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Abstract 

This study was carried using finite element software (Plaxis) in studying the Engineering behavior of 

erodible soil-quarry dust composite at a proportion of 50% quarry dust and 10% cement. It discusses 

the effects of decorative street light through numerical analysis using the Finite Elements Method. 

Plaxis program v8.2 was applied to model the soil behavior. The Mohr-Coulomb model reveals that 

the deformations are concentrated exclusively on the base course, with the appearance of plastic 

tension cut-off points on base course. The structure was subjected to double point loads of 50 kN/m 

each which resulted to 100 kN/m. The results shows that the pavement deformed at load 85.16kN/m 

which showed that the soil strength cannot withhold the pressure from the street light. The load 

displacement acting on the base of the highway in study is 2.47 × 10−6m. The result also shows that 

failure was concentrated at the base course of the pavement. This was due to the presence of 

underground water beneath the phreatic level. The quarry dust is a good replacement to weak soil or a 

good additive to help improved a problematic soil. From analysis, the soil strength lies below the 

effective stress acting on the pavement which is equal to 85.16 kN/m. It is advisable to replace some 

quantities of the existing soil and be replaced by quarry dust since quarry dust is a waste product from 

crushing of stones. Lastly, about 30% of the existing soil should be replaced by either the mixture of 

lateritic soil and quarry dust or the soil there should be used as subbase which may not be economical. 
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1- Introduction 

There are numerous silty soil deposit in South-Eastern Nigeria susceptible to erosion [1-7]. In Oruruala-Ogudasa 

express, Isikwuato, Abia State, South-Eastern Nigeria, highly erodible and dispersive soils have been reported as a major 

problem resulting to failure of road shoulder and pavement as well as road embankment and canal banks [8-9]. The 

erodible soil in this terrain lies on erodible soil. Adopting a suitable soil improvement technique to control erosion is 

important to avoid structural damage and environmental degradation. Chemical stabilization has proven to be adequate 

and cost effective method of mitigating erosion or internal piping [10-15]. Moreover, traditional binders such as cement 

and lime have been a source of serious environmental problem ranging from negative impact on agriculture to changing 

the PH of soil and ground water. In addition soil stabilized with lime and/or cement tend to exhibit undesirable brittleness 

that affect stability of structure especially during cyclic and impact loading conditions [16-20]. In this research, quarry 

dust is used in combination with cement to reduce the cost and brittleness. 

Secondly, the massive mining of sand for construction leads to change in ecosystem thereby triggering global 

warming. Quarry dust, being an industrial waste from quarry mines, is good replacement for sand in road construction 

[21, 22]. Chetia et al. (2017) and Chetia and Asuri (2016) utilized quarry dust in ground improvement [23, 24]. 
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2- Numerical Modelling 

The finite element method was used to analyze the flexible pavement section resting on an erodible soil along 

ORURUALA-OGUDUASA express. Plaxis v8.2 software is a two-dimensional Finite Element Method computer 

program that is used for stability analysis and deformation of soils in different geotechnical problems. In this method, 

analyzed structure is divided to smaller elements and displacements of any point in these elements are related to nodal 

displacements. The pavement section was considered as a 2-D plain strain problem and 15-noded structural solid element 

with medium refinements was used for the analysis. This software was used in comparing the effects of load on a 

horizontal plane and on a sloped plane. 

Mohr-coulomb model are used for the simulation of soil behavior. The structure was subjected to the loads from 

double street light of load of 50 KN/m. To model the surface load of the decorativestreet light and casted concrete wall, 

the total load is transferred to the pavement surface through an average contact pressure of 50 KN/m. 

This work was carried using 50% quarry dust and 10% cement mixed with soil. The base of the structure was used 

as soil-quarry dust, while clay material was used for the subbase and subgrade modelled with Mohr-Coulomb criterion. 

Table 1. Plaxis parameters 

Material Values Symbols Units 

Model Mohr-Coulomb - - 

Young Modulus 240.63 E Kpa 

Poisson’s Ratio 0.30 V - 

Wet Density 2.18 𝛾𝑠𝑎𝑡 KN/m3 

Dry Density 2.03 𝛾𝑢𝑛𝑠𝑎𝑡 KN/m3 

Cohesion 25.00 C KN/m2 

Frictional Angle 11.60 ∅ 0 

Angle of Dilantancy 0 𝜑 0 

Permeability (x) 1.00 kx m/day 

Permeability (y) 1.00 ky m/day 

 

 

Figure 1. Pavement in study, Pavement bearing loads of 100 KN/m. 

 

 

Figure 2. Generated Mesh, Generated Mesh of the pavement. 
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3- Results and Discussion 

3-1- Deformation Behaviours by the Finite Elements Simulation 

Figure 3 shows the deformed mesh and settlement behavior of the Finite Elements models of erodible soil studied. 

The figure shows the effects of double decorative streetlight pole and casted concrete acting on the base of the 

ISUIKWUATO-UGUDUASA highway. The extreme load displacement acting on the base of the highway in study is 

2.47 × 106 𝑚. Figure 3 also shows that the effect of the double decorative street light place which is equal to 50 KN/m 

caused great deformation at the point of application. This is caused by the nature of subgrade soil which is completely 

clayey material with higher pore water pressure. Figure 4 shows that the total displacement which act on the surface of 

the base. Its value is 2.47 × 106 𝑚. It show the accumulated displacements which come from both horizontal and 

vertical displacement. Failure was statically on the base of the pavement; failure occurred only on the base of the 

pavement. This failure is due to settlement of the soil. It was also due to the presence of water beneath the base of the 

pavement. 

 

Figure 3. Deformed Mesh, Total displacement on the base 𝟐. 𝟒𝟕 × 𝟏𝟎𝟔𝒎 

 

 

Figure 4. Plastic Points, Tensile stresses (tension cut-off) 

3-2- Plastic Points and Tension Cut-Off 

The modelling result as presented in Figure 5 shows that Mohr-Coulomb model was applied for all the soil layers. 

Figure 4. shows the plastic point concentrated most on the point of application of the load. It is observed that the plastic 

Coulomb points are concentrated in the upper base course of the point load. The tensile stresses (tension cut-off) are 

concentrated particularly on the base of the pavement. This tensile stress leads to the increment in length of deformation. 

The red open square indicates that the stress lies on the surface of the Coulomb surface envelop while the white open 

square indicate that the tension cut-off criterion was applied. 
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Figure 5. Effective Stress, Total effective stress acting on the entire pavement is −𝟖𝟓. 𝟏𝟔𝑲𝑵/𝒎 

3-3- Effective Stress and Pore Water Pressure 

From Figure 5, it is shown that the stress operates at part of the pavement. At any point within the pavement, the 

magnitude of both total stress and pore water pressure are dependent on the ground water position. From the results, it 

shows that the total effective stress acting on the entire pavement is -85.16 KN/m which shows that the force acting on 

the structure is compressional force. The total load acting on the base of the pavement is 100 KN/m and deformation on 

the pavement started at 85.16 KN/m. It shows that the load to be applied on a base should not be up to 85.16 KN/m.  

4-Conclusions 

 The Mohr-Coulomb model reveals that the deformations are concentrated exclusively on the base course, with 

the appearance of plastic tension cut-off points on base course 

 The value of loads applied on the pavement is greater the bearing capacity of the soil. The load of 100KN/m was 

applied and on iteration, it deformed at load 85.16KN/m. 

 At any point within the pavement, the magnitude of both total stress and pore water pressure are dependent on 

the ground water position. 

 The total effective stress acting on the entire pavement is -85.16KN/m which shows that the force acting on the 

structure is compressional force. 

 The plastic point concentrated most on the point of application of the load.  

 The plastic Coulomb points are concentrated in the upper base course of the point load. 

 The load displacement acting on the base of the highway in study is 2.47 × 10 −6 𝑚. 

 Despite the fact that failure occurred, quarry dust stands to improve the existing soil as it showed that increase in 

quarry dust increases the dry density of the soil in study and decreases the moisture contents of the soil. 

 Oguduasa-Oruruala (Isuikwuato) soil is completely loosed and requires thorough treatment before any pavement 

can be imposed to it.    

 Since street lights are fixed objects, it is advisable to reinforce the position which they are to be fixed to avoid 

irrelevant settlement. 

 It is also advisable to excavate the surface of the soil to about 0.5m or a better soil should be used above the weak 

soil in order to make the newly added soil the base course 

 Thorough consolidation and compaction should be applied to the different sections to avoid the soil settling at 

inappropriate time. 
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