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ABSTRACT: The paper is focused on the design of a rotary drilled piles, continuous flight auger piles (CFA) and drilled 

displacement system piles (DDS). The analysis of static load tests of different piles using numerical modeling (FEM - Finite Element 

Method), Cavity Expansion Theory and modified analytical calculation method for determination of the vertical pile's resistance, 

which takes into account the technology impact is presented. The technology impact is often taken into account in the pile design 

process using different empirical correlations which are based on local geological conditions. Our recommendation takes into account 

also real geometry of the pile as well as strength and deformation parameters of affected soils around the pile. The results of 

calculations are analyzed and compared with results of static load tests executed in different localities of European and Asian 

countries. Analyses include comparison of load-settlement curves of tested piles as well as load distribution over the pile length 

measured using strain-gauges. The results showed that given methods and our recommendations allow calculating the pile resistance 

and the load-settlement curve with a reliable degree of accuracy. 

 

 

1  INTRODUCTION 

The piling technology has a significant impact onto pile 
resistance and pile settlement. Due to this reason, the 
technology must be taken into account in the design of the pile. 
Computational models usually used for design of pile 
foundation in practise (in Slovakia) are suitable for traditional 
rotary (casing) bored piles. The impact of technology is usually 
neglected which lead to overrating of the pile foundation design. 

2  METHODOLOGY OF THE PILE DESIGN 

The static load tests represent the method which allows 
constructing of the load-settlement curve of the pile in real scale. 
Tested piles were instrumented by strain-gauges which allowed 
determination of distribution of load over the pile length. The 
cavity expansion theory is an analytical method simulating 
cylindrical displacement of the soil in a soil environment which 
corresponding to the technology of drilled displacement (partial 
displacement) piles (DDS and CFA piles). The method of 
calculation of CET (Cavity Expansion Theory) was used 
according to methodology published by Mecsi (2013). A 
geotechnical software Plaxis was used for numerical modeling. 
Numerical models were created as axisymmetric using 15 nodes 
triangular elements. The soil was modeled using hardening soil 
model. A contact between the pile body and soils was modeled 
using standard interface elements used in Plaxis software, 
which are defined by the parameter Rinerface. Numerical analysis 
was executed in form of parametric study, where different 
boundary conditions and values of Rinterface parameters were 
analyzed. 

3  A COMPARISON OF RESULTS DETERMINED USING 
DIFFERENT METHODS 

The results of the study are based on analysis of a 20 static load 
tests from following locations: Bratislava (Slovakia), Zagreb 
(Croatia), Karagandy and Atyrau (Kazakhstan). Tested piles 
had different geometries and they were created in different 
geological conditions (Stacho, 2014a). The index, strength and 
deformation properties of soils were determined using 
laboratory tests as well as in-situ tests in all cases.  
 The analysis of the DDS piles is based on results of 
3 fully instrumented static load tests. The distributions of the 
load over the pile's length as well as resistance of the pile base 
were measured using strain–gauges. Tested piles had diameter 

of 410 mm and length from 15.9 to 17.2 m. Numerical 
simulation was executed in form of parametric study which 
contained of 6 typical models where: (1) the technology impact 
was not modeled; (2) the technology impact was taken in into 
account but the radius of compaction zone was not considered; 
(3) the technology impact as well as the radius of compaction 
zone were taken in into account; (4) the ground water was 
modeled at the depth of stable phreatic level; (5) the ground 
water was modeled at the depth of encountered phreatic level 
and (6) the ground water was modeled using course of the pore 
pressures. In all these cases, the parameter Rinterface was selected 
at the value of 0.85; 0.90 and 0.95. The second method, CET, 
required some additional input parameters which were 
presented in detail by the author (Stacho, 2014b). The radius of 
compaction which was calculated using CET was equal to 420 
mm for clays and 660 mm for gravels. 
 The comparisons of load–settlement curves of the 
pile base resistance as well as total pile resistance using 
presented methods are shown in Figure 1. Black solid curves 
represent results obtained using static load test (SLT). The 
optimal results of numerical modeling were obtained in the case 
where the parameters Rinerface of the value of 0.90 and the 
technology impact as well as the radius of compaction zone 
were taken in into account – curves marked FEM. The CET 
allows determination of the base and total load–settlement 
curves also with very high accuracy – curves marked CET. The 
comparison includes also load–settlement curves calculated 
using the load limit curve method – curves marked NM, which 
is the most used method for calculation of the pile settlement in 
practice in Slovakia. The comparison of the distribution of the 
load over pile's length determined using the static load test, the 
numerical simulation and the cavity expansion theory is shown 
in Figure 2. 
 The analysis of the CFA piles is based on results of 
10 static load tests. Analyzed piles had different diameters (630 
and 820 mm) and lengths – from 6.0 m to 22.0 m. The 
comparison of results of static load tests with all computational 
methods are presented for tested CFA pile of diameter of 630 
mm and length of 15.0 m. Results of load – settlement curves 
are compared in Figure 3 and results of load distribution over 
pile's length are compared in Figure 4. Computational methods 
FEM and CET allow determining of the resistance and 
settlement of the pile with very high degree of accuracy. 
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Figure 1. Load – settlement curves of DDS pile determined using 

different methods 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Distribution of the load over the DDS pile's length determined 

using different methods 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Load – settlement curves of CFA pile determined using 

different methods 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. Distribution of the load over the CFA pile's length determined 

using different methods 

 
The analysis of the rotary bored piles is based on 

results of 7 static load tests. The tested piles had diameter of 
820 to 1200 mm and variable length between 12 to 27 m. The 
results of detailed analysis of rotary bored piles were published 
by the author (Stacho, 2016). 

4  CONCLUSIONS 

The piling technology has been taken into account using the 
CET, which is suitable for displacement and partial 
displacement piles as DDS and CFA piles. The method allows 
determining of soil properties affected by horizontal 
displacement. Load-settlement curve of the pile base, total 
resistance as well as distribution of the load over piles length 
were in good agreement with results of static load tests of fully 
instrumented tested piles. The degree of accuracy did not 
exceed a 95 % in all cases. Numerical modeling usually does 
not take into account the technology impact. The technology 
has been taken into account according the results of calculation 
using the CET. Optimal value of the parameter Rinerface for DDS 
pile was equal to a 0.90. The same value of the Rinterface was 
optimal also in case of CFA piles, but without modeling of the 
compaction zone. The value of Rinterface equal to a 0.70 was the 
most acceptable in case of the rotary bored piles. The modified 
analytical computational model for calculation of vertical 
resistance of a pile which takes into account the technology 
impact using the coefficient of horizontal earth pressure 
calculated by CET allows determining of the base and shaft 
resistance with more than 80 % degree of accuracy. 
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