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Abstract- The paper is a comparison between the limit analysis and finite elements for the calcul of limit load of pile .the 
calcul at rupture uses a criterion and not a law of behavior; this is of a great convenience considering the difficulty in 
working out such a sufficiently realistic law for the grounds. We calcul for an isolated pile charged vertically the limit load at 
the point by The theoretical tool used the kinematic theorem of the limiting analysis theory, by developing a model of the 
failure mechanism inspired from the reality in plan, the equations and results have been treated by using Mathcad software, 
then we used the numerical tool the calculation by finite elements using software PLAXIS V.8.2 for calculate resistance to 
the point-end of the pile as a function of depth. Finaly a comparison made between the theoretical and numerical method, 
one found values which approach. In conclusion the kinematic method of designing the collapse is an invaluable means 

initially of complex problems, and would deserve to be better known.  
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I. INTRODUCTION 

 

Bearing capacity of foundations has been studied by 

several investigators Terzaghi (1943), Caquot and 

Kérisel (1953), Meyerhof (1963), Vésic (1973) and 

chen (1973).We propose to contribute a share to the 

comprehension and the quantification of the limiting 

load of the pile. The approach to adopt is the theory 

of the limit analysis using the kinematic theorem 

which can deal with very complex problems in the 
space of a solid mass of soil. This work is devoted to 

a brief presentation of the method used to design the 

collapse (or limit analysis) used by (Lysmer 1970, 

Zhao1 996, Chen 2000, Meksaouine 2007, Belabed 

2007, Boukhatem 2009, Mekki 2009, Mollon 2009, 

Benyaghla 2013), and with the calculation of the 

limiting load of the pile where we will limit ourselves 

to the point-end effect by using a symmetrical 

mechanism of rupture; some authors, indeed, consider 

that it is advisable not to take into account side 

friction on the height of reversal of the lines of slips, 

because they estimate that the ground is already 
mobilized by the point-end and that is in a state of 

balance limits Philloponat (1979).The numerical tool 

used for the calculation by finite elements is the 

software PLAXIS V.8.2. 

 

We propose a model in plane with the use of the 

kinematic theorem of the limit analysis by 

considering that the point-end of the pile puts the 

ground in thrust Léonard (1967). Equations and 

results have been treated by using Mathcad 

software.Finally a comparison is made between the 
theoretical and numerical methods which showed 

nearly equal values.  

 

 

 

II. MECHANISMS OF CALCULATION OF 

RUPTURE AND ASSUMPTIONS MADE 

 

Blocks having symmetry of revolution (cdb) and 

(cde) around the axis of the pile, which respectively 

slip one on top of the other by kinematic speeds. 

 
Fig.1. Mechanism of rupture of the point-end of the pile and 

the associated diagram of velocities in 2D (according to 

Coulomb) Boukhatem (2009). 

 
We determine geometrically by similar triangles, the 

following items: 

 

 Speeds of the rigid block of the ground: 

V1,V2,V12,V01.  

 Lengths of the blocks of the ground: lbc, lcd, lbd, 

lce, lde.  

 Weight of the blocks of the ground:W1, W2.  

 Work of the External forces: P, W1 (V1), W2 

(V2).  

 Internal dissipation of energy which had with 
cohesion along lbc, lcd, lde  

 Internal dissipation of energy which had with 

internal friction along lce , lbc  

 

And by substituting the values of lengths and 

velocities in the equation of work, we obtain: 



International Journal of Mechanical and Production Engineering, ISSN(p): 2320-2092, ISSN(e): 2321-2071 

Volume- 6, Issue-2, Feb.-2018, http://iraj.in 

The Limit Load for An Isolated Pile Obtained with Kinematic Approach and Finite Elements 

 

66 

 

 
We introduced the model into the software Mathcad 

2001, thus allowing to visualize the shapes of P(in 

3D).Indeed their form in space being concave 

necessarily indicating a minimum, and thus, a thrust. 

Thus: P =5375 KN (Mathcad Results). 

 

III. MECHANISMS OF CALCULATION OF 

RUPTURE AND ASSUMPTIONS MADE 

 

3.1 Materials parameters and Phases of calculation  

In this work one is interested by the study of an 
isolated pile subjected to a vertical static load, placed 

in a homogeneous dry soil (sand). For this purpose, a 

selected pile of diameter 1m is chosen. We neglect 

the influence of the effect of the installation of the 

pile on the results. The isolated cylindrical pile, the 

condition of symmetry of revolution (or " 

axisymmetry ") is generally used, the axis of 

symmetry being the axis of the pile. One uses the 

model of Mohr – Coulomb. The parameters of the 

soil (sand) are: γ=18 kN/m3,  

C '=0.005 kN/m2, φ'=30°.  

For the pile one uses the elastic linear model. The 
parameters are: E=3*107kPa, γ=25kN/m3 with length 

of 8m. 

 
Fig.2. Model used for the calculation of an isolated pile under 

vertical load 

3.2 Resistance to the point-end of the pile as a 

function of depth  

To obtain this resistance one makes a cut at the point-

end of the pile. It gives the normal constraint to the 

base of the pile in kN/rad, to find this load in multiple 
kN one has to multiply by (2*π). 

 
Fig.3. Resistance at the point-end of the pile 

 
The numerical modeling of the pile in the computer 

code Plaxis V8.2 in two dimensions(2D) under 

vertical static load, made it possible to find the value 

of the resistance at the pile’s point-end which is equal 

to 4679.2 kN at a level of 8m. By using the limit 

analysis, the resistance value is 5375 kN at the 

approximately same level Boukhatem (2009).Then it 

is noted that the resistance found by PLAXIS 

approaches with that found by the limit analysis.  
 

Table 1. Breaking loads Results Plimit analysis, PPlaxis 2D 

 

Results show that, the model chosen in PLAXIS 

describes well the pile treated by the limit analysis. 
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Fig.4. Horizontal deformation 

 

CONCLUSIONS 
 

Major conclusions are as follows:  

1. Very complex model requires regrouping by 

simplified means, so as to detect the largest 

anomalies. Simple models in 2D can render great 

services, to justify a work, to recut the conclusions of 

a model more worked out or quite simply to 

include/understand the mechanisms, are one of the 

goals of this paper.  

2. One notices that the limit load P function of two 

variables, developed in a graph using the Mathcad 

software, is concave, What shows well the existence 
of a minimum, therefore then of a thrust, assumption 

made at the start of this work.  

3. We proposed above, mechanisms which normally 

give us in plane, of the height delimiters of actual 

values.  

4. We have established a reference model by using 

the PLAXIS 2D software by defining the parameters 

of the model; this last, describes well the pile treated 

by the limit analysis.  

5. A comparison of the results obtained by the two 

approaches used within the framework of this work 
(values given by the design of the collapse to those 

given by the finite element method) one notes that the 

resistance found by PLAXIS approach with that 

found by the limit analysis.  

6. The light difference between the design of the 

collapse and the finite element method is due so that 

certain parameters of the model established by using 

software PLAXIS 2D do not have an influence on the 

result of the limit analysis.  

7. According to the results obtained by both the 

Plaxis 2D, and by the limit analysis, the latter is really 

an upper limit case than the other values.  
8. We limited ourselves to models with horizontal 

lines of rupture whereas normally they should be 

directed downwards or even curved, a form which 

approaches more reality.  

9. If one considers more blocks (two currently) with 

the same procedure of work, one will surely be lead 
to better results in modeling,  

10. Here also an experimental partner would be 

welcomed, and will validate surely the model.  

11. This work proposes all the same, an outline of 

solution to this method which could be taken again by 

other researchers. The kinematic method of designing 

the collapse is an invaluable means initially of 

complex problems, and would deserve to be better 

known.  
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