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Abstract 
This paper presents the numerical analysis results of bearing capacity studies of sandy 
soils using ANSYS 10 finite element software. First, a sandy soil media with properly 
given properties is modeled and under increasing loading its bearing capacity is 
studied. Then micropiles with 20cm diameter and 4m length, with various inclinations 
0 to 45 degree with the vertical axes which are used in practical usages inserted in this 
sandy soil, and bearing capacity of soil is studied. Next the bearing capacity graphs for 
this sandy soil with and without use of micropiles with various inclinations are plotted 
and effects of them are studied. Finally comparisons between results obtained from 
these studies are done. The obtained results show that use of micropiles in sandy soils 
leads to increase in bearing capacity up to 110 percent. The results of this study can 
provide valuable information about use of micropiles in sandy soils. 
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1- Introduction 
Today to stabilize and improve soils particularly in loose lands and to increase the 

bearing capacity of them, very extent and various methods are used that include the 
various methods of soil improvement. One of the best of these methods is the use of 
micropiles, the application of which is increasing for reasons such as time saving, 
reduction in execution costs, minor materials, choice of quick equip and transport of 
micropile performance facilities and settlement control. 

Piles with a diameter of less than 30cm are generally referred to as micropiles 
(Lizzi 1980; FHWA 1997). Modern micropiles were initiated by Dr. F. Lizzi in the 
1950s in Italy, where they were called pali radice (root piles) (Lizzi 1964, 1971). 
Micropiles are now widely used for both structural supports in foundations and in-situ 
earth reinforcement (Lizzi 1978; Lizzi 1980; Lizzi 1994; FHWA 1997; Tsukada & 
Ichimura 1997; Mitchell et al. 1999; Juran et al.1999). Micropiles are considered 
promising foundation elements for improving the bearing capacity or preventing the 
settlement of existing, deteriorating foundations with minimum disturbance to structure, 



subsoils, and the environment (Mason 1997; Tsukada et al. 1999; Plumelle 1984; 
Kishishita et al. 1999). As a response to the destructive Hyogoken-Nambu earthquake in 
1995 in Japan, research and development regarding the applications of micropiles in 
strengthening foundations have been focused on in Japan (Tsukada et al. 1999).  

Recent studies realized about on micropiles as well as semi-static analyses 
conducted by Juran et al. (2001) showed that the incline of micropiles contains: 1) a 
decrease of movements and bending moments in the micropiles and 2) an increase of 
the normal stress in the micropiles. In the literature few works were devoted to the study 
of the micropiles and inclined micropiles that are in static or dynamic state. 

This paper attempts to analyze and study the influence of micropile inclination 
variation on bearing capacity of sandy soils by numerical analysis. Analysis is 
conducted using finite-element method (FEM) with ANSYS 10 software. This software 
has advantages in contrast to its previous versions. The results obtained in this study 
provide valuable information about use of micropiles in sandy soil.The first part of the 
paper presents the material properties used in this study. The second part presents 
analysis considerations on different conditions of micropile inclinations that embedded 
in sandy soil. In the last part the obtained results of analyses are presented in the form of 
graphs and discussions about them are carried out. 
 
2- Material Properties 

Considering that micropiles are mostly used in loose soils to increase their bearing 
capacity, so we insert the couple micropiles in loosely sandy soil and soil surrounding 
the micropiles has been denser. Since the micropiles were closely spaced and because of 
grouting it was assumed that densification of the soil surrounding the micropiles and 
corresponding group effect is significant. The properties used for the materials are 
shown in Table 1.  
 

Table 1. Properties of materials used in modeling 
 

Material model C
(Kpa) 

φ
(°) 

ψ
(°) 

E
(Mpa) υ γ

(KN/m3)

Loose 
sand 

Druger 
Prager 1 25 6 13 0.3 18 

Dense 
sand 

Druger 
Prager 1 35 8 30 0.3 20 

Micropile Elastic - - - 2.1×105 0.25 78.5 

Footing Elastic - - - 2.3×104 0.28 24 

3- Analysis Considerations 
In the analysis, the concrete footing is taken as beam element and assumed to 

behave as flexible and full footing of width 4.0m is analyzed as plane strain problem. 
Standard boundary conditions (viz. imposing horizontal as well as vertical fixity to all 
nodes at both sides of mesh) are applied. The soil was modeled as Druger-Pruger 
material and the micropile is modeled as elastic material while the footing is taken as 
beam element with elastic behavior. The space between micropile and soil (dense sand) 



was modeled with contact element (node to node) with friction coefficient (Mu) equals 
to 0.65. 

Micropiles with 20cm diameter and 4m length with inclinations of 0 to 45 degree 
with the vertical axes which are used in practical usages are inserted in the sandy soil. 
Then using ANSYS 10 software, modeling is done and increasing loading is applied to 
soil. Figure1 shows the finite element mesh along with boundary conditions for 
micropile 4m with inclination 10° with the vertical axes. 

Figure 1. Finite element mesh along with boundary condition for micropile 4m and inclination  
 of 10° with  the vertical axes. 

4- Results of Analyses 
As it was mentioned previously, the results of analyses are obtained from ANSYS 

10 software. Using this software, we are modeling and analyze the different conditions 
of micropiles establishment in soil and for each other conditions the maximum 
settlement under applied load is obtained. Figure 2 shows the example of this state for 
micropile 4m and 10° inclination with the vertical axes. In this Figure, the settlement is 
in such a state that the soil is loaded under only its gravity load and it equals to 
20.42cm. Figure 3 shows the settlement of soil for same previous condition and the state 
of loading that maximum load (350 Kpa) applied on it. As seen in this picture, the 
maximum settlement equals to 32.98cm. To obtain the pure settlement of soil under this 
load we should subtract this value from previous value. So in this condition the pure 
settlement of soil equals to 12.56cm (32.98 – 20.42 = 12.56cm). 

 

Figure 2. Soil settlement for state that soil is loaded under only its gravity load.



Figure 3. Soil settlement for state that soil is loaded under maximum load (350 Kpa).

Similar to this state for other conditions also loading is done and maximum 
settlement is obtained. After the maximum settlement for all state of micropiles 
establishment in soil are obtained, the load – displacement curves that are mentioned as 
bearing capacity curves, without and with use of micropiles are plotted. Figures 4 to 9 
show the bearing capacity graphs for sandy soil, without and with use of 4m micropiles 
with inclinations of  0°, 10°, 20°, 30°, 40° and 45° respectively. 

To plot the load – displacement curve, the soil is loaded increasingly and for each 
load respective settlement is obtained and this process continues until the results of 
analyses are not converged and the solution is not done. Of coarse, the form of curve is 
important and end point of curve (which soil is collapsed) only as a part of curve is 
valuable.  

As seen in these graphs, in each of them, the load – displacement curves for state 
that soil is loaded with and without use of 4m micropiles by mentioned inclinations, is 
plotted. Under these conditions, the influence of use of micropiles on increasing the 
bearing capacity of sandy soils is studied. Also comparing these graphs together, show 
the influence of enhancement of micropile inclination on bearing capacity of sandy 
soils.  

Of coarse, in next part these results are presented extensively and with plotting 
these curves along with in one graph, influence of enhancement of micropile inclination 
on bearing capacity of sandy soils is specified. 
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Figure 4. Bearing capacity graph with and without use of 4m micropile with inclination 0°
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Figure 5. Bearing capacity graph with and without use of 4m micropile with inclination 10°
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Figure 6. Bearing capacity graph with and without use of 4m micropile with inclination 20° 
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Figure 7. Bearing capacity graph with and without use of 4m micropile with inclination 30°
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Figure 8. Bearing capacity graph with and without use of 4m micropile with inclination 40°
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Figure 9. Bearing capacity graph with and without use of 4m micropile with inclination 45°



4- Discussion 
Considering the results of analyses plotted in the graph forms, we can induct very 

important contents about use of micropiles in sandy soil. As seen in Figures 4 to 9, there 
are basic differences between bearing capacity curves when soil is loaded without use of 
micropiles that specified by "soil" title in graphs, and when micropiles with various 
inclinations are inserted in it. This indicates importance of micropile using in increasing 
the bearing capacity of soils. For example as seen in Figure 4, when the soil is loaded 
without use of micropiles the bearing capacity for 10cm settlement, equals to 150 Kpa 
while, when the micropiles of 4m lengths are inserted at 0° inclination in soil, this value 
reaches to 250 Kpa that shows increasing of 67 percent in bearing capacity of sandy 
soil. As seen in figures 5 to 9, these values reach to 275 , 290 , 320 , 310 and  
300 Kpa respectively. As seen, in inclination of 308, the bearing capacity equals to 320 
Kpa that shows increasing up to 110 percent in bearing capacity while in higher 
inclinations (i.e. 408 and 458) this value decrease to 310 and 300 Kpa respectively that 
indicates inclination of 308 have better operation and suggested as optimum inclination 
of 4m micropile in sandy soil. To compare these curves together, whole of them are 
plotted in one graph that shows in figure 10. 

As seen in figure 10, increasing the micropile inclination leads to sustain higher 
loads and better operation of micropile, but this increasing of inclination continues until 
a special value (308) and after this value of inclination, the bearing capacity curves 
some deal has been invariable. Also as seen in figure 10, we can say this inclination 
almost equals to 30° and is the optimum and best micropile inclination. Of course, there 
are some interfaces in curves that this is duo to micropile operation in respective 
condition.  
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Figure 10. Bearing capacity graph for sandy soil with 4m micropile with various inclinations.

5- Conclusion 
In this study, micropiles with 20cm diameter and 4m length with various 

inclinations are inserted in sandy soil media and the effects of micropile inclination 
variation on bearing capacity of sandy soil studied. The summery of the results of 
analyses are as follows: 

1. The use of micropiles leads to increase in bearing capacity of loose sandy soils.  
2. Increasing the micropile inclination leads to sustain higher load and better 

operation of micropile. But this increasing continues up to 308 of inclination and after 



this value, the bearing capacity decrease. So, the optimum inclination of 308 which 
resulted in more than 110 percent increase in bearing capacity is suggested.  
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