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Abstract 
The purpose of this study is to analyze the behavior of mortars from the 
sands of Togo in order to optimize their traction resistance. 3660 4 cm × 4 cm 
× 16 cm test tubes of mortars are prepared from the sands of 20 extraction 
sites in Togo with variations in water and cement while keeping the water- 
cement ratio constant (E/C = 0.5). It emerges a quadratically increasing evo-
lution of resistance in flexural at 28 days of age (σf) for cement-sand (C/S) 
and water-sand (E/S) ratios varying respectively by the interval [0.0370, 
0.3580] to [0.1977, 0.5120] and [0.0185, 0.1792] to [0.0988, 0.2605]. The re-
sistances become stationary beyond these values (σf ≈ 3.4750 MPa to 7.9010 
MPa). For structures whose resistance in traction is desired, three formulas of 
sand mortars from Togo are therefore defined: rich mortars (C/S > 0.5120 
and E/S > 0.2605), lean (C/S < 0.0370 and E/S < 0.0185) and normal (0.0370 < 
C/S < 0.5120 and 0.0185 < E/S < 0.2605). 
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1. Introduction 

In Africa and particularly in Togo, the civil engineering works are realization 
carried out in concrete and mortar. For these achievements, the most used ag-
gregates are gravel and sand. The latter (sand) is available in several forms: sea 
sands, river sands, sands from rock crushing and continental dunes. The proper-
ties of these sands are very varied depending on their origins. 

The qualities of concretes and mortars are most often resistance to compres-
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sion, traction, cracking, porosity, permeability, etc. These performances depend 
on a certain number of parameters including the type and dosage of cement, the 
dosage of water and aggregates. 

Féret’s formula makes it possible to predict the envisaged compressive resis-
tance of the mortars as a function of the dosages of cement, water, the volume of 
air in the mortar and a coefficient K depending on the class of cement, the type 
of aggregates and the method of implementation of concrete. The relationship 
between the traction resistance and the compressive is a simple ratio of the two 
resistances. 

Given the complexity of determining the parameter K, Amey K. B. defined a 
relationship between the compressive resistances of mortars and its components 
without the need for this K parameter [1] [2]. These works have shown that the 
evolution of resistance in compressive at 28 days of age (σc) is exponential with 
the equation ( ) ( )1 2e eb C S b E S

c a a= =σ  for cement-sand C/S and water-sand E/S 
ratios varying respectively between 0.311 to 0.512 and 0.156 to 0.256 (with 
0.061 0.182a< < , 111.08 12.9b< <  and 222.17 25.80b< < ). They become 
stationary beyond these values (σc ≈ 19 MPa at 35.45 MPa). Amey K. B. [1] [2] 
has thus defined two formulas of rich mortars (E/C = 0.5, C/S > 0.512 and E/S > 
0.226) and lean (E/C = 0.5, C/S < 0.311 and E/S < 0.156) from Togo sands. 

There is therefore no direct relationship between traction resistance and the 
components of the mortar as in the case of compression resistance. The present 
work consists in experimentally researching the traction resistance of mortars 
from the sands of Togo. This will provide a mortar formula for the production 
of structures requiring high traction and flexural resistance, in particular paving 
stones, nozzles, etc. 

2. Material and Method 
2.1. Material 

The materials and equipment used for the experiments are given by: 
- silty sands taken from twenty (20) sand extraction sites in Togo (Figure 1); 
- a SILVERCREST brand electronic scale, with a maximum load of 5000 g and 

a precision of 1 g; 
- a sand equivalent apparatus [3]; 
- a water tank for storing the test specimens; 
- a series of AFNOR sieves with openings (mm): 0.08, 0.1, 0.125, 0.16, 0.2, 0.25, 

0.315, 0.4, 0.5, 0.63, 0, 8, 1, 1.25, 1.6 and 2 [4] [5]; 
- prismatic molds of dimensions 4 cm × 4 cm × 16 cm (Figure 2) [6]; 
- a mini mortar mixer (Figure 2) [6]; 
- a LABOTEST brand shaking machine for 90 cycles in 30 seconds with auto-

matic stop (Figure 2) [6]; 
- an oven at a temperature of 105˚C for the conservation of sands and earths 

[6]; 
- a PERIER brand mini press, with a maximum load of 300 kN and precision 

0.5 kN with the compression and bending cells (Figure 2) [6]; 
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- a transparent tube and a graduated cylinder for absolute density measure-
ment. 

 

 
Figure 1. Position of Togo and sampling areas.  

 

 
Figure 2. Experimental device for determining mechanical properties. 
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2.2. Method 

The sands collected from the twenty (20) sites (Figure 1) underwent identification 
tests (cleanliness of the sand, densities and particle size) [7]. The fineness mod-
ulus (Mf) is then calculated [8] [9]. 

For the research of the formulation, the sand dosage of 1350 g is kept fixed by 
varying those of the cement from 25 g to 1500 g and the water from 12.5 g to 750 
g at steps of 25 g and 12.5 g respectively. 3660 test pieces corresponding to 61 
assays obtained are mixed in the mini mortar mixer (Figure 2) and then molded 
in the 4 cm × 4 cm × 16 cm mold and then vibrated from the shaking device 
(Figure 2). The products obtained, demolded after 24 h, are stored in a water 
tank at a temperature of 20˚C. After 28 days of age, the 3660 (1220 × 3) speci-
mens underwent three-point flexural crushing from the PERIER brand press 
(Figure 2) for the determination of flexural resistance. 

The flexural breaking force is measured and the stress (σf) is determined by 
the expression given by: 

f
M v
I

=σ                           (1) 

with M = flexural moment ( 4M F L= ⋅ ); I = moment of inertia ( 3 12I h b= ) 
and v = position of the most stretched fiber ( 2v h= ). 

Considering the 4 cm × 4 cm × 16 cm molds (Figure 2), the expression the 
different parameters become: 

106.7 mmL =  

40 mmH b a= = =  

20 mmV =  

The expression (1) becomes: 
0.0025f F=σ                          (2) 

with F, the load applied for the failure of the specimen. 
The envelope curve is the boundary area within which measurement results 

may vary. The expressions for the limits of the zone are given by: 
2

2
f

s

X X

X X

= −


= +

σ

σ
                         (3) 

In these equations, Xf and Xs are the lower and upper specific values; X the 
average of the measurements; and σ the standard deviation of the measurements, 
given by the following Equation (3): 

( )2

1

1

N

iX X

N

−
=

−

∑
σ                        (4) 

where Xi denotes the data measured at rank i and N the number of samples. 

3. Results 
3.1. Characteristics of the Sands Used 

The results on the properties of the sands used for the experiment (Table 1 and 
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Figure 3) show that they are very fine (Mf ≈ 1.833 < 2.1) at 72% and not clean 
(ES ≈ 66.246 < 70) at 67% and are therefore generally unsuitable as aggregates 
for conventional concrete but more suitable for concretes whose ease of imple-
mentation is more desirable [9] [10]. These results are consistent with those of 
the work of Amey K. B. on the silty sands of Togo as a whole and on the sands of 
the Togolese coast [11] [12] [13] [14] [15]. These works have shown that silty 
sands are not suitable for concrete work, whereas siliceous sands are very suita-
ble even for quality concrete. The works have also shown that the value E/C = 
0.5 gives optimum resistances for hydraulic mortars. 

3.2. Flexural Strength Formula 

Figure 4 and Figure 5 give, for E/C = 0.5, the mesh of the 3660 flexural resis-
tances as a function of C/S and E/S, the results of the twenty (20) sites studied 
and the envelope curves of these resistances. It appears that the resistances in-
crease then become almost stationary. The smoothing curves of the envelope 
curves resulting from these experiments (Figure 5) gave the equations and the 
coefficients of determination illustrated by: 
 For average resistance in flexural: 

2

32.8690 0.4538 0.0860f
C C
S S

   = − −   
   

σ  and 2 0.9776R =  for 0.4258C
S
≤ (5a) 

0.7320 5.0717f
C
S

 = + 
 

σ  and 2 0.2761R =  for 0.4258C
S
>     (5b) 

 
Table 1. Physical characteristics of sands. 

Designation Parameter Size 

Apparent density dap 1.448 ± 0.096 

Absolute density dab 2.646 ± 0.034 

Sand equivalent ES 66.247 ± 18.556 

Fineness modulus Mf 1.833 ± 0.643 

Methylene blue BM 0.688 ± 0.800 

 

 
Figure 3. Fineness modulus and sand equivalent of the materials used. 
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Figure 4. Cloud of points of resistances in flexural as a function of C/S.  

 

 
Figure 5. Envelope curves and mean resistance in flexural as a function of C/S and E/S of 
the sands. 

 
or 

2

131.4800 0.9076 0.0860f
E E
S S

   = − −   
   

σ  and 2 0.9776R =  for 0.2129E
S
≤ (6a) 

1.4641 5.0717f
E
S

 = + 
 

σ  and 2 0.2761R =  for 0.2129E
S
>     (6b) 

 For lower limit resistance in flexural: 
2

23.9160 6.4398 0.3383f
C C
S S

   = − +   
   

σ  and 2 0.8975R =  for 0.5210C
S
≤ (7a) 

0.3692 3.7687f
C
S

 = − + 
 

σ  and 2 0.0451R =  for 0.5210C
S
>     (7b) 

or 
2

95.6630 12.8800 0.3383f
E E
S S

   = − +   
   

σ  and 2 0.8975R =  for 0.2605E
S
≤ (8a) 

0.7383 3.7687f
E
S

 = − + 
 

σ  and 2 0.0451R =  for 0.2605E
S
>     (8b) 
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 For upper limit resistance in flexural: 
2

77.7510 6.6943 0.3145f
C C
S S

   = − +   
   

σ  and 2 0.9803R =  for 0.3584C
S
≤ (9a) 

0.6560 7.4210f
C
S

 = + 
 

σ  and 2 0.1293R =  for 0.3584C
S
>     (9b) 

or 
2

311.0000 13.3890 0.3145f
E E
S S

   = − +   
   

σ  and 2 0.9803R =  for 0.1792E
S
≤ (10a) 

1.3120 7.4210f
E
S

 = + 
 

σ  and 2 0.1293R =  for 0.1792E
S
>      (10b) 

These equations show that the resistances have a polynomial growth and be-
come stationary linearly according to the E/S or C/S ratio. 

The equations of the curves in linear areas with very negligible increasing 
shapes (very low direction coefficients ( 0.8 2a− < < )), can be likened to straight 
lines. The margin of curves offering lower and upper limits of the flexural resis-
tances of the sands of Togo is therefore given in Figure 6. 

The ratios of E/C = 0.5, C/S > 0.5210 and E/S > 0.2605 allow to have optimum 
flexural resistances of 3.475 MPa to 7.901 MPa of mortars made from Togo 
sands (Figure 6). 

The envelope curves of the flexural resistance of sands as a function of the C/S 
and E/S ratios are therefore illustrated in Figure 7. 

The equations of these curves are given by (11) to (16). 
 For average resistance in flexural: 

 

 
Figure 6. Lower and upper limits of resistances in flexural for E/C = 0.5. 
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Figure 7. Optimum resistance in flexural of Togo sands. 

 

If 0.0588 0.4258C
S

≤ ≤  or 0.0294 0.2129E
S

≤ ≤  

2

32.8690 0.4538 0.0860f
C C
S S

   = − −   
   

σ              (11a) 

2

131.4800 0.9076 0.0860f
E E
S S

   = − −   
   

σ             (11a) 

If 0.4258C
S
>  or 0.2129E

S
>   

5.628f =σ                           (12) 

 For the lower limit resistance in flexural: 

If 0.1977 0.5210C
S

≤ ≤  or 0.0988 0.2605E
S

≤ ≤  

2

23.9160 6.4398 0.3383f
C C
S S

   = − +   
   

σ             (13a) 

2

95.6630 12.8800 0.3383f
E E
S S

   = − +   
   

σ          (13b) 

If 0.5210C
S
>  or 0.2605E

S
>  

3.475f =σ                        (14) 

 For the upper limit resistance in flexural: 

If 0.0370 0.3584C
S

≤ ≤  or 0.0185 0.1792E
S

≤ ≤  

2

77.7510 6.6943 0.3145f
C C
S S

   = − +   
   

σ           (15a) 
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2

311.0000 13.3890 0.3145f
E E
S S

   = − +   
   

σ          (15b) 

If 0.3584C
S
>  or 0.1792E

S
>  

7.901f =σ                       (16) 

4. Discussion 

These works have shown that for a constant water-cement ratio (E/S = 0.5), the 
flexural resistance have a quadratic growth as a function of the cement-sand ra-
tios (C/S) between 0.3584 and 0, 5210 with an average value of 0.4258 and wa-
ter-sand (E/S) between 0.1792 and 0.2605 with a value of 0.2129. The expres-
sions of the flexural resistances in these quadratic zones (Figure 7), are illu-
strated by Equations (17) and (18). 

2 2

4 2f
C C E Ed e f d e f
S S S S

       = − + = − +       
       

σ          (17) 

2f
C Eg h g h
S S

   = + = +   
   

σ                    (18) 

with d, e, f, g and h, parameters which are functions of the physical characteris-
tics of the sand and the properties of the cement. 

The value of the directing coefficient d is given by: 
17.7119 77.9760d≤ ≤                       (19) 

These results are similar to those for compressive resistance in 28 days from a 
behavioral point of view [1] [2]. Indeed, the compressive resistances showed an 
exponentially followed evolution of a stationary zone. This correlation between 
the two resistances (flexural and compression) is justified by the fact that they 
are all normal constraints oriented along the axis of the requested part. 

Thus, like the case of the compressive resistance given by the work of AMEY 
K. B. [1] [2], the delimitation of the limit zones makes it possible to distinguish 
three cases (Figure 8): 
• A zone offering rich mortars with ratios E/C = 0.5, C/S > 0.5210 and E/S > 

0.2605 (zone 1); these mortars are more suitable for structures with the re-
quired traction resistance: paving mortars, in particular nozzles; 

• A zone of lean mortars whose ratios are E/C = 0.5, C/S < 0.3584 and E/S < 
0.1792 (zone 2); these mortars can only be used for structures whose traction 
resistance is not the desired property: infill walls for example; 

• And a third zone of mortars whose ratios are E/C = 0.5, 0.3584 ≤ C/S ≤ 
0.5210 and 0.1792 ≤ E/S ≤ 0.2605 (zone 3). For this area some sands may of-
fer rich mortars while others lean mortars. 

The diagram in Figure 8 gives the different dosages of water, cement and sand 
according to the types of mortars sought. 

As an example of using this diagram, for cement dosages of 450 kg (C = 450 
kg) and water of 225 kg (E = 225 kg), that of sand must be less than or equal to 
935 kg (S = 4.155 × 225 = 2.077 × 450 in kg) to have a good resistance mortar. 
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Figure 8. Dosage determination of sand mortars for optimum resistance in flexural. 

 
Like the Féret Method and that of AMEY K. B. of mortar formulation which 

provide for the envisaged compressive resistance of the mortars as a function of 
the dosages of cement, water and sand, the relationship between the traction re-
sistance and the dosages of components of the mortar (cement, water and sand) 
are established through equations and diagrams [1] [2]. 

The diagrams allow, as in the case of AMEY’s mortar formula for compressive 
resistance, allow the direct determination of traction resistances by flexural and 
component dosages [1] [2]. 

5. Conclusions 

This study analyzed the behavior of the tensile strength by bending tests of 
sand-based mortars from Togo. Test specimens (3660) of mortars obtained from 
sand taken at 20 sites in Togo have undergone flexural resistance tests. The re-
sults showed that it is possible to obtain rich mortars (E/C = 0.5, C/S > 0.5210 
and E/S > 0.2605), lean (E/C = 0.5, C/S < 0.3584 and E/S < 0.1792) and normal 
(E/C = 0.5, 0.3584 ≤ C/S ≤ 0.5210 and 0.1792 ≤ E/S ≤ 0.2605) from sands ex-
tracted in Togo. 

Diagrams and equations which are direct relationships between the flexural 
resistance and the dosages of the components of the mortar (water, cement and 
sand) are established and allow the dosages and resistances of the mortars to be 
determined as a function of the C/S and E/S ratio. 
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