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1. Introduction 30 

The new paradigm of sustainable development and circular economy in the construction 31 

and mining sectors involves reducing the consumption of raw materials from the earth's 32 

crust, not exhausting their availability for future generations, minimizing the 33 

environmental impact derived from the generation of waste, and favouring their 34 

incorporation into a productive process. The use of colliery spoils as a secondary raw 35 

material in the construction sector contributes to the reduction of the consumption of 36 

non-renewable natural resources, such as aggregates, giving a second life to the waste of 37 

this extractive activity. It is possible to use this waste in the construction of roads with 38 

low traffic intensities, as long as the technical and environmental conditions required by 39 

the regulations of different countries are met [1], as has been done with the use of 40 

recycled aggregates from construction and demolition wastes [2] [3]. 41 

Coal is the second most consumed primary source of energy in the world. 42 

Approximately 70% of the coal consumed in the world in 2015 was used to generate 43 

electricity. Thus, 40.8% of the electricity produced in 2015 was produced with coal [4]. 44 

Coal continues to be, therefore, one of the backbones of the generation of electric power 45 

and a basic fuel for the industrialisation and growth of emerging economies. According 46 

to the “BP Statistical Review of World Energy, June 2017,” the total coal consumption 47 

in 2016 was 3732 million tons, with Asia being the largest producer with 2753.6 million 48 

tons. In Spain, the consumption for the year 2016 was 10.6 million tons [5]. 49 

Sterile coal is the product of the separation of coal from unusable components. These 50 

unusable components originate in the excavation of coal mines and anthracite mines, 51 

consisting of the encapsulating rocks in the coal layers (the mining spoils), as well as 52 

material generated in the processes of coal washing (the tailings). These barren wastes 53 

are those resulting from the storage of mine waste and the washing of rubble. These 54 

materials are normally stored next to coal mines in tailings that fill valleys, change the 55 

relief and degrade the landscape. The resulting barren wastes are also known by the 56 

name of “colliery spoils” or “minestone” [6] [7].  57 

The European Directive 2006/21/CE of waste management for extractive industries 58 

establishes the objectives of recovery and recycling [8]. The member countries have 59 

incorporated the European Directive into their regulations, as is the case in Spain. 60 

However, at present, colliery spoils continue to accumulate in the areas adjacent to the 61 

extraction facilities, a problem that is aggravated when the exploitation activity ceases. 62 



Skarzynska [9] provides the physical, chemical and mechanical characterisation of mine 63 

wastes from 13 countries in America, Europe and Asia, showing that the properties of 64 

these wastes are similar in the different countries studied and concluding that we can 65 

utilise them with appropriate caution. The reuse or recycling of mining waste is not 66 

new. The oldest method of reusing mining waste is to adapt the waste to the landscape 67 

through reforestation or agricultural management [10]. There are studies on the use of 68 

colliery spoils or mining spoils as road embankments [11]. Regarding its geotechnical 69 

characteristics, the colliery spoils usually have well-graduated granulometric curves and 70 

their dry densities obtained from the normal proctor test are approximately 2 g/cm
3
. 71 

These types of materials usually lack cohesion, and their internal friction angle ranges 72 

between 30 and 40 degrees [12]. 73 

The use of colliery spoils mixed with Portland cement has also been studied by several 74 

authors [13] [14]. The percentages of cement used usually ranges between 8 and 10%. 75 

The Car Park at Gatwick airport in London was paved using cement-bound minestone 76 

[15]. In Spain, there are studies in which colliery spoils have been used for the 77 

construction of road embankments [16]. The construction of the subbase of a 4.5 km 78 

stretch of highway between Oviedo-Campomanes (Asturias, Spain) incorporated 53,000 79 

t of colliery spoils stabilised with 6% of cement [17]. The size of the particles is a 80 

limiting factor in the colliery spoils bound with cement; as it increases, the strength of 81 

the cement-bound minestone decreases [10]. 82 

Other studies have shown that coal waste stored in slag heaps can be used with 83 

bituminous emulsions for the construction of layers of roads at ambient temperature and 84 

without risk to the environment by the leaching of pollutants. This mixture improves the 85 

mechanical properties by increasing the Marshall stability, the tensile strength and the 86 

resilient modulus of the material [18]. This same waste in powder form is used as a 87 

filler in a hot bituminous mix, which improves its properties compared to reference 88 

mixtures, [19]. It has also been used for river embankments [20], dykes and dams [21]. 89 

For railway platform embankments, it has been used in two sections of United States 90 

railroads and within the London-Brighton commuter line located in Croydon in Surrey, 91 

having a total length of 1.1 km. [22]. Filling existing mines with the waste and adapting 92 

the waste to the landscape are the oldest uses but are also the least compatible with the 93 

new paradigm of the circular economy [23]. However, despite these advances, colliery 94 



spoils still have no application in the Guadiato Valley (Andalusia, Spain) due to the lack 95 

of studies characterising them and studying their possible uses as secondary materials. 96 

The region of the Guadiato Valley is located in the north of Córdoba (Andalusia, 97 

Spain). The most important economic activity since the mid-nineteenth century has 98 

been mining, which has led to significant changes in the landscape, with slag heaps that 99 

have a great visual impact. The San José mine, an extraction mine that was active from 100 

1960 to 1993, is the longest-operating mining activity of this mining centre, providing a 101 

total of more than 3 million tons of anthracite and producing almost the same amount of 102 

sterile coal [24].  103 

Globally, the amount of sterile coal mining will increase in the coming years as a result 104 

of the worsening conditions of the deposits. The results of this research can help solve 105 

this problem both locally and globally. 106 

The aim of this paper is to characterise and evaluate the possibilities of using colliery 107 

spoils  from the San José mine, located in the region of Guadiato Valley, in the northern 108 

region of the province of Córdoba (Spain), as a material for the construction of low 109 

traffic-intensity roads, both in its unbound state or bound with either lime or cement. In 110 

addition, the environmental impact will also be studied through leaching tests. All these 111 

results will be compared with the national reference regulation, which is Spanish 112 

general technical specification for road construction (PG-3) [25]. In addition, solutions 113 

have been calculated for typical sections of roads with a traffic intensity of less than 24 114 

heavy vehicles / day, which will help to find a use for this type of material and to 115 

promote the new paradigm of a circular economy in the construction sector. 116 

2-Material and methods 117 

2.1 Collection and preparation of samples 118 

The material is stored at the Pozo San José mine, located in the municipality of 119 

Fuenteobejuna, within the mining region of the Guadiato Valley (Córdoba, Spain). Fig. 120 

1 shows an aerial photo of the stockpile. 121 

Fig. 2 shows the collection of colliery spoils, which has an area of 26000 m
2, 

with an 122 

average height of 12 m, such that the estimated amount of waste is 624000 tons. 123 



So that the characterisation of the colliery spoils was representative, samples from 124 

different places in the collection were taken following the specifications of the UNE-EN 125 

932-1 standard in February of 2017.  126 

There are similar stockpiles at other mines in the area. The reason for choosing the Pozo 127 

San José is because it is the longest standing mining site in the Guadiato Valley and 128 

because the results can be extrapolated to the rest of the mines in the region, as stated by 129 

Skarzynska [9]. The amount of colliery spoils accumulated throughout the Guadiato 130 

Valley has been estimated at 4.2 million tons. 131 

2.2 Physico-mechanical characterisation 132 

The physico-mechanical characterisation of the material has been carried out in such a 133 

way that we can compare the results obtained with what is established in articles 330, 134 

510 and 512 of PG-3 [25]. In PG3, the requirements are established for the materials 135 

and for their use in the structural layers of roads in Spain. Table 1 shows the 136 

characterisation tests carried out. 137 

Fig. 3 shows the composition of the material: dark shale (60%), soft shale (31%), coal 138 

anthracite (8%) and other minor constituents such as diabolised kaolin (1%). The 139 

Guadiato coalfield corresponds to a tectonic pit of Westfalian age B (approximately 300 140 

million years old) embedded in Precambrian and Paleozoic rocks. There are two types 141 

of coals clearly identified: anthracite and coal. In this case, the colliery spoils studied 142 

comes from the anthracitic coal excavation. The results presented in Fig. 3 are in 143 

accordance with geological map 879 of the IGME [26], which indicates that the 144 

different layers of coal are interspersed with agglomerates of sand and shales are 145 

indicated.  146 

2.3 Chemical characterisation 147 

The chemical characterisation (Table 2) was carried out according to the standardized 148 

tests that are established in articles 330, 510 and 512 of the General Technical 149 

Prescriptions Sheet for road and bridge works of Spain (PG-3), as well as others that 150 

have been deemed necessary to be able to discuss the suitability of the material for its 151 

use on roads [25]. 152 



2.4 Mineralogical characterisation 153 

The material was characterised by X-ray diffraction (XRD) techniques, differential 154 

thermal analysis (DTA) and thermogravimetric analysis (TGA), in addition to energy 155 

dispersive X-ray analysis (EDX). The material was analysed using a Bruker D8 156 

Discover A25 instrument with CuKα radiation. All diffraction patterns were obtained by 157 

scanning the goniometer from 3° to 70 ° (2θ) at a rate of 0.006 θ min-1. The 158 

thermogravimetric analysis was performed in a Setaram Setsys Evolution 16/18 159 

apparatus at a heating rate of 5 ° min-1. The working temperature ranged from ambient 160 

temperature to approximately 1000 °C. 161 

2.5 Leaching test 162 

From an environmental point of view, to study the possible leaching of the colliery 163 

spoils and to observe if their use is potentially dangerous for the environment, the UNE-164 

EN 12457-3: 2002 standard was used. A dry mass of 175 grams of the fine and coarse 165 

fractions that were previously ground to guarantee sizes smaller than 2 mm was 166 

analysed. 167 

This test aims to simulate two exposure scenarios, short- and long-term. To simulate the 168 

short-term scenario, sufficient deionised water to achieve a liquid / solid ratio (L/S) of 2 169 

L/kg was added, the sample was flipped for 6 hours at a speed between 5–10 rpm, and 170 

then was filtered with a 0.45 µm filter. To simulate the long-term scenario, deionised 171 

water was added to the previous sample until obtaining an L/S ratio of 10 L/kg. The 172 

sample was flipped for 18 hours and then filtered with a 0.45 μm filter. 173 

The leaching tests were conducted in duplicate. The quantities of several major and 174 

trace elements were determined in the laboratory using inductively coupled plasma 175 

mass spectrometry (ICP-MS). The ICP-MS (model Perkin-Elmer ELAN DRC-e) was 176 

equipped with a sample introduction system with a dilutor and was capable of argon 177 

plasma ionisation and quadruple ion detection. The machine had a dynamic reaction cell 178 

(DRC) cell for interference suppression. 179 

The results were compared with the waste-acceptance criteria for landfilling (EU 180 

Council, 2003), stated in Annex 2 of the 2003/33/CE Council Decision (based on the 181 

1999/31/EC Directive) [27] . 182 

To guarantee that the high organic matter content of colliery spoils will not be a hazard 183 

to the environment,  the total organic carbon (TOC), total inorganic carbon (TIC) and 184 



total carbon (TC) were determined according to the standard UNE-EN 15936: 2012 185 

(equivalent to UNE EN 13137: 2002). 186 

Table 3 summarises the potential pollutants and the limits for the material to be 187 

classified as inert, non-hazardous and hazardous. 188 

2.6 Tests of colliery spoils bound with cement 189 

To improve the physico-mechanical properties of the colliery spoils, its use when bound 190 

with cement was studied. The cement used for the manufacture of test samples was 191 

CEM II / B-L 32.5 N (UNE-EN 197-1: 2011). 192 

Table 4 shows the tests that were performed on the colliery spoils mixed with cement. 193 

The materials mixed with cement must meet the technical specifications of article 513 194 

and article 512 of PG-3 [25] to be used as a soil-cement or stabilised soil, respectively. 195 

According to PG-3 [25], the soil-cement can be used in base and subbase structural 196 

layers.  197 

Stabilised soil, according to PG-3 [25], is the mixture of a soil with a binder (lime or 198 

cement) to increase its dimensional stability and bearing capacity. Stabilised soil can be 199 

used in subbase and embankment layers. According to its final mechanical properties, 200 

three types of stabilised soils can be used, from lowest to highest bearing capacity: S-201 

EST 1 (bound with lime or cement), S-EST 2 (bound with lime or cement) and S-EST 3 202 

(only bound with cement). 203 

2.7 Tests of colliery spoils bound with lime 204 

In the same way, the effect of the incorporation of different percentages of lime in the 205 

physical-mechanical properties of colliery spoils was studied, although no references 206 

have been found regarding the use of colliery spoils with lime. 207 

The lime used was an air and calcium lime with a magnesium content of less than 5%, 208 

CL 90-S type, complying with the UNE 80502: 2003 standard "live or hydrated limes 209 

used in the improvement and/or stabilization of soils". This is also the lime 210 

recommended in Section 512.2.2. of the PG-3 [25] . Table 4 lists the tests carried out 211 

with lime, which are the same as those carried out with cement. 212 

2.8 Description of sections 213 

Two sections will be proposed: the first section made with unbound colliery spoils and 214 

the other section made with colliery spoils bound with a selected percentage of lime or 215 



cement. To calculate these sections, Everstress software has been used, which has been 216 

developed by the Washington State Department of Transportation from WESLEA 217 

layered elastic analysis software (provided by the Waterways Experiment Station, U.S. 218 

Army Corps of Engineers) [28]. The interface between the different layers will be 219 

specified as fully bonded. 220 

The layered elastic analysis is the tool most often used to calculate flexible-pavement 221 

response to traffic loads. This is mainly due to its simplicity and the fact that pavement 222 

engineers have used it since 1940 [29]. Burmister et al [30] developed a closed-form 223 

solution for a two-layered linearly elastic half-space problem, with the advances in 224 

computer technology, the theory has been extended to deal with multilayer systems. To 225 

carry out this analysis, the material characteristics are needed, such as the Poisson 226 

coefficient and the resilient modulus. 227 

To simulate the traffic loads, a semi-axle vehicle with double tyres was considered for 228 

this analysis. The distance between the tyres is 37.5 cm. The contact pressure is 0.8 229 

MPa and the wheel print radius is 11.35 cm. For this configuration, each tyre was 230 

loaded with 37.376 KN. This traffic load is proposed for the guidelines for road 231 

surfacing in Andalusian highways [31] 232 

The design of traffic intensity will be a maximum of 24 heavy vehicles per day, which 233 

is considered in the Spanish Instruction of Highway as traffic category T42 [32].  234 

Taking into account a service life of 10 years and an annual traffic growth rate of 2%, 235 

the number of equivalent axles calculated according to the guidelines for road surfacing 236 

in Andalusian highways is 60000 [31]. The method used is similar to ESAL (equivalent 237 

single axis load) [33,34] widely used in the literature, which defines the relationship 238 

between the damage caused by the passage of a standard axis on the same pavement. 239 

To analyse the pavement layers failure, the following critical parameters have been 240 

considered: 241 

 The maximum tensile stress (σr) in cement-treated materials 242 

 The unitary vertical deformation in the upper face (εz) in the subbase 243 

The guidelines for road surfacing in Andalusian highway [31] proposes the following 244 

fatigue laws for cement treated materials (1) and unbound granular materials (2), which 245 

determines the admissible number of load applications (N). This value of N is that 246 

obtained as equivalent single axle load of the service life of road. 247 



                                           

 248 

                                    

The design of sections made with colliery spoils will be useful to promote the use of 249 

these materials in low-traffic roads construction, such as Barbudo et al. [35] made with 250 

the recycled aggregates from construction and demolition waste. These designed 251 

pavements will be used in a future study to build an experimental road section in order 252 

to know the performance of the colliery spoils under real traffic conditions. 253 

3-Results and discussion 254 

3.1 Characterisation of colliery spoils 255 

3.1.1 Particle size distribution 256 

Fig. 4 shows the particle size distribution curves of colliery spoils before and after 257 

compaction. Colliery spoils has a continuous granulometry, with a quantity of fines (<2 258 

mm) of approximately 22%. 259 

To study the susceptibility to compaction, after compacting the material, another 260 

particle size distribution test was carried out. The effective diameter (D10 is the particle 261 

diameter that corresponds to the 10% interval) of the initial granulometry has a value of 262 

0.65 mm, while in the granulometry after compaction, it has a value of 0.40 mm. The 263 

value of the uniformity coefficient (Cu=D60/D10) remains almost constant before and 264 

after the compaction, with values of 13.26 and 13.75, respectively, which indicates that 265 

the material has an extended granulometry. The coefficient of curvature or concavity 266 

(Cc=D30
2
/(D60*D10)) has a value of 1.71 before compaction and 1.60 after compaction, 267 

indicating a well-graduated soil. In terms of engineering, soils with that have extended 268 

granulometry and are well-graduated have better performance, so it is highly 269 

recommended to use them as a subbase or base structural layers in road construction. 270 

3.1.2 Physico-mechanical properties 271 

The Flakiness Index (FI) yielded a result of 30% that is in the same order as that 272 

obtained by Cadierno [7]. This value is lower than the limit of 35 imposed by most 273 

regulations for use as subbase or base material [25], so this is not a limiting property. 274 

Density and water absorption results for the coarse fraction (4 / 31.5 mm) and for the 275 

fine fraction (4 / 0.063 mm) are summarised in Table 5. The density values are similar 276 



to those presented by Cañibano [17] and are also similar to the maximum obtained by 277 

Holubec in the U.S.A. and in the United Kingdom [12].  278 

To determine the plasticity of the colliery spoils, Atterberg Limit tests were conducted, 279 

which measured a liquid limit (LL) value of 26 and a plastic limit (PL) value of 19; and 280 

the value of plasticity index (PI) was of 7. This could be considered low plasticity, 281 

similar to that found by Fernández et al. [36] in the colliery spoils of the northern region 282 

of Spain. 283 

Regarding the behaviour tests, the modified Proctor test, which relates the dry density 284 

and the moisture content, was carried out, providing the results shown in Fig. 5 A, 285 

which yielded a maximum density of 2.18 g/cm
3
 at the optimum moisture content of 286 

7.2%. Compared to Cañibano (1.98 g/cm
3;

 13.5%), the dry density was higher at a lower 287 

optimum moisture content [17]. Fernández et al. [36] indicates that these types of waste 288 

have to reach a dry density of at least 2.08 g/cm
3
, in accordance with the experimental 289 

results [37]. 290 

The clean coefficient was 1.95%. The Angeles test was also carried out to determine the 291 

resistance to fragmentation, with a result of 30%. 292 

To determine the bearing capacity, the CBR test was carried out; the material was 293 

compacted to the optimum humidity obtained from the modified Proctor, and the CBR 294 

test was carried out under 4 days soaked conditions and an overload of 4.5 kg, obtaining 295 

the results shown in Fig. 5 B (for compaction energy values of 0.658 J/cm
3
, 1.316 296 

J/cm
3
, and 2.632

 
J/cm

3
, which match the dry densities of 1.94, 2.1, and 2.17 g/cm

3
, 297 

respectively). The CBR values presented by Vadillo Fernández [37] reach a maximum 298 

value of 29 in the sterile slag heaps of the Centre-South of Spain and those of Centre-299 

North, similar to those obtained from the colliery spoils in our study (27). The highest 300 

observed swelling, after the 4-day soaked conditions, was 0.85%, which is negligible 301 

from an engineering point of view. 302 

3.1.3 Chemical properties 303 

The results of the chemical characterisation are shown in Table 6. Regarding organic 304 

matter, the potassium permanganate test, which is recommended by PG-3 [25], showed 305 

a result of 1.92%. The test, which determines the content of organic matter with 306 

potassium permanganate, may not be entirely appropriate for colliery spoils  since the 307 



test is based on an oxidant mass balance, which is reduced (depleted) by reacting with 308 

other oxidizable species. Mineral coal is not oxidizable by this method. 309 

The loss by calcination at 550 °C and 950 °C has been used in waste with a high content 310 

of organic matter, such as sludge from the paper industry [38]. The calcination loss 311 

shows values of 8.38% and 9.30% for 550 °C and 950 °C, respectively, which are well 312 

above the value obtained by the potassium permanganate test. The value obtained at 950 313 

°C is very similar to that obtained by X-ray dispersive energy (EDX) (9.94%). The 314 

results corroborate the fact that the use of potassium permanganate is not adequate to 315 

determine the content of organic matter in this type of waste. The values obtained with 316 

these techniques are higher because, in addition to the organic matter, the mineral 317 

carbon content must be taken into account, which, according to the value obtained in the 318 

composition test, is approximately 8% (see Fig. 3). 319 

A more detailed study of the mineral compounds is necessary, using TGA and DTA. 320 

The TGA and DTA results are shown in Fig. 6. The first weight loss, up to 321 

approximately 100 °C, corresponds to the humidity (water). At approximately 450 °C, a 322 

new weight loss is observed that may correspond to the calcination of the coal (450-500 323 

°C), which is in accordance with the presence of the carbon detected in the analysis 324 

energy dispersive of X-ray (EDX).  Approximately 460 °C appears an exhotermal peaks 325 

which are related to the combustion of the volatile matter and the fixed carbon. This 326 

result is in accordance with the others as indicated by Sun et al and Taha et al. [39,40] 327 

For the use of colliery spoils unbound or bound with lime or cement in road structural 328 

layers, the contents of soluble salts, gypsums and sulphur compounds are limited by 329 

PG-3 [25] to ensure the stability of the sections and avoid the appearance of related 330 

pathologies such as expansion and decrease in bearing capacity. The presence of 331 

sulphates requires the use of sulphur-resistant cement in soils treated with cement. Four 332 

types of tests have been carried out: gypsum content, performed with the NLT 115 333 

standard to comply with PG-3 (Section 330.4.4.3), in which a value of less than 0.01% 334 

was obtained; water-soluble salts according to UNE 103205: 2006, in which a value of 335 

0.149% was obtained; total sulphur compounds, to be compared with that indicated in 336 

articles 510 and 513 of PG-3 (Section 510.2.2.2 and Section 513.2.3.2); and acid-337 

soluble sulphates, to be compared with the value that is established in article 513 of 338 

PG3 (Section 513.2.3.2) [25]. Additionally, to have better control of the problem of 339 

sulphates by not using sulphur-resistant cement, the content of water-soluble sulphates 340 



was also analysed. The values obtained in these last three tests were less than 0.01%, as 341 

seen in Table 6. Based on the sulphate and gypsum results, the recommendation of 342 

Ferreras [7] to use sulphur-resistant cement would not be necessary for the tested 343 

colliery spoils in this study. 344 

The chemical composition, determined by EDX and expressed as elements, is presented 345 

in Table 7. The predominant elements are silicon (Si) and aluminium  (Al), while the 346 

content of titanium (Ti) is very low. 347 

The analysis by X-ray diffraction patterns (XRD), shown in Fig. 7, indicates that in the 348 

colliery spoils, the majority phase was quartz (SiO2) [33-1161] [41]. In addition, the 349 

following phases can be identified in a much smaller proportion: anatase (TiO2) [21-350 

1272] [41], siderite (FeCO3) [12-0531] [41], illite ( KAl2Si3AlO10(OH)2) [02-0056] [41], 351 

zeolite (Na2 7Al5 7Si10 3O32 12H2O) [34-0524] [41], muscovite (H4K2 352 

(Al,Fe)6Si6O24)[03-0849] [41], nontronite ((Fe,Al)(Si,Al)2O5(OH)H2O) [02-0027] [41], 353 

kaolinite (Al2Si2O5(OH)4) [29-1488] [41], potassium magnesium aluminium silicate 354 

hydroxide (K(Mg, Al)2.04 (Si3.34Al0.66)O10(OH)2) [40-0020] [41], calcium and 355 

aluminium oxide hydrate (CaAl2O4 10H2O) [12-0408] [41]. The result obtained by X-356 

ray diffraction patterns is very similar to the one found by  Sun et al. [39]. 357 

3.1.4 Environmental performance 358 

Table 8 shows the concentrations of leached heavy metals (mg / kg) for the steps L / S = 359 

2 and L / S = 10. The values obtained in both steps were below the limits required for 360 

waste to be classified as INERT according to the waste acceptance criteria for 361 

landfilling, which is stated in Annex 2 of the 2003/33/CE Council Decision; therefore, 362 

the use of colliery spoils does not pose a risk to the environment. 363 

According to the EU landfill legislation in order to deposit solid wastes an inert landfill, 364 

total organic carbon (TOC) of the colliery spoils should not exceed a value 30 g/kg .The 365 

value of total carbon (TC) , total organic carbon (TOC) and total inorganic carbon (TIC) 366 

was of 43.2 g/kg, 5.5 g/kg and 37.7 g/kg respectively, which shows that the high 367 

organic matter content of colliery spoils will not be a hazard to the environment. 368 

3.2 Use as unbound materials for subbase and embarkment materials 369 

Table 9 shows the results obtained and the material classification according to the PG-3  370 

[25] for its use on roads. In those regulations, five classes of materials are established, 371 

which are denominated as follows from higher to lower quality: selected soils (SS), 372 



appropriate soils (AS), tolerable soils (TS), marginal soils (MS) and inadequate soils 373 

(IS). The SS and AS can be used as a subbase, and the SS, AS and TS as embankments. 374 

Colliery spoils fulfil all the aspects established in the PG-3 [25] as selected soils (SS) 375 

except for the content of organic matter calculated according to the potassium 376 

permanganate method (1.92%), so colliery spoils is classified as a tolerable soil (TS).  377 

Based on these results, the use of colliery spoils as embankment materials would be 378 

possible, although this use would generate little added value to this waste. 379 

3.3 Use as well-graded crushed rock and well-graded gravel for base materials 380 

To analyse if colliery spoils can be used as well-graded crushed rock (WGCR) or well-381 

graded gravel (WGG), the characterisation results were compared with the limits 382 

established in Art. 510 of the PG-3 [25] for their use as base materials (Table 10 and 383 

11). 384 

As has been commented upon previously, colliery spoils have a certain plasticity (PI = 385 

6.26), so the PG-3 [25] does not recommend their use as well-graded crushed rock since 386 

it should be free of plasticity. However, the material can be classified as well-graded 387 

gravel since the plasticity is close to the limits established for this type of material [31]. 388 

Tables 10 and 11 show the limits established by PG-3 so that the material can be used as 389 

untreated well-graded gravel in the construction of low traffic-intensity road bases. 390 

3.4 Use of colliery spoils bound with cement or lime. 391 

To study the influence of the incorporation of lime or cement on the mechanical 392 

properties and bearing capacity, colliery spoils were mixed with different percentages of 393 

lime or cement and the following tests were carried out: simple compressive strength 394 

(UNE-EN 13286-41: 2006), CBR Index (UNE-EN 103502: 1995), dry density (UNE-395 

EN 103501: 1994) and splitting tensile strength (UNE-EN 123960-6: 2001). The 396 

moisture content used for the manufacture of the specimens was that obtained in the 397 

modified Proctor test. Fig. 8 shows the relationship between the percentage of lime or 398 

cement and the simple compressive strength of the specimens. 399 

The use of lime did not improve the mechanical properties of the material, and even 400 

from 8%, it deteriorated them with respect to those used without lime.  401 

In the case of cement, as the percentage of cement increased, the compressive strength 402 

increased, obtaining a value close to the 2.5 MPa required by Art. 513 of the PG-3 [25] 403 



for a cement-treated soil for road base layers when 14 or 16% of cement was added, 404 

which is a very high value and unviable from the technical, economic and 405 

environmental points of view. Fig. 9 shows the simple compressive strength values of 406 

the samples mixed with lime or cement with respect to the unbound colliery spoils, 407 

observing that it is possible to adjust a lineal regression to the points generated in both 408 

the cement and lime tests. Ketlle [42] found values of 6.2 MPa and 1.95 MPa for the 409 

simple compressive strength test at the age of 7 days using colliery spoils bound with 10 410 

an 5% of cement respectively. These values were greater than those shown in this study. 411 

In the case of the straight line representing the colliery spoil mixed with cement (Fig. 9), 412 

a linear relationship was observed with a greater slope than was found for colliery spoils 413 

mixed with lime. González-Cañibano [17] used a mining waste with 6% of cement in 414 

the subbase of a highway, although not providing the value of the simple compressive 415 

strength obtained. 416 

In Spain there are studies [17,43] that have confirmed the findings in other European 417 

countries, such as France and the United Kingdom [44], on using colliery spoils as 418 

cement-treated soil for road subbases. The percentage of cement commonly used in 419 

these studies was between 5 and 6%, although these authors did not indicate the value 420 

of the simple compressive strength obtained. 421 

At the same time, to know the evolution of the bearing capacity of the material, the 422 

CBR index was calculated using the same percentages of lime or cement as was done 423 

for the simple compressive strength test. Fig. 10 shows a linear evolution of the CBR 424 

index with the incorporation of lime or cement, with the slope of the straight line 425 

adjusted to the mixture with cement being much higher than that of the straight line 426 

representing the mixture with lime. The regression coefficients were close to one, which 427 

indicates the goodness of the fit of the regression equation. Fig. 11 shows the evolution 428 

of the dry density of the specimens used to calculate the CBR index. In the case of lime, 429 

there was a decrease in the density due to the drying effect of the material, and 430 

therefore, to the modification of the optimum compaction moisture of the modified 431 

Proctor test. 432 

To study the evolution over time of the mechanical properties, test samples were 433 

prepared containing colliery spoils with 5% of lime or 12% of cement. The tests of 434 

compressive strength and splitting tensile strength were carried out at four ages: 3, 7, 435 

28, and 90 days. The results are shown in Fig. 12. The simple compressive strength of 436 



the samples mixed with cement followed a normal evolution of the base-cement 437 

materials, reaching over 2.5 MPa at 28 days and 3.2 MPa at 90 days, so that the 438 

interaction of colliery spoils and cement was acceptable. In the case of lime, a 439 

favourable evolution of the simple compressive strength with time was not observed 440 

because the values were relatively low. The evolution of the splitting tensile strength 441 

was similar to that of simple compressive strength. 442 

To determine if the colliery spoils can be used as a soil-cement or as a soil stabilised 443 

with lime or cement, the specifications of Art. 513 and 512 of the PG-3 [25] were taken 444 

into account. Table 12 shows the requirements of a material for use as a soil-cement in 445 

the base layer of roads. It can be observed that all the requirements are satisfied, except 446 

for the simple compression strength, which may be related to the high content of 447 

organic matter. It is well known that the content of organic matter delay cement setting, 448 

in addition to an apparent decrease in the mechanical performance [45]. This use as soil-449 

cement is not recommended (to use on the structural base layer), because of the low 450 

compressive strength achieved despite using high percentages of cement. 451 

Table 13 shows the requirements for a stabilised soil with lime or cement for its use in 452 

the subbase layer. The particle size distribution of the colliery spoils did not have 453 

enough fines (< 0.063 mm) so that the mixture with lime was not the best option. The 454 

use of colliery spoils bound with lime was discarded for two reasons: i) not to satisfy 455 

the particle size distribution requirements specified in PG-3 and ii) experimentally 456 

demonstrating that the incorporation of lime did not improve the mechanical properties 457 

of the material, despite the fact that the material has a certain plasticity [25]. 458 

The colliery spoils bound with 2% of cement satisfied all the requirement that are 459 

specified in PG-3 [25], to be used as stabilised soil (S-EST1), although the requirements 460 

to be used as S-EST2 and S-EST3 are not satisfied because of the organic matter 461 

content (see Table 13). No minimum compression strength is necessary for stabilised 462 

soils S-EST1 and S-EST2 in subbase layers for road construction.  463 

3.5 Pavement design  464 

Fig. 13 and Fig. 14 show two feasible pavement sections made with colliery spoils in 465 

the subbase layer. The first option includes unbound colliery spoils and the other 466 

includes colliery spoils bound with 2% of cement as a stabilised soil. Stabilisation with 467 



cement aims to reduce the thickness of the subbase layer and maximise the utilisation of 468 

colliery spoils.  469 

From an environmental point of view, the use of a cold-mix asphalt (CMA) is the best 470 

solutions for the surface layer in low traffic road. CMA is composed of aggregates and 471 

bituminous emulsion that does not require pre-heating of the components, such that its 472 

storage, spreading and compaction is carried out at environmental temperature. This 473 

technique is the least polluting, compared to hot, warn and semi-warn asphalt mixtures, 474 

for which 8.1, 6.4 and 3.2 of fuel/ton are needed respectively. The fuel consumption in 475 

CMA is minimal, and therefore the CO2 emissions of CMA are the lowest [46]. 476 

However, colliery spoils can be used as a subbase layer in construction solutions with 477 

all type of bituminous mixture as a surface layer. 478 

The two sections have four layers: Cold-Mix Asphalt (Surface); Granular base (Base) ; 479 

Subbase unbound or bound with cement (Subbase) and Subgrade.  480 

The value of resilient modulus for cold-mix asphalt was 1500 MPa, and a value of 481 

Poisson’s ratio of 0.35 was used. These values are recommended in the Guidelines for 482 

road surfacing in Andalusian highway [31]. Furthermore, these values are similar to 483 

those used by Serfass et al. [47]. The value adopted for granular base was of 375 MPa 484 

and a Poisson’s ratio of 0.35 also recommended in the Guidelines for road surfacing in 485 

Andalusian highway [31]. These values are similar to those found by Tavira et al. 486 

through back-calculation under real traffic and weather conditions in an experimental 487 

section made with recycled aggregates from construction and demolition waste [3] .  488 

For the subbase layer, the resilient modulus value was obtained using Eq. (3) presented 489 

in the Guide for Mechanistic-Empirical Design of New and Rehabilitated Pavement 490 

Structures (MEPDG), developed by National Cooperative Highway Research Program 491 

(NCHRP) [48] 492 

                                  

CBR value was obtained for the colliery spoils unbound (27) and bound with cement at 493 

2% (75). Results of CBR are showed in Fig. 10. Resilient modulus value was 145 MPa 494 

and 275 MPa for the unbound and bound with cement sections respectively. The 495 

Poisson value is chosen to take a value of 0.35 for both sections (unbound and bound), 496 

which can be a conservative value for stabilised granular materials with lime or cement 497 

[49]. 498 



For the subgrade, it assumes a resilient modulus value of 50 MPa. The Poisson ratio was 499 

of 0.35 for this layer and its thickness is undefined. According to equation (3), for this 500 

resilient modulus, value of CBR will be 5, which it is equivalent for soils types  A2, A4 501 

, A6 ,y A7 according to classification of AASHTO [50]. 502 

A summary of the characteristics materials of the designed sections types are presented 503 

in Table 14. 504 

In the first section (unbound section), to guarantee a fully bonded between the different 505 

layers, a prime coat will be applied between the base and asphalt layer is proposed, with 506 

a dosage of 0.5 Kg/m
2
, which is the minimum dosage established in PG-3 [25]. Prime 507 

coat will be composed with a cationic bituminous emulsion C50BF4, following the 508 

specifications of the UNE-EN 13808. In the second section (bound section), this same 509 

prime coat will be applied. Furthermore, a watering curing between the subbase and the 510 

granular base is proposed to avoid the rapid evaporation of the colliery spoils treated 511 

with cement and to ensure the union between these layers. A cationic bituminous 512 

emulsion C60B3 (UNE-EN 13808) with a dosage of 0.3 kg/m
2
 would satisfy the 513 

regulations [25]. 514 

In the first section (Fig. 13) the unitary vertical deformation of the subbase in the upper 515 

face (εz) was of 8.64 e-4 and 5.28 e-4, under the load and between the wheels loads, 516 

respectively. According to Eq. (2), the unit deformation must be less than 9.92e-4, so 517 

the section satisfies that criterion. 518 

In the second section (Fig 14), designed with a layer of colliery spoils bonded with 519 

cement (subbase), the maximum tensile stress (σr) in cement-treated materials and the 520 

unitary vertical deformation in the upper face (εz) in the subbase must be checked. The 521 

maximum tensile stress (σr) in the subbase was of 0.125 MPa and 0.135 MPa under the 522 

load and between the wheels loads, respectively. According to Eq (1), the maximum 523 

tensile stress must be less than 0.496 MPa, so this section meets this criterion. The 524 

unitary vertical deformation in the upper face in the subbase was of 7.15 e-4 and 3.86 e-525 

4, under the load and between the wheels loads, respectively; these values meet the 526 

criteria of Eq. (2). 527 

Taking into account the colliery spoils accumulated in the San José mine and the 528 

thicknesses calculated in the subbase layers (see Fig. 13 and Fig. 14), the length of 529 

roads that could be built would be 77 km and 93 km for unbound material and bound 530 



with cement respectively. If we consider what was affirmed by Skarzynska to 531 

extrapolate the results obtained to other colliery spoils in the area [9], with the existing 532 

amount of colliery spoils in the Guadiato Valley (Córdoba, Spain)  we could build 328 533 

km or 630 km for the unbound and bound sections, respectively.  534 

4- Conclusions  535 

The present work evaluates the use of colliery spoils collected from the San José mine, 536 

located in the Guadiato Valley (Córdoba, Spain), as a material for low traffic intensity 537 

road construction, both as unbound material, as bound with lime or cement. The main 538 

conclusions are detailed below: 539 

1. Organic matter is the main limiting property of colliery spoils. The use of 540 

potassium permanganate is not an appropriate method to determine the organic 541 

matter content since this test does not take into account the mineral coal content. 542 

The use of calcination loss at 550 °C is proposed as the most appropriate 543 

method. 544 

2. The colliery spoils are mainly composed of quartz plus some silicates and coal. 545 

3. The colliery spoils are classified as inert according to directive 2003/33 /EC, so 546 

there is no risk of environmental contamination by the leaching of heavy metals. 547 

The high organic matter content of colliery spoils will not be a hazard to the 548 

environment. 549 

4. Colliery spoils have certain plasticity, so it is not recommended to use them as 550 

an unbound material in the base structural layers of roads.  551 

5. It is not recommended to use the colliery spoils as a cement-treated soil (soil-552 

cement). A high amount of cement is necessary to achieve the minimum strength 553 

required in a soil-cement base layer. 554 

6. The colliery spoils can be used as a subbase layer for roads, both bound and 555 

unbound. When used as a bound material with cement, the colliery spoils have a 556 

higher bearing capacity. 557 

7. The use of colliery spoils bound with lime is not recommended, since the 558 

mechanical strength or bearing capacity does not improve. 559 

8. Two section types of traffic category T42 (0–24 heavy vehicles per day) with 560 

unbound colliery spoils and colliery spoils bound with cement as the subbase 561 

layer have been calculated. The mixture with 2% of cement (stabilised soil with 562 

cement) allows a reduction of the thickness of this layer from 30 to 25 cm. 563 



The results of this work will eliminate 4.2 million tons of colliery spoils collected in the 564 

old mining region of Guadiato Valley (Córdoba, Spain) and give a second life to this 565 

waste in the construction of low-traffic roads, promoting in this way the new paradigm 566 

of circular economy applied to the construction and mining sector. 567 
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Table 1. Physico-mechanical characterization procedures 

Test Standard 

Particle size distribution UNE EN 933-1:2012 and UNE 103101:1995 

Index slabs UNE EN 933-3:2012 

Dry sample density UNE EN 1097-6:2014 

Water absorption UNE EN 1097-6:2014 

Liquid Limit UNE EN 103103:1994 

Plastic Limit UNE EN 103104:1993 

Modified Proctor UNE EN 103501:1994 

Clean coefficient UNE EN 146130:2000 

Resistance to fragmentation (Angeles test)            UNE EN 1097-2:2010 

California Bearing Ratio (CBR) UNE EN 103502:1995 

 

Particle size distribution after Proctor UNE 103101:1995 and UNE 503501:1994 

Composition of the material UNE EN 933-11:2009 

Test for free swelling of soils UNE 103601:1996 

Crushed and broken surfaces UNE EN 933-5:1999 
 

 

Table 2. Chemical characterization procedures 

Test Standard 

Determination of organic matter UNE 103204:1993 

Determination of loss of ignition at 550 °C UNE EN 15169:2007 

Determination of loss of ignition at 950 °C UNE EN 1744-1:2010 

Water soluble salts UNE 103205:2006 

Gypsum content UNE 103206:2006 

Determination of total sulphur compounds UNE EN 1744-1:2010 

Determination of acid-soluble sulphates UNE EN 1744-1:2010 

Determination of water-soluble sulphates UNE EN 1744-1:2010 
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Table 3. Acceptance criteria (WAC;EU Council Decision 2003/33/EC) 

Parameter Leached concentrations (mg/kg) depending of landfill class 

 Inert  Non-hazardous  Hazardous 

 L/S=2 L/S=10  L/S=2 L/S=10  L/S=2 L/S=10 

Cr 0.2 0.5  4 10  25 70 

Ni 0.2 0.4  5 10  20 40 

Cu 0.9 2  25 50  50 100 

Zn 2 4  25 50  90 100 

As 0.1 0.5  0.4 2  6 25 

Se 0.06 0.1  0.3 0.5  4 7 

Mo 0.3 0.5  5 10  20 30 

Cd 0.03 0.04  0.6 1  3 5 

Sb 0.02 0.06  0.2 0.7  2 5 

Ba 7 20  30 100  100 300 

Hg 0.003 0.01  0.05 0.2  0.5 2 

Pb 0.2 0.5  5 10  25 50 

TOC 30000 mg/kg  5%  6% 

 

 

Table 4. Test of cement-bound and lime-bound with colliery spoils 

Test Standard Age 

Manufacture of test specimens UNE 13286-51:2006 7 days  

Workability UNE-EN 13286-45:2004 

and UNE   41240:2003 

- 

CBR index  with cement             UNE 103502:1995 3 wet chamber days 

4 days immerse in water 

Simple compression strength UNE 13286-41:2003 3, 7, 28, 90 days 

Tensile splitting strength UNE-EN 12390-6:2001 3, 7, 28, 90 days            

 

 

 



Table 5. Density and water absorption 

 0.063/4 mm 4/31.5 mm 

Apparent density of particles (g/cm
3
) 2.77 2.79 

Particle density after drying in an oven (g/cm
3
) 2.57 2.49 

Density of saturated particles with a dry surface (g/cm
3
) 2.61 2.61 

Absorption of water (%) 4.34 3.59 

 

Table 6. Chemical properties 

Characteristic Value 

Organic matter. Reaction with permanganate (%) 1.92 

Organic matter. Loss on ignition at 550 °C (%) 8.38 

Organic matter. Loss on ignition at 950 °C (%) 9.30 

Water-soluble salts (%) 0.149 

Gypsum content (%) <0.01 

Total sulphur compounds (%SO3 and %S) <0.01 

Acid-soluble sulphates (%SO3)  <0.01 

Water-soluble sulphates (%SO3) <0.01 

 

Table 7. Characterisation of colliery spoils (EDX) 

Characteristic Value (% weight) 

C (%)  9.94 

O (%)  47.44 

Na (%)  0.64 

Mg (%) 0.76 

A (%) 11.92 

Si (%) 20.25 

K (%)  3.37 

Ti (%) 0.50 

Fe (%) 5.05 

 



Table 8. Leached concentrations (mg/kg) in material used in EURR 

Parameter L/S= 2 l/kg L/S=10 l/kg Classification 

Cr 0.028 0.007 INERT 

Ni 0.005 0.003 INERT 

Cu 0.003 0 INERT 

Zn 0.026 0.046 INERT 

As 0.002 0.001 INERT 

Se 0 0.003 INERT 

Mo 0.005 0 INERT 

Cd 0 0 INERT 

Sb 0.005 0.009 INERT 

Ba 0.189 0.178 INERT 

Hg 0 0 INERT 

Pb 0.002 0 INERT 

 



Table 9. Summary specifications Art. 330 PG-3 and comparison unbounded use 

Test Selected Soils  Appropriate Soils  Tolerable Soils  Results Classification 

 (ART.330.3.3.1)  (ART.330.3.3.2)  (ART.330.3.3.3)    

Granulometric 

(UNE 103101) 

(# 20 > 70%) 

or 

(# 0.08  ≥  35%) 

 

(# 20 > 70%) 

or 

(# 0.08  ≥  35%) 

 

(# 20 > 70%) 

or 

(# 0.08  ≥  35%) 

 #20 =89.15% SELECTED SOILS 

Dmax<100 mm  Dmax<100 mm  -  Dmax=20 mm SELECTED SOILS 

(#0.40≤ 15 %) 

or 

(#2 <80%) 

(#0.4<75%) 

(#0.08<25%) 

 

(#2<80%) 

and 

(#0.08<35%) 

   

#2=21.85% 

#0.5<8.65% 

#0.125<6.1% 

SELECTED SOILS 

Plasticity 

(UNE 103103) 

(UNE 103104) 

 

 

LL<30 

and 

PI<10 

 

LL<40 

or 

(If  LL>30 el PI>4) 

 

LL<65 

or 

(Si LL>40 the 

[PI>0.73(LL-20)) 

 
LL=26 

PI=7 
SELECTED SOILS 

Determination of 

organic matter 

(UNE 103204) 

 

OM<0.2%  OM<1%  OM<2%  1.92 % 
TOLERABLE 

SOILS 

Content in water  

soluble salts, included   

gypsum 

(UNE 103205) 

SS<0.2%  SS<0.2%  

SS (not included 

gypsum) 

<1% 

 

0.149 % 

(included 

gypsum) 

SELECTED SOILS 

Test of free of swelling 

of soils after 4 day’s 

soaking 

(UNE 103601) 

    Inflation<3%  0.85% (CBR) SELECTED SOILS 



Table 10. Summary specifications Art.510 PG-3 for use as well-graded crushed rock 

(WGCR) 

Test PG-3  Results  Comply 

Art. 510     

Particle size distribution 

(UNE-EN 933-1) ---  --- 

 WGCR-25      

and 

WGCR-20 

Plasticity 

(UNE 103103) 

(UNE 103104) 

Not Plastic  PI=7 

 Fails 

Fragmentation resistance 

(Angeles coefficient) 

(UNE EN 1097-2) 

Heavy Traffic 

Category T3, T4
(1) 

<35 

 30 

 Satisfy 

Clean coefficient 

(UNE 146130) 
<2%  1.945 

 Satisfy 

Form coefficient 

(UNE EN 933-5) 
FI<35  30 

 Satisfy 

Crushed particles 

(UNE-EN 933-5) 

For T3 and T4 
(1) 

% Crushed particles 
 56% 

 Satisfy 

Determination of total 

sulphur compounds 

<1% 

<0.05% (layers in 

Contact) 

 0.05 % 

 Satisfy 

(1)
 Heavy traffic category T3: 50-200 heavy vehicles/day; T4: 25-50 heavy vehicles/day, 

defined in Spanish Instruction of Highway 

 

Table 11. Summary specifications Art.510 PG-3 for use as well-graded aggregate (WGG) 

Test PG-3  Results  Comply 

Art. 510     

Granulometric 

(UNE-EN 933-1) ---  --- 

 WGCR-25      

and 

WGCR-20 

Plasticity 

(UNE 103103) 

(UNE 103104) 

PI<6 Y LL<25  
PI=7 and 

LL=26 

 Fails 

Fragmentation resistance 

(Angeles coefficient) 

(UNE EN 1097-2) 

Heavy Traffic 

Category T3, T4
(1) 

<40 

 30 

 Satisfy 

 



Table 12. Use as soil-cement (SC).  

Test  Limit set by PG-3 Art 513  Results  Comply  

Particle size distribution 

(UNE-EN 933-1) 

 SC-20 y/o SC-40 
 

---- 

 
 

SC-40 

 
 

Simple Compression  

Strength 

(UNE-EN-13286-51) 

 

 2.5-4.5 

 

2.47 MPa 

 

Fails 

 

Workability 

(UNE-41240) 

 

 Full width>180 min 

By stripes>240 min 

 >240  Satisfy 

 

Plasticity 

(UNE-103103) 

and 

(UNE-103104) 

 LL<30 

PI<12 

 LL=26 

PI=7 

 Satisfy 

 

Crushed Particles (UNE-EN 

933-5) 

 Roads: 

T00 a T1 >75 

T2>50 

T3 and T4 >30 

Hard shoulder: 

T00 and T1 >50 

T2, T3 and T4 >30 

 56  Satisfy 

For 

T2 and T4 

 

Form coefficient 

(UNE-EN 933-3) 

 Roads: 

T00 a T2<35 

T3 and T4 <35 

Hard shoulder:<40 

 30  Satisfy 

For 

T00 and T4 
 

Fragmentation resistance 

(Angeles coefficient) 

(UNE-EN 1097-2) 

 Roads: 

T00 a T2 <35 

T3 and T4 <35 

Hard shoulder:<40 

 30  Satisfy 

For 

T00 and T4 
 

Organic matter 

(UNE 103-204) 

 <1%  1.92 %  Fails 
 

Acid-soluble sulphates 

(UNE-EN 1744-1) 

 

 <0.8%  < 0.01 %  Satisfy 

 



Table 13. Use as stabilized soils of colliery spoils with lime or cement 

Test  Limit set by PG-3 Art 512  Results  Comply  

Particle size distribution 

(UNE-EN 933-1) 

 For lime 

(# 80 = 100%)  

and (# 0.063 ≥ 15%) 

 

# 0.063=6.5 

 

Fails for all the types 

of stabilized soil 

with lime  

 

Granulometric   

(UNE-EN 933-1) 

 For cement 

(# 80 = 100%)  and 

(# 2 > 20%) 

And 

(# 0.063 < 35%) 

 

# 2=21.85 

# 0.063=6.5 

 

Satisfy for all the 

types of stabilized 

soil with 

cement S-EST1; S-

EST2 and S-EST3 

 

Determination of  

Organic matter  

(UNE 103204) 

 

 (<2%=S-EST1) 

(<1%=S-EST2 and S-EST3) 

 1.92%  Satisfy only  

for S-EST1 
 

Content in water-  

soluble salts, including  

gypsum 

(UNE 103205) 

 

 (<0.7%) for S-EST1, 

S-EST2,  S-EST3 

 0.15 %  Satisfy for S-EST1 ; 

S-EST2 and S-EST3 

  

Plasticity  

(UNE 103103) 

(UNE 103104) 

 PI ≤15 for S-EST1, 

S-EST2,  S-EST3 

All with cement  

 PI=7  Satisfy for S-EST1 ; 

S-EST2 and S-EST3  

CBR  

(UNE 103502) 

 ≥ 6 for S-EST1 

≥ 12 for S-EST1 

 27.4 %  Satisfy for S-EST1 ; 

S-EST2 and S-EST3 
 

Simple Compression 

Resistance 

(UNE-EN-13286-51) 

 

 without limit  2.47 MPa  - 

 

Organic matter 

(UNE 103-204) 

 <1%  1.92 %  Fails 
 

Conglomerate content   ≥  2 % for S-EST1 

≥  2 % for S-EST2 and S-EST3

  

 2 %  Satisfy for S-EST1 

 



Table 14. Summary characteristics of the proposed sections 

Unbound 

Section 

(Subbase) 

 MR(MPa) Thickness (cm) Poisson Ratio 

Pavement 1500 4 0.35 

Base 375 15 0.35 

Subbase 145 30 0.35 

Subgrade 50 Undefined 0.35 

Bound 

Section 

(Subbase) 

2% Cement 

Pavement 1500 4 0.35 

Base 375 15 0.35 

Subbase 275 25 0.35 

Subgrade 50 Undefined 0.35 

 

 

 

 

 

 

 

 

 

  



 

Fig. 1. Geographic situation and aerial photography of the accumulation of colliery 

spoils in Pozo San José (Córdoba, Spain). 

 

Fig. 2. Stockpiling of colliery spoils in Pozo San José (Córdoba, Spain)  
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Fig. 3. Composition of colliery spoils. 

 

Fig. 4. Particle size distribution curves of colliery spoils before and after compaction.  

 



 

Fig. 5. A) Results of modified proctor test. B) Results of California Bearing Ratio for 

different dry density. 

 

Fig. 6. TGA (dotted line) and DTA (solid lines) curves for colliery spoils. 



 

Fig. 7. XRD patterns for the colliery spoils. 

 

Fig. 8. Simple compression strength colliery spoils bound with cement or lime. 



 

Fig. 9. Simple compression strength of colliery spoils bound with cement or lime, with 

trend lines. 

 

Fig. 10. Evolution of the CBR of colliery spoils bound with lime or cement. 



 

Fig. 11. Evolution of the density of colliery spoils with lime or cement. 

 

Fig. 12. A) Evolution of the simple compression strength with cement or lime at 3, 7, 28 

and 90 days. B) Evolution of the tensile splitting strength with cement or lime at 3, 7, 28 

and 90 days. 



 

Fig. 13. Cross section of the road using unbound colliery spoils. 

 

 

Fig. 14. Cross-section of the road using colliery spoils bound with cement. 



Highlights 

 Colliery spoils have been characterised for its use in road construction 

 Organic matter is the main limiting property of this type of mining waste 

 The use of colliery spoils mixed with lime should be discarded 

 Colliery spoils can be used as a subbase layer for roads, both bound and 

unbound with 2% of cement 

 Two section types of traffic category T42 (0–24 heavy vehicles / day) are 

designed 

Highlights




