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Highlights 
 

• Scoria is a well-known lightweight aggregate. 
• Scoria waste has a potential for usage as subbase 

stabilization materials. 

• Durability of volcanic slag is appropriate for subbase. 

 

Abstract  Information 

Usability of scoria waste as subbase stabilization material was investigated. Initially, the physical 
properties of scoria waste were examined. The usage of scoria waste in subbase layer of the 
pavement was investigated. In the study, experimental researches such as stability to freeze, 
solidity, strength, Atterberg limits and California Bearing Ratio tests were carried out on samples 
prepared by using scoria waste. Scoria and natural quarry materials were blended in different 
amounts to prove the percentage of plastic limit. Then, the limit tests were carried out on the 
prepared mixtures. The strength of the samples obtained by using reusable material was 
determined with the California Bearing Ratio (CBR) test. According to the obtained results, it was 
observed that the usage of scoria wastes as stabilization material in the subbase layer of flexible 
pavements is appropriate. Moreover, mechanical stabilization with scoria wastes has positive 
impact in increasing of the mechanical properties of the new mixed composite material. 
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1. Introduction 

The pavement is the surface which subjected to directly 
the weather conditions and the moving vehicles on it. At 
the same time, the aim of the pavement is to ensure the 
friction of the moving vehicles against sliding and to 
transmit the stresses which created by the vehicles to the 
underlying layers and soil. Flexible pavements studied 
here were created by using bituminous materials and 
aggregates.  

Flexible pavements consist of layers such as subbase, base 
and coating layers which have different properties. The 
coating layer which constructed as hot mixture asphalt 
(HMA) is designed in two ways as wearing coarse and 
binder course. Base layer can be made by using 
aggregates with certain gradation properties or HMA. The 
subbase layer is constructed depending on climatic 
factors and CBR value of subgrade  
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Since the stresses transmitted from the upper layers to 
the subbase layer are less, the quality of the materials 
used in the subbase layer are lower than the materials 
which used in other layers. [1]. Therefore, it is 
economically preferred to usage of local and waste 
materials in the subbase layer.  

Generally, crushed stone used in the subbase layer is 
more expensive than natural materials. Especially waste 
and local materials can be used as a stabilization material 
in the subbase layer [2].  

Scoria is a well-known lightweight aggregate. 
Terminologically, scoria is a natural vesicular glassy lava 
rock transformed with open pit mining for an industrial 
material. For nearly three centuries, scoria was 
successfully used in more than 70 different applications 
all around the world [3, 4]. 

Scoria is non-plastic light weight aggregate. With its non-
plastic feature, scoria is mixed with lend material which is 
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out of specification limits in terms of plasticity in definite 
ratio; the derived new mixture can be used as a highway 
material.  

In the current study, scoria waste which has dimensions 
of 3 mm and less than 3 mm was used as a mechanical 
stabilization material in the subbase layer of flexible 
pavement. First, tests were carried out to determine 
whether usage of scoria waste material is suitable in the 
subbase layer or not. After, scoria was used as a 
stabilization material in the subbase layer. 

2. Flexible Pavements 

A flexible pavement is a multi-layer system formed by the 
coating layer which is consist of both aggregates and 
bituminous material and the base and subbase layers 
which are generally composed of aggregates, on natural 
soil [5]. Each pavement layers transfers the loads to the 
below layer by spreading. Lower layers carry less load. In 
other words, the lower pavement layers receive lower 
vertical pressure.  

A flexible pavement consists of various components. The 
mechanical behaviour of the bituminous and granular 
layers comprising the flexible pavement varies [6, 7]. 

The flexible pavement is designed considering 
engineering and economic factors. While the coating and 
base layers are important in terms of high performance, 
the subbase layer is important for economic design.  

The main aim of the subbase layer of a pavement is to 
reduce the design cost. The purpose of the construction 
of subbase layer is to get required total pavement 
thickness with the possible economic materials. In this 
context, the materials used in the upper layers are of 
higher quality than the materials used in the subbase 
layer in order to ensure the strength of the pavement and 
the subbase layer is thicker than other layers because of 
having lower quality materials. Although the total 
pavement thickness may increase, it is generally 
preferred to construction of the base layer thinner and 
usage of low-quality materials in subbase layer [8].  

Subbase layer provides load transfer from base layer to 
subgrade by decreasing gradually the inner stress in the 
structure. Another important role of the sub-layers is to 
prevent the adverse effects of water in the structure by 
means of their granular texture. It acts as a drainage 
system to convey water from surface to the ground and 
reduce the capillary effect from the ground. 

Examined physical properties of subbase layer in this 
study are defined in Table 1 [9]. A common method to 
determine the durability of granular materials is Sodium 
Sulphate Soundness test. Soundness test is conducted to 
analyse the resistance of granular materials to weathering 
conditions by applying accelerated weathering test 

cycles. Aggregates which exposed to the freeze-thaw 
cycles likely break down prematurely [10]. Another test to 
evaluate the aggregates is abrasion test. Abrasion test is 
applied to observe the hardness property of aggregates 
and to determine whether they are appropriate for 
different pavement construction conditions. Los Angeles 
abrasion test is used for this purpose specifically. The 
principle of Los Angeles abrasion test is to find the 
percentage of wear due to relative rubbing action 
between the steel balls which are used as abrasive power 
and aggregates [10]. The water content of the granular 
materials should be determined. For this purpose, 
following definitions are used. The liquid limit is defined 
as the moisture content which the soil changes from a 
plastic state to a liquid state. The plastic limit is defined as 
the moisture content which the soil changes from a semi-
solid state to a plastic state. All soils have not got a plastic 
limit. The numerical difference between the liquid limit 
and the plastic limit (LL-PL) is the plasticity index [11]. 
Finally, the strength of the granular materials should be 
tested. The CBR test is used to obtain an indication of 
strength of the materials [12]. 

Table 1. Physical characteristics which are given Turkish 
specification 

D200 / D40   2/3 
D200 : No.200 percentage of passing subbase material  
D40 : No.40 percentage of passing subbase material 

Durability (Na2SO4) Lost ≤ %25 
Abrasion (Los Angeles) Abrasion ≤ %50 

Liquid Limit LL ≤ 25 
Plastic Index PI ≤ 6 

California Bearing Ratio CBR ≥ 30 

3. Scoria 

Volcanic slag is a light-weight material and basaltic 
volcanic material; therefore, it is also named as basalt 
lava. It is also named cinders or volcanic cinder [4, 13, 14]. 
As a general review of forming the volcanic products, this 
material is a vesicular (bubbly) glassy lava rock of basaltic 
to andesitic composition ejected from a vent during 
explosive eruption [15]. 

Volcanic slag is also formed around of the cones during 
eruption or later it is transported around of the cones by 
erosion action. The cones usually have a height of several 
hundred meters, a symmetrical shape and variable slope 
angles depending on the age of the cone and its level of 
erosion [14].  

 Scoria forms when blobs of gas-charged lava are thrown 
into the air during an eruption and cool in flight, and then 
fallen as dark volcanic rock containing cavities crated by 
trapped gas bubbles [16]. Volcanic slag materials are 
typically reddish to black in colour, because of they 
contain iron mostly. The surface of some volcanic slag 
may have a dark green iridescent colour; oxidation may 
lead to a deep reddish-brown colour [17].  
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Volcanic slag is usually heavier, darker and more 
crystalline than pumice. Scoria is abundant in various 
parts of the world including Turkey, Papua New Guinea 
(PNG) [18] and Saudi Arabia [13].  

Table 2. Chemical composition of scoria aggregate 

Major Element SiO2 Al2O3 Fe2O3 CaO MgO 
Scoria 48,43 17,2 8,9 9,18 4,96 

 

Table 3. Physical properties of scoria aggregate 

Sieve (mm) >32 16-32 8-16 4-8 2-4 1-2 0,5-1 0,25-0,5 
Loose U.W. 210 344 493 642 790 938 1086 1235 

Compressed U.W. 221 402 603 805 1003 1210 1461 1608 
Water Absorption 34,54 27,18 23,11 19,22 15,2 12,39 11,24 9,12 

Void Ratio 8,2 13,44 19,26 25,08 30,09 36,64 42,42 48,24 
Porosity 91,8 86,56 80,74 74,92 69,91 63,36 57,58 51,76 

Degree of Saturation 37,62 31,4 28,62 25,65 21,74 19,55 - - 
U.W.: Unit Weight 

 
Volcanic slag can be used in several industrial area 
including the producing of light-weight concrete, 
Portland-pozzolan cement additive, heat insulation, low-
cost fillers, filter materials, absorbents, and some 
architectural purposes [19]. 

Volcanic slag aggregates were obtained from the scoria 
quarries in Manisa, Turkey. These materials were also 
crushed first. Then they were separated as fine scoria 
aggregates which have 0-4 mm size fractions and coarse 
scoria aggregates which have 4-8 mm size fractions. 

4. Experimental Study 

The chemical properties of volcanic slag are given in Table 
2. The chemical characterization includes chemical 
analysis in order to determine the concentration of major, 
minor and some trace elements of volcanic slag.  

 
Figure 1. Granulometric curve of scoria aggregate 

Scoria is rich highly in volcanic glass vesicles which give it 
high porosity besides low-density rock which is 
characterized by its dark colouring [20]. Porosity is the 
ratio of the volume of void to the total volume of material 
[21]. Physical properties of volcanic slag aggregates are 
given in Table 3. In Turkish Highway Flexible Pavement 
limitations [22], subbase layer materials must be within 
the upper and lower specification limits as demonstrated 
in Figure 1. Figure 1 shows the granulometric curves of 
volcanic slag aggregate. It is observed that granulometric 
line of volcanic slag is almost inside the specification 
limits. 

CBR is a measure of shearing resistance of the soil under 
controlled density and moisture conditions. Therefore, 
the test cannot be considered as a classification test 
because the results are not constant for a given soil 
depending on factors such as size and shape of the 
particles as well as density and moisture content. The Los 
Angeles abrasion test is the most widely used test to 
evaluate the resistance of coarse aggregates to 
degradation by abrasion and impact. While performing 
the Los Angeles abrasion test, first the aggregate sample 
is washed, dried in the oven, and then separated into 
sieve sizes. The sieved material is recombined to a 
specified grading which corresponds nearly to the size 
range to be used. Following the completion of 500 
revolutions, the sample is removed from the testing 
machine and sieved dry over a No.12 sieve. The 
percentage of the sample passed from No.12 sieve, 
named the percent of wear, is the Los Angeles abrasion of 
the sample [23]. The soundness of aggregates is 
considered a measure of the material’s resistance to 
disintegration which is caused by weather actions such as 
alternate freezing and thawing, wetting and drying, 
heating and cooling, action of aggressive waters [24]. 

Table 4. Physical characteristics of scoria aggregate 

 
Scoria Aggregate 

Test Results 
Specification 

Values 

Durability (Na2SO4) 12,90 Loss ≤ %25 

Abrasion (Los Angeles) 53,93 Abrasion ≤ %50 

Liquid Limit Non-plastic LL ≤ 25 

Plastic Index Non-plastic PI ≤ 6 

California Bearing Ratio 19,25 CBR ≥ 30 

Physical properties of volcanic slag material and specific 
values are shown in Table 4. Due to its characteristic, 
volcanic slag is categorised non-plastic material. 
Therefore, non-plastic volcanic slag material is not 
properly appropriate for subbase layer. The CBR test is a 
measure of the shear strength of the material when the 
samples are subjected to long soaking periods and 
allowed to swell. At the same time, the CBR method 
covers the determination of bearing ratio of pavement 
subgrade, subbase, and base course materials from 
laboratory-compacted samples. Although durability of 
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volcanic slag is appropriate for subbase, the abrasion 
value is higher and the CBR value is lower than 
specification. 

To obtain the optimum mixture design, the Los Angeles 
abrasion, durability, liquid limit, plastic limit and CBR tests 
were conducted in the experimental stage of the study. 
The detailed information is given in the following section. 

5. Stabilization Analysis 

A local appropriate sub-base material was selected to 
carry out the stabilization analysis (Figure 2). For this 
purpose, local material and volcanic slag aggregate were 
mixed in different proportions to obtain sub-base 
material. This mixture provides the specification limits.  

 
Figure 2. Granulometric curve of local lend material (the 
excavation area of this local material is located 60 km away from 
Isparta) 

In view of physical properties, the local aggregate is 
appropriate for subbase layer because its durability value 
is 1.4, abrasion value is 25.3, and CBR value is 79. But the 
granular material cannot be used in subbase layer directly 
because of the liquid limit (39) and plastic index values 
(17). These values should be 25 and 6, respectively. (Table 
5). In order to use this material in subbase layer, these 
two specific values should be appropriate with the limits. 
To this end, the volcanic slag and the local material was 
blended to decrease the plasticity properties of the local 
material.  

Table 5. Physical characteristics of local aggregate 

Local Material Experiment Results 

Durability (Na2SO4) 1,4 
Abrasion (Los Angeles) 25,3 

Liquid Limit 39 
Plastic Index 17 

California Bearing Ratio 79 

Volcanic slag was mixed to local quarry material which is 
main subbase material in different ratios and it is 
examined that how liquid limit, plastic limit, and CBR 
values were affected after mixing process. At the 
beginning, 10% slag was added to the mixture and the 
mixing ratio was increased with 5% incrementally. 
Mixture prepared by using 25% scoria and 75% local 
aggregates indicated the best performance. According to 

the results of tests made on this mixture, 24% liquid limit, 
2% plastic limit and 149.6 CBR values were obtained 
(Table 6). Accordingly, it was determined that, the 
mixture with this percentage meets fully the properties of 
the subbase layer material. The gradation limit for the 
mixture is as shown in Figure 3. 

 
Figure 3. Gradation limit chart of local material-scoria aggregate 
mixture (%75+%25) 

Table 6. Scoria and local material mixture ratios 

  % Mixture 
Liquid 
Limit 

Plastic 
Index 

CBR 

Specification - ≤25 ≤6 30 
Local - 39 17 79 
10% 90+10 33 13 - 
15% 85+15 29 8 89,6 
20% 80+20 26 4 110 
25% 75+25 24 2 149,6 

As a result of this study, it was found that scoria is suitable 
as a stabilization material in the subbase layer of flexible 
pavement. The assessment of the experimental study is 
shown in the Figure 4. It is shown that the most suitable 
condition for stabilization process is 25% and higher than 
this ratio. CBR, plasticity index and liquid limit values are 
also shown in the Figure 4. So, three different 
specification parameters can be controlled at the same 
time. Lower CBR, upper liquid limit and plasticity index 
specification limit values are highlighted in the Figure 4. 

6. Conclusion 

Flexible pavement consists of a layered system which has 
different properties. Since stress is high in the coating 
layer, quality materials are used. On the contrary, low 
quality materials are used in the subbase layer which 
stress is low. Depending on this design principle, generally 
waste and local materials are used in the subbase layer. 
The use of waste and local materials in the flexible 
pavement reduces the design cost. Local quarry material 
is generally used in the subbase layer of flexible pavement 
in Turkey. Local materials from some granular subbase 
material quarry are not used because they do not meet 
the specification limit values. These limitation values 
must be determined using basically mechanical 
stabilization methods. In the study, such a mechanical 
stabilization method was studied and efficacious results 
were reached.  
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Figure 4. Evaluation of stabilized ratios 

 

A local subbase material quarry is investigated in the 
current study. Obtained quarry materials are suitable for 
the subbase layer of flexible pavement except for 
consistency limits. For reducing the consistency limit 
values of local quarry material, scoria waste was blended 
with the quarry material. After the mixing, liquid limit and 
plasticity index values of the mixture were reduced to 
specification limit conditions. Moreover, a rising of 80% at 
CBR value was obtained after stabilization. Stabilization 
with scoria waste can provide economic and 
environmental benefits. Scoria waste is found locally and 
has no commercial value. As a result, mechanical 
stabilization of subbase layer material with scoria waste 
was found to be suitable for flexible pavements. This local 
granular material can be used as subbase material by 
General Directorate of Turkish Highways after this study. 
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