at manufacture and at 28" day
according to standard NF EN 12350-6". iii. the porosity
accessible to water according to standard NF P18-459'°. iv. the
flexural strength in accordance with the standard NF EN 12390-
5. v. the compressive strength according to standard NF EN
12390-3",

The porosity accessible to water is determined by immersing the
composites in water for 48 hours, after which the specimens
reach full saturation. After saturation, the test pieces are
weighed (Mw); then the dry mass (Md) is determined by drying
the test pieces at a temperature of 105° to constant mass. This
porosity is calculated by the following equation:

Mw—Mg

porosity (%) = ",

@)

Results and discussion

Table-4 shows the results of slump measurement according to
the assay.

Table-4: Slump test results.

River sand ratio
(%) 0 25 50 75 100
Slump (cm) for
WI/C = 0.45 11.45 | 11.20 | 11.05 | 11.15 | 11.30
Slump (cm) for
W/C = 0.50 11.80 | 11.40 | 11.10 | 11.20 | 11.50

The Table-4 shows that the slump is greater for the mortar
containing 100% crushing sand. Adding river sand reduces
slump by up to 50%. Beyond this rate, slump increases. This
variation can be linked to the cleanliness and the fineness
modulus of the two materials. Indeed, the addition of river sand
improves the cleanliness of the crushing sand and decreases its
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fineness modulus, which results in slump reduction. However, Table-6: Porosity results.

this reduction ceases above 50%, the river sand being more River sand ratio (%) 0 25 50 75 | 100
important in the mixture. The increase in water content, which
corresponds to an increase in the plasticity of the mortar, Porosity for W/C = 0.45 145 | 13 12 11 7
increases slump. Table-5 presents the density measurement
results on fresh mortar and that of 28 days of age. Porosity for W/C = 0.50 20 18 1165 | 15 | 11

Table-5: Densities results.

River sand The porosity of the mortar decreases with the increase in the
ratio (%) 0 25 50 75 100 rate of river sand in the mixture. This decrease indicates that
Density of adding river sand to the mixture reduces voids in the mortar.
fresh This reduction can be favored by the rolled shape of the grains
mortar for | 02911 | 05902 | 05897 | 0.5893 | 0.5888 |  of river sand which is favorable to compaction unlike the grains
W/C = 0.45 of crushing sand which have angularities.
Density of . . . . . . .
fresh The increase in the W/C ratio resulted in an increase in porosity
mortar for | 0->886 | 05874 | 05867 | 0.5856 | 0.5851 | thus translating to better compaction of the mortar with the
W/C = 050 lower W/C ratio. This confirms the high density observed at the
Density at level of the mixtures having a W/C of 0.45.
28days for | 0.5873 | 0.5836 | 0.5792 0.5777 | 0.5733 .
W/C= 045 Table-7 summarizes the results of the flexural strength and the
Density at cqmpressive strength of the different mixtures illustrated in
28days for | 0.5816 | 05785 | 0.5771 | 0.5752 | 0.5716 | Figure-2.
WIC=0.50 Table-7: Strength results.
It should be noted that the density decreases when the rate of River sand ratio (%) 0 25 | 50 75 | 100
river sand increases in the mixture: in fact, the river sand being Flexural strength for W/C =
lighter than the crushing sand, its increase in the mixture makes 0.45 (MPa) 227 124|253 (223 21
it possible to lighten the mortar obtained. Densities decreased Fiexural strenath for W/C =
for all mixtures after 28 days of shade storage, reflecting water 0.50 (MPa) g - 21 (22 |225| 19 | 18
loss from the mixtures. The densities of the mixtures with W/C : .
= 0.45 are higher than those of the mixtures with W/C = 0.5 | Compressive strength for 54 (63| 72 | 64 |56
probably because the former underwent better compaction WiC = 0'4_5 (MPa)
favored by the water content. In fact, excess or lack of water | COMPressive strength for 49 |57|703]| 59 |52
harms compaction and leads to an increase in voids in a WIC =0.50 (MPa)

material. The results of the porosity determination are presented
in Table-6.
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Figure-2: Strength variation according to river sand ratio.
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The flexural and compressive strengths increase with the rate of
river sand up to a rate of 50% beyond which the resistances
drop. At a rate of 50% of river sand, there is an increase in
flexural strength of 7%, for W/C = 0.50, and 11.5% for W/C =
0.45 compared to the mortar containing no river sand. This
increase for compressive strength is 33.33% for W/C = 0.45 and
43.5% for W/C = 0.50. The results confirm that the W/C = 0.45
ratio is better than that of 0.50. These results also confirm the
beneficial effect of adding river sand to the characteristics of
crushing sand mortar. The resistance values obtained allow the
use of these mortars for the manufacture of bricks.

Conclusion

The objective of the work is to study the influence of the
addition of Zowla river sand on certain characteristics (slump,
porosity, flexural and compressive strengths) of the mortar
based on crushing sand. From the results obtained, it can be said
that the mixture of 50% river sand and 50% crushing sand
allows to obtain the best characteristics. A use for the
manufacture of bricks with regard to the dosage of cement used
and the obtained compressive strength is possible.
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