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Abstract. High-speed rail (HSR) systems provide numerous bene ts, including reduced travel time, increased transport capacity, and lowel
environmental impact compared to conventional rail networks. Recent experience in Poland has con rmed that the design of high-speed ra
lines requires the development of new, dedicated structural solutions. One such example is the need to assess the load-bearing capacity of
column-to-foundation connection, which in Poland is designed as a connection with a spacing between the column base plate and the top p.
of the pile foundation an uncommon solution in HSR applications. The study included the development of a fatigue damage spectrum in the
high-cycle range, taking into account stress variability caused by pressure uctuations from passing trains. The results establish a relationsh
between the number of load cycles and pressure values, enabling a simpli ed estimation of the fatigue strength of the examined connection. Wir
e ects are in uenced by several factors, including train speed, aerodynamic shape, and the angle of load application. The study highlights th
sensitivity of the system to boundary conditions and recommends design improvements to enhance fatigue resistance. The novelty of the wc
lies in identifying critical failure modes speci ¢ to distance-type connections and emphasizing the need for full-scale experimental validation in

the context of HSR development in Poland.
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1. INTRODUCTION

relieves road and air infrastructure, connects di erent regions

High-speed rail (HSR) (Figl) is currently one of the fastest- of the country, and reduces travel costs. HSR is one of the safest
growing sectors of infrastructure. It is particularly important foand most cost-e ective means of transportation. Railway infras-
society as it can signi cantly improve travel comfort, reducdructure is also considered critical, playing a fundamental role
journey times between cities, and contribute to lowering, COfor the country in both civilian and military aspects. Therefore,
emissions. Enhancing the reliability and quality of rail transporensuring its reliability requires continuous nancial investment

Fig. 1. HSR Shinkansen bullet train in Japan
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not only in the maintenance of the existing railway network but
also in its systematic expansion, with particular emphasis on the
development of HSR. In this process, special attention must be
paid to the durability of components that are already in service.
Existing traction poles, for example, require regular assessment
of their technical condition and appropriate maintenance mea-
sures to ensure guarantee safe and long-term operation [1]. At
the same time, when entirely new HSR lines are designed, the
challenge shifts from maintaining existing infrastructure to cre-
ating optimized solutions. This requires the use of advanced
computational methods supported by researcB][2yhich re-

sults in the optimization of both the structural elements and
their foundations. Apart from economic and social considera-
tions, one of the important technical barriers to implementing
HSR solutions for the rst time in a speci ¢ country is the lack

of structural solutions that ensure the safe and durable operation
of the railway line.

HSR refers to lines that enable speeds of 250 km/h or higher
on newly constructed tracks (and above 200 km/h on modern-
ized tracks), along with rolling stock that meets these require-
ments [4].
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