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Abstract. This article presents the results of field testing of a bored micropile with a base enlargement,
installed within the foundation of a two-story civil building located in Lviv region. It is demonstrated that the use
of a 350 mm diameter base enlargement of the pile significantly increases its bearing capacity. An engineering-
geological survey of the site was conducted, identifying three engineering-geological elements encompassing weak
water-saturated silty clay and sandy loam soils. Experimental data on the pile behavior under static compressive
loading up to 72 kN were obtained, which is nearly twice the calculated design value of 38 kN. The testing
methodology involved stepwise application of the load with simultaneous registration of vertical displacements
using high-precision measuring instruments. Based on the test results, a load-settlement curve was constructed,
exhibiting a typical behavior with stages of initial deformation, stabilized settlement, and elastic recovery. It is
shown that the pile—soil system operates without signs of progressive deformation and demonstrates significant
elastic rebound after unloading. The allowable load calculation, considering a reliability factor (y=1.2),
determined the actual bearing capacity of the pile at 60 kN, exceeding the design value by 57%. Hence, the pile
design with a base enlargement proves effective for the given engineering-geological conditions and ensures
foundation reliability with reduced pile quantity costs. The obtained results confirm the effectiveness of using
bored micropiles with base enlargement in low-rise construction and indicate the need to improve current
calculation methods by accounting for the influence of pile base geometry on its bearing capacity.

Key words: bored micropile, field testing, bearing capacity, micropile behavior, static loading, base
enlargement.
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1. INTRODUCTION

The density of modern construction is increasing, making construction workers work in
increasingly difficult conditions, often on sites with unsuitable soils. These soils are
characterized by low strength, heterogeneity, and high water saturation, which makes
foundation design much more difficult. In these cases, traditional types of foundations often
prove to be inefficient or technologically unjustified. That is why one of the most common
solutions is the use of piles that can transfer loads to deeper, more stable soil layers. Under these
conditions, bored micropiles with base enlargement are particularly relevant, as they combine
compact dimensions with increased bearing capacity, providing a reliable foundation for the
construction of buildings even in difficult areas.

Micropiles are reinforced concrete piles with a round, rectangular or trapezoidal cross-
sectional area of up to 300 square centimeters. Their design allows them to perform work in
difficult conditions: in dense urban areas, under existing buildings, or in places with limited
access. Among their advantages are lower vibrations during installation, flexibility in
placement, and the ability to work in weak or heterogeneous soils. Additionally, the formation
of a base enlargement of the pile significantly increases its efficiency, allowing for an increase
in support area and load-bearing capacity.

The performance of bored piles cannot be assessed exclusively from the perspective of
geometric characteristics. The main problem in designing bored piles is the complex behavior
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of soil, which differs significantly from the properties of traditional building materials. It is
important to consider that soil does not have elastic properties. Unlike steel or concrete, which
have a defined relationship between stress and strain and are able to partially or completely
recover their original state after the load is removed, soil behaves as a plastic, irreversible
medium. After loading, the structure of the soil changes and it becomes compacted, which
results in incomplete restoration of its initial properties.

This aspect is particularly important when calculating the bearing capacity of piles, since
soil settlement should be considered not only as a temporary displacement, but as a change in
physical state, which can become critical when the limit loads are exceeded. Accordingly, even
minor errors in determining the properties of the soil base can lead to an underestimation of the
risk of subsidence, tilting, or structural failure.

Another important characteristic is the nonlinear behavior of soil, which means that
deformations are not proportional to the applied load. At low loads, the soil can remain
practically unchanged, but after reaching a certain threshold, even a slight increase in load
causes a significant increase in settlement. The nonlinearity threshold is determined by the type
of soil, its degree of compaction, moisture, and the presence of organic impurities.

Soil moisture is a key factor affecting its physical and mechanical characteristics.
Changes in water saturation lead to significant changes in soil shear strength and friction
coefficient. For example, dry loam is characterized by relatively high adhesion and internal
friction, but when saturated with water, it loses stability, acquires plastic properties, and is easily
deformed. In addition, saturated soil creates additional hydrostatic pressure that counteracts the
embedment of the pile. Thus, the mechanical behavior of the soil largely depends on its
moisture content, which complicates the engineering design process.

The pile interacts with the soil in two main ways: through the lateral surface, through
friction and adhesion with the environment, and through the lower surface (heel), through direct
resistance to soil compression. The resistance along the lateral surface depends on a number of
factors, including soil type, pile surface roughness, pile material, and level of moisture. For
example, in dry sands, significant friction can be generated, while in wet loams it can be
practically absent. Another important factor is the phenomenon of soil creep, which consists of
gradual deformation under prolonged load without further increase in force, which reduces the
effectiveness of resistance along the lateral surface. Resistance under the heel is no less
complex, as all the force is transmitted vertically, and its value is determined by the compressive
strength of the soil. The use of base enlargement of the pile significantly increases the area of
contact with the soil, which reduces the load on the foundation and allows for the efficient use
of soils with relatively low strength. At the same time, this creates potential risks associated
with uneven compaction, localized areas of loss of stability, and heterogeneity of the soil mass,
which can lead to unpredictable pile behavior.

The current state of research on bored piles with enlarged bases is characterized by the
active development of experimental and numerical methods for analyzing their bearing
capacity. Ukrainian scientists [1-3] have made a significant contribution to this field,
investigating the influence of enlargements, soil structure, and geometric characteristics on pile
performance. Experimental results indicate that the actual bearing capacity of such piles often
exceeds the calculated capacity by 20-50%, pointing to the imperfection of current regulatory
methods. Numerical modeling using PLAXIS 3D and ANSYS confirms the importance of
considering the spatial interaction of the “pile-soil” system and the geometric parameters of the
enlargements. Foreign studies [4, 5] show that increasing the number and diameter of
enlargements significantly enhances soil resistance and reduces settlement. At the same time,
there is a need to create improved design models that would account for the real physical and
mechanical properties of dispersive soils and ensure greater accuracy in predicting the behavior
of micropiles in complex engineering and geological conditions.
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Thus, the design of pile foundations requires a comprehensive approach that involves not
only analytical calculations but also consideration of real engineering and geological conditions,
such as geological structure, degree of water saturation, and the technological features of drilling
and concreting. Particular attention should be paid to innovative structural solutions, such as bored
micropiles with base enlargement, for which traditional methods may be insufficient. For the
practical verification of the effectiveness of these structures, it is advisable to conduct full-scale
field tests in real geological conditions. This allows not only for the confirmation of theoretical
assumptions but also for the optimization of design solutions, increasing the reliability of the
structure, and rational resource utilization.

2. METHODOLOGY OF RESEARCH
2.1. Peculiarities of the test pile arrangement

The test site was a plot for the construction of a civil residential two-story building
located at: Lviv region, Hriada village, Bandery Street, 2. Micropile testing was carried out
directly within the boundaries of the designed foundation, which ensured that the studied
conditions closely approximated real operating conditions.

The bored micropiles were manufactured in pre-drilled boreholes with a diameter of
200 mm using the mechanical drilling method. The pile length was 3.7 m, and a base
enlargement with a diameter of 350 mm was created using a special manual expander. The
structure of the test pile is similar to the design of the four anchor piles.

The piles were reinforced using a spatial reinforcement cage formed from two rods of
12 mm diameter reinforcing steel, in accordance with the requirements of [6]. The main pile
material was B25 concrete (C20/25). The concrete mixture was placed by the method of
continuous supply through a tremie pipe until the borehole was completely filled, taking into
account the requirements to avoid segregation of the mixture and the formation of voids. The
number of piles required to ensure the normative bearing capacity of the foundations was
refined based on the results of full-scale testing of micropiles with static compression loading
in accordance with the requirements of [7]. In accordance with the geological conditions, the
piles were installed within a single soil layer (EGE-3).

2.2. Engineering and Geological Conditions of the Test Site

Geological investigations at the site were carried out by mechanical drilling of a
borehole with a depth 6 m and a diameter of 89 mm. Soil samples were collected using a driven
core sampler of a similar diameter. Monoliths of cohesive soils were extracted for further
laboratory investigations.

The conditions of soil occurrence, their composition, and physical and mechanical
characteristics were studied in laboratory conditions in accordance with current regulatory
documents [8—10]. Laboratory tests were conducted in the certified laboratory of PrJSC
«UkrZahidEnergoProekt». Based on the results of laboratory investigations and archival
materials, three engineering-geological elements (EGE) were identified according to the
requirements of [11] (Table 1).

2.3. Test bench

The tests were carried out in compliance with the requirements of [12—14]. The test bench
for conducting static compression tests of micropiles was assembled directly on the construction
site. Four anchor piles (Figures 1, 2), constructed using the same technology as the test pile, were
used to resist the reactive force. They were positioned symmetrically outside the zone of influence
of the pile being tested, which excluded their mutual influence during the loading process.
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Table 1

Engineering and geological characteristics of the object of research

Layer Normative | Normative | Normative Calculated | Calculated
. Soil Angle of | Modulus of | Calculated Soil | Angle of Soil
Number and Name of EGE ?Sléd;n Cohesion, Internal Deformatio | Cohesion, xIla Internal Cohesion,
i kPa Friction, deg | n, MPa Friction, deg tfm?
1. Topsm.l-vegetatlon 105-06 ) ) ) ) i )
layer — humified loamy soil
2. Highly peaty loamy soil,
soft-flowing plastic, locally
silty, with interlayers 1, 5 51 6 1.5 10 6 1.7

and pockets of
well-decomposed peat,
water-saturated

3. Sandy loam, plastic,
sandy, with limestone 24 14 25 19 2.02 25 20.2
gravel inclusions up to 10%

|
| 3
| b
Il [N Il
4
~ 3 7 3
L7 NER
6
a
2 1 2

/ / /
o el S o

Figure 1. Diagram of the test bench 1 — test pile; 2 — anchor piles; 3 — reinforcing bars; 4 — distribution beams;
5 — hydraulic jack; 6 — base plate; 7 — Aistov’s deflectometers 6PAO
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Figure 2. General view of the test bench

The reactive load was transferred through a rigid metal structure made in the form of a
frame system of paired steel channels No. 24. A hydraulic jack connected to a manual pumping
station was installed on the head of the test pile, which ensured the gradual application of a vertical
load in a controlled manner. Before installing the equipment, the upper part of the pile was
cleaned of soil and cut to the design elevation to ensure reliable contact with the loading system.

The test site arrangement included leveling and compacting the soil around the pile to
provide a stable base for the equipment mounting. All components of the test rig were easily
accessible for installation and measurement operations. Vertical displacements were measured
using Aistov deflectometers. The devices were mounted on an independent measuring frame that
was not structurally connected to the main test system. The frame rested on separate brackets
rigidly anchored in the soil, positioned at a safe distance from the pile, which allowed minimizing
the impact of deformations and external factors on the accuracy of the settlement measurements.

2.4. Pile test methodology

Before starting the test, all measuring devices were calibrated and indicators were adjusted
to zero readings. The test pile was tested using the static loading method in accordance with the
requirements of [15]. The testing process was carried out in through the application of a stepwise
load at fixed time intervals and control of the stability of movements at each stage. The load was
set gradually — with an increase of 10 % of the calculated value of the pile bearing capacity. Since
the normative bearing capacity of the pile is 38 kN, a loading step of 4 kN was adopted.
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Each load step was maintained for the time required to stabilize the settlement, or at least
30 minutes. The fixation of vertical displacements of the pile was carried out with an accuracy of
0.01 mm. The limit settlement in accordance with [16] (Appendix A) was determined as 15 mm for
civil multi-story buildings with reinforced concrete frames and monolithic floors.

After reaching the limit load, sequential unloading was performed and the value of
elastic recovery was recorded. All load values and corresponding displacements were
systematically recorded for further graphical analysis. Based on the test results, the load-unload
curve was plotted and the actual bearing capacity of the pile was determined in accordance with
the criteria established by the relevant regulatory documents.

3. TEST RESULTS

During the experimental study, it was established that the bored micropile can withstand
a load of 72 kN at the moment of reaching the limit deformation of the base. Settlement during
the test occurred evenly, without manifestations of progressive deformations or a sudden
increase in vertical displacements (Fig. 3).

After the load was removed, a significant elastic rebound was recorded, indicating
proper contact of the pile with the soil and sufficient stiffness of the pile-base system. The
obtained load curve has a typical shape with a clearly defined initial deformation section
followed by a transition to a conditionally smooth settlement. Partial elastic recovery was
recorded during unloading. The residual deformation was about 9 mm.

According to the requirements of [17], the allowable load is determined taking into
account the reliability factor y=1.2. hus, the allowable load on the pile is calculated as:

Fo=Fu/y=72kN/1,2=60kN

The actual bearing capacity of the test pile 1s 60 kN, which is 57% higher than the
calculated normative value of 38 kN, calculated in accordance with [17]. This indicates a
significant margin of safety in the pile design and the effectiveness of the adopted solution for
base enlargement. The results obtained can be taken into account when refining the design
solution and optimizing the number of piles in the foundation of the structure.

load F, kN

-5

settlement, mm

-15

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72
@ loading A unloading

Figure 3. Graph of dependence of vertical settlements of the tested pile under loading and unloading
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4. CONCLUSIONS

1. The conducted full-scale tests of the bored micropile with base enlargement,
performed in a pre-drilled borehole under the action of a vertical static load, confirmed a
sufficient level of its bearing capacity and the permissibility of vertical movements at a design
load of 38 kN.

2. The recorded ultimate load of 72 kN, which almost doubles the normative value,
indicates a significant margin of safety and the effectiveness of the adopted engineering and
design solutions in the design of the pile with base enlargement.

3. The test results confirmed the feasibility of using bored micropiles of this design for
the foundations of a two-story civil building, taking into account the specified engineering and
geological conditions.

4. A significant excess of the actual bearing capacity of the pile over the calculated
value indicates the need for further research into the performance in soils of different types,
namely to improve the accuracy of predicting the pile performance in specific soil
conditions.
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YIIK 624.131

HATYPHE BUITPOBYBAHHSA BYPOBOI BETOHHOI MIKPOIIAJII
3 PO3IIUPEHHAM Y IUCHHEPCHUX 'PYHTAX

Ouaexkcanap I'natok; Bosioaumup Kper

JIvgigcoKkuil HayioHanbHULL YHIGEpCUmen 6emepuHapHoi MeouyuHu
ma 6iomexnonoziii imeni C. 3. Iocuyvkozo, JIvsis, Ykpaina

Pe3tome. Haseoeno pesynomamu HamypHux eunpo0y8ars Oypo8oi MiKpONaii 3 HUMCHIM PO3UUDEHHAM,
G1AUIMOBAHOT 8 Medcax (QyHOameHmy 060noeepx08oi yusinoroi 6ydieni Ha mepumopii Jlvsiecvroi obaacmi.
Toxazano, wo 3acmocysanns pozutupenns oiamempom 350 mm y HUdICHIL yacmumi nani 0ae 3mMo2y Cymmeeo
niosuwumu it Hecyuy so0amuicms. IIpoeedeno iHdiceHepHO-2e0N02iuHe 0OCMENCeHHs OUISIHKU, 6 Medcax sKol
BUOLIEHO MPU THIHCEHEPHO-2C0NI02IUHI eNeMeHMmU, WO OXONII0IOMb CIAOKI 6000HACUYEHI CY2IUHKU MA CYNICKU.
Ompumano excnepumenmanvii Oaui npo nOGeOIHKY nai nio 0i€l CMamuyHo20 8MUCKYB8AIbHO0 HABAHMAICEHHS
0o 72 kH, wo matidce 606iui nepesuwuiye popaxynrkose nopmamusne 3navenns 38 kH. Bunpobysanis 6uKOHAHO
be3nocepedHbO 6 Medcax peanvbHo2O QyHOAMeHmy Cnopyou, wo 3abe3nequno O00CMOGIPHICMb | NPAKMUYHY
yinHicme ompumanux pesyromamie. Memoouka eunpobysanus nepedbauana noemanue NPUKIAOAHH
HABAHMAIICEHHA 3 O0OHOYACHOI DeECmpayicio 8epMuKAIbHUX Nnepemiuyenb 3a O0OHOMO20K BUCOKOMOUYHUX
sumiproganvhux npunadie. 3a  pesyrbmamamiu  URPOOY8AHHA  NOOYOOBAHO KPUBY  «HABAHMANCEHHA—
DO3BAHMAIICEHHA», WO MAE MUNOBULL XapaKmep 3i cmaodisimu no4amrosoi degpopmayii, cmadbinizo08aH020 0CiOAHH
ma npysicHo2o 6ionoenenns. Ilokazano, wo cucmema «nausi—0CHO8A» NpaylOe 6Oe3 O03HAK NPOSPeCYIOYUx
Ooeghopmayiil i deMOHCMPYE 3HAUHE NPYIICHE BIOHOGNEHHS RICHSL po3eanmadicents. Pospaxynox donycmumozo
HABAHMAJICEHHs 3 YPAXY8aHHAM Koeiyienma Haoiinocmi (y=1.2) 003601u6 6UHAUUMU QAKMUYHY HeCyuy
30amuicms nani na pieui 60 kH, wo na 57 % nepesuwgyc npoekmue 3Hauenus. 36i0cu 6UNIUBAE, WO KOHCPYKYIs
nani 3 HUMCHIM PO3UUPEHHAM € epeKmUsHOI0 Osl 3A0AHUX [HIICEHEPHO-2CONI02IYHUX YMO8 ma 3abe3neyye
Haoitnicms ynoamenmy 3a mewwux eumpam. Ompumani pesyiomamu niomeeporHCyIoms epexmueHicmo
3aCMOCY8anHs OYPOBUX MIKDONAL 13 HUNCHIM POSUWUPEHHAM Y MATON08EPX08OMY 0YOI6HUYMBI ma 8KA3VIOMb HA
HeO0OXiOHICMb YOOCKOHANICHHS YUHHUX MEMOOUK PO3PAXYHKY 3 YPAXYBAHHAM GNIUBY 2eOMempii OCHO8U naii HA it
Hecyuy 30amHicmb.

Knrwuosi cnosa: 6yposa mikponans, HamypHe unpoOyeanHs, Hecyya 30amHuicms, poboma MIKponaJi,
cmamuyte HA8AHMANCEHHS, HUNCHE POSUIUDEHHS.
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