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ABSTRACT

The main objective of this study is to understand the dynamic characteristic of pile foundations
subjected to machine-based vertical vibrations. To accomplish this objective, forced vibration field
tests are performed on hollow steel single and pile group to obtain the vertical responses of the
pile foundations. It is found from dynamic frequency-amplitude response curves that the resonant
frequencies are decreases and resonant amplitudes are not proportional when excitation forces are
increases which indicate the nonlinear characteristics of soil-pile systems. The values of resonant
frequencies are found higher and resonant amplitudes are found lower when the number of piles
is increased due to an increase in soil-pile stiffness. For theoretical study, the continuum approach
method is used to determine the analytical response curves of piles, and further, it is compared with
the field test results. To understand the behavior of pile group, the variations of group efficiency ratio
with varying frequencies are also predicted form the analysis.
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1. INTRODUCTION

In past few decades, the machine induced socioeconomic sector like hydro or nuclear power
industries, petrochemical, oil refineries, cement and steel industries has increased. In these machine
based industries, most often turbines, turbo generators, rotary compressors etc are used that produce
vibratory forces on surrounding area which demands more stable foundation system. Due to stability
requirement in the machine based foundation, the uses of piles are found easier and preferred solution.
The main concern involved in the analysis of pile under dynamic loading is to predict the nonlinear
soil-pile behavior and the impedance parameters (stiffness and damping) of soil-pile models. Now a
day, many research works are still going on in the field of pile dynamics. However, limited dynamic
field tests were performed on pile foundation under machine based vibrations. Number of analytical
methods has been developed for the prediction of dynamic response of pile foundations. To verify the
applicability and efficiency of these analytical methods, the experimental investigations are always

DOI: 10.4018/1JGEE.298989 *Corresponding Author

This article, originally published under IGI Global’s copyright on May 13, 2022 will proceed with publication as an Open Access article
starting on April 30, 2024 in the gold Open Access journal, International Journal of Geotechnical Earthquake Engineering (IJGEE) (con-
verted to gold Open Access January 1, 2023) and will be distributed under the terms of the Creative Commons Attribution License (http://
creativecommons.org/ licenses/by/4.0/) which permits unrestricted use, distribution, and production in any medium, provided the author of
the original work and original publication source are properly credited.

190



International Journal of Geotechnical Earthquake Engineering
Volume 13 « Issue 1

necessary. Last few years, various types of dynamic pile tests were performed. They differ primarily
according to the pile size, test medium, and technology. Field tests with full-scale piles were rarely
done in practice due to the difficulty of dealing with heavy machinery and cost involvement in the
test. However, the small-scale tests on model pile are a reasonably good option of checking the utility
and applicability for various available theoretical approaches.

The dynamic vibration tests were performed by El Sharnouby & Novak (1984), Burr et
al. (1997), Boominathan & Ayothiraman (2005), Bhowmik et al. (2016), and Elkasabgy & EI
Naggar (2018) on piles under machine induced excitations to study the nonlinear behavior of
soil-pile systems in terms of frequency-amplitude responses. Goit and Saitoh (2013) conducted
an experimental test on single fixed head floating piles with the help of a uniaxial shake table
and observed that the nonlinearity influences the response of the soil-pile system. Field and
laboratory tests are further carried out by some other researchers (Elkasabgy & EI Naggar,
2013; Sinha et al., 2015; Biswas & Manna, 2018 and Choudhary et al, 2020) who worked in
pile dynamics and performed dynamic field tests on piles and compared their results with the
nonlinear analytical curves obtained using a continuum approach. It was observed that the
analytical results provided a reasonable estimation of dynamic response curves as compared
to the field results under machine vibrations. The analytical investigation is also important to
predict and determine the necessary information of soil-pile under dynamic loading conditions.
Among all analytical methods, continuum approach is found most promising and widely used
method by many researchers due to inclusion of nonlinear function in terms of boundary zone
and soil-pile separation under dynamic loading. Novak & Aboul-Ella (1978a, 1978b) provided
an approximate analytical solution and improve continuum approach function to understand and
determine the impedance functions (stiffness and damping) of piles under layered soil media.
Novak & Mitwaly (1990) proposed a superposition method with use of dynamic interaction factor
concept to determine the response of pile groups for different modes of vibration. Further Saitoh
et al. (2016) proposed closed-form solutions based on the superposition method to determine
the impedance functions of inclined-pile groups in horizontal and rotational direction using pile
to pile interaction factors. Khalil et al (2020) investigated the soil-pile system under dynamic
conditions and found that the Novak’s approach yields similar trends to those obtained from
the finite element model under vertical harmonic loading. From the results it was also observed
that the loading frequency has a great impact on the dynamic impedance parameters and the
induced amplitudes.

From the literature review, it is concluded that the response of pile foundation resulting
from dynamic excitation is a complex phenomenon involving complex soil-pile interaction.
Also, limited research and guidelines are available in the area of pile foundation subjected
to machine induced vibration. It is also observed that the input soil parameters in terms of
boundary zone are responsible for the nonlinear dynamic response of pile foundation when the
nature of harmonic vibrations is in an axial or lateral direction, which has not been thoroughly
investigated. Therefore, in this study, four different soil-pile setups (single pile, 3-pile group,
2 x 2 and 2 X 3-pile group) are used to investigate the dynamic behavior of soil-pile systems.
The objective of the present study is to understand the rotating machines induced dynamic
characteristics of pile foundations subjected to vertical excitations and to measure the boundary
zone parameters around the pile and soil-pile separation lengths, which are the unique findings
of this investigation. These studies include field tests as well as theoretical analysis. In the
theoretical analysis, the dynamic influencing parameters (i.e., the boundary zone around the
pile and soil-pile separation) responsible for the nonlinear response of soil-pile systems are
thoroughly investigated under different intensities of forces. The machine induced dynamic
pile-soil-pile interaction behavior of different soil-pile models is also investigated in terms
of stiffness, damping, and group efficiency ratio (GER) with varying frequencies, which is a
new addition in the domain of pile dynamics.

191



15 more pages are available in the full version of this
document, which may be purchased using the "Add to Cart"
button on the publisher's webpage: www.igi-
global.com/article/machine-induced-vertical-responses-of-

single-and-pile-groups/298989

Related Content

Fish Stock Indicators as Measure for Sustainability: Black Sea Sprat Case
Violin S. Raykovand Ivelina Zlateva (2015). Progressive Engineering Practices in
Marine Resource Management (pp. 118-182).
www.irma-international.org/chapter/fish-stock-indicators-as-measure-for-sustainability/129552

Benefits of Probabilistic Soil-Foundation-Structure Interaction Analysis
Zamila Harichane, Mohamed Elhebib Guelliland Hamid Gadouri (2018). International
Journal of Geotechnical Earthquake Engineering (pp. 42-64).
www.irma-international.org/article/benefits-of-probabilistic-soil-foundation-structure-interaction-
analysis/201133

Dynamic Characterization and Site Response Studies for an Offshore Site
Based on Detailed Geotechnical Tests

T. G. Sitharam, Naveen Jamesand Monalisha Nayak (2015). International Journal of
Geotechnical Earthquake Engineering (pp. 50-80).
www.irma-international.org/article/dynamic-characterization-and-site-response-studies-for-an-

offshore-site-based-on-detailed-geotechnical-tests/134043

Mapping Heat Exposure of Pedestrian Density Around Metro Stations Using
Artificial Intelligence: Ramses Square, Cairo, Egypt

Shereen Wael, Abeer Elshaterand Samy M. Z. Afifi (2022). Remapping Urban Heat
Island Atlases in Regenerative Cities (pp. 187-207).

www.irma-international.org/chapter/mapping-heat-exposure-of-pedestrian-density-around-metro-

stations-using-artificial-intelligence/304994

Estimation of Vs30 Bounds From Limited Soil Data Considering Uncertainty:
A Practical Approach

Saha Dauiji (2022). International Journal of Geotechnical Earthquake Engineering (pp.
1-20).
www.irma-international.org/article/estimation-of-vs30-bounds-from-limited-soil-data-considering-
uncertainty/303588



http://www.igi-global.com/article/machine-induced-vertical-responses-of-single-and-pile-groups/298989
http://www.igi-global.com/article/machine-induced-vertical-responses-of-single-and-pile-groups/298989
http://www.igi-global.com/article/machine-induced-vertical-responses-of-single-and-pile-groups/298989
http://www.irma-international.org/chapter/fish-stock-indicators-as-measure-for-sustainability/129552
http://www.irma-international.org/article/benefits-of-probabilistic-soil-foundation-structure-interaction-analysis/201133
http://www.irma-international.org/article/benefits-of-probabilistic-soil-foundation-structure-interaction-analysis/201133
http://www.irma-international.org/article/dynamic-characterization-and-site-response-studies-for-an-offshore-site-based-on-detailed-geotechnical-tests/134043
http://www.irma-international.org/article/dynamic-characterization-and-site-response-studies-for-an-offshore-site-based-on-detailed-geotechnical-tests/134043
http://www.irma-international.org/chapter/mapping-heat-exposure-of-pedestrian-density-around-metro-stations-using-artificial-intelligence/304994
http://www.irma-international.org/chapter/mapping-heat-exposure-of-pedestrian-density-around-metro-stations-using-artificial-intelligence/304994
http://www.irma-international.org/article/estimation-of-vs30-bounds-from-limited-soil-data-considering-uncertainty/303588
http://www.irma-international.org/article/estimation-of-vs30-bounds-from-limited-soil-data-considering-uncertainty/303588

