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Abstract 

This paper first presents a more or less detailed inventory of the 

situation on ballasted railways in Senegal. This field research 

work highlights the particular heterogeneity that characterizes 

the arming of ballasted tracks, but also and above all the 

influence of environmental factors that pollute and degrade the 

tracks. The significant efforts made to moderate the railways 

are presented with the introduction of the Regional Express 

Train between Dakar and Blaise Diagne International Airport. 

An experimental work of characterization of aggregates is 

presented in a second step. The grain size studied is 25/50 mm 

as for any material studied for use as railway ballast. The 

materials studied come from Senegalese quarries and the 

objective is to see if they can be used as ballast materials in 

railways. With a hardness of 0.85, initial results show that 

Limestone from the Bandia quarries (Sindia, Thiès Region) 

does not have the characteristics required to be used as ballast. 

The hardness of Basalt from the Diack quarries (Ngoundiane, 

Thiès Region) is 17.11. The Diack Basalt gives also good 

physical and mechanical characteristics (cleanliness, 

absorption, density, Deval and Los Angeles). For Senegalese 

public works, Diack Basalt is a good material for railway 

ballast. 

Keywords: Ballast, Railways, Hardness, Los Angeles, Deval, 
Cleanliness, UIC, Basalt, Limestone, Civil engineering, 
Senegal. 

 

INTRODUCTION  

Transport infrastructure has an important role in a country's 

economic and social development. They essentially include the 

three sectors: land (road and rail), seawater and air. The railway 

sector is both an activity sector and a support sector for other 

economic or socio-economic sectors. Rail transport is a sector 

that has reached a level of maturity in developed countries. He 

knows a remarkable return after a period of decline. The 

renewed interest in this mode of transport can be explained by 

its ability to transport huge volumes of goods or a large number 

of passengers with energy efficiency and in a very 

environmentally friendly way. Nevertheless, in many 

countries, the railways are still struggling to move from their 

old status of companies receiving subsidies to the one of more 

efficient commercial companies. With a few exceptions 

(mainly in the Republic of South Africa and North Africa), 

transport has lagged significantly in Africa compared to the 

other regions of the world. The rail sector has been affected by 

the same constraints and challenges as elsewhere. But, in 

Africa, the situation is exacerbated by difficulties of an 

economic, technological and institutional. The study of the 

mechanical behaviour of materials used in public works in 

general has been of interest to the scientific community for a 

very long time [1-10, among others]. The case of materials 

used as railway ballast is also a branch of public works that 

attracts a lot of interest. In recent decades, ballast has been 

increasingly studied in order to better understand its behaviour 

and degradation modes [11-19, 22, among others]. These 

studies make it possible to prescribe increasing quality and 

performance criteria, and to be able to anticipate maintenance 

before the degree of degradation reaches a critical threshold 

likely to cause insecurity and discomfort to users.  

This paper presents a field study conducted with the objective 

of taking stock of the current state of the Senegalese rail 

network. This study focuses on the composition of existing 

tracks and the influence of environmental factors on the ballast 

of Senegalese railways. Experimental work is also presented 

and concerns the study of the feasibility of using two materials 

from local quarries as railway ballast materials. 

INVENTORY OF THE SITUATION ON BALLASTED 

RAILWAYS IN SENEGAL 

Senegal is a West African country bordering the Atlantic 

Ocean to the west, Mauritania to the north, Mali to the east, 

Guinea and Guinea-Bissau to the south. The Gambia forms a 

quasi-enclave in Senegal, penetrating more than 300 km 

inland. The geographical map in Figure 1 shows the 14 regions 

and the corresponding departments.  

In Senegal, rail traffic ranks second after road transport in 

terms of satisfaction with domestic travel and relations with 

Mali. In October 2003, the governments of Senegal and Mali 

entrusted the management of the network to Transrail, a 

company based in Bamako. The company was first managed 

by a Franco-Canadian consortium (Canac-Getma), then by the 

Belgian firm Vecturis SA since April 2007. Before this merger, 

the network was managed by the “National Railway Company 

of Senegal” (SNCS). The network extends from Dakar 

(Senegal) to Koulikoro (Mali); in the following, paper focus on 

the description of the Senegalese network from Dakar to Kidira 

(Figure 2). This network has gradually deteriorated and at 

present, only the Dakar-Kidira section is in service. The other 

sections of the network such as Dakar-Saint Louis, 

Diourbel-Touba (which served groundnut production), and 

Guinguineo-Kaolack (which served the oil mills of the Suneor, 

e. g. Sonacos), are no longer operated; the degradation of 

armaments is very advanced and is not being renewed. These 

sections are made up of old weapons put in place since the time 
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of the settlers. The Dakar-Kidira section is 644.6 km long from 

Dakar (original station). It consists of a double track from 

Dakar to Thiès (70 km), as well as a single track from Thiès to 

Kidira (574.6 km). All trains running on the Transrail network 

are controlled by two stations, one in Thiès with two control 

tables and one in Bamako. The spacing system used to manage 

train operations is the telephone block. In the event of 

interruption of telephone communications, regular trains and 

those announced regularly follow one another in their normal 

order of succession (according to the Transrail Train Running 

Booklet, TRB). The TRB is a technical document of Transrail, 

it gives all the details concerning the types of trains and their 

circulation on the network. The section in service has the 

particularity of receiving all the existing lines in Senegal: 

passengers, goods, chemicals. Figure 3 shows a typical profile 

of tangent tracks. 

 

 

Fig. 1 Geographical map of Senegal [22] 

 

  
Fig. 2 Description of the Senegalese rail network and the diversity of its equipment (Transrail) 
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Fig. 3 Typical cross profile of aligned tracks (dimension in mm) 

 

The Senegalese network is characterized by a great diversity in 

the type of weapons encountered on site. Figure 4 summarizes 

the results of field investigations and highlights information on 

the types of weapons and their representation on the 

Dakar-Kidira section. These investigations have also 

highlighted the diversity of factors that can cause and 

accelerate track degradation in Senegal. In developed 

countries, the current trend is to specify each line for a 

particular section; this allows a better understanding of the 

parameters characterizing the behaviour of track elements. 
 

 

Fig. 4 Percentage of presence of types of weapons on the Dakar-Kidira section 

 

"Others" in Figure 4 includes a set of armaments of types 30 

Kg/Metal sleeper, 25 Kg/Metal sleeper, 6040 USA Metal 

sleeper, welded track; these are outdated armaments and are no 

longer used today on modern railways. This ring highlights the 

heterogeneity of the armaments on the Dakar-Kidira section 

currently in service; a heterogeneity that is not favourable to 

the overall good performance of the track. 

The visits carried out on the network, as well as our 

investigations at Transrail level, show that there are many 

factors that can prevent the ballast from fully performing its 

functions in the short or long term. Track pollution in Senegal 

is caused by several factors, including fine particles seeping 

into the ballast, sand in sandy areas, chemicals carried by 

trains, debris and trees growing under and around the ballast, 

chemical residues in industrial areas, household waste in 

populated areas, fish waste in market areas, oil from trains and 

maintenance equipment. To summarize all the information 

collected, the histogram in Figure 5 is proposed, which shows 

the overall percentage of each pollutant present on the tracks of 

the Dakar - Kidira section. The percentage of presence of a 

pollutant represents the number of kilometres affected by the 

pollutant in question compared to the total number of 

kilometres between Dakar (Pk 0+000) and Kidira (Pk 

644+600). “Others” in Figure 5 includes the buried tracks 

together by a mixture of phosphate, sand, fine particles from 

the evolution of the ballast grain size, and other chemicals 

deposited on the track.  

 

Fig. 5 Percentages of pollutants present on the Dakar-Kidira 

section 
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Track pollution in Senegal is caused by several factors, 

including fine particles seeping into the ballast, sand in sandy 

areas, chemicals carried by trains, debris and trees growing 

under and around the ballast, chemical residues in industrial 

areas, household waste in populated areas, fish waste in market 

areas, oil from trains and maintenance equipment. The images 

in Figure 6 illustrate them clearly. All these pollutants lead to 

the physico-chemical alteration of the ballast, the effects of 

which are reflected in a change in grain size (appearance of 

fines) and a decrease in mechanical characteristics. Their 

presence reduces the permeability of the ballast and prevents it 

from draining water to the platform. 

 

 

Machine oil 

 

 

Vegetation 

 

Domestic waste 

 

Solid sulphur 

Fig. 6 Some pollutants on the Senegalese railways 

 

However, significant efforts are being made by the government 

authorities. Indeed, a major Regional Express Train (TER) 

project is being implemented. In its current phase 1, it is being 

developed on the existing Little Blue Train (PTB) 

right-of-way, as far as Diamniadio, over a total length of 57 km 

between Dakar and Blaise Diagne International Airport 

(AIBD). It includes among other new features: a fast (160 

km/h) and safe railway to international standards, a double 

track system with standard gauge for passengers with a metric 

track for freight [21]. The image in Figure 7 describes the 

typical cross-sectional profile used for this innovative project. 

 



International Journal of Applied Engineering Research ISSN 0973-4562 Volume 14, Number 15 (2019) pp. 3396-3405 

© Research India Publications.  http://www.ripublication.com 

3400 

 

Fig. 7 Typical transverse profile adopted for Regional Express Train (TER) in Senegal [21] 

 

MATERIALS STUDIED FROM SENEGALESE 

QUARRIES 

Rock is any material that makes up the earth's crust. The 

materials that make up rocks are called mineral materials, 

unlike the organic materials that support life. The name of a 

rock is given according to its mineralogical composition, 

texture and formation method. The latter leads us to distinguish 

three main families of rocks: sedimentary, metamorphic and 

magmatic. The substratum of the Senegalese territory consists 

of two major geological complexes: the sedimentary basin, 

which occupies more than 75% of the territory, and the 

Precambrian basement representing the south-eastern part of 

the country [2]. In Senegal, the exploitation of geological 

formations for aggregate production generally concerns 

massive rocks from the Senegal-Mauritanian basin. 

The limestone formations of the Senegal-Mauritanian basin are 

of Cretaceous age higher than Paleocene and are present in a 

large extension in the Dakar Peninsula and the Thiès Plateau. 

The limestone reserves are mainly located in the Dakar region 

(Bargny and Rufisque) and the Thiès region (Bandia, 

Popéguine Déyane, Mbour, and Panthior). 

Basalt is a volcanic rock, black and compact, well suited for 

use as ballast aggregate. In Senegal, Basalt extraction is mainly 

focused on Diack. There are several operators on Diack Hill, a 

community in the rural community of Ngoundiane. In 1970, 

basalt reserves at Diack were estimated at 10 million tons. 

However, regardless of the type of material used, ballast comes 

from crushing rock extracted from hard stone quarries. Their 

qualities and defects derive from the characteristics of the rocks 

from which they are extracted. 

This study focuses on two materials from two different areas. 

These are limestone from the quarries of Bandia (Locality of 

Sindia, Thiès Region, Senegal) and basalt from Diack (Locality 

of Ngoundiane, Thiès Region, Senegal). This interest concerns 

class 25/50 mm for its use in Senegalese railways. The study of 

the behaviour and mechanical properties of ballast materials 

requires mechanical tests coupled with physical 

characterisation tests. The Worldwide Railways Organisation 

(UIC) standards define technical specifications on the origin, 

nature and quality of the material to be used as a ballast layer. 

On the basis of these standards, we will give below the 

indications relating to the quarry of origin, the dimensions of 

the aggregates, the tests to be carried out, as well as the 

follow-up to be given to the results obtained with the tests 

carried out. 

 

EXPERIMENTAL PROTOCOL  

The physical and mechanical characterisation carried out in 

this part mainly concerns the technical specifications of ballast 

materials. These are the tests: granulometry (EN 933-2), 

cleanliness (NF P 18 591), absorption (NF EN 1097-6), density 

(NF EN 1097-6), Deval (NF 18 577) and Los Angeles “LA” 

(NF 18 573). The ballast must be hard enough to resist impact 

and abrasion wear caused by rolling loads (crushing) and to 

withstand the destructive action of jamming tools (crumbling). 

There is a relationship between the values of the Deval test and 

the Los Angeles test. This relationship reflects the overall 

relative hardness “DRG” of a rock. The hardness of an 

aggregate is determined based on the results of the Los Angeles 

“LA” and Deval tests (wet and dry) using abacus. These 

abacuses make it possible to differentiate between the hardness 

of dry material “DRis” and that of wet material “DRih”: 

 a DRi value in the dry state DRis (from dry Deval and 

Los Angeles); 

 a DRi value in the wet state DRih (from wet Deval and 

Los Angeles); 

 the DRi value used is the smaller of the two DRis and 

DRih values. 

In a quarry, different DRi values can be obtained (probable 

dispersion of aggregates of different qualities), so it is 

necessary to carry out several sampling operations over time in 
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order to determine the overall hardness of the quarry (DRG). 

The overall hardness coefficient “DRG” is equal to the lower of 

the two values given in equations 1 and 2. 

DRG1  = DRavg – 0.5 σDR                                                (1) 

DRG2  = DRmin – 0.5 σDR                                                (2) 

DRavg =  
∑𝐷𝑅𝑖

𝑛
                                                                  (3) 

σDR = √
∑(DRi−DRavg)2

(n−1)
                                                     (4) 

With: 

- DRavg: arithmetic mean of relative hardnesses. 

- σDR: standard deviation. 

- n: number of samples tested. 

- DRmin: the lowest value of relative hardnesses. 

 

The DRG must be calculated on a minimum of 05 samples. The 

overall hardness of a quarry is only accepted if the test results 

are less than three years old. Beyond that, it will be necessary to 

repeat the tests. French standardization sets the minimum value 

of the overall hardness coefficient for a career at 14. 

 

Results Obtained on Bandia Limestone 

Results obtained for the various tests are given below in Tables 

1 to 7. Figure 8 shows the grain size curve of the limestone 

aggregates studied. 

 

Fig. 8 Granularity of Bandia Limestone 

 

Table 1. Results of granulometric tests 

Dimensions of square meshes (mm) Retained (%) 

63 0  

50   41.3  

40   72.7  

25   98.8  

16   99.8  

 

Table 2. Cleanliness characteristics 

Samples  % impurities Average cleanliness (%) 

1 3  

2 3.2 2.96 

3 2.7  

 

Table 3. Absorption coefficient 

Samples  Absorption (%) Average absorption (%) 

1 0.93  

0.873 2 0.87 

3 0.82 

 

Table 4. Density coefficient 

Samples Density  (g/cm3) Average density (g/cm3) 

1 2.94  

2.866 2 2.81 

3 2.85 

 
Table 5. Los Angeles coefficient 

Samples Los Angeles (LA) Average Los Angeles 

1 38.61  

 

40.258 
2 40.68 

3 40.30 

4 41.75 

5 39.95 

 

Table 6. Wet and dry Deval coefficients 

Samples Dry 

Deval 

Wet 

Deval 

Average Dry 

Deval 

Average Wet 

Deval 

1 14.05 10.95  

 

12.508 

 

 

11.16 
2 13.84 11.41 

3 11.70 11.33 

4 12.04 10.78 

5 10.91 11.33 

 

Based on the Deval and Los Angeles results, the hardness 

characteristics of the limestone aggregates studied are given in 

Table 7. 
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Table 7. Hardness characteristics of Bandia Limestone aggregates 

Samples DRis DRih DRi  DRavg σDRi DRG1 DRG2 DRGi Hardness (DRG) 

1 1.8 3 1.8  

 

1.25 

0.275 1.1125 0.7625 0.7625  

 

0.845 
2 1.6 1.3 1.3 0.025 1.2375 0.8875 0.8875 

3 1.4 1.25 1.25 0 1.25 0.9 0.9 

4 1.5 0.9 0.9 0.175 1.1625 0.8125 0.8125 

5 1.1 1.2 1.1 0.075 1.2125 0.865 0.865 

 

 

Fig. 9 Granularity of Diack Basalt 

 
Results Obtained on Diack Basalt 

The results obtained are grouped in Tables 8 to 14. Figure 9 

shows the granulometric curve of the Basalt aggregates 

studied.  

Table 8. Results of granulometric tests 

Dimensions of square meshes (mm) Retained (%) 

63 0 

50 41.3 

40 72.7 

31.5 93.6 

25 98.8 

16 99.8 

 

Table 9. Cleanliness characteristics 

Samples % impurities Average cleanliness (%) 

1 0.18  

0.21 2 0.24 

3 0.21 

 

 

Table 10. Absorption coefficient 

Samples Absorption (%) Average absorption (%) 

1 0.35  

0.38 2 0.42 

3 0.38 

 

Table 11. Density coefficient 

Samples Density (g/cm3) Average density (g/cm3) 

1 3.38  

3.3 2 3.23 

3 3.29 

 
Table 12. Los Angeles coefficient 

Samples Los Angeles (LA) Average Los Angeles 

1 11.44  

 

11.238 
2 11.53 

3 11.39 

4 11.48 

5 10.35 
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Table 13. Wet and dry Deval coefficient 

Samples Dry Deval Wet Deval Average Dry Deval Average Wet Deval 

1 2.45 2.33  

 

2.29 

 

 

2.286 

  

2 2.06 2.35 

3 2.31 2.16 

4 2.14 2.31 

5 2.49 2.28 

 

Table 14. Hardness characteristics of Diack Basalt aggregates 

Samples DRis DRih DRi  DRavg σDRi DRG1 DRG2 DRGi Hardness (DRG) 

1 17.4 17.8 17.4  

 

17.3 

0.05 17.275 17.075 17.075  

 

17.11 
2 17.2 17.85 17.2 0.05 17.275 17.075 17.075 

3 17.3 17.65 17.3 0 17.3 17.3 17.3 

4 17.1 17.85 17.1 0.1 17.25 17.05 17.05 

5 17.5 18 17.5 0.1 17.25 17.05 17.05 

 

Summary of Results on Both Materials 

Table 15 groups the physical and mechanical characteristics studied and thus gives a clear idea of the significant differences in 

characteristics. 

Table 15. Summary of the physico-mechanical characteristics of Bandia Limestone and Diack Basalt 

 

Materials 

Cleanliness 

(%) 

Density 

(g/cm3) 

 

LA 

Absorption 

(%) 

Deval 

dry 

Deval 

wet 

Hardness 

(DRG) 

Limestone 2.96 2.86 40.26 0.87 12.51 11.16 0.85 

Basalt 0.21 3.3 11.24 0.38 2.29 2.29 17.11 

 

DISCUSSIONS  

The Senegalese rail network has been in place since colonial 

times and has not undergone any significant evolution. Metric 

tracks are operated by low-speed trains, and the same network 

receives all the types of lines that exist in Senegal, namely: 

goods, passengers, chemicals. The Dakar Kidira section, the 

only one currently in service, has very low traffic and can be 

placed in UIC groups 7 to 9 [20]. Depending on the axle load, 

tracks are classified as category A according to the UIC 

classification. The network is characterized by the 

heterogeneity of its armament, which is not favourable to the 

good overall performance of the track. This heterogeneity is 

mainly due to the online maintenance of older components 

involving localized replacement maintenance, sometimes part 

by part. It is also clear that the roads are highly polluted by 

various environmental factors, and to date no special measures 

are in place to overcome all these difficulties. Since it dates 

back to colonialism, the network is formed by an obsolete 

weaponry that has gradually deteriorated over time. Currently, 

renewal is taking place in some areas, while in others the track 

components remain obsolete. The most recent fleet of Rail on 

Reinforced Concrete Sleeper represents in 2012 barely 54% on 

the Dakar-Kidira section. The network is characterized by the 

heterogeneity of its armament, which is not favourable to the 

good overall performance of the track. This heterogeneity is 

mainly due to the online maintenance of older components 

involving localized replacement maintenance, sometimes part 

by part. The roads are highly polluted with the notable presence 

of several types of pollutants, including: vegetation 

everywhere, chemicals products between Dakar and Thiès, 

silting in sandy areas, household waste in inhabited areas, 

cement in Rufisque with Sococim. Special measures are not 

currently in place to neutralize the effects of pollution; even the 

maintenance that is carried out is not carried out on a periodic 

basis and is not properly respected. 

The results obtained on both materials are quite explicit, and 

allow us to clearly see the major differences in terms of 

physical and mechanical characteristics between Bandia 

Limestone and Diack Basalt. Indeed, according to UIC criteria, 

the following remarks can be made: 

- Bandia Limestone does not comply with the UIC 

cleanliness requirement, which sets the percentage of 

impurities at a maximum of 1%; 

- Unlike Limestone, Diack Basalt respects the UIC 

restriction with an impurity percentage of 0.21%;  
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- Given the hardness characteristics of limestone, it is clear 

that it can never be used as ballast because its hardness 

coefficient is very far from the minimum value set by UIC 

(14). Diack Basalt has a good hardness coefficient with a 

21.4% increase in the required value. 

 

CONCLUSIONS AND PERSPECTIVES 

This work made it possible to take stock of the current state of 

the Senegalese rail network with all the influential elements.  

Ballast is an important element in the construction of the 

railway track, and the aggregates used as ballast materials must 

be of good quality, meeting the requirements and standards in 

force. The experimental campaign proves that Bandia 

Limestone is far from being suitable for use as ballast. Diack 

Basalt is a good material for Senegalese railways. 

However, the method currently used for the choice of 

Senegalese ballast is conservative and simplistic insofar as it is 

based mainly on physical and mechanical characteristics. The 

choice of material should rather be based on the control of the 

mechanical behaviour of the material according to the cyclic 

loads to be applied on the one hand, and on the other hand 

according to the different factors that may influence this 

behaviour in the medium and short term. It is important to 

define laws of behaviour of the materials used in order to better 

predict their track behaviour. It would be interesting for basalt 

to further develop the experimental study by taking into 

account the real stresses brought by rail loads in the form of 

cyclic loads. 
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