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COMPARATIVE ANALYSIS OF NUMERICAL MODELING AND STATIC PILE
LOAD TEST RESULTS FOR CFA PILES

CFA KAJAJIAPBIH CAHJABIK MOJEJIBAEY HOTH/KEJIEPIH ’)KOHE
CTATHUKAJIBIK CBIHAY ) KYKTEMEJIEPIMEH CAJIBICTBIPMAJIBI TAJIIAY

CPABHUTEJIbHBIN AHAJIN3 PE3YJbTATOB UACJEHHOIO MOJIEJIUPOBAHU S
U CTATHYECKHUX HATPY30K UCITBITAHUM CBAM CFA

Abstract. The goal of this paper is a comparative assessment of results obtained from the field static pile load test
and simulated numerical analysis. Plaxis 3D Foundation software was used to simulate the field static pile test for
numerical analysis. Results of this study demonstrate the comparison of load-settlement curves obtained from field
static pile test and numerical analysis of CFA pile. As a result of field static pile load test, the bearing capacity of the
pile was determined. Moreover, results of residual settlement after unloading in case of the field test and numerical
analysis were demonstrated. As a result of the load-settlement curve, numerical analysis with Plaxis 3D software is
applicable for pile design with sufficient accuracy. The study emphasizes the importance of validating CFA pile
behavior through both empirical and computational approaches in challenging geotechnical conditions. This dual-
method approach helps improve the accuracy of pile foundation design and ensures better reliability of structural
performance. The correlation between measured and simulated results allows engineers to verify modeling assumptions
and boundary conditions. Additionally, this approach offers a cost-effective solution in large-scale construction
projects where field testing every pile is impractical. Ultimately, the integration of field testing with advanced
numerical modeling supports optimization in foundation engineering and contributes to safer and more efficient
construction practices.

Keywords: static pile load test, CFA, load-settlement curve, numerical analysis, Plaxis.

Amnoamna. Byn Makaianvly MaKcaml — CMamukaibly Kaodaiapovl OAIANbIK COIHAY HCIHE UMUMAYUATBIK CAHObIK
manoay Hamudcecinoe aIbIHeAH MaliMemmepoiy canvlcmuipmansl 6azacein  0Oepy. Plaxis 3D  Foundation
6a20apraManbIK JHCACAKMAMACHl CAHObIK MA0AY YWiH OANANbIK CIAMUKATBIK COIHAYObl MOOENbOey2e KONLOAHBLIObL.
3epmmey nomuowcenepi CFA Kadanapuvl yulin anviH2an sHCyKmeme-omuipebl3y KUCIKMAPbIL OANANbIK HCIHE CAHObIK
a0icmepmen canvicmuipyobl Kopcemeoi. [ananvix cmamukanbly ColHak HOMUMCeCiHoe KaOamblly HCYK Komep2iuumici
anvikmanovl. CoHviMen Kamap, sHCyKmemeHi mycipeeHnen Kellin Kaioblk Omulpy umamanapsl CaHoOblk HcaHe OdNanblK
20icmepMmen canvicmulpuliovl. Byn Kucvlkmapovl capanmay Plaxis 3D 6asdapramanvl Kammamacvimer sHcypeiziieen
manodayovly Kaoanapovl HcodAnayea Hcemxilikmi 0dan eKeHiH Kepcemeodi. Byn sepmmey Kypoeni monwipax
arcagoativinoa CFA mexnonocusceinly ceHimoiniein mexcepyoiyy Maybl30blIbl2blH KOpcemeoi. DMAUPUKATLIK JHCIHE
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MoOenbOix 20icmepdi OIpikmipy undicenepniK wewinoepoiy 0andicin apmmoipadsl. Modenvoey men wivinaiivl onuiey
Hamudicenepiniy calikecmici UHJICeHepniepee OACMANKbl Wapmmap MeH JCYKmeme acepaepin OYpbic OpHAmMy2a
MYMKIHOIK 6epedi. Byn adic ipi Kypulavicmapoa yaksim nen pecypcmapobl YHemoeuol. /lananvlk colHak neH Camoblk
MOoOenvoeyoi yinecmipy KYpoliblC ip2emacmapulibly CeHiMOinizi Men muimoiniein apmmulpyea biknan emeoi.

Tyiiin ce3dep: cmamuxanvix xKaoa scykmemecin cvinay, CFA, sowcyxmemeni pemmey Kucvigvl, CaHoblx manoay,
IInaxcuc scyiieci, UnHCeHepaiK-2e0N02UANBIK, MY CIpicmep, apHAalibl 2e0MEXHUKATbIK Kapmaiap.

Annomayus Llenvio 0anHOU cmamvu A67151emcsi CPAGHUMENbHAL OYEHKA PE3YTbIMAmos, NOJYUYEHHbBIX 8 PE3YIbmame
NPOBeOeHUs: NOAE8020 CIMAMUYECKO20 UCHBIMAHUS C6AU U YUCIEHHO20 Moldenuposarus. [Ipoepammnoe obecneuenue
Plaxis 3D Foundation ucnonvs306anoce 071 MOOEIUPOBAHUsL NOJIEB020 UCHBIMAHUSL C Yelbl) NPOBEOeHUsl YUCLIEHHO2O
ananuza. Pezynemamvl uccnedosanus 0eMOHCMPUPYIOM CPABHEHUE KPUBbIX 0CAOOK NOO HASPY3KOU, NOJYYEHHbIX 8
NoJesbIX YCIo8UsX U 8 pesyivmame yucienno2o ananuza CFA-ceau. B xo0e ucnvimanus 6blia onpeoeiena Hecywas
CnocobHOCMb €8aU, a MAKJCe NPOAHANUUPOBAHBI OCMAMOYHbIE OCAOKU NOCIe PA3epy3Ku no 0O6ouM Memooam.
Tonyuennvie pe3ynomamoi NOOMEEPICOAION, YMO YUCIEHHOE MOOeIuposanue ¢ ucnoavzoganuem Plaxis 3D moocem
6b1mb Ihpexmueno npumeneno Ok NPOeKMUPOBanUs ceail ¢ docmamoyrou moynocmulo. Paboma noouéprkusaem
BHAYUMOCHb KOMWIEKCHO20 NOOX00d, 00be0UHSIOUie20 IKCNEPUMEHMANbHbLE U YUPPOBble MemOoObl AHANUZA CEAIHbIX
@yHOaMEnmMO8 6 CNOJNCHBIX UHIICEHepHO-2eonocuyeckux ycnosusx. Conocmagienue pe3yivmamos cnocoocmeyem
NOBBIUEHUIO OOCHIOBEPHOCU PACYEMO8 U N0360Jiden 0ojiee MOYHO UHMEPNPEMUpPOsams nogeoeHue céali noo
Haepyskou. Kpome moeo, maxoi nooxo0 3KOHOMUYECKU SPGeKmusen npu Macco8oM CMpPOUMenbcmee, Koeod
npoeedeHue UCNbIMAKUL Kaxicoou c8au Heo3MOJCHO. HHmeepayusi nonegvlx U YUCIeHHbIX Menmoodo8 NO360Jslem
ONMUMUZUPOBAMb NPOCKMHbIE PEULeHUs! U NOBbICUMb HAOENCHOCb U 6e30NACHOCHb CIPOUMENbHBIX 00bEKMO8.

Kniouesvie cnosa: cmamuueckoe ucnvimanue ceau Ha naepysky, CFA, xpugoe pacnpedenenue Hacpysku,
yucaennvlll ananus, Plaxis.

Introduction. Pile foundations are critical to ensuring the stability and longevity of
construction projects, especially for multi-story buildings on challenging engineering and
geological soils. Determining the bearing capacity of piles and their load response with precision
is essential for both safety and cost optimization.

CFA piles are a type of cast-in-place pile constructed in a single continuous cycle. The
technology, illustrated in Figure 1, involves advancing a hollow-stem auger to the required depth,
during which the soil retained on the auger flights provides lateral support to the borehole walls.
As the auger is withdrawn, concrete is pumped through the hollow stem under pressure,
maintaining the stability of the surrounding soil through positive concrete pressure. Immediately
after completing the concreting process, reinforcement is inserted into the fresh concrete,
providing additional structural strength.

PHASE 1 ~ PHASE?2 PHASE 3 PHASE 4
Drilling The design depth is Withdrawal and Reinforcement cage
reached concreting positioning
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Figure 1. Sequence of CFA pile installation
Note — compiled by the author

However, when using such innovative methods, especially in the absence of experience or data
for similar geological conditions, static pile testing becomes a mandatory step for quality control
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(Brinch, 1970; Chin, 1970; Meyer, Siemaszko, 2019). These tests help confirm the reliability of
the applied technology and ensure that the piles meet the design specifications.

Eurocode EC7-1 (Section 7.5) (British Standards Institution, 2004) outlines several scenarios
in which pile testing is considered necessary, including the use of new methods or the lack of
sufficient theoretical foundation. The works of Bergado (Bergado et al, 1996) and Farouk
(Farouk, Shahien, 2013) indicate that the behavior of piles in such conditions can differ signifi-
cantly from theoretical calculations, particularly when high groundwater levels are present.

The experience of countries with rapidly developing construction markets, such as the UAE,
also underscores the importance of using CFA technology (Farid, 2023). According to local
regulations, 5% of piles are randomly tested, and an integrity test is performed on all piles (The
Code Handbook, 2013). Static tests, in which the load is increased to 1.5-2 times the design load,
allow for the evaluation of pile behavior under load and help prevent costly mistakes.

For the construction of a multi-story building in Al-Arasaat district, Baghdad province, a
decision was made to conduct tests on a working CFA pile to confirm its design parameters.
Research shows that CFA piles have several advantages, including high installation speed and
reduced vibrational impact on the surrounding environment (Shah, Deng, 2020; Fetherston et al.,
2019); however, their behavior under load requires detailed analysis. According to the works of
De Beer (DeBeer, 1968) and Fellenius (Fellenius, 1968), these approaches have proven to be
reliable tools for evaluating ultimate axial load and interpreting the load-settlement curve.

Considering the above aspects, conducting static pile tests with the CFA method in complex
soil conditions requires the use of reliable methods for assessing their bearing capacity. Both
conventional field static test and modern numerical analysis methods, which have proven
effective in engineering practice, were applied.

2 Methods. 2.1 Field static pile load test Field static pile load test. Continuous Flight Auger
(CFA) technology was chosen to improve the properties of soft soils. This method involves
rotating a hollow auger with a diameter of 600 mm to a depth of 18 m, during which concrete of
grade C25/30 is pumped through the auger under constant positive pressure. The concrete pouring
helps strengthen the soil as it hardens. When extracting the auger, vertical pressure is applied to
the soil, while horizontal pressure is exerted on the surrounding soils, thereby improving their
physical and mechanical properties. Therefore, the pile installation process not only strengthens
the soil but also creates a solid foundation for further testing and evaluation of the pile's bearing
capacity.

Tested CFA pile PCFAS54 is one of the piles of a piled raft foundation of the planned 18 floors
building and placement of the analyzed pile is shown in Figure 2.

Figure 2. Testing pile PCFA54 installed with CFA method
Note — compiled by the author
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The next important stage of the study is the assessment of the pile's bearing capacity, which
is carried out through static load testing (SLT). After the piles were installed using the CFA
technology, it is necessary to confirm their calculated capacity to withstand load in real
operating conditions. The field static pile load test was carried out on 18-19 April, 2022. The
working load for each pile is 150 tons, while the maximum test load is 225 tons. The tests were
conducted in two loading cycles, each consisting of several steps with progressively increasing
load. These cycles help model various operating conditions for the piles, aiding in the precise
evaluation of their behavior under different load values and interaction with the soil. A detailed
description of the loading cycles and corresponding stages is provided in Table 1.

Table 1. Loading Cycles and Parameters
for Static Load Testing (SLT)

Cycle | Load cycle (%) Load value (tons) I\fllonlgﬁl;dﬁzd Accunzlél?rtle):d time

0 0 0 0

25% 37.5 30 min 30

50% 75 30 min 60

75% 112.5 30 min 90

1 100% 150 1 hour 150

75% 112.5 10 min 160

50% 75 10 min 170

25% 37.5 10 min 180
0 0 1 hour 240

100% 150 6 hour 600

125% 187.5 1 hour 660

150% 225 6 hour 1020

125% 187.5 10 min 1030

2 100% 150 10 min 1040

75% 112.5 10 min 1050

50% 75 10 min 1060

25% 37.5 10 min 1070
0 0 1 hour 1130=18 h 50 min

Note — compiled by the author

To ensure the accuracy and stability of the tests, the Kent ledge reaction system is used.
This high-tech system was chosen for its reliability and its ability to minimize external
influences, such as vibration or soil displacement. A detailed schematic representation of
the static pile load test is provided in Figure 3, which illustrates the setup and configuration
of the system. The reaction system includes piles installed at least 2 meters below the base
of the test pile to minimize errors during testing. The spacing between the centers of the
reaction piles must be at least 3 meters, equivalent to four times the diameter of the test
pile, in compliance with Eurocode EC7-1 and British standards. This spacing ensures no
interaction between the piles, thereby maintaining the accuracy of the results.
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Figure 3. Static pile load test
Note — compiled by the author

For the accuracy of measurements during the tests, calibrated and certified manometers are
also used, as well as dial gauges to determine the pile settlement. These devices record changes
in load and settlement in real-time, allowing the pile behavior to be closely monitored. The testing
was executed using hydraulic jack, pressure gauge of 600 bars and two dial gauges in accordance
with B.S. Standard Test Methods for “Deep Foundations under Static Axial Compressive Load"
and were shown in Figure 4. A continuous recording of the pile head displacement in every
addition or lifting of load within the specified time period was recorded.

Figure 4. Dial gauges’ readlngs during 150 Tons load test
Note — compiled by the author

2.2 Numerical analysis with Plaxis 3D Foundation software. The numerical analyses were
conducted using the commercial software Plaxis 3D Foundation. The software allows to use
advanced constitutive models. The Mohr-Coulomb material model was used in this analyses for
soil layers and data used for soil properties was taken from the results of geological survey. Soil
parameters such as Young’s modulus (E), Poisson’s ratio (v), cohesion (c), internal friction angle
(p), and dilatancy angle (y) were required for this model and given in table 2. The model
boundaries of the research area were 30 m in a horizontal and 30 m in a vertical direction and the
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geological conditions of the tested area are demonstrated in Figure 6. The upper layer of Silty
Clay with a thickness of 9.25 m followed by 16.25 m of Silty Sand. A thin layer of Silty Clay
with thickness of 4.5 m is located 25.5 m below the surface. A groundwater level was determined
at 4 m below the surface.

The CFA pile was modeled using the Linear Elastic (LE) material model. The body of the
CFA pile was modeled as a cluster with the dimensions of the radius and pile length of 0.6m and
18m, respectively. On top of the pile a distributed load of 225 tons was placed. Considering the
recommendations of the Plaxis manual, the extended interface was modeled below the pile’s base
(Hol’ko, Stacho, 2014). Initial geological conditions and CFA pile creation were simulated in the
first construction stage and second stage, respectively.

3. Results and Discussions. 3.1 Field static pile load test. Static pile load test was carried out
in the period of April 18 through April 19, 2022 after 24 days of casting piles. Bored pile with
length of 18 m and 600 mm diameter installed by CFA method. In order to assess static pile load
test results pile bearing capacity is determined from pile-head load-settlement curve. These data
were collected during the field test on pile PCFA 54 (shown in Figure 3) included strains and top
load. Figure 5 demonstrates static loading test results of pile-head load plotted against the pile
settlement.

Loading, tons

0 50 100 150 200 250

First Loading Cycle

(=)

First Unloading Cycle

Second Loading Cycle

Settlement, mm

Second Unloading Cycle

Figure 5. Pile-head load-settlement curve for pile PCFA 54r
Note - compiled by the author

The total settlement in first cycle was 4.88 mm under 150 tons, which is working load, while
the final residual of settlement for first cycle was 2.46 mm which is equal to 50% of total
settlement. The total settlement was 12.79 mm under 225 tons load equal to 150 % of the working
load in second cycle, while the final residual of settlement for second cycle was 9.40 mm, which
is more than 50% of total settlement equal to 73 %.

As stated in the standards of Federation of Piling Specialists in British Standards, bearing
capacity of the pile is accepted as pile toe resistance at the settlement of 10% of pile diameter
(Shanz et al., 1999). The tested pile did not show in all stages of test any unnatural behavior up
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to applying of loads 225 tons with average total settlement was 12.79 mm, which is within the
permissible limits of settlement. Consequently, the results indicate that total settlement of 12.79
mm represents approximately 2.13 % of pile diameter, which is less than 10% threshold, falling
within the standard limits.

Since the total settlement in 100% of the adopted design load is equal to 150 Tons not more
than 10 mm > 4.88+5.93 mm in two cycles, and then it is accepted by the criteria of standards.
Consequently, this tested pile No. PCFA- 54 with 600 mm diameter is adequate to design load
equal to 150 Tons.

3.2 Numerical analysis with Plaxis 3D Foundation software. The numerical analysis was
performed in order to understand the results of real field static pile load test data and to improve
the results interpretation of the pile load test. Geotechnical model of pile and geology of the area
of interest is shown in Figure 6.

=

@ sany Clay
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@ saty Clay
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Figure 6. Numerical model of the analyzed CFA pile: overall view and profile of the model
Note — compiled by the author

Linear elastic non-porous model with following properties was chosen for concrete pile
material: unit weight 24 kN/m?, reference modulus of elasticity E..=30GPa and Poisson’s ratio
1v=0.2. Basic soil properties of geological conditions are demonstrated in Table 2.

Table 2. Basic soil properties for numerical model

Name Soil type 1 Soil type 2 Soil type 3 Pile (Concrete)
Symbol Silty Clay Silty Sand Silty Clay -
Depth (m) 9.25 25.50 30.00 18.00
Thickness (m) 9.25 16.25 4.5 18.00
v (kN/m?) 19.50 24 19.50 24.00
Ysar (KN/m?) 21.00 25 21.00 -
o' 22 35 22 -
c' 23 19 23 -
E 20000 75800 20000 30*10°
v 0.3 0.4 0.3 0.2
Note — compiled by the author

The results of the Plaxis 3D software numerical analysis were presented in Figures 7-8 in terms
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of total principal stress and total displacement. According to the previous studies, the groundwater
level was modeled 4m below the surface using a generated phreatic level in numerical modeling
(Hyodo et al., 2020). The groundwater was modelled regarding to the actual engineering-
geological conditions of the tested area. Maximum value of total principal stress was equal to
0.01066*10-12 kN/m2 on element number of 1307 at Stress point 5227, while minimum value
was equal to 5236 kN/m2 on element 4410 at stress point 17640. Maximum value of total
displacement (u) at 150 Ton was equal to 5.456 mm.

Figure 7. Total principal stress and total displacement at 150 Ton
Note — compiled by the author

Maximum value of total principal stress was equal to 260,3 kN/m2 on element number of
4495 at Stress point 17980, while minimum value was equal to -7855 kN/m2 on element 4410
at stress point 17640. Maximum value of total displacement (u) at 225 Ton was equal to 15.22

Figure 8. Total principal stress and total displacement at 150 Ton
Note — compiled by the author

Results of actual field static pile test and numerical analysis were compared and demonstrated
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in the load-settlement curve in Figure 9.

Loading, tons
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Figure 9. Compared load-settlement curve obtained from results of field static
pile test and numerical analysis
Note — compiled by the author

Conclusion. Conventional bored pile and CFA piles are commonly used worldwide. The CFA
technology shows effectiveness in terms of time, cost and noise management. In this paper, the
authors aim to assess if the findings obtained from field static test correspond with conclusions
derived from numerical analysis. The numerical analysis was conducted by simulating field static
pile test in Plaxis 3D Foundation software according to finite element method.

Results of this study demonstrates comparison of load-settlement curves obtained from field
static pile test and numerical analysis of CFA pile. As a result of field static pile load test, bearing
capacity of the pile was determined as pile toe resistance at the settlement of 12.79 mm which is
less than 10% of pile diameter, while settlement results obtained from numerical analysis at 225
tons was equal to 15.22 mm, which is less than 10% of pile diameter as well. Even though results
of residual settlement after unloading in case of the numerical analysis demonstrated less value
than the settlement obtained from field test due to modeling assumptions of Plaxis, the results of
the compared load-settlement curve show that numerical analysis with Plaxis 3D software is
applicable for pile design with sufficient accuracy.
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