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Abstract: Laterally loaded pile foundations are more commonly employed in geotechnical engineering due to their widespread
utilisation in contemporary construction projects, with examples including wind turbines. The most effective method for
estimating pile lateral capacity is a static load test conducted in a natural scale. However, there are some challenges associated
with field performance tests, which can be avoided by conducting them onmodel piles in a laboratory scale. This article presents
the initial results from a series of lateral static load tests conducted on steel pipe piles in a laboratory scale. Based on the retrieved
results, an analysis of the loaddisplacement pile lateral behaviour was performed, and the pile lateral bearing capacities were
estimated with approximation methods. In addition, an approximation error analysis was performed.
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1. Introduction

Pile foundation structures have been employed in the con-
struction industry for many years and are used for a multi-
tude of purposes. These include the transfer of loads from
the structure to deeper layers of the subsoil, the founda-
tion of buildings with complex loads [1], the strengthening
of slopes and existing foundations [2,3], the protection of
deep excavations [4], and many more.

Foundation piles are most commonly used to transfer
vertical compressive axial forces. However, the develop-
ment of numerous structures has led to an increase in the
complexity of loading on foundations, with axial loading
now being complemented by lateral loading, which can be
either constant or cyclic. This type of loading is evident in
the foundations of offshore wind turbines [5], high-rise
structures [6], and noise barriers [7]. In some cases, the
lateral component of load is crucial.

The most reliable method for accurately assessing pile
behaviour under load is the static load test, which is the
natural way to examine the behaviour of a pile under
lateral load in the real scale and in time corresponding

to service conditions [8,9]. Nevertheless, the possibilities of
performing such tests are limited by their high cost and
the frequent occurrence of technical issues, such as a lack
of space or access and the inability to apply the load. Con-
sequently, the engineers need to rely on static calculations
and various design methods based on ground profile
recognition [10,11], piling technology [12], possible degra-
dation [13], and resulting pile stiffness. All these factors are
subjects of more and more sophisticated methods of eval-
uating pile’s reliability [14,15]. Due to technical difficulties
and the large cost of real-world scale experiments, most of
the published research has been conducted on small pile
models in a laboratory scale [16–18]. It is not possible for
such tests to entirely supplant those conducted on a real
scale; however, they can furnish invaluable insight and
solutions pertaining to pile behaviour under load [19–21].

The majority of methodologies employed to determine
the lateral load capacity of piles were developed in the
1960s and 1970s and are primarily founded upon the
assumption that the pile can be treated as a beam on an
elastic ground [22–24]. It is therefore evident that further
research is required in this area, given the increasing con-
struction of structures with lateral loads (e.g., wind tur-
bines), and the necessity to consider temporal variations
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in lateral loads, local subsoil plasticisation, and interac-
tions with neighbouring piles.

To address these issues, a test stand was constructed
for the measurement of lateral load-bearing capacity on
pile models at the laboratory scale. This article presents
the initial results of measurements conducted on six
pipe piles within a box filled with medium-compacted
sand. Based on these measurements, the load behaviour of
the piles was analysed through the plotting of load-
displacement curves, and the load capacities of the tested
piles were estimated through the application of the
Fellenius [25], Chin [26], and Decourt methods [27]. The esti-
mation of load capacity by approximation methods was
further investigated in terms of the effect of the number of
measurements taken on the accuracy of the approximation.

2. Test stand

Lateral static load tests were conducted on a test stand
comprising a wooden rigid test box with the following
dimensions: B × L × H = 1.15 m × 1.25 m × 1.50 m. It was
determined that there was no deformation of the object
during the installation of the piles and their subsequent
loading. The box was filled with a siliceous medium, com-
pacted sand up to a total height of 120 cm. Six steel pipes,
each measuring 1.0 m in length, were employed as pile

models. These pipes were closed at their bases and had
an outside diameter of 4.2 cm, along with a wall thickness
of 0.25 cm. Figure 1 illustrates the configuration of the pile
models within the test box.

Pile models were driven using a light dynamic penet-
rometer to a depth of 0.8 m (Figure 5). The pipes used in
the testing were identified successively as 1, 2, 3, 4, 5, and 6,
which corresponded to the order in which they were
installed. Furthermore, the lateral surfaces of the pipes
exhibit a gradation in smoothness. Pipes 1, 2, and 5 display
a smoother texture, while pipes 3, 4, and 6 exhibit a
rougher surface, which is characterised by additional mat-
ting. Further details regarding the test stand and axial
static load test performed in the test stand can be found
in the study of Bauer et al. [14].

3. Measurement process

In a single test, the lateral resistance of two piles was mea-
sured simultaneously. To achieve this, the two piles were
connected by a structure consisting of twometal plates joined
by four bolts (Figure 2) and eight nuts. A force sensor was
positioned between one of the piles and the plate, with two
additional plates between them. Displacement sensors were
also attached to each of the piles. This configuration allowed
the connection of piles 1–2, 3–4, and 5–6. The sensors were

Figure 1. Layout of pile models, 0.8 m embedded in the soil in the box.
Source: Author’s contribution.
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mounted on an independent base, which measured the hor-
izontal displacement of the piles.

The test involved applying a horizontal force to both
piles. A concentrated force was applied to both piles by gra-
dually turning the nuts. The value of the concentrated force
was determined using a force sensor. Simultaneously, the
displacements of both piles were measured by displacement
sensors (Figure 3).

The initial phase of the testing programme comprised
three conventional tests, in which a constant load was
applied to the two piles during a single test in order to
ascertain their bearing capacity. In each phase of the
testing programme, the load was incrementally applied to
the piles by 0.2–0.3 kN following the stabilisation of displace-
ments in the preceding loading phase. Upon reaching a load

near the bearing capacity (significant displacement on a
small load step), the piles were unloaded in a similarmanner,
allowing for the observation of permanent deformations
once the piles were fully unloaded.

For the purpose of approximating the results of static
load test, the Chin, Brinch-Hansen, and Decourt methods
were proposed. In each of the aforementioned methods,
the test results in the form of points of displacement
obtained (s) as a function of the applied force (Q) are
approximated by an appropriate curve, the asymptote of
which determines the load capacity of the pile Qul. To deter-
mine the appropriate curve, the points are transformed into
an appropriate coordinate system, where they can then be
approximated by a line with the equation y C x C= +i j . In
each method, two constants are determined: Ci and Cj

Figure 2. Pile measuring station.
Source: Author’s contribution.

Figure 3. Loading of a pile.
Source: Author’s contribution.
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represent the directional coefficient and the free expression
in the equation of the straight line, respectively. The determi-
nation of these constants is conducted independently for
each group of points derived from the conducted tests.
Furthermore, it should be noted that the approximation
should be limited to test points where the pile has already
worked in the elastic-plastic and plastic states.

3.1 The Chin method

In the Chin method, the hyperbolic shape of the Q–s
chart has been proposed, described by equation (1) [26]:

Q
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where C1 and C2 are two constants. Bearing capacity Qul is
the asymptote of the hyperbole, determined from equa-
tion (2):
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The Chin approximation in transformed axis and in
Q–s charts is presented in Figure 4.

3.2 The Brinch-Hansen method

In this method, the parabolic shape of the Q–s curve is
proposed, described by formula (3). The boundary

displacement and the bearing capacity can be determined
from equations (4) and (5) [25]:
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where C3 and C4 are constants for the Brinch-Hansen
method. The Brinch-Hansen approximation in trans-
formed axis and in Q–s charts is presented in Figure 5.

3.3 The Decourt method

In the Decourt method, the relationship between load and
settlement and bearing capacity is determined from equa-
tions (6) and (7) [27]:
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where C5 and C6 are constants for the Decourt method.
This method provides comparable results to the Chin
method. The Decourt approximation in transformed axis
and in Q–s charts is presented in Figure 6.

Figure 4. Chin transformed the chart and approximation curve in Q–s charts.
Source: Author’s contribution.
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4. Results and discussion

The results of the study are expressed as measurements of
the horizontal displacement of the pile head, plotted as a
function of the applied load. The test results for piles 1–6
are presented in Figure 7, which shows the lateral displa-
cement versus the lateral load charts.

In each test, the load was increased incrementally until
a pre-boundary condition was reached. This was charac-
terised by a significant increase in the displacement of the
pile model head, accompanied by a slight increase in load.
Then, the load was decreased until the pile was completely
unloaded. Analysis of the graphs shows that the maximum
displacements obtained in each test ranged from

approximately 4.6–7.7 mm, while the permanent displace-
ments stabilised in the range of 0.7–2.3 mm, i.e., a max-
imum of 0.23% of the total pile length. The bearing
capacities obtained from the approximation methods
exceed the calculated results from the tests because the
load on the pile was not applied until the load capacity was
achieved. Rather, it was applied until the elastic-plastic
behaviour of the pile could be observed, which allowed
the load capacity to be estimated. The subject was also
addressed in the article in the description of results. The
observed variations in the shapes of the approximation
functions can be primarily attributed to the differential
compaction of sand at distinct locations within the box.
Soil samples collected from the central region of the box

Figure 6. Decourt transformed the chart and approximation curve in Q–s charts.
Source: Author’s contribution.

Figure 5. Brinch-Hansen transformed the chart and approximation curve in Q–s charts.
Source: Author’s contribution.
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exhibited higher levels of compaction, indicative of higher
load capacities for piles 5 and 6. In contrast, the less com-
pacted soil observed at the various corners resulted in
lower load capacities for these same piles.

The approximation of the results obtained with the three
different methods indicated that the application of the Chin

and Decourt methods gives similar results both in the shape
of the curves obtained (hyperbolic) and in the ultimate
load obtained. The Brinch-Hansen method gives a slightly
different shape of curve (parabolic) and slightly different
values of ultimate load, with a maximum difference of 30%
for pile 2. Furthermore, from the analysis of the pile bearing

Figure 7. Results of static load tests for each pile.
Source: Author’s contribution.
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capacities, it can be observed that the piles located in the
centre of the box (5 and 6) have higher bearing capacities
than those located closer to the corners, which may be due to
better soil compaction in this area and the bending stiffness
of the box walls. It has also been demonstrated that corner
piles 3 and 4, which possess rougher lateral surfaces, exhib-
ited higher load capacities in comparison to the smoother
piles 1 and 2. Additionally, the bearing capacity of pile 2 is
slightly lower than that of the others, which may be attrib-
uted to local soil weakening at this location.

5. Analysis of lateral bearing
capacity approximation error

The approximation of the results of static test loads by the
methods of Chin, Brinch-Hansen, Decourt, and others can
provide information on static test loads. However, the
accuracy of the application of these methods requires
that the test results reach the plastic phase, in which a
small increase in load results in significant deformation
of the pile [28]. If the load applied to the pile is in a range
far from its load-bearing capacity, the approximation per-
formed may be characterised by high inaccuracy.

To undertake an error analysis of the determination of
the lateral load capacity of the tested piles, an analysis was
conducted on the impact of reducing the number of indi-
vidual load steps on the analysis of the load capacities
obtained. Such analyses are frequently conducted for axial
piles [28]. This is of particular importance in cases where
the objective is to test the load capacity of a pile without

compromising its structural integrity, as this may be
essential for its utilisation in other analyses or struc-
tural work.

The results obtained from the measurements of the
load capacity of pile No. 2 were selected for analysis.
The analysis entailed the approximation of the results of
the static test loads with the Brinch-Hansen, Chin, and
Decourt methods, under the assumption of a reduced
number of measurement points. This approach involved the
assessment of the outcomes that would have been attained if
the 1, 2, 3, etc., up to the final 16 loading stages of the test,
had not been executed. The final 16 load steps were selected
for the purpose of analysis, at which point the soil sur-
rounding the pile had begun to plasticise. In the earlier
stages of the test, it was still in the elastic state, which pre-
vents any conclusions being drawn about its load capacity.

As illustrated in Figure 8, the approximation curves of
the pile bearing capacity, as determined using the Brinch-
Hansen method, are presented for some of the analyses
that incorporate a reduction in the number of load steps,
as obtained from the static load tests.

The symbol i = 0 indicates the results of measurements
in which no points have been removed, i = −3 indicates the
results of measurements without the last three results, i =
−6 without the last six, i = −9 without the last nine, and so
on. The figure also shows the results of the pile-bearing
capacity estimation for each analysis. A complete sum-
mary of all analyses is presented in Table 1.

In Table 1, i (−) denotes the number of measurements
reduced in the load capacity measurement, Qmax,i [19] sig-
nifies the maximum value of the force applied to the pile
when reducing by i measurements, and the results obtained

Figure 8. Brinch-Hansen approximation for reduced pile information.
Source: Author’s contribution.
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when approximating the results with the Chin, Decourt, and
Brinch-Hansen methods: Qul,i [19] – the pile-bearing capacity
obtained when reducing the number of measurements by i,
error = (Qul,i –Qul,0)/Qul,0 (%) – themeasurement error, where
Qul,0 is the pile bearing capacity obtained when all measure-
ments are taken into account, Qmax,i/Qul,0 (%) – the ratio of
Qmax,i to Qul,0.

Figure 9 provides a visual demonstration of the variation
of error as a function of the Qmax,i/Qul,0 ratio, employing the
individual approximation methods.

The error values indicate the extent to which the resis-
tance measured with a reduced number of samples devi-
ates from the resistance measured with the full number of
samples. If the error value is less than zero, the load capa-
cities for the smaller number of samples are overesti-
mated. Conversely, if the error value is greater than
zero, the load capacities for the smaller number of sam-
ples are underestimated.

The analyses conducted demonstrated that the lateral
bearing capacity of the pile is susceptible to variation, as

i Qmax,i Chin Decourt Brinch-Hansen

Qul,i Error Qmax,i/Qul,0 Qul,i Error Qmax,i /Qul,0 Qul,i Error Qmax,i/Qul,0

− kN kN % % kN % % kN % %

0 1.44 2.95 0.0 48.9 2.97 0.0 48.5 2.01 0.0 71.7

−1 1.38 2.92 1.0 46.8 2.94 0.7 46.5 2.16 −7.3 68.7

−2 1.40 2.92 0.9 47.5 2.95 0.6 47.2 2.11 −4.9 69.7

−3 1.34 2.90 1.7 45.5 2.93 1.2 45.2 2.28 −13.4 66.7

−4 1.36 2.90 1.6 46.2 2.94 1.0 45.8 2.24 −11.4 67.7

−5 1.30 2.88 2.3 44.1 2.92 1.5 43.8 2.59 −28.9 64.7

−6 1.32 2.90 1.7 44.8 2.94 0.9 44.5 2.34 −16.3 65.7

−7 1.26 2.89 2.0 42.8 2.94 1.0 42.5 2.59 −28.9 62.7

−8 1.28 2.90 1.5 43.4 2.95 0.5 43.1 2.45 −21.9 63.7

−9 1.22 2.89 2.0 41.4 2.95 0.7 41.1 3.39 −68.9 60.7

−10 1.24 2.92 0.8 42.1 2.98 −0.4 41.8 2.44 −21.7 61.7

−11 1.20 2.93 0.5 40.7 2.99 −0.9 40.5 2.52 −25.2 59.7

−12 1.22 2.98 −1.0 41.4 3.03 −2.3 41.1 1.68 16.5 60.7

−13 1.16 2.99 −1.6 39.4 3.06 −3.1 39.1 1.09 45.9 57.7

−14 1.18 2.99 −1.6 40.1 3.06 −3.3 39.8 1.00 50.5 58.7

−15 1.12 2.94 0.2 38.0 3.02 −1.9 37.8 1.88 6.3 55.7

−16 1.14 2.98 −1.0 38.7 3.06 −3.2 38.4 1.01 49.7 56.7

Table 1. Summary of approximation error analysis.
Source: Author’s contribution.

Figure 9. Error changes depending on the ratio of Qmax,i/Qul,0 in individual methods.
Source: Author’s contribution.
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evidenced by the discrepancy in measurement outcomes.
As illustrated in Figure 9, the approximation error asso-
ciated with the Chin and Decourt methods is minimal, ran-
ging from approximately 2–3%. This indicates that, for a
specific case, the measurement results closely align with
the graph’s shape and the load capacity estimation pro-
posed by these methods. Conversely, the Brinch-Hansen
method applied to lateral loading results exhibited larger
error values, with absolute error values reaching almost
70% and both underestimation and overestimation. This
suggests that, for a given case, the Brinch-Hansen method
necessitates testing up to a load close to the pile’s load
capacity to ensure the accuracy of results. This discrepancy
may be attributed to the fact that the Brinch-Hansen
method was developed for the behaviour of the pile in
cohesive soils, while the operation of the pile in non-cohe-
sive soils is characterised by a different curve shape.

Analysis of the accuracy of approximation methods
has shown that an important aspect of bearing capacity
determination is the influence of the number of measure-
ments used on the error of the bearing capacity obtained.
Accurate determination of bearing capacity requires tests
to be carried out from a load close to the desired pile
bearing capacity. Popular approximation methods allow
the bearing capacity to be estimated without loading the
pile to failure. However, as shown, to get as close as pos-
sible to the bearing capacity of the pile, it is necessary to
reach a plastic state and only then to make an optimal
calculation of the pile capacity.

6. Conclusions

In this article, the results of the lateral static load tests
conducted at the laboratory scale were outlined. The pre-
liminary test results obtained for six piles subjected to
constant loading will serve as reference parameters, pro-
viding a basis for further research. The subsequent phase of
the project will entail testing the piles under cyclic loads,
coupled with an investigation into the impact of time on pile
capacity. Furthermore, additional aspects will be investi-
gated, including the impact of supplementary loading on
neighbouring piles and soil weakening at the pile head. In
addition, it is planned to test piles in pairs under of in the
same direction, not opposite, and to analyse changes in the
shape of the pile under load along its length.

The planned tests are intended to facilitate the devel-
opment of a theoretical basis and description of the influ-
ence of constant and cyclic lateral loads on the behaviour of
the pile in soil. The research issue concerns the theoretical
connection between two aspects: the change in the lateral

load capacity of a pile depending on soil weakening at its
head and the additional loading of neighbouring piles.

The subject matter of the research activity constitutes
a significant challenge in the field of pile design, particu-
larly in the context of lateral forces. Furthermore, the
proposed approaches to measuring the load capacity of
piles, both continuous and cyclical, will facilitate the
extension of analyses through the integration of diverse
numerical simulations [9] and real-scale pile tests [7].

The comprehension and characterisation of these phe-
nomena will enhance the calibration of pile numerical
models and contribute to a more comprehensive under-
standing of the validation of the test methods employed.

Funding information

This research was funded by the Polish National Science
Centre grant MINIATURA 7 (no 2023/07/X/ST8/00851).

Author contributions

Both authors contributed equally to the manuscript.

Conflict of interest statement

Authors state no conflict of interest.

Data availability statement

All data are available on request from the authors.

References

[1] Tomlinson, M., Woodward, J. (2007). Pile design and
construction practice. 5th ed. CRC Press.

[2] Nian, T., Chen, G., Luan, M., Yang, Q., Zheng, D. (2008).
Limit analysis of the stability of slopes reinforced
with piles against landslide in nonhomogeneous
and anisotropic soils. Canadian Geotechnical
Journal, 45(8), 1092–1103. doi: 10.1139/T08-042.

[3] Zhang, L., Yue, S., Peng, W., Zhou, S. (2023).
Experimental study on cyclic lateral response of piles
in sandy sloping ground. Ocean Engineering, 282,
115056. doi: 10.1016/j.oceaneng.2023.115056.

[4] Lin, Y., Zhang, Z., Zhou, Y., Duan, J., Yang, G. (2024).
Investigation on lateral pressure on a sheet-pile wall

Michał Baca and Jarosław Rybak

23

https://doi.org/10.1139/T08-042
https://doi.org/10.1016/j.oceaneng.2023.115056


with EPS layer supporting an expansive soil slope.
Case Studies In Construction Materials, 21, e03945.
doi: 10.1016/j.cscm.2024.e03945.

[5] Kumar, T.J., Rathod, D., Krishnanunni, K.T. (2025).
Behaviour of an offshore helical monopile located
on sloping ground under one-way cyclic loading.
Ocean Engineering, 332, 121436. doi: 10.1016/j.
oceaneng.2025.121436.

[6] Poulos, H. (2010). The design of foundations for high-
rise buildings. Proceedings of the Institution of Civil
Engineers - Civil Engineering, 163(6), 027–032. doi: 10.
1680/cien.2010.163.6.27.

[7] Muszynski, Z., Rybak, J. (2017). Horizontal displace-
ment control in course of lateral loading of a pile in a
slope. IOP Conference Series: Materials Science and
Engineering, 245(3), 032002. doi: 10.1088/1757-899X/
245/3/032002.

[8] Matsumoto, T., Matsuzawa, K., Kitiyodom, P. (2008). A
role of pile load test - Pile load test as element test for
design of foundation system. Application of Stress-Wave
Theory to Piles: Science, Technology and Practice, 39–58.

[9] Gorska, K., Rybak, J., Wyjadlowski, M. (2017). Field
test of driven pile group under lateral loading. IOP
Conference Series: Earth and Environmental Science,
95(2), 022044. doi: 10.1088/1755-1315/95/2/022044.

[10] Basack, S., Karami, M., Karakouzian, M. (2022). Pile-
soil interaction under cyclic lateral load in loose
sand: Experimental and numerical evaluations. Soil
Dynamics and Earthquake Engineering, 162, 107439.
doi: 10.1016/j.soildyn.2022.107439.

[11] Keane, R., Byrne, B.W. (2023). Cyclic lateral loading of
model monopiles in dry and saturated sands.
Offshore Site Investigation and Geotechnics,
1606–1613. doi: 10.3723/SJPN3553.

[12] Heins, E., Bienen, B., Randolph, M.F., Grabe, J. (2020).
Effect of installation method on static and dynamic
load test response for piles in sand. International
Journal of Physical Modelling in Geotechnics, 20(1),
1–23. doi: 10.1680/jphmg.18.00028.

[13] Kozubal, J., Wyjadlowski, M., Steshenko, D. (2019).
Probabilistic analysis of a concrete column in an
aggressive soil environment. Plos One, 14(3),
e0212902. doi: 10.1371/journal.pone.0212902.

[14] Bauer, J., Pula, W., Wyjadlowski, M. (2018). Pile load
test results as a basis for reliability calculation with
parabolic response surface. Tehnicki Vjesnik -
Technical Gazette, 25(2), 558–564. doi: 10.17559/TV-
20150124002223.

[15] Wyjadłowski, M. (2025). Lateral loaded pile reliability
analysis using the random set method. Buildings,
15(6), 882. doi: 10.3390/buildings15060882.

[16] Abadie, C., Byrne, B., Houlsby, G. (2019). Rigid pile
response to cyclic lateral loading: Laboratory tests.
Geotechnique, 69(10), 863–876. doi: 10.1680/jgeot.16.P.325.

[17] Baca, M., Brzakala, W., Rybak, J. (2020). Bi-directional
static load tests of pile models. Applied Sciences,
10(16), 13. doi: 10.3390/app10165492.

[18] Al-Baghdadi, T., Brown, M., Knappett, J., Al-Defae, A.
(2017). Effects of vertical loading on lateral screw pile
performance. Proceedings of the Institution of Civil
Engineers Geotechnical Engineering, 170(3), 259–272.
doi: 10.1680/jgeen.16.00114.

[19] Richards, I.A., Byrne, B.W., Houlsby, G.T. (2020).
Monopile rotation under complex cyclic lateral
loading in sand. Geotechnique, 70(10), 916–930. doi:
10.1680/jgeot.18.P.302.

[20] Ahmed, A., Naser, M., Hafez, K. (2025). Experimental
study on hybrid monopile performance in sand
under monotonic and cyclic lateral loads.
Geotechnical and Geological Engineering, 43(5), 225.
doi: 10.1007/s10706-025-03182-3.

[21] Sumarsono, Q., Munawir, A., Harimurti. (2023).
Comparative analysis of single pile with embedded
beam row and volume pile modeling under seismic
load. Studia Geotechnica et Mechanica, 45(1), 28–40.
doi: 10.2478/sgem-2022-0027.

[22] Fellenius, B.H. (2019). Basics of foundation design - a
textbook. Electronic Edition: British Columbia.

[23] Zhang, Y., Andersen, K. (2017). Scaling of lateral pile
p-y response in clay from laboratory stress-strain
curves. Marine Structures, 53, 124–135. doi: 10.1016/j.
marstruc.2017.02.002.

[24] Brząkała, W., Herbut, A. (2018). Zastosowanie
modelu Winklera przy obliczaniu hybrydowej kon-
strukcji oporowej. Acta Scientiarum Polonorum.
Architectura, 17(2), 37–51. doi: 10.22630/ASPA.2018.17.
2.13.

[25] Fellenius, B.H. (1980). The analysis of results
from routine pile load tests. Ground engineering,
13(6), 19–31.

[26] Chin, F.K. (1970). Estimation of the ultimate load of
piles from tests not carried to failure. Proc. 2nd
Southeast Asian Conference on Soil Engineering,
Singapore, 1970.

[27] Decourt, L. (1999). Behavior of foundations under
working load conditions. 11th Pan-American
Conferenvce on Soil Mechanics and Geotechnical
Engineering, Foz do Iguaçu, (4), 453–488.

[28] Rybak, J., Król, M. (2018). Limitations and risk related
to static capacity testing of piles - “unfortunate case”
studies. MATEC Web of Conferences, 146, 02006. doi:
10.1051/matecconf/201814602006.

First results of the lateral static load test on model piles

24

https://doi.org/10.1016/j.cscm.2024.e03945
https://doi.org/10.1016/j.oceaneng.2025.121436
https://doi.org/10.1016/j.oceaneng.2025.121436
https://doi.org/10.1680/cien.2010.163.6.27
https://doi.org/10.1680/cien.2010.163.6.27
https://doi.org/10.1088/1757-899X/245/3/032002
https://doi.org/10.1088/1757-899X/245/3/032002
https://doi.org/10.1088/1755-1315/95/2/022044
https://doi.org/10.1016/j.soildyn.2022.107439
https://doi.org/ 10.3723/SJPN3553
https://doi.org/10.1680/jphmg.18.00028
https://doi.org/10.1371/journal.pone.0212902
https://doi.org/10.17559/TV-20150124002223
https://doi.org/10.17559/TV-20150124002223
https://doi.org/10.3390/buildings15060882
https://doi.org/10.1680/jgeot.16.P.325
https://doi.org/10.3390/app10165492
https://doi.org/10.1680/jgeen.16.00114
https://doi.org/10.1680/jgeot.18.P.302
https://doi.org/10.1007/s10706-025-03182-3
https://doi.org/10.2478/sgem-2022-0027
https://doi.org/10.1016/j.marstruc.2017.02.002
https://doi.org/10.1016/j.marstruc.2017.02.002
https://doi.org/10.22630/ASPA.2018.17.2.13
https://doi.org/10.22630/ASPA.2018.17.2.13
https://doi.org/10.1051/matecconf/201814602006

	1 Introduction
	2 Test stand
	3 Measurement process
	3.1 The Chin method
	3.2 The Brinch-Hansen method
	3.3 The Decourt method

	4 Results and discussion
	5 Analysis of lateral bearing capacity approximation error
	6 Conclusions
	Funding information
	Author contributions
	Conflict of interest statement
	Data availability statement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


