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Vibrational diagnostics and physical modeling of subgrade at the railway

line nearby White Sea for deregulation of train speed limit

EVGENY S ASHPIZ, ANDREY A ZAYTSEV
(Moscow State University of Railway Engineering of Emperor Nicholas 1 ,
Moscow 127994, Moscow, Russia)

Abstract; The complex researches were carried out at the Russian North Railways on the routes of
freight traffic, in direction of the embankments on weak (peaty and clayed) foundation. These
complex researches included vibration diagnostics for prototypes, physical modeling, calculation of
the deforming embankments and the variants of its reinforcing. Evaluation of efficiency of
reinforcing of the peat foundation by wooden piles was provided by the centrifuge modeling. The
results were compared with modeling embankments without reinforcing. Embankments on
Obozerskaya-Malenga Line (northern part of Russia, Arhangelsk and Murmansk region) were
taken as a prototype of the embankments. In MIIT ( Moscow State Railway University)., the
numerical calculation methods of foundation stability, elastic settlement and final settlement are
applied, and the influencing factors and coefficients of stability were determined by using special
software. The results show that failure of embankments modeling without reinforcement in view of
the bearing capacity which realized in the reduction of the embankment top, and displacements of
the surcharge which fixed to the right side of the models. According to the base uplift of the
foundation peat (for each side of the embankment model), the deformation tends to approach the
slope of the embankment model, in which case the maximum settlement exceeds 15 mm. The
further activities on the embankment: for the embankments where the unstable state is recorded on
the basis of the main criterion, it is recommended to conduct a detailed survey and to make a
project of reinforcing of the subgrade. 6 figs, 7 refs.
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0 Introduction

At present time, the introduction of high
speed train traffic is taking a part on Russian rail-
ways, especially in part of European countries
(trunk line between Sankt Petersburg and Mos-
cow , realized projects of the high speed moving be-
tween capital and Kazan). In this connection, the
routes of freight traffic are changed, especially on
Northern West of Russia and in connection of the
development of the perspective project with state

( BELCOMUR )—railway

transport system between Ports Murmansk, Ust’-

and non-state capital

Luga, Arhangelsk and North-Ural part of Russia.

On the Line from Moscow to Obozerskaya and
then to the Port Murmansk, freight moving was
established with freight train weight more than
6 400 t(Fig. 1).

lines with embankments on weak foundation (peat

The load from freight trains on
foundations) increased'”). The main problems were
caused on the Oboserskaya-Malenga Line near by
White Sea and were indicated in Fig. 1. The main
objective of this research was analysed on efficiency
of the decisions applied to stabilization of the em-
bankments. Now in this field, technology engineers
The first method is the

stabilization of the embankment foundation by

have two main methods.

Sevstroyinvest technology!®

The second method is the stabilization by using

concrete piles—Rittransstroy technology. First
technology provided the aim for the physical modeling.
The physical centrifuge modeling was used to save ma-
terials, which is one of the main prototype characteris-

tics and was divided into two stages.
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Fig.1 Obozerskaya-Malenga Railway section
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The modeling on the first stage was provided
for prototype embankment without reinforcing.
The modeling on the second stage was provided for
the embankments with the construction of reinfor-
cing by wooden pilest’. In prototype dimensions,
wooden piles are 6.5 m in length and 0.3 m in di-
ameter. In the upper part, piles were connected
with frame construction. Surface of the pile construc-

tion was covered by sand filler at the berm form.

1 Physical modeling of embankments

The preparing of the model was divided into
several phases: preparing and laying of the sandy
clay and placing of the peat monoliths box; com-
pression of peat foundation in g (g is gravitational
acceleration) in zone of embankment model; pla-
cing of the embankment model for lower and upper
parts of embankment model (Fig. 2). For preparing
of the model foundation, special monolith of the peat
was taken with dimensions 0.5 m><0.5 mX0.5 m.

It is typical that the prototype embankment
was placed on the sandy clay with plasticity 6%
and moisture content 15%. Requirements for pre-
paring of this artificially created soil were in pro-

sand is 56 % and loam is 44% (for this

portion;
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Fig.2 Creation of pumping peat foundation and
embankment model (from sandy clay)
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soils w,=16.8%, wp=10.8%, w=14% and I, =
0.53. Where wy is liquid limit; wp is plastic limit; w
is natural moisture content; I is liquidity index).

The second phase for creation of the model:
compaction of the peat. The peat foundation of the
model was preliminarily compacted for the creation
of adequate state to prototype state (Fig. 2).

The hand pumping was provided before foun-
dation settlements 12 mm. Then on the upper part
of foundation, metal duralumin sheet was placed,
under this sheet placed geotextile for organizing fil-
tration way at compaction process. The metal
sheet was applied of the static load at 51 kg (the
compaction at first 4 h up to 35 mm). As a result,
the maximum static load increased to 77 kg, and
the settlements of the foundation were up to
54 mm after 96 h of compaction. The average value
of the moisture content of the peat foundation at
the top was reduced to 700 %,

The final stage for model preparing was crea-
tion of the lower and upper parts of embankment.
Failures and settlements of the embankment model
were found in the result of centrifuge modeling un-
der static load, presented in Fig. 3. Before model-
ing, the square of embankments was about 322. 0 cm®
and after modeling, this square was increased to
366.3 cm”’. The perimeter of embankment model
was increased from 827 to 998 mm. This facts
ware defined that the process of the soil failing
(anti-compaction ) in embankment model was
happened.

Failure is caused by the reduction of the bear-

ing capacity at the top of the embankment and the

—]1
2 Square 322.0 cm’

Perimeter 827 mm

(a) Perimeter of embankments before modeling

Square 366.3 cm’
Perimeter 998 mm

(b) Perimeter of embankments after modeling

Fig.3 Perimeters of embankments before and after modeling
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displacement of the surcharge fixed on the right
side of the models. The slopes of embankment
model was given to ore gently form: left slope be-
fore modeling 1 ¢ 2 and after modeling 1 ¢ 4; right
slope before modeling 1 ¢ 1. 5 and after modelling
1: 4.5, The measurements of the deformations of
the top surface of the model are shown that the
maximum settlement under loading is 60 mm with
displacement to the right side. Deformation has
tendency to change of the sign close to the toe of
embankment model in view of the foundation uplift
of foundation peat (for each side of embankment
model), the maximum settlement in this case is up

to 17 mm.

Providing modeling shows that the prototype
was needed as the model at the reinforcing of the
foundation. Modeling of the embankments without
reinforcing presented the results that failure is
caused by reduction of bearing capacity at the top
of the embankment, and the displacement of the
surcharge fixed on the right side of the models.
The slopes of embankment model were given to ore
gently forms. The measurements of the deforma-
tions of top surface of the model show that the
maximum settlement under loading is 60 mm with
displacement to the right side. Deformation has a
tendency to change of the sign close to toe of em-
bankment model, in view of foundation uplift of
foundation peat (for each side of embankment
model), the maximum settlement in this case is

more than 15 mm. Providing modeling shows that
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the prototype was needed as the model at the rein-
forcing of the foundation.

The physical modeling was providing with
construction from wooden piles for prototype
scale: diameter of the piles was 6. 5 m (joined in
the top) with small berms from the sand”’, which
was performed in two series of experiments, for
two rows of the piles and for four rows of the
piles. This paper will present the data of this cen-
trifuge tests and some results of field tests of the
constructions for better analyzing efficiency of this

technical decisions.

2 Vibrational diagnostics of railway

embankments on weak foundation

The volume of railway embankments which
were constricted and now at the exploitation are
the potentially unstable embankments. The settle-
ments occur on many of these embankments and
this situation lead to train speed limitation. For
some cases, large deformations of the embank-
ments demand to closure of the train traffic, and
the restoration in short time of the embankment
workability. In accordance to this, monitoring of
such embankments remains the crucial task.

At present time, the main practical methods
of monitoring (survey) used for the embankments
on weak foundations are geotechnical (drilling and
grinding) and other geophysical ones (seismic ex-
ploration, electrical tomography, georadar, elecro-
dynamic sounding) allow to find out weak spots.
Additionally, methods of loading tests are applied
to monitor potential dangerous sections on the
above mentioned embankments.

The application of such methods to the
Russian railways were carried out according to the
standard designed for monitoring investigations of
the permanent way facilities under regular service
and approved by the Department of Track and Fa-
cilities JSC “RZD” in 2006 (Technological Regula-
tions 2006).

Analysis on the methods of monitoring shows

that all of them undergoing monitoring is not under
the load from really passing trains, and the appli-
cation of the vibration method is considered to be
promising, when the monitoring of embankment is
carried out directly under the load from passing

183 This method allows to fix soil vibrations

trains
of the embankment and of the subgrade with the
help of seismic station when a train passes and the
parameters, which should differ significantly if
there are weak spots in soil mass.

The application of vibration method for monito-
ring the permanent way was proposed by Konshin™™.

The application of the vibration method for
monitoring is currently constrained by the lack of
distinctive characteristics obtained on specific
sites. It shows the difference in parameters of vi-
bration of passing rolling stock for stable embank-
ments, which become weak under influence of the
potentially dangerous objects. MIIT together with
LLC “LogiS” conducted the research for the meth-
odology of the usage of vibration method for em-
bankments on weak subgrade. To test this meth-
od, full-scale vibration measurement of embank-
ments on weak subgrades was carried out on the
facilities of Obozerskaya-Malenga Section of the
North Railway (Fig. 4).

They selected only 25 embankments on weak
foundations (peat marshes) possessing various de-
sign parameters. Some of these facilities were de-
forming embankments, and others were rein-
forced. Besides, the measurements of deforming
facilities were done in the sections with deforma-
tions and in the control section on stable lines. The
scheme of installation of transducers is shown in
Fig. 5.

For vibration monitoring, the computer appli-
ance includes a seismic station, velocity-meters
(special geophones), a power supply, a set of ca-
bles, a computer, software to operate the seismic
station to transform and store transducer informa-
tion. The equipment on the basis of RSS “Delta-

03” was used as a seismic station. Specialgeophon-

es SPV-3K and ordinary geophones were used.
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Fig. 4 Examples of stable and unstable embankments
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Fig. 5 Transducers installation scheme
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The procedure of carrying out the vibration
monitoring of embankments on weak foundation
was as follows: preparatory work and field work of

soil vibrations; office processing of measurement

computer; the activation and checkout of the meas-
urement equipment and the computer; recording of
soil vibrations in the embankment while the select-
ed trains were passing and initial inspection of con-
ditionality of measurements; dismantling of the
transducers, the equipment and the transition to
other section in accordance with the program.

On processing the data, obtained at the first
stage of the research for the embankments on weak
foundations, the frequency range of train recording

was determined from 0.5 to 100 Hz. The charac-
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teristic feature of the vibrating field of embank-
ments on weak subgrades is the presence of high
values of spectral amplitudes in the range from 0. 5
to 100 Hz (Fig. 6). The maximum values of vibra-
tion velocity recorded by the transducer on the
edge of the embankment, may reach values of 70 to
80 mm/s. The use of a three-component recording
allows to determine the value of the full vector of
vibration velocity and the ratio between horizontal
and vertical components of vibrations.

The characteristic feature of vibration field is
also the presence of vertical and horizontal compo-
nents of the sound particle velocity comparable to
amplitude and the presence of long-wavelength
component in vibrations. The latter circumstance
makes it advisable to use periodogram methods,
for the spectral evaluation of the recorded signals
and the evaluation of random processes. In particu-
lar, the usage of non-parametric Welch method and
parametric MUSIC (multiple signal classification)
method were used. The stable embankment is
characterized by the following characteristics of the
vibration process: low amplitudes of the vibrations
on the edge of the embankment as well as in other
parts of the slope; smooth damping of vibration
amplitudes from the edge down along the embank-
ment slope according to the law close to the expo-
nent; increase of the coefficient of attenuation; flat
spectrum of the vibration process with the predom-
inance of the maximum amplitudes of higher fre-
quencies (Fig. 6). Vertical component of the vibra-
tions and its estimation by Welch spectrum method
load the same train. Hemming wind is 4 096.

According to the results of the research, the
following criteria are accepted as the criteria for vi-
bration monitoring of the embankments on weak
subgrades: the amplitude of vibration velocity 0 to
20 mm/s with the frequency range of 0.1 to 20 Hz;
the amplitude of vibration velocity 20 to 60 mm/s com-
ply with the frequency range of 20 to 60 Hz (Fig. 6).

The coefficient of vibration attenuation along-
side the embankment slope is determined by every
direction of the vibration recording. Due to the vi-

bration monitoring results, all the monitoring em-
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Fig. 6 Amplitude Fourier spectrum for vibration
realization on the top of embankment
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bankments on weak subgrades are classified into
three categories: stable; relatively stable; unsta-
ble. The evaluation is made separately for every
slope (single-track or multi-track lines), for every
measuring section and for every group of similar
trains. At the same time, the evaluation is referred
to the whole embankment if the evaluating state of
two slopes coincides. If the evaluation of slopes
does not coincide, each side of the slope and each
track of the multi-track embankment should be

evaluated.
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The evaluation is based on the main criterion
(the amplitude of the vibration velocity on the edge
of the embankment). If the evaluation differs due
to various criteria, then the state is also mentioned
with additional criteria.

According to the results of vibration monito-
ring, the decision is made up about the further ac-
tivities on the embankment; for the embankments
where the unstable state is recorded on the basis of
the main criterion, it is recommended to conduct a
detailed survey and to make a project on reinfor-
cing the subgrade; however, the embankments of
the top priority are those, where an unstable state
is detected with all criteria; where a relatively sta-
ble state is fixed with the main criterion or an un-
stable state is fixed with additional criteria, it is
recommended to begin monitoring the facility state
and to plan the reinforcement of the subgrade; mo-
nitoring is carried out according to the require-
ments of the process procedure for the potential
dangerous facilities; embankments in a stable state
or in a relatively stable state on the basis of addi-
tional criteria can be used under conventional oper-

ation conditions.

3 Conclusions

(1) The complex researches were provided at
the Russian North Railways on the routes of
freight traffic in the direction of embankments on
weak (peaty and clayed) foundation for the deregu-
lation of train speed limit. The physical centrifuge
modeling of the embankments without reinforcing
presented the results that failure was caused by the
reduction of bearing capacity at the top of embank-
ment and the displacement of surcharge fixed on
the right side of the models. Deformation has tend-
ency to change of the sign close to the toe of em-
bankment model in view of the foundation uplift of
foundation peat (for each side of embankment
model), the maximum settlement in this case is

more than 15 mm. In MIIT, the analysis on the

methods of numerical calculation of foundation sta-
bility, elastic settlements, final settlements were
used, and the factor and coefficient of stability are
determined by using of the special software.

(2) According to the results of vibration moni-
toring of the prototypes, the decision is made up
about the further activities on the embankment.
For the embankments where the unstable state is
recorded on the basis of the main criterion, it is
recommended to conduct a detailed survey and to

make a project on reinforcing the subgrade.
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