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This study aims to develop an inspection method of a structural health of the existing railway
retaining walls (RRW) in the conditions of natural and technogenic dynamic loadings. Local
seismological station registers nearly 110-130 seismic events per year. 70-80% of the above events
occurs within 100 km radius and are of 2-4 earthquake intensity. Applicability of the nondestructive
methods for the evaluation of structural health of existing retaining wall is examined by conducting a
large number of the nondestructive tests on retaining walls at the site. It was found from the series of
experimental test that the vibration tests were effective in evaluating the characteristics of dynamic
properties of the retaining walls, which were affected by structural health of the retaining walls.
Nondestructive evaluation of the reinforced concrete RRW has been measured with high accuracy the
natural frequency and it is used for the evaluation of the structural health of the retaining walls. This
method was based on the knowledge that the natural frequency of the RRW decreased with the
damage of the structures and increased with the reinforcement. Natural frequency of the RRW is
evaluated by carrying out a spectrum analysis using measured free vibration, which is recorded by
velocity sensors. Free vibration was induced by transport movement or natural seismic activity in the
foothills of the Carpathians. Based on the site test, it was found that the percussion test and vibration
test using the spectrum as an index could be applicable for the condition rating of existing RRW.
Assessment of failure probability of the RRW is doing in different conditions in different diagnostic
stages and on basis of limited information need for accept of administrative decision: “to continue
building operation or not”. This result indicated that the small-scale vibration tests could be applicable
to evaluate the structural health of the existing Ukrainian retaining structures (RRW). Registered
vibrate-acceleration maximum amplitude of the RRW under the influence of micro-seismic vibrations
and moving trains does not exceed 0.0025m/c2 along the X axis and 0,008 m/c2 along the Z axis. The
strength of concrete conforms to the class B25. The results of calculations show the corresponding
natural frequency oscillations - 9.46 Hz. The difference with the experimentally registered frequency
is 1.46 Hz, what corresponds to the deviation of ~ 18%.
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Introduction

For last 20-30 years, the speed of movement on the railways was increased to 500-600 km/h. This
requires a high level of reliability of all elements of the chain “locomotive - train - railways - protecting
reinforced concrete structures (retaining walls, in particular)”. Retaining walls are under constant
dynamic impact of anthropogenic and natural factors (seismic loads). Chernivtsi region is the smallest
among 25 regions of Ukraine (its area is 1,3% of the whole territory of the country). Nevertheless, the
landslides are significant there. There are approximately 1600 landslide sites. That is more than 9% of
the territory (the highest factor in Ukraine). Landslides occupy more than 1500 ha of Chernivtsi city that
is 10% of the city area. Local seismological station registers nearly 110-130 seismic events per year. 70-
80% of the above events occurs within 100 km radius and are of 2-4 earthquake intensity.

For the proper management of the railway structures, it is important to detect deformations of the
structures at an early stage. Once deformations are observed, continuous observations and retrofitting
works are also important. A visual inspection is still conducted to evaluate a structural health of the
existing retaining walls and the result of the visual inspection is highly dependent on the subjective
judgment of an inspector. The aim of the paper is to develop a nondestructive inspection method for the
condition rating of the existing railway retaining walls (RRW) (ASTM Standards), (Kaliukh, 2018,
2019, 2020), (Hlukhovskyi, 2007), (Kim, 2006), (Ishchenko, 2009, 2015), (Liao, 1994), (Sansalone,
1977). RRW deformations can be divided into two main groups (Nakajima,2013): 1) wall geometry
destabilization deformations. 1) aging and destruction deformations. Angular deformations and
settlements of RRW, protrusion of its elements, disconnections and movements in the place of joints
because of external shocks and lateral stresses can be classified as wall geometry destabilization
deformations and referred to the first group. Peeling of concrete and stoppage of drain pipes can be
classified as aging and destruction deformations and referred to the second group. Cyclic loads caused
by moving train, increase of static lateral ground stresses caused by dirt fill construction, dynamic
stresses in the ground caused by regular vibration effects during the train passage and regular seismic
effects, and also pore water stresses caused by ground water level rise in the dirt fill - all these factors
are sources of external loads and effects which lead to first group wall geometry destabilization
deformations. RRW aging and destruction deformations are caused by regular cyclical changes of warm
and cold periods of the year during their long-term operation. RRW geometry destabilization
deformations can occur as secondary factors at deformations of dirt fill and decrease of its bearing
capacity. Therefore, determination of RRW deformations and operational organization and performance
of repair works at an early stage of RRW deformations of both the first and second types are very
important. Both our and foreign, especially Japanese construction engineers, say that till now relevant
methodology and applied methods based on nondestructive inspection for high-performance diagnosis
of RRW technical state Nakajima (2013) are not developed, there are no applied mathematical models
of RRW allowing to assess quickly their stress-strained state and offer the best engineering solutions to
prolong the RRW operation period or perform the repair works in conjunction with experimental data.

Experimental study

The retaining wall of the landslide protection structure at the railroad haul of Zavalie-Nepolokivtsy of
Chernovtsy distance of Lvov railway was designed to support the dirt fill of the railway foundation. The
retaining wall supports the dirt fill of the railway foundation due to the cross-section which is similar in
shape to the rectangular trapezoid with the upper base length of 4.5 m and bottom base length of 1.5 m and
height of 5 m. On the dirt fill there is a foundation for one-track railway line (Fig. 1). Adjacent territory at
the retaining wall is shown in Fig. 2. Structurally retaining wall is assembled of separate similar elements
“buried wall” with the width of 1,30 m mounted on the foundation with the pile ground beam (see Fig. 2).
Microseismic ground vibrations occur constantly (Vrancea zone) and have variable character both by
direction and intensity. Effects of moving trains on the dirt foundation of the railway track and landslide
protection structures are irregular. The visual observations showed that the speed of passenger trains
movement on the area near the landslide protection structures does not exceed 50 - 60 km/h.

The following schemes of vibration pickups placement were realized:
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Figure 1 Scheme of the retaining wall Figure 2 General view of the retaining wall with the
at the railroad haul of Zavalie-Nepolo- building development

kivtsy

Scheme 1. Placement of pickups at the top of RRW at points 1, 2 and 3 to measure the horizontal
vibration accelerations in the direction of X axis.

Scheme 2. Placement of pickups at the top of RRW at points 1, 2 and 3 to measure the vertical
vibration accelerations in the direction of Z axis. Some experimental results are presented in Fig. 3.
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Figure 3 Graphic of horizontal vibration accelerations of the retaining wall along the X axis at point 2 at
microseismic vibrations and train passage. Vertical axe is signal amplitude; horizontal axe is time (m, €)

Mathematical modelling

The graphic model was developed for RRW in LIRA 9.6 software and calculation complex
(Ginzburg, 1987). 8 variants of loads were taken: dead weight of reinforced concrete structures; dead
weight of ground on the left edge of the horizontal area of the retaining wall was equal to 31.05
xH/m?; dead weight of ground on the left edge of the ground beam was equal to 12.42 xH/m?; dead
weight of ground and load caused by the vehicle on the right edge of the horizontal area of the
retaining wall was equal to 191.8 kH/m? active ground load on the wall (to the right) taking into
account the vehicle weight was equal to o2'= 26.5 kH/M?%, 62 = 59.4 xH/m?; ground load on the wall (to
the left) was equal to 62'= 0 kH/M?, 62 = 12 kH/m?; snow load for Chernovtsy region was equal to P =
1.534 xH/m?; seismic effect of 7 points was equal to a = 0.1, K1 = 0.25, K, =05, Ks =1, K, = 1
(Ukraine Building Code, 2009). Some results of dynamic calculation of “ground base — pile
foundation — RRW structure” system for vibration and seismic effects are given in Fig. 4. Results of
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measurements show that period of natural vibrations by the first form is equal to 0,157 c; relevant
natural vibrations frequency is equal to 9,46 Hz.
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Figure 4 lzofields of horizontal movements of the retaining wall along the X axis at seismic loads acting at a
right angle to the railroad bed
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Conclusions

1. Experimentally registered maximal amplitude of transverse vibrations along the X axis is observed
at the frequency of 8 Hz. Difference with calculated vibrations frequency is 1,46 Hz, what
corresponds to inclination of ~ 18%. It is known that decrease of natural structure vibrations
frequency indicates the presence of damages in the structure and its increase indicates its
strengthening and result of the repair works. It should be noted that calculation model is accurate and
cracks in RRW are found during the inspections.

2. In accordance with the results of mathematical modelling and experimental studies the following
relevant recommendations are given: to decrease the horizontal displacement of RRW top caused by
seismic effects it is advisable to increase the height of ground fill on the left side of the retaining wall;
it is necessary to continue to monitor the RRW state, and if the tendency to decrease its natural
vibrations frequency is observed, it is necessary to perform repair works followed by vibration
diagnosis of their qualities.
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