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 Abstract : The laboratory calibration chamber 3SR INPG of Grenoble, has been used to study shear 

and radial stress along the shaft of pile shaft under axial cyclic loading. The physical model used for 

the various tests is a highly instrumented mini-pile installed in Standard sand. This article explores the 

effects induced on the shear capacity of the pile shaft with respect to time at to the breaking point 

under different cyclic loading applied after long periods of rest. A series of cyclic loading tests were 

performed on the pile. Uplift tensile loading tests were performed before and after each series of cyclic 

loading. The results obtained and the analysis shows that the radial stress increases slightly under low 

amplitude cyclic load and dramatically decreases after a bidirectional cyclic loading to the local 

interface of the pile-soil  at the limit of rupture. These phenomena observed are due to either an 

increase or a reduction of the skin friction as the results show a degradation of skin friction for a high 

amplitude cyclic loading involving the total bearing capacity of the pile.  
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INTRODUCTION 

The calculation of severance aims to identify an area of loading potentially bearable for a structure 

whose charge depends on a finite number of parameters. It implies in its applications of research to 

know the state of the stresses and deformations of the ground at a given level of stresses. We use in 

this case a criterion of rupture and not a law of behavior. This is of great convenience given the 

difficulty of developing such a law sufficiently realistic. The stability of a configuration can only be 

established  with strict assumptions about the material (the principle of normality of HILL) that we 

will not do. In the space of the loadings the domain of these loads is convex and contains the zero 

load. Any load located outside the Domain will cause the system to rupture. But a loading  in the 

domain can only be qualified as potentially bearable. For the framing of the edges of the domain, the 

two approaches "approach by the interior" and "approach by the outside" are complementary. The 

first, called the static approach, is in the sense of security. It consists in exhibiting a statically 

admissible stress field and in expressing that it satisfies the criterion of rupture. A number of studies 

have been carried out on this subject both for purely cohesion soils (DAVIS et al., 1980) and for frosty 

soils (MULHAUSS H.B., 1985). The work cited above was the subject of experimental validation and 

showed that it approached the reality. The second approach is called kinematic and dynamic (criterion 

of rupture of TRESCA). The power dissipated in this case is explicit whatever the field of velocity 

envisaged. The piles are very often used to support structures made on soils with low mechanical 

characteristics (bridge, very high buildings ect…..). These great structures transmit considerable forces 

of inertia to the foundation system both in axial static loading and in axial dynamic loading. When 

subjected to earth (earthquake) ground movement, they then transmit the horizontal forces and the 

cyclic bending moments inducing relative twisting of the rigid raft. In this case, the piles are subjected 

to a cyclic axial load which can affect its bearing capacity. This can be due to several failures. It is 

then important to analyze the mechanisms occurring at the pile-soil interface during a static or 

dynamic loading in the sand on the bearing capacity of a pile. Several authors have shown this type of 

phenomenon during placement of beat piles due to dynamic loading-unloading applied (Foray and al 

1991,  Jardine and al.1995, Kolk and al. 2005). In some cases, these disturbances can be compensated 
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by a process of recovery over time of the bearing capacity of the pile around of it shaft due to a 

particle size modification. For dynamic loading Chan and Hanna (1980) list the main factors 

influencing pile behavior.They include the number of load cycles, the importance of the average load 

repeated as a function of the maximum bearing capacity of the pile, the relative amplitude of the load 

cycles, the loading frequency, the mechanical characteristics of the soil And finally the depth of the 

pile. The experiments reported in this article focus on the local interaction between the pile and the 

sand at different levels placed in the calibration chamber of the 3SR labratory of the INPG of Grenoble 

EXPERIMENTAL TRIALS 

Introduction 

The behavior of a model in loose sand under a weak constraint will be the same as that of the 

prototype model in dense sand and strong pressure if the two points, that of the model and that of the 

prototype are located on a parallel to the critical line , That is to say if these two points have the same 

value of the state parameter ψ. This parameter includes both the influence of soil density, the stress 

level and allows the unique correlation for the standardized penetrometric peak resistance CANOU 

(1989), MOKRANI (1991). 

 

The choice of the initial vacuum index of the soil in the laboratory is important because it limits the 

reinterpretation of the results obtained in the laboratory. The soil of the model can not be placed at an 

index of voids greater than the maximum void index. Similarly, the soil of the model can not be placed 

at a lower index than the prototype characterized by a minimum gap index. 

Description of the Calibration Chamber 

The calibration chamber  has been designed for the dual purpose of: 

Calibrate the response of the recognition devices (piozocone, pressuremeter, dilatometer), in situ in a 

material with well-known parameters (confined condition and controlled compactness), and to 

constitute a physical simulation tool for the behavior of inclusions with axisymmetric geometry in the 

soil. The realization of this type of test can be conceived in good condition only if the mass of soil 

located in the calibration chamber has the same behavior as a slice of ground in place at a given depth. 

The conditions at the limits of the calibration chamber must be as close as possible to those of the 

ground in situ. This can be done since at the upper and lower borders as well as on the walls of the 

chamber are installed inflatable membranes which allow the control of the boundary conditions. The 

membranes at the upper and lower borders apply vertical pressure to the mass of soil simulating the 

weight of the overlying soil. The membranes on the walls allow the application of variable boundary 

conditions. 
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                       Fig 2 : Conditions  aux limites dans la chambre de calibrage 

 

              Fg 3 : Chambre de calibration du laboratoire 3SR d’après FORAY (1972) 
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2 CALIBRATION CHAMBER TESTING 

2.1 Calibration chamber 

The Grenoble calibration chamber consists of three cylindrical elements of 500 mm high and 

1200 mm internal diameter. The bottom and top of the chamber consist of two rigid plates with a 

Fig 3 : Procédure de pose du sol dans la chambre d'étalonnage (sable de Fontainebleau, pluvation)  

Finally The edge, ladder and bottom effects of the calibration chamber are taken into consideration 

in the test protocols. 

Static test 

For this test two membranes fixed on the inner face of the upper and lower plates and filled with 

water apply the conditions of vertical stress. Depending on the degree of filling of this zone we 

obtain  the desired depth  of zone of the test.  

 

 

 

                                                         Fig 4 : Pressurizing the system 

Test sand 

The sand used in this experiment is a sand of Fontainebleau N34. This sand is well characterized as 

uniform. This sand is pure (99.7% silica). The test sample is placed in the calibration chamber by the 

pluvation technique in order to guarantee a homogenization of the soil . The density of the sample is 

of the order of 72% for a void index of e= 62% (3SR, Laboratory, INPG Grenoble) 

H2O 
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Table 1 Index properties of Fontainbleau NE34 sand (Laboratory 3SR Grenoble) 

Grain shape GS D10(mm) D50(mm) D60(mm) emax Emin 

Granulometric 

test 

2.65 0,15 0,21 0,23 0,90, 0,51 

 

Pile 

The geometry of the selected pile is conical. These characteristics are: 

Type of 

pile 

Length 

The shaft 

(m) 

Length of tip 

(m) 

Diameter at the 

top (m) 

Diameter in foot 

(m) 

(k weight g) 

Conical 1.40 0.100 0.100 0.100 36 

 

Type of pile Surface Area in foot (m
2
)  Lateral surface (m

2
)  Pile volume (m

3
) 

Conical 0,006 0,229 0,005 

 

Soils Sensors 

Soil stress sensors of different capacities and types were installed inside the chamber, distributed on 

2 or 3 different levels; top(T), middle (M) and bottom (B). On each level the sensors (TML PDA/PDB 

and Kyowa PS/D) were placed to monitor the vertical and friction stress. Compression and loading 

tests of first compression were carried out on the stacks of previously announced model after 

defined periods of time. These tests gave the following results presented by the following .  

Expérimental test 

1 : Static loading test 

Records are made after the initial static loading which determines the test area. The loading is 150 

kPa. It is commonplace that the arrangement of the grains after the dilation then the contraction of 

the soil the mobilization of a lateral stress. This recording is done at two levels, the upper part or the 

main plane and the lower part or the secondary plane for static loading and dynamic loading. The 

results will be presented in the dynamic test. 

The axial static load tests were carried out by a hydraulic cylinder for the monotonic and continuous 

penetration of the soil, the results obtained for the strain peak qc, the friction stress  qfand the total 

stress QT.  Thes resultats Are represented in  Fig : 5. 

A second type of static loading test was carried out. After a first loading the pile is left inside the 

calibration chamber. The test is resumed after 30 days afterwards. The results obtained are shown in 

Fin : 6 
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Fig : 5 Evolution of the total stress soil mass                   6 Evolution Evolution of the peak stress qc as a 

in a soil mass under axial static stressFig :                                                function of time  

 

Fig : 7 : Tension loading test 

Axial static loading test comments : 
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The fig 5 and 6 show a typical curve of the stress of a pile mobilized under axial static load. 

They are representative of the Kaquot-Kérisel curves. It is noted that these curves are a function of 

the depth up to a certain limit, from which the values of these curves no longer increase, thus 

reaching a level giving the maximum value of the mobilized contrain. This observation is 

demonstrated by the second test Fig : 6. In fact, the second test carried out after the first test shows 

a slight slight drop  caused by consolidation of the soil after the first loading. What is important in Fig. 

6 is the fact that after a certain time, the maximum stress mobilized by the pile immediately joins 

that previously defined by the first test. This proves that after a defined time, the constraint 

mobilized by the stack does not increase. It then reaches a level of stress, from which it no longer 

depends on depth or time. It depends solely on the mechanical characteristics of the soil. FIG. 7 

shows that the mobilization of the friction force at the ground-pile interface increases with time. It 

has been remapped during the extraction of the pile that the ground is crushed at the pic of the pile, 

completely modifying the Granulometry of the soil. The ground becomes very thin favoring the 

hypothese of  the cementing of the stake at this level. This phenomenon is also present around the 

shaft of the spile Fig : 7 

2 : Dynamic loading tes 

The test bench used is identical to the first. Only the loading becomes dynamic. The principle 

of pile-driving becomes dynamic. Several loads of different intensity are used. The principle 

of this type of load  is illustrated in Fig : 7.  The Fing : 7 also shows the different types of 

stresses recorded during the test 

                

         

Fig : 7 : Equipment of different types sensors & the different type of constraint to be recorded 

(Laboratory 3SR, INGP, Grenoble) 
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The results obtained after the tests are interesting they are represented in the following shemes 

 

 

 

Fig : 8 : Evolution of radials stresses with Time afer beginning dynamique test 

 

 

 

 

Fig : 9 : Evolution of radials stresses with Time afer beginning dynamique test 
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Fig : 10 Tensile load-displacement after dynamic loading 

 

 

 

Fig 11 : Sand drain crushing  at the pile tip  and around the pile shaft (Laboratory 3SR INPG Grenoble° 

Axial dyna mic loading test comments : 

Compression and traction tests were carried out on the piles installed in the calibration chamber. 

These tests were spaced over time in order to determine the infuence of time on the bearing 
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under kinematically permissible dynamic loading. This means that the soil displacements at the tip of 
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The Fig 8 shows the mobilization of the radial force before the beginning of the dynamic tests. Just 

after the sand was placed in the calibration chamber of the recordings, it was carried out in the 

ground, once the model was installed. The radial stresses recorded in the foreground and the second 

recording plane (position of strain sensors installed in the tank of the calibration chamber) shows 

two almost parallel curves of streeses indicating a constant radial stress level. who does not vary as a 

function of time. The difference in value between the two recording planes is due solely to the 

dilatancy and the contracting of the ground during the placement of the pile.less spread over time 

(number of repetitive cycles per second). The tests may be two-dimensional or one-dimensional. 

These two types of tests gave the following results.  

the Fig 9 shows the radial stresses recorded during three types of tests before and after a dynamic 

test at low and high intensity by sensors installed at different levels of the reservoir of the calibration 

chamber as a function of the depth with respect to the  pile tip  and as a function of the width 

relative to the position of the  pile tip. The recording of the different stresses by the sensors can be 

carried out at different levels in the calibration chamber. The sensors are installed in the calibration 

chamber in a ratio between the height of the pile tip and its diameter. The recordings made and 

shown in the curve of FIG. 9 were carried out at 6.6.7.5, 16.5.26.4, 66 cm Compared to the tip of the 

pile. The analysis of these curves shows a degradation of the mobilization of the radial force and 

therefore of the friction force mobilized at the pile-soil interface as a function of the position of the 

installed sensor, either vertically by level in function  of the  pile tip  and of its position at this level at 

a distance as a function of the width relative  of the  pile tip. In the case of FIG. The recording was 

made at the 21.5 cm level located vertically and measured from the  the pile tip for the above-

mentioned points. The amplitudes of the loading cycles and their repetition from the level of the 

recording points in the soil mass modify the soil and the bearing capacity of the pile. This soil 

alteration is more important for high intensity and repetitive dynamic tests in a very short time (one 

cycle per second) due to soil dilatancy during the tests. On the other hand, it is low compared to low-

intensity tests where dynamic loading cycles are low and etaled over time (one cycle every 5 

seconds). This degradation of the mobilization of the radial stresses is a function of the elapsed time. 

It is responsible for reducing the mobilization of the friction forces around the pile-to-ground 

interface, thus weakening the bearing capacity of the pile. 

The  Fig. 10 shows the results of the extraction tests after each dynamic loading test under the two 

low intensity and high intensity cycles. The tensile force Qc must be less than the tensile force of 

rupture. This test confirms the results previously stated, namely the attenuation of the radial stresses 

in function of the type of load and elapsed time. They also confirm the degradation of the local 

contraces at each recording point implanted in the soil mass and this For dynamic loading at high 

intensity and with a large cycle of repetitive loading. On the contrary, dynamic loads with low 

intensity and low repetitive cycle does not alter the local constraints but favors the local 

arrangements of the grains by contracting and dilatancy of the soil ; Which increased the soil 

densification around the pile shaft and thereby increased the bearing capacity of the soil and the 

pile.This allows us to conclude that the low earthquake intensity does not alter the rigidity of the soil 

and the rigidity of the Pile. 

The  Fig. 11 shows the crushing of the sand grains at pile tip. This degradation rises towards the head 

of the pile, but very weakly. This observation makes it possible to hypothesize that the adhesion of 

this soil dust to the the interface of the pile-soil allow an improvement of the resistance of the soil 
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and the resistance du pieu. This was verified during the extraction tests after a monotonic and 

continuous statistical loading and a dynamic loading of repetitive cycles of low intensity distributed 

over time. 

CONCLUSION 

Static tests with harmonic and continuous penetration as well as cyclic tests of high and low intensity 

were carried out in a calibration chamber filled with dense sand. A static test at break was measured 

at the pile-soil interface. Local radial stresses decreased under both types of cyclic load, which 

altered the local stresses for the high intensity test and weakly for the low intensity test. A low level 

cycle showed increased soil expansion at the soil-pile interface, resulting in strong local densification 

and increased soil and pile stabilization. This observation leads to the conclusion that small 

amplitude earthquakes and other environmental factors can contribute to the improvement of the 

soil and pile bearing capacity. However, an earthquake of great amplitude, assimilated here to a 

high-intensity cyclic loading at a strong repetitive cycle, results in the failure of the bearing capacity 

of the pile shaft, the mobilization of the friction force being no longer assured. An additional Test 

campaignof dynamic load testing with different cycles can be proposed in order to provide additional 

knowledge about environmental factors 

 

ACKNOWLEDGEMENTS 

The author gratefully acknowledges Professor Emeritus Pierre Foray who died today for his help in 

carrying out this work during my years of training at the 3SR INPG Grenoble laboratory.Thanks 

REFERENCES 

Airey, D. W., Al-Douri, R. H., Poulos, H. G. (1992). Estimation of pile friction degradation from 

shearboxtests. Geotechnical Testing Journal 15(4): 388-392. 

Bowman E. T. & Soga K. (2005). Mechanisms of set-up of displacement piles in sand: laboratory 

creeptests. Canadian Geotechnical Journal 42(5): 1391-1407. 

Bullock, P.J., Schmertmann, J.H., McVay, M.C. & Townsend, F.C. (2005). Side Shear Setup. I: Test 

PilesDriven in Florida. Journal of Geotechnical and Geoenvironmental Engineering 131(3): 292-300. 

Chan S. & Hanna T. H. (1980). Repeated loading on single piles in sand. American Society of 
CivilEngineers, Journal of the Geotechnical Engineering Division 106 (2): 171-188. 

Fakharian K. & Evgin E. (1997). Cyclic simple-shear behavior of sand-steel interfaces under 
constantnormal stiffness condition. Journal of Geotechnical and Geoenvironmental Engineering 
123(12):1096-1105. 

Fellenius, B.H., Riker, R.E., O’Brien A.J., Tracy, G.R. (1989). Dynamic and static testing in soil exhibiting 

set-up. Journal of Geotechnical Engineering 115(7): 984-1001. 

Foray P. (1991). Scale and Boundary Effects on Calibration Chamber Pile Test, Calibration 

ChamberTesting, pag 147-160. 



12 
 

Jardine, R.J. and Standing, J.R. (2000). Pile load testing performed for HSE cyclic loading study 
atDunkirk, France. 2 Vols. Offshore Technology Report OTO 2000 007; Health and Safety 
Executive,London. 

Jardine, R.J., Zhu, B.T, Foray, P., & Dalton, C.P. (2009). Experimental arrangements for the 

investigation of soil stresses developed around a displacement pile. Soil and Foundations 49(5) pp. 

661-673. 

Kolk, H.J, Baaijens, A.E and Vergobbi, P. (2005). Results of axial load tests on pipe piles in very 
densesands: the EURIPIDES JIP Proc. 1st Int. Symposium on Frontiers in Offshore Geotechnics, ISFOG 

2005, Perth, W.A.,pp. 661- 667.Tavenas, F., and Audy, R. (1972). Limitation of the driving formulas for 
predicting the bearing capacitiesof piles in sand. Canadian Geotechnical Journal 9(1): 47–62. 

Yang, Z.X. Jardine, R.J. Zhu B.T.,Foray P., Tsuha, C.H.C. (2010). Sand grain crushing and 
interfaceshearing during displacement pile installation in sand. Géotechnique, Volume 60, Issue 6, 
pp. 469-482. 

  


