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Abstract 

The target of present paper was to determine the influence of stone columns in alluvial deposits of Tuzla 

area. The settlements versus time and depth, excess pore water pressure dissipation and consolidation 

time were studied by finite element analysis using Plaxis software. An undrained analysis was carried out 

for alluvial soils, and a drained analysis for stones and the compacted embankment soil using Mohr-

Coulomb’s criterion. The results of this study indicate that, stone column has a remarkable influence on 

decreasing settlements and accelerate the consolidation time. Also, the stone column model designated by 

15 m height has significantly reduced settlement and consolidation time. 
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1. INTRODUCTION  

 

One of the major challenges among engineers is to construct various types of structures over weak soils. 

Among various technologies implemented by engineers, stone or sand columns are the most beneficial 

methods for modification of weak soils, such as alluvial soils. These methods mitigate poor deposits, 

modifying their properties by the use of materials such as stone or sand. Stone columns can improve the soil 

strength by the following mechanisms: accelerating the consolidation time, reducing the amount of total 

settlement, preventing the additional development of excess pore water pressure due to higher hydraulic 

conductivity, and increasing the load carrying capacity of the soil. Various researchers have carried out 

experimental and numerical studies of the stone column as a new reinforcement technique. In numerical, Ref. 

[1] studied numerically on the influence of stone columns in 11 m deep in soft soil. The results showed that 

the maximum settlement was reached at the toe of the embankment.   

Ref. [2] studied the stone column as a ground improvement method and observed that the column at 14 m 

depth decreased the settlement from 14 cm to 7 cm and reduced the consolidation time from 16 months to 7 

months. presented a series of numerical modeling on full-scale analyses of multi-column under an 

embankment construction. Multi-column incorporate as a ground improvement method has considerable 

effect on reducing the total and differential settlement. In addition, in multi-column construction, the long 

columns have better performance to accelerate the consolidation time rather than short columns. Ref.[4] 

studied on numerical estimating of settlement, lateral displacement, and excess water pressure of Portuguese 

soft soil beneath an embankment construction. Evaluation consist of large displacement accompanied reduce 

in settlement and speeds up to excess pore water dissipation. 

Ref.[5] examined the numerically on effect of stone column under an embankment .The results showed 

that the stone column with long length has remarkable effect to reduce the settlement and accelerate the 

consolidation time. The present consideration is the mitigation of alluvial soils in the Tuzla region by 

utilizing stone columns as a new technology to reinforce the weak soil deposits in the region beneath an 

embankment construction. The study includes the analysis of settlement, the excess pore water pressure and 

the effect of stone columns on consolidation time.    
 

 

2. Study Area  

 
This study is based on a bore log data obtained from Tuzla area, located in the northwest of Famagusta 

(North Cyprus), within 1 km distance to the coast. The soils in the region are alluvial deposits of the delta of 
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River Pedios (Kanlidere), comprised of heterogeneous layers of saturated clays and silts of low to high 

plasticity, and sands intermittently distributed within the studied depths. 

 

3. MATERIALS AND PARAMETERS 
 

The embankment fill properties are taken from the work of [3], and the properties of stone column material 

from [6] research. Table 1 shows the material properties of soil strata are taken from work of [7] and Table 2 

shows the material properties of stone and embankment fill. 

 
Table 1- Properties of soil strata beneath the embankment 

 

 

 

 

 

 

 

 

 
 

 

Table 2- Material properties of stone and embankment fill 

Parameter Symbol Stone Fill 

Material model Type Mohr-Coulomb Mohr-Coulomb 

Loading Condition Drained Drained 

Wet unit weight (kN/m3) γwet 19.4 18 

Horizontal Permeability (m/day) 
 

kh 

 

6 

 

1 

Vertical Permiability (m/day) 
 

kv 

 

6 
0.5 

Young’s modulus (kN/m2) E 45000 20000 

Poisson’s ratio υ 0.3 0.3 

Cohesion (kN/m2) c 0 0 

Friction angle (°) φ 42 30 

Dilatancy angle (°) ψ 0 4 

 

 

4. NUMERICAL PROCEDURE 

 
For the determination of numerical simulation by Plaxis, Mohr-Coulomb model has been adopted for all 

materials. Drained condition was assumed for fill embankment and stone columns, and undrained condition 

was selected for the clay deposit. This research was accomplished on half of the model due to symmetry 

formation of the model. The plain strain consideration has been selected for full-scale simulation. The two 

sides of model boundary were assumed closed for consolidation. The water table was assumed at the ground 

level. Fine mesh considerations were used by selecting mesh generation option in Plaxis software. In 

addition, 10 kPa loads were applied on fill embankment as a traffic load.  

Embankment fill was built in two equivalent stages, each layer being 2.5 m high. First stage was 

constructed in 5 days and was allowed for consolidating for 30 days. Second construction was built in 5 days 

and finally by utilizing minimum pore water pressure option allowed the consolidation end time was 

assessed.  

Depth 

 

(m) 

Type ɣdry 

 

(kN/m3) 

ɣSat 

 

(kN/m3) 

Es  

 

( kN/m2) 

Φ  

 

(◦) 

Su  

 

(kPa) 

k  

 

(cm/s) 

0-5 CH 15.3 19.7 3100 --- 40 10 -7 

5-8.5 CL 15.2 19.6 2200 --- 32 10 -7 

8.5-15 CH 13.5 18.6 2100 0 31 10 -7 
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FEM conception by Plaxis estimated the amount of settlements, excess pore water pressures in treated 

and untreated conditions. In numerical analysis, different points were selected to determine the settlements 

and excess pore water pressures. The position of these points can be seen in Figure 1.  

 

Figure 1. Point location in FEM analyses 

 

 

5. SETTLEMENT IN TIME 
 

In order to assess the settlements and time relationships various depths were selected in Plaxis for four 

different conditions as follows: 

1. Unreinforced, 

2.            Stone column with 6 m height, 

3. Stone column with 10 m height, 

4. Stone column with 15 m height 

 

FEM analysis was used to predict the amount of settlements versus time at points A, B, and D. Four 

conditions of the model were analyzed in 8775 days, which is the consolidation end time of unreinforced 

case. Figures 2 presents the results acquired from the settlement simulation. From this data, we can see that 

settlement amount is largest for unreinforced condition, reducing with increasing column heights of h=6, 

h=10 and h=15 m. However, the detected difference in settlements between points A, B, and D show that the 

maximum settlement occurred at point A, the toe of the embankment, while the settlement at point D can be 

observed as a heave (swelling). Hence, at three points, the settlement is reduced when the height of columns 

increased.    

 

 
                                          Point A                                                                         Point B 
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Point D 

 

Figure 2. Settlement versus time for different columns heights at point A, B and D 

 

 

6. SETTLEMENT VERSUS DEPTH  

 
FEM analysis was selected to calculate the amount of settlements versus depth at point E, C, and D. From the 

Figures 3 for point E and C, we can see that, by increasing the depth the amount of settlements gradually 

decreased until zero at depth 15 m below the ground surface, while at point D initially soil heaved and then 

settled. At all of points The stone column with height 15 m has substantial influence reducing settlement 

compared with smaller height of columns and untreated condition. This highest reduction of settlement by 

column with height 15 m is fixed end of column in firm strata while other heights of columns are floating 

column.  

 

 
                                    Point E                                                                                           Point C 

 

Point D 
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Figure 3. Settlement versus depth for different columns heights at point E, C and D 

 

 

7. Settlement from Embankment Centerline  
 

To distinguish the settlement differences between embankment centerline and end of the model, three 

sections, ground level, 2.5 m below the ground level, and 5.5 m below ground level, were calculated. Figure 

4 presents the results acquired from settlement analyses between the end of the model and embankment 

middle line. It is manifested by these results that, largest value of settlement can be seen at ground level at 

centerline of embankment and gradually reduced toward end of the model while after 26 m distance from 

embankment centerline, it can be observed as a heave. Moreover, it is apparent from the data that very few 

differences were observed among columns with height 6 m, 10 m, and untreated section by increasing the 

distance from embankment centerline. Meanwhile, this change has not been observed elsewhere, but it is 

clearly in column with height 15 m due to significant effect on declining the settlement.  

 

 

 
                             At ground level                                                                    2.5 m blow the ground level 

 

 

 

 
5.5 m blow the ground level 

 

Figure 4. Settlements from embankment centerline at ground level, 2.5 m below ground level and 5.5 m below 

ground  

 

 

8. Consolidation End Time Analyses 

  
It can be realized from Figure 5, the stone column with 15 m height speeds up the consolidation time in 

comparison to unreinforced condition from 8775 days (approximately 24 year) to 1875 days (5 years).  
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Unreinforced H=6 m H=10 m H=15 m

Time 8775 3727 3437 1857
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Figure 5. Consolidation end time 

 

 

9. PORE WATER PRESSURE CONSIDERATION 
 

To realize the behavior of excess pore water pressure in time, points E, F, G, H, and I were selected. Figure 6 

shows that excess pore water pressures is attained at the maximum amount after the final stage of each step 

for embankment fill, then, it will be reduced progressively with time until it becomes zero at consolidation 

end time. The most remarkable result to emerge from data at point E to I, is that higher excess pore water 

pressures exist at lower layers compared to the ground level. It can be seen from point E that, there is no 

substantial modification in excess pore water pressure while these differences increase by increasing depth. 

Thus, in deeper layers stone column height plays an important role to decrease the amount of excess pore 

water pressure where at point I at depth 12 m below the ground level, just the column height of 15 m can 

reduce the excess pore pressure considerably in contrast to the other column heights. 

 

 
                                       Point E                                                                                            Point F 

 

 
                                    Point G                                                                                  Point H 
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Point I 

 

Figure 3. Excess pore water pressure versus time for of different height of columns at point E, F, G, H, and I 

 

 

10. CONCLUSIONS 
 

This dissertation has investigated on numerical simulation of the conventional and encased columns by 

Plaxis software version 8.6.0, and argued that stone column is the best method to control the excessive 

settlements of weak alluvial deposits in Tuzla region. 

The conclusions derived from this study are as follows: 

1. The columns with 15 m height reduced the settlement by 71%.  

2. Maximum settlement occurred at the ground surface and decreased by increasing the distance from 

embankment centerline. 

3. Among different column heights, 15 m has a substantial influence on dissipation of excess pore 

water pressure and on reducing the consolidation time. 

4. In deeper layers stone column height plays an important role to decrease the amount of excess pore 

water pressure. 
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