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ABSTRACT: This paper presents the three-dimensional finite element modeling of barrette piles in clayey and sandy soils, in which the piles 

are subjected to statically compressive and uplift loads. Load displacement curves and load transfers were monitored and compared to solutions 

from one-dimensional finite difference analysis. Capacities of the barrette piles were examined by interpretation methods and bearing capacity 

equations. Pile load test data of barrette piles located in Xingyi District, Taipei Basin was used for simulation. It was found that the conventional 

bearing capacity equations are applicable to barrette piles. The interface elements between pile and soils were found to significantly affect the 

results. Finite element analysis can provide more complete solutions when compared with finite difference analysis. It was also found that the 

soil frictions due to pile uplift in soft clays at Taipei Basin were underestimated when using common strength reduction ratios. 
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1. INTRODUCTION 

Barrette piles have been used in engineering practice in Taiwan for 

many years. There are a number of building foundations that have 

been constructed using barrette piles (Hsu, 2017). In general, the 

design of barrette piles follows conventional pile design methods. 

Axial capacity of the pile can be estimated assuming that the frictions 

and end resistance of the pile are fully mobilized. In addition, pile 

load tests can be conducted to examine the capacities obtained from 

the calculations (Fellenius, 1980, 1984, 1999a, 1999b). To simulate 

the load-displacement mechanism of a single pile under axial loads, 

Reese and his associates had proposed the APILE analysis in the 

1980s (Wang et al., 2018). The so called t-z and q-z curves 

representing the load transfers between shaft and soils, as well as 

those at the pile tip have been suggested based on field experiments. 

When a series of t-z springs are attached to the pile segments, with 

proper boundary values the pile load mechanism can be monitored 

using the finite difference scheme. This type of numerical solution 

has been used popularly in engineering design practice (Fellenius, 

1989, 1998). As to the lateral capacity of the barrette pile, available 

analyses such as the analytical formulations suggested by Chang 

(1937) or the one-dimensional finite difference analysis (FDA), 

LPILE proposed by Reese and his colleagues in 1980s (Isenhower et 

al., 2018) can be used. The so called p-y curves were suggested in the 

lateral case to simulate the load transfers along the pile shaft. In order 

to examine the nonlinear performance of the concrete pile, the push-

over test is often conducted to evaluate the moment and shear 

capacities of the pile. Although the above simplified analyses have 

been popularly used in design practice, more rigorous computer-

based analyses such as the finite element method, have been utilized 

in engineering practice in recent years (Poulos, 2001). 

This study discusses the barrette pile mechanism subjected to 

compression and uplift loads, using the three-dimensional finite 

element analysis (FEA) based on the Midas-GTS NX program 

(Midas, 2014). Numerical models of a single barrette pile located in 

clayey and sandy layers were examined. The Mohr-Coulomb model 

was presumed for soils, and the concrete barrette pile was assumed to 

be linearly elastic. Interface elements were used to simulate the 

frictions between pile and soils. Because the pile will experience 

cracking when subjected to the uplift loads, the pile stiffness was 

varied initially along the shaft to produce more realistic results. The 

load-displacement curves, the axial loads and frictions varying along 

the pile, and the t-z/q-z relations associated with the FEA were 

compared with those from the APILE analysis. The capacities of the 

numerical models were then reported using various interpretation 

methods, and were subsequently compared to those obtained from 

hand calculations using bearing capacity equations. The pile load data 

of a couple of the testing piles at a site located in the Xingyi district, 

Taipei Basin were adopted in this study. Again, the FEA was used to 

model the field data, and the solutions were compared with those from 

APILE analysis. Pile capacities were then estimated using 

interpretation methods, and were then compared with those obtained 

from hand calculations. Details of the observations are discussed 

next. 

 

2. METHODOLOGIES 

2.1 Midas-GTS NX Analysis 

Finite element analysis has gained popularity in the design of 

geotechnical structures since the 2000s. It has been known as the most 

effective tool among the rigorous computer-based methods available 

(Poulos, 2001; Abderlrazaq et al., 2011). There are many computer 

packages available at present. For instance, Midas-GTS NX was 

made by Midas Co. (Midas, 2014) for geotechnical engineering work. 

It has recently been adopted by Chang et al., (2018) and Chang and 

Lien (2018) for the use of comparison with the newly developed 

WERAFT-S and WEAPRF-S programs for raft foundation and piled 

raft foundations, respectively. The functions of the Midas-GTS NX 

analysis are similar to other geotechnical engineering software such 

as PLAXIS, FLAC, etc. The three-dimensional FE analysis can 

provide any displacement component at the nodes of the structural 

system. It can further reveal the stresses at the nodes, and any of the 

elements. However, it should be noted that the stresses revealed at the 

nodes need to be carefully used. The Midas-GTS NX analysis is the 

main tool used in carrying out this study. 

 

2.2 APILE Analysis 

The approximate computer-based methods can provide simplified but 

effective solutions to the analysis of pile foundations (Poulos, 2001). 

If the pile foundation was treated as a rigid pile group, then the single 

pile behaviors should be monitored carefully. With such concerns, the 

APILE analysis has been suggested in 1980s by Reese and his 

colleagues (Wang et al., 2018). The analysis was mainly established 

using the finite difference (FD) formulas for equilibrium equations of 

pile segments under vertical loads. A set of soil springs were attached 

to the pile including pile tip, to simulate the loads transferred to 

surrounding soils. Frictions and end resistance of the soils were both 

modeled. The load displacement curves representing the mechanism 

were called t-z and q-z curves. The analysis using APILE program 

was performed by giving a set of prescribed displacements to the pile 

segments. Total resistance of the pile was obtained by back figuring 

according to the prescribed displacements. As to the ultimate pile 
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capacity, the analysis adopts the bearing capacity equations with the 

assigned soil strength parameters to provide the values. Chang and 

Yeh (1999) have proposed a similar FD analysis for piles under 

dynamic loads. A time-dependent damping model has also been 

suggested by Chang et al. (2000) to approximate the energy 

dissipations throughout the loading history. In this study, APILE 

analysis has been adopted for comparisons with the Midas-GTS NX 

analysis. 

 

2.3 Analytic Equations for Pile Capacities 

The capacity equations were also used in this study to compute the 

capacity of single piles. For the compression piles in clay, the 

equations for the frictions can be calculated using the  method 

(Tomlinson, 1971),  method (Vijayvergiya and Focht, 1972), and 

AASHTO method (2002). The end bearing resistance can be 

estimated by SuNc, which assumes that the clay is in undrained 

condition, where Su is the undrained shear strength of the clay and Nc 

is the bearing capacity coefficient. For compression piles in sands, the 

frictions of the piles can be computed using the equations suggested 

by Meryerhof (1976) and AASHTO method (2002). The end 

resistance of the pile can be approximated by v’Nq, where v’ is the 

effective stress at pile tip and Nq the bearing capacity coefficient. 

When the pile is subjected to uplift loads, end resistance of the pile 

can be neglected, only the frictions are taken into account. If the piles 

are in clay soils, one can refer to the methods suggested by Das and 

Seeley (1982) and AASHTO (2002). For piles in sands, the frictions 

can be calculated using the method proposed by Meyerhof and Adam 

(1968) and AASHTO (2002). The equations suggested by AASHTO 

method are very similar to those for compression piles but with a 30% 

reduction. The weight of the concrete pile needs to be included in the 

uplift case. Details of the above methods to compute the frictions and 

end bearings can be found in Lin (2018). 

 

2.4 Interpretations of Pile Load Test Data 

For the pile load test data used, many interpretation methods are 

available to examine the vertical capacity of pile. A summary of the 

commonly used methods was suggested by Fellenius (1980). In 

general, the methods can be divided into three categories: 1. 

Settlement control method, which includes Terzaghi method (1942), 

Canadian method (1985), AASHTO method (2002), and Hirany and 

Kulhawy method (1988), 2. Load-displacement characteristics 

method, in which Chin method (1970) and the Van der Veen method 

(1953) are the representatives. 3. Tangent method, in which Davisson 

method (1972), De Beer method (1967) and Fuller and Hoy method 

(1970) are the known ones. According to local experiences, Van der 

Veen method (1953) and Fuller and Hoy method (1970) are mostly 

used in design practice in Taiwan. All these methods will be adopted 

to estimate the barrette pile capacities in this study. 

 

3. NUMERICAL MODELLING 

The numerical models and the material properties of the barrette piles 

used in the FEA in this study can be found in Table 1. Clayey and 

sandy strata were both assumed. Soil stiffness was increased with the 

layer depth. The effects of the ground water table and pore water 

movements were neglected in the modeling. Mohr-coulomb failure 

criterion was assumed for the soils. As shown in the results, clayey 

soils were dominated by the undrained shear strength. Sandy soils 

were controlled by the internal friction angles. The internal friction 

angles of the sandy layers were averaged in the analysis for the 

interpretations. Linear elastic material was assumed for the concrete 

piles. However for piles under the uplift loads, the piles were 

decomposed into five segments where the correspondent stiffness was 

reduced from top to bottom, to simulate the cracking and deterioration 

of the pile subjected to uplift loads. 

 

Table 1  Numerical model used in Midas analysis 

 
 

For the Midas-GTS analysis, the contact elements between the 

pile and soils were guided by a simple elastoplastic model. The 

frictional stiffness (Kt) of the contact element was presumed equal to 

the Young’s modulus of the soils (Es). For the frictional strength of 

the element, if the piles were in clays, the adhesions (ca) between the 

pile and the soils were related to the undrained shear strength of the 

clayey soils (Su). Reduction coefficient () of value 0.66 and 0.33 

were used to reduce the undrained shear strength (e.g., ca=Su) for the 

compression pile and uplift pile, respectively. For the pile in sandy 

soils, the frictions between the pile and soils (f) were related to the 

internal friction angle of the soil (), i.e., f = tan = tan (), where  

is the reduction coefficient for the internal friction angle. In this 

study  was assigned as 0.66 and 0.33 respectively for compression 

and uplift pile. 
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A uniformly distributed load was applied on top of the barrette 

pile. 70MN and 30MN were the maximum loads applied for 

compression and uplift, respectively. In the nonlinear analysis, the 

load was divided into 10 steps, and the iterative analysis was used to 

ensure the satisfaction of force equilibrium. The pile was composed 

of eight, 4-node isoperimetric elements at the same depth. Following 

the auto-meshing processes in Midas-GTS, the three-dimensional FE 

mesh consisted mostly of 8-node brick elements and 6-node 

pentahedrons. Figure 1 shows the typical FEA mesh used in the study. 

Essential boundary conditions such as roller and hinge were 

implemented at the FE boundaries. The stability and convergence of 

the numerical solutions were ensued by enlarging the size of FE zone. 

Figure 2 depicts the appropriateness of the solutions with respect to 

the size of the FE zone for pile in clays. 

The numerical models and the model parameters of the barrette 

piles used for APILE analysis are the same as those used in Midas 

analysis. Maximum friction along the pile and the soil was assumed 

as 0.66 and 0.33 times the soil strength parameters for compression 

pile and uplift pile. API method was used for t-z and q-z curves for 

comparisons. To simulate the uplift load test, an averaged stiffness of 

the pile segments was assumed in APILE analysis. The correspondent 

Young’s modulus of the pile was assumed as 27000MPa. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1  FE mesh used in the Midas analysis 

 

 

 

 

 

 

 

 

  
 

 

 

 

 

 

 

Figure 2  Stability analysis of the analytical FE zone for pile in clays 

 

 

4. BEHAVIOURS OF MODEL PILES 

4.1 Loading Mechanism 

The results from FEA modeling on the compression pile in clays are 

shown in Figure 3. It can be found that the load-displacement curve 

of the model pile yields at approximately 50MN, while the load 

developed until a displacement of 20cm. The axial stresses along the 

pile decreased gradually along the shaft. However, it also found that 

the axial stresses increased with greater loading. Friction stresses 

along the pile were also greater with increased loading. The t-z curves 

indicate that the load transfers were dominated mainly by the 

interface elements. In order for the frictions to be mobilized, the 

required displacements were found rather small (<0.5cm) regardless 

of the depth. In the q-z curve expressing the behavior of the pile tip, 

the bearing pressures were found to be much larger than the frictional 

stresses at a displacement of 0.5cm. As the displacement increased, 

the stress starts to yield and develops until a displacement of 15cm. 

Similar FEA solutions for the compression pile in sands are shown in 

Figure 4. The load-displacement curve for the pile yielded at roughly 

40MN. When the load reaches 70MN, only a 6cm displacement was 

found. The curves for the pile in sands were much stiffer than those 

in clayey soils. The t-z curves for the pile in sandy soils were also 

found to develop slowly. As the depth increased, it can be seen that 

the frictions were hard to mobilize. With regards to the q-z curves, it 

was found that only a 0.6cm displacement is required to cause a 

bearing stress of 7MPa. It should be noted that, the above phenomena 

are dependent on the model parameters in use. 

Results of FEA modeling on the uplift barrette pile in clays are 

shown in Figure 5. It can be found that the load-displacement curve 

of the model pile yielded at approximately 25MN, while the ultimate 

capacity was reached at 30MN for settlement greater than 4cm. The 

tensile stresses along the pile decreased gradually along the shaft, and 

increased with greater loading. The frictions along the pile also 

increased with added load. The t-z curves for the pile under the tensile 

loads are very similar to those subjected the compression loading. 

However, the displacements are much smaller than those under 

compression. For solutions of the uplift pile in sands, Figure 6 depicts 

the results. Similar phenomena can be seen from results obtained for 

the compression and uplift piles in clay soils. 

 

 

Unit in 

meter 
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Figure 3  Load beahviors of compression pile in clays 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4  Load beahviors of compression pile in sands 
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Figure 5  Load beahviors of uplift pile in clays 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6  Load beahviors of uplift pile in sands 

 

The effects of the shape of the barrette pile, the strength 

parameters for the interface frictions (i.e., Ca and ), and the dilatancy 

angle () affecting the compression piles were studied. In general, it 

was found that the deformations, axial and frictional stresses at both 

sides of the barrette pile are approximately the same. The adhesion 

(Ca) and frictional angle () between the pile and the clayey soils are 

important parameters (Lin, 2018). Figure 7 depicts the influences of 

the dilatancy angle () which can simulate the roughness of the 

contact planes between the pile and the sandy soils, which results in 

an apparent resistance appearing at the pile head. It was found that at 

the depth of 0-20m, the frictions were affected by both  and . For 

depths greater than 20m, the frictions were mainly controlled by . 

 

 

 

 



Geotechnical Engineering Journal of the SEAGS & AGSSEA Vol. 50 No. 3 September 2019 ISSN 0046-5828 

 

 

63 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7  Effects of dilatancy angle used for interface roughness for compression pile in sands 

 

 

4.2 Pile Capacities from Interpretations 

Eight interpretation methods were used to analyze the capacities of 

the numerical piles. The load-displacement curves shown in                                 

Figures 3-6 were used for the interpretations. The results were 

reported by Lin (2018) for the capacities of the barrette pile model in 

clayey and sandy soils under compression and uplift loads. 

Corresponding results for the compression pile in clays and sands are 

summarized in Table 2 and Table 3. It can be found that for the 

compression piles in clays, the AASHTO method provides the lowest 

estimation, whereas the Chin method gives the highest capacity. 

 

Table 2  Pile capacities from interpretation methods, analytic 

equations and APILE analysis for compression pile in clays 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3  Pile capacities from interpretation methods, analytic 

equations and APILE analysis for compression pile in sands 

 

 

 

 

 

 

 

The values reported by the Davisson method were found closest 

to the averaged values. For the compression pile in sands, the methods 

which provide the lowest and highest values are similar to those for 

the pile in clays. The value estimated using Davisson method and De 

Beer method were found closer to the averaged values. 

Corresponding graphic results are shown in Figure 8 and Figure 9 for 

compression piles in clays and sands, respectively. 

For the uplift capacities of the numerical pile, the results from the 

interpretation methods are summarized in Table 4 and Table 5 for the 

pile in clays and sands, respectively.  

 

Table 4  Pile capacities from interpretation methods, analytic 

equations and APILE analysis for uplift pile in clays 

 

 

 

 

 

 

 

 

 

 

 

Table 5  Pile capacities from interpretation methods, analytic 

equations and APILE analysis for uplift pile in sands 
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Figure 8  Interpretations of capacity for compression pile in clays 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9  Interpretations of capacity for compression pile in sands 
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Notice that in this case, the yield capacities of the piles are very 

similar to the ultimate capacities. In clayey soils, the lowest and 

highest estimations were found the same as those found in the 

compression piles. The Canadian method, De Beer method, and 

Fuller and Hoy method were found to be closer to the averaged 

values. For the cases in sand, the estimations are similar to those in 

clay. Corresponding graphic results are shown in Figure 10 and 

Figure 11 for uplift piles in clays and sands, respectively. 

 

5. COMPARATIVE ANALYSES 

5.1 Comparisons on Pile Behaviors 

Comparisons of the results from the APILE analysis on the 

compression pile model in clays and sands are shown in Figure 12 

and Figure 13. In Figure 12, it is obvious that the FD analysis yields 

much less load than the FE analysis. The t-z curves are slightly 

different, since the API method preserved some softening 

characteristics. The q-z curve obtained by APILE is also found much 

smaller than FE analysis. Apart from that, the axial and frictional 

stresses from the FD and FE analyses are found agreeable. In                   

Figure 13, the load displacement curves are found to be agreeable, 

since the pile resistance is much larger in sands. The FD solution 

yields at about 60MN, whereas the FE solution develops continuously 

to the maximum load applied. 

The results from the APILE analysis on the numerical piles in 

clays and sands under the uplift loads are plotted in Figure 14 and                           

Figure 15. For the case of the uplift loads, the results from the FE and 

FD analyses were found to be compatible. Similar yield phenomena 

can be found in the load-displacement curves obtained from both 

methods. In both clayey and sandy layers, the load-displacement 

starts to yield while the piles were uplifted by 2~4cm. 

 

5.2  Comparison on Pile Capacities 

Pile capacities obtained from the interpretations on the load-

displacement curves of the compression and uplift piles in clays and 

sands were compared with those computed using the bearing capacity 

equations and APILE (Lin, 2018). They are summarized in                             

Tables 2~5. Note that for the compression pile in clays, the solutions 

from the bearing capacity equations and APILE seem to be closer to 

the results from the Davisson method, and the De Beer method. For 

the compression pile in sands, the estimation from Meyerhof 

equations was found much lower than other calculations. The pile 

capacity is more attributed to the end bearing of the pile in this case. 

Significant varieties can be found in the interpretation methods. It was 

found that, the Van der Veen method was closer to the upper bound 

of the calculations whereas the Davisson and the De Beer methods 

were similar to the Meyerhof solution. 

With regards to the uplift capacity of the piles in clays and sands, 

more compatible results were obtained from the interpretation 

methods, and the calculations from the analytic equations and APLIE 

analysis. The Canadian and the De Beer methods can both provide 

results closest to the calculations for the case of the pile in clays, and 

also in sands. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 10  Interpretation of capacity for uplift pile in clays 
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Figure 11  Interpretation of capacity for uplift pile in sands 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12  Comparisons of the loading behaviors of compression pile in clays from Midas and APILE analyses 
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Figure 13  Comparisons of the loading behaviors of compression pile in sands from Midas and APILE analyses 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14  Comparisons of the loading behaviors of uplift pile in clays from Midas and APILE analyses 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 15  Comparisons of the loading behaviors of uplift pile in sands from Midas and APILE analyses 
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6. MODELING PILE LOAD TEST DATA 

Pile load test data on four barrette piles located in Xingyi district at 

Taipei Basin (Diagnostic, 2011) were adopted in this study to 

facilitate the use of the FE analysis with field data. From the bore-

hole data, a simplified geological profile with soil parameters was 

suggested for each case as shown in Table 6. TPCW1 and TPCW2 

are the compression piles, whereas TPTW1 and TPTW2 are the uplift 

piles. Notice that the simplified soil profile consists of interlayer soils 

of both clays and sands. Details can be found in Wang (2018). The 

dimensions and material properties of the piles, the dimensions of the 

analytical zone, and the loading information used in the FE 

simulations are shown in Table 7. For the uplift piles, again the piles 

were modeled varying the pile stiffness to simulate the pile damages 

during the test. 

 

 

Table 6  Simplified soil profiles for field pile load tests 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 7  Numerical model of the pile, analytical zone and the load used for pile load test simulations 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The simulations using Midas-GTS analysis are shown in                             

Figures 16 and 17 for the piles subjected to compression loads. It can 

be found the FEA can capture the in-situ pile loading behaviors. The 

deviations shown in the load-displacement curves are believed to be 

caused by the constant parameters used throughout the analysis. 

Nevertheless, the settlements under the maximum loads, the axial and 

frictional stresses, and the q-z curves were found to be in good 

agreement with the field data. A comparison of the t-z curves from 

FEA and APILE with the field data for TPCW1 is shown in                      

Figure 18. 

For the piles under the uplift load, the results are shown in                             

Figures 19 and 20. Similar comparisons can be found for load-

displacement curves, axial and frictional stress along the piles, 

however for the t-z curves, it can be found that the in-situ data are 

difficult to simulate. See Figure 21 for t-z curves of the TPTW1 pile. 

The progressive damage of the pile under the tensile loads were 

modeled inadequately using a degraded stiffness applied to the pile, 

and treating them as constant throughout the analysis. 

Again, the comparisons on the pile capacities from the 

interpretations using the numerical load-displacement curves from 

FEA as well as the bearing capacity equations and the APILE analysis 

were made and the results are shown in Tables 8 and 9. 

Corresponding graphic results are shown in Figures 22 and 23 for 

TPCW1 and TPTW1 piles. Notice that since the soil profiles were 

inter layered soils consisting of clays and sands, the bearing capacities 

were calculated using different methods and the averaged values were 

reported. Details of the calculations can be found in Wang (2018). It 

was  found  that  the  estimations  from  a number of the interpretations  
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Figure 16  Comparisons of the loading behaviors of TPCW1bareette pile from Midas and APILE analyses 

 

 

 

 

 

 

 

 

   

 

 

 

 

 

Figure 17  Comparisons of the loading behaviors of TPCW2 barrette pile from Midas and APILE analyses 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Figure 18  Comparisons of the t-z curves for TPCW1 barrette pile from field measurement, Midas and APILE analyses 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19  Comparisons of the loading behaviors of TPTW1 barrette pile from Midas and APILE analyses 
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Figure 20  Comparisons of the loading behaviors of TPTW2 barrette pile from Midas and APILE analyses 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 21  Comparisons of the t-z curves for TPTW1 barrette pile from field measurement, Midas and APILE analyses 

 

Table 8  Pile capacities calculated from analytic equations for the testing piles 
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Table 9  Pile Capacities estimated from interpretation methods, analytic equations and APILE analysis 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 22  Graphic interpretations on pile capacities of TPCW1 barrette pile 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 23  Graphic interpretations on pile capacities of TPTW1 barrette pile 
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based on the numerical solutions are within rational agreements with 

those obtained from the bearing capacity equations for compression 

piles. However, the estimations from the capacity equations were 

found to be much less than the applicable predictions for the uplift 

piles. The coefficients used to reduce the strength parameters in the 

capacity equations for uplift piles seem to be smaller for soft clays in 

the Taipei Basin. 

 

7. CONCLUDING REMARKS 

This study presents examples of using a three-dimensional FEA to 

model barrette piles which have been subjected to compression and 

uplift loads. Comparisons were made using a similar APILE analysis. 

Capacities of the model piles were estimated using the interpretation 

methods and analytic equations for the bearing capacity of pile. 

Investigations were also carried out on the pile load test data. Again, 

the pile capacities reported were compared to those calculated from 

the bearing capacity equations and APLIE analysis. The following 

conclusions were drawn from this study. 

1) The effects of the rectangular shape of the barrette pile were found 

insignificant to the stresses and deformations distributed at the 

same cross-section plane of the pile. The bearing capacity 

equations are able to predict the capacities of the barrette pile in 

clays, while under the influence of either compression or uplift 

loads. The Canadian method, Davisson method and De Beer 

method were all found to produce closer predictions. For the 

compression pile in sands, the Meryerhof equation, which 

provides the lowest as compared to the other calculations, was 

found to produce similar results to the interpretations using 

Davisson method and De Beer method. The other calculations 

were found closer to the results suggested by Van der Veen 

method. For the case of the uplift pile in sand, the variations in 

the calculation results became less. The Canadian method and De 

Beer method provide the best approximations.  

2) The model parameters of the interface element are important to 

barrette piles subjected to both compression and uplift loads. For 

piles in sandy soils, if the roughness of the interface between pile 

and soil exists, apparent resistance can be found at the pile head. 

The frictions between the pile and soils will be affected by both 

the friction angle of the sand and the roughness of the pile-soil 

interface. 

3) For compression piles, three-dimensional FEA can provide better 

completeness of load-displacement curves than the one-

dimensional FDA does. Such an advantage could facilitate the 

applicability of the interpretation methods when launching the 

field data using FE analysis. As to the uplift pile, both FEA and 

FDA can provide similar results. 

4) The pile capacities obtained from the interpretation methods and 

those calculated from the bearing capacity equations were found 

to be rationally comparable. The reductions of the soil parameters 

to simulate the frictions between the pile and the soils needs 

further attention, especially with regards to the barrette pile in soft 

clays in order to maintain a rational design. 

5) For the interpretation methods used to predict the capacities of 

barrette piles located in the Taipei Basin, for the inter layered 

soils, Davisson method and Van der Veen Method, can provide 

closer results to the bearing capacity equation for the cases under 

compression load. For uplift load case, the damages which occur 

in the pile causes difficulty in simulations. It was noted that the 

Canadian method, Davisson method and De Beer method can 

provide a similar prediction to those obtained by interface 

frictions and APILE. Using a 50% reduction of the frictions for 

the compression pile in clays, to simulate the frictions for the 

uplift pile in the bearing capacity equation, seems to provide an 

overly conservative estimation. 
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