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Abstract: Lateral track resistance is essential for assessing rail
track stability and the operational safety of railway lines. This
contribution addresses the experimental investigation of lateral
track resistance on railway bridges subjected to dynamic loads.
The experiments are carried out using a large-scale test facility,
replicating a representative section of a railway bridge at a scale
of 1:1, thus enabling a targeted and isolated observation of the
ballast superstructure's behaviour. The investigations aim to
identify the influence of vertical vibrations on lateral track resist-
ance, both for unloaded and vertically loaded track. Based on the
experiments, load-dependent acceleration limits are identified,
above which a significant reduction in lateral track resistance
occurs. Furthermore, experimental lateral load-displacement
curves depending on the vertical load and acceleration level are
generated for determining lateral track stiffness. The results
comprise the identified limit values for vertical accelerations and
the acceleration-dependent lateral track resistances, which can
be applied for condition assessment of railway bridgesin the con-
text of dynamic assessment.

Keywords: ballasted track, condition assessment, experiments,
lateral track-bridge interaction, railway bridges.

Streszczenie: Opor boczny toru kolejowego jest podstawowym
parametrem niezbednym do oceny warunkoéw utraty stateczno-
Sci i bezpieczenstwa podczas eksploatacji nawierzchni kolejo-
wej. W artykule przedstawiono wyniki badan eksperymentalnych
stuzace do oceny sity oporu bocznego toru na mostach kolejo-
wych poddanych obcigzeniom dynamicznym. Badania przepro-
wadzano na petnowymiarowym obiekcie testowym, bedgcym
modelem fragmentu mostu kolejowego w skali 1:1, co umozliwito
obserwacje warstwy podsypki ttuczniowej wyodrebnionej z kon-
strukcji nawierzchni kolejowej. Badania miaty na celu okreslenie
wptywu drgan poprzecznych na graniczng wartosc sity oporu
bocznego toru - w warunkach bez obcigzenia oraz w przypadku
wystepujgcego obcigzenia pionowego. Na podstawie przepro-
wadzonych eksperymentéw wyznaczono graniczne wartosci
przyspieszenia, powyzej ktérych nastepuje znaczaca redukcja
sity oporu bocznego toru. W artykule zamieszczono takze - wy-
znaczone eksperymentalnie - krzywe obcigzenia poprzecznego
w funkcji przemieszczenia, w zaleznosci od rodzaju obcigzenia
pionowego i wartosci przyspieszenia. Uzyskane w wyniku badan
graniczne wartos$ci przyspieszenia poprzecznego oraz zalezne
od przyspieszenia - graniczne wartosci sity oporu bocznego toru
mozna wykorzysta¢ do oceny stanu mostow kolejowych pod ka-
temich wytrzymatosci na obcigzenia dynamiczne.

Stowa kluczowe: eksperymentalna ocena stanu nawierzchni to-
rowej, mosty kolejowe, nawierzchnia torowa na podsypce ttucz-
niowej, oddziatywanie poprzeczne toruz mostem.
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1. INTRODUCTION

Dynamic assessment of railway bridges is essential for
ensuring the compatibility between bridges and rolling
stock. Most importantly, the acceleration limits for bridge
vibrations due to train passage must be met to ensure op-
erational safety. Furthermore, knowledge of the impact of
dynamic excitations on the condition of the ballast super-
structure is of essential importance in order to assess the
stability of the track during operation.

To ensure serviceability under dynamic excitation,
EN 1990/A1 [1] specifies the maximum permissible verti-
cal acceleration of 3.5 m/s? for newly-constructed railway
bridges with ballast superstructures. At a national level in
Austria, a higher limit value of 6.0 m/s? is allowed for ex-
isting bridges according to standard B 4008-2 [2]. The re-
striction of the permissible limit accelerations is based on
investigations on the track stability under vertical loading
[3] and primarily ensures the superstructure’s structural
stability under dynamic excitation during operation.

Dynamic calculations of railway bridges for predicting
bridge vibrations due to train crossings are mainly focused
on vertical vibrations of the supporting structure and ver-
tical interaction between track and supporting structure,
see e.g. [4-7]. This contribution deals with experimental
investigations of lateral track-bridge interaction, particu-
larly the lateral track resistance (resistance transverse to
the track axis) on bridges. The subject of the presented re-
search is the manner in which the vertical vibration state,
i.e. vertical accelerations of the structure due to dynamic
excitation, affects the lateral track resistance (Fig. 1).

embankment bridge embankment
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Lateral track resistance is a key indicator for assessing
track stability, where excessive stresses due to tempera-
tures (longitudinal rail stresses) as well as stresses due to
horizontal loads from the vehicle (load transverse to the
track axis), can lead to distortions [8-11]. The risk of loss
of stability is particularly significant in curved tracks.

Lateral track resistance depends on several factors, in-
cluding the used ballast, the type of sleeper, base friction
between the sleepers and ballast bed, contribution of the
shoulder, rail pads, and particularly the compaction con-
dition of the ballast bed. According to [10], 45%-50% of
lateral displacement resistance is provided by base fric-
tion, 35%-40% by the shoulder and 10%-15% by friction
between sleeper flanks and ballast bed. Similar percent-
age breakdowns are also given in [12].

The dependence of lateral track resistance on several fac-
tors also causes a considerable scatter in the values of spe-
cific resistance indicators. Experimental measurements of
lateral track resistance usually refer to the resistance of
one single sleeper, with measurements being carried out
in the open track [10, 13-14]. To define the experimental-
ly determined lateral track resistance based on generated
force-displacement curves, the force associated with the
displacement of 2.0 mm is usually used for specifying
a concrete value. Fig. 2 shows two possible definitions
of lateral track resistance. According to Fig. 2a, the force
value at 2.0 mm is used as the resistance; according to
Fig. 2b, the elastic part of the deformation is considered,
which can be considered in combination with correspond-
ing release [10]. In the investigations presented in this ar-
ticle, the value P, , (2.0 mm) according to Fig. 2a is used
as the definition for the lateral track resistance (see sec-
tion 3.2).

displacement behaviour of lateral track-bridge interaction
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Fig. 1. Lateral track-bridge interaction in dynamically excited railway bridges with ballast superstructure
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Fig. 2. Determination of lateral track resistance from experiments

The values given in the literature for the resistance P,
(2.0 mm) are between 3 kN and 47 kN [10, 13-18] de-
pending on the geometric boundary conditions, ballast
material and load condition (unloaded vs vertically loaded
track) and therefore vary considerably. According to [10],
a resistance P, , (2.0 mm) of 5-10 kN per sleeper is indi-
cated for unloaded track. Furthermore, [6] also gives in-
formation on lateral track resistance in the form of a linear
spring stiffness; in this case, longitudinal track stiffness
(longitudinal displacement resistance) is equated with
lateral stiffness, which corresponds to a resistance P, , of
4.62 kN per sleeper (distance 0.60 m) with a defined lon-
gitudinal spring stiffness of 3.85 kN/mm per unit length
of track. However, equating lateral and longitudinal track
resistance is an oversimplification, as the resistances and
energy dissipation depend significantly on the direction of
loading (lateral vs longitudinal). Experimental analyses
of longitudinal track resistance can be found in [19, 20].

Experimental and theoretical studies on lateral track resist-
ance primarily deal with sections in the open track [8-18].
In contrast, this contribution is dedicated to an exper-
imental assessment of lateral track resistance related to
railway bridges, whereby the condition of the ballast su-
perstructure on the bridge, which is excited to vertical vi-
brations, is the subject of the investigations. The primary
aim of the investigations is to experimentally determine
the influence of the vertical acceleration state on lateral
track resistance. In this context, the extent to which the
limiting accelerations defined in [1, 2] can also be applied
to lateral track resistance will be discussed in particular.
For the envisaged targeted investigation of lateral track
resistance under dynamic excitation, a special large-scale
test facility was developed at the Institute of Structural
Engineering — Research Unit Steel Structures at TU Wien
to enable — among other things — these investigations.

In the following sections, the test facility and its operating
principle are first introduced (section 2). Furthermore, the
experimental results concerning the lateral track-bridge
interaction are presented (section 3).

2. LARGE-SCALE TEST FACILITY
AND TEST PRINCIPLE

2.1. TEST FACILITY AT THE SCALE OF 1:1

The investigations into the dynamic characteristics of the
ballast superstructure concerning lateral track resistance
are part of a concluded research project at TU Wien. The
investigations are carried out using a large-scale test fa-
cility, which enables targeted and isolated research into
the dynamic behaviour of the ballast superstructure in-
dependently of the behaviour of the supporting structure.
The test facility (Fig. 3) consists ofa 7.0 m long and 2.5 m
wide steel trough, in which a section of ballast superstruc-
ture at the scale of 1:1 is installed over a length of 2.4 m.
The design of the steel trough replicates a typical sin-
gle-track steel railway bridge and consists of two vouted
main girders with a deck plate in between and transverse-
ly orientated girders (cross girders).

hydraulic press
for dynamic
excitation

Fig. 3. Large-scale test facility

The installed section of the ballast superstructure consists
of'a UIC 60 rail, four halves of concrete sleepers, a 55 cm
ballast bed and a sub-ballast mat; it thus corresponds to
one half cross-section of a railway bridge. Fig. 4 shows
a cross-section of the test facility with the section of bal-
last superstructure installed.
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Fig. 4. Cross-section of the test facility

Concerning the functional principle of the test facility, the
steel trough at one end is supported on a fixed bearing
(Fig. 3), which enables rotational movement of the steel
trough. Two hydraulic presses are positioned below the
steel trough to apply dynamic excitation; they vertically
excite the steel trough to vibrate at a predefined excita-
tion frequency and displacement or acceleration ampli-
tude (Figs 3 and 4). When dynamically excited by the
hydraulic presses, the steel trough thus undergoes a tilting
movement around the fixed bearing. It can be assumed
for simplification purposes that the vertical movements of
the integrated ballast superstructure are uniform, i.e. the
entire ballast superstructure in the test facility has uniform
vertical movement kinematics, as the section of ballast
superstructure installed over a length of 2.4 m has a suffi-
ciently large distance from the fixed support. The vertical
accelerations measured in the experiments confirm this
assumption [22]. Thus, figuratively speaking, a section of
a ballasted track with uniform kinematics on the bridge
is simulated in the experiment. Regarding the installed
section of ballast superstructure, the half cross-section
was selected due to the lower mass compared to a whole
cross-section, which makes it possible to achieve excita-
tion frequencies of up to 25 Hz with the existing hydraulic
system. Such frequencies would not be achievable with
a larger section due to the considerably higher inertial
forces.

The blue steel structure which can be seen in Figs 3 and 4
is a pre-loading device. It can be forced down on the rail

at two points, making it possible to analyse not only the
condition of unloaded track, but also the condition of ver-
tically loaded track. In this case, the load applied by the
pre-loading device is 125 kN, which corresponds to half
the static axle load of a Railjet locomotive (250 kN). This
value also corresponds to the load level for single loads
according to LM 71 in EN 1991-2 [21].

2.2. TEST PRINCIPLE FOR
QUANTIFICATION OF LATERAL
TRACK RESISTANCE

In order to analyse the lateral track resistance, two pneu-
matic presses are arranged at the same level as the rail
axis, applying a load in the lateral direction P, , as shown
in Fig. 4 (marked in green) and 5.

-

R ST

2 lateral

M force P,

Fig. 5. Integrated ballasted track and pneumatic presses
for applying lateral force

Two different test principles are used for quantifying the
lateral track resistance in dependence on the vertical ac-
celeration state — defined by the accelerations of the trough
W, (1) and the rail w__ (¢) (Fig. 4). In principle 1, a con-
stant force P, is applied in the lateral direction (static
load in the lateral direction) and the vertical acceleration



Roads and Bridges - Drogi i Mosty 24 (2025) 37 - 45 4]

is successively increased. This test principle is used to
identify critical combinations of lateral force, vertical ac-
celeration and excitation frequency at which a significant
change in lateral track resistance occurs. This principle is
primarily intended to assess whether the limit accelera-
tions defined in [1, 2] can also be assumed to be reliable
limit values concerning lateral track resistance. In princi-
ple 2, the facility is first set to a stationary vibration state,
defined by excitation frequency and acceleration ampli-
tude, and subsequently the lateral force P, is continuous-
ly increased. The aim is to determine force-displacement
curves for different acceleration levels and load situations
(unloaded and vertically loaded track). The two test prin-
ciples are, therefore, as follows:

* principle 1: constant force P, and increasing accelera-

tions w,,, w

rail’

* principle 2: constant accelerations w,, and w__ and in-
creasing force P,

lat®

The excitation frequencies related to the two principles
are between 5 Hz and 25 Hz. The total lateral force P,
that can be applied is limited to 40 kN by the available
pneumatic system. EN 1991-2 [21] prescribes a lateral
load of 100 kN, but this applies to the static load case and
is always applied in combination with a vertical load. The
experimental results, which are presented in the following
section, may be extrapolated to this level.

3. EXPERIMENTAL RESULTS
3.1. ACCELERATION LIMITS

This section presents the results of the experimental in-
vestigations of lateral track resistance of vertically oscil-
lating ballast superstructure. As mentioned in section 2,
in addition to analysing lateral track resistance, the test
facility also enables the experimental investigation of the
vertically occurring energy dissipation mechanisms in the
ballast superstructure. Experimental results concerning
vertical track-bridge interaction are presented in [22, 23].
The experiments were performed using dry and non-fro-
zen ballast bed and are considered summer tests. It should
be mentioned that in the case of a frozen ballast bed (win-
ter tests), the stiffness of the ballast bed increases signif-
icantly [19].

First, the results from principle 1 (constant force and
increase in acceleration) and for the unloaded track are
discussed. Tests were carried out with four different load

levels and different excitation frequencies, listed below
and related to the lateral force per half-sleeper:

* load 1: 1.2 kN/half-sleeper—frequencies: 5/10/15/20/25 Hz,
* load 2: 2.1 kN/half-sleeper —frequencies: 5/10/15/20 Hz,
* load 4: 3.1 kN/half-sleeper — frequency: 15 Hz,

* load 5: 4.0 kN/half-sleeper — frequency: 5 Hz.

Fig. 6 first shows the lateral displacement u,, for the un-
loaded track condition as a function of the vertical accel-
eration amplitude of the rail w,_ for all four load levels
and different excitation frequencies (see legend). Based
on this illustration, it is possible to identify limit states
from which a significant increase in the relative displace-
ment and, thus, a decrease in the lateral track resistance
occurs. Fig. 6 shows no abrupt increases in lateral dis-
placement at load 1 and load 2 with excitation frequencies
up to 15 Hz. At load 2 and 20 Hz excitation frequency,
however, there is a disproportionate increase in lateral
displacement at the acceleration w __ of around 5.5 m/s’.
The same applies to load levels 3 and 4, whereby a sig-
nificant increase in lateral relative displacement occurs
even at comparatively lower vertical accelerations. Fig. 6
thus clearly shows that, depending on the lateral load and
acceleration level, limit values can be identified (marked
in red in Fig. 6) above which a significant change in the
ballast superstructure occurs (as a substantial decrease in
lateral track resistance).

14
13

A o load 1: 1.2 kN/sleeper - 5-25 Hz
@ load 2: 2.1 kN/sleeper - 5-15 Hz
12 1 —e— load 2: 2.1 kN/sleeper - 20 Hz
—e— load 3: 3.1 kN/sleeper - 15 Hz
—e— load 4: 4.0 kN/sleeper - 5 Hz

© acceleration limits

unloaded track

-
o =

Lateral displacement u,, [mm]

O =2 N W OO N 0 ©

0 o
n o

Vertical rail accleration w_, [m/s?]

rail

Fig. 6. Test principle 1 — lateral relative displacement depending
on vertical rail acceleration for different load steps (unloaded track)
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Based on the limit values marked in Fig. 6, Fig. 7 shows
the limit acceleration values identified in the tests (values
corresponding to the beginning of ballast bed destabilisa-
tion) as a function of the lateral load (for unloaded track).
As the lateral load increases, the limit acceleration, from
which a disproportionate rise in lateral track displacement
occurs, decreases. In some cases, the limit accelerations
are clearly below the normative limit values of 3.5 m/s?
(according to [1]) or 6.0 m/s? (according to [2]). When the
excitation frequency is neglected for the sake of simplifi-
cation, a quadratic and lateral load-dependent regression
function is defined to describe the limit state (red dashed
line in Fig. 7):

W = 0543 P7 =527 P, +13.8, [m/s’]. (1)
This regression function describes the identified limit ac-
celeration and thus marks the transition from safe operat-
ing area to unsafe operating area (Fig. 7) in relation to the
lateral resistance of unloaded track.

10
A N unloaded track
5= 9 P
Y AN N
E 8 s
= A P “
E \ N o unsafe
27 o= h »
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5 v, oL T
S 6 oy 0
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c 4 N 2 1]
— \‘ o S oy
c 3 2 e quadrn.lc
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o o -~ -~ N N [sp} (sp] < < w Te) © © N~

Lateral force P, per half sleepe

Fig. 7. Test principle 1 — load-dependent acceleration
limits for lateral track resistance (unloaded track)
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In addition to the experiments with unloaded track, tests
with vertically loaded track were also carried out accord-
ing to the same principle, whereby a total of seven load
levels with lateral loads between 0.6 kN and 9.2 kN per
half-sleeper (0.6 kN, 1.2 kN, 2.1 kN, 4.1 kN, 6.0 kN,
8.0 kN and 9.2 kN) were used. The related excitation fre-
quencies for all lateral load levels are 5 Hz, 10 Hz, 15 Hz,
20 Hz and 25 Hz. Hence, the lateral loads for the experi-
ments with vertically loaded track are significantly higher
than those for the unloaded track.

The identification of limit states in the form of load-de-
pendent acceleration limits is carried out for the loaded
track in the same way as for the unloaded track (Figs 6
and 7). In the following, as an extension of Fig. 7, the lim-
it accelerations identified for the loaded track are shown
in Fig. 8 (blue squares) and compared with those for the
unloaded track. In the case of the loaded track, significant
displacements in the lateral direction only occur at a load
level above 4 kN per half-sleeper (Fig. 8 — load 4). With
a smaller lateral load, there is no measurable lateral loss
of stiffness regardless of the vertical acceleration level,
which is why the results shown in Fig. 8 only begin at
lateral loads above 4 kN.

Fig. 8 shows that vertical loading of the track significantly
influences its lateral resistance. Furthermore, for the load-
ed state, it can be seen that measurable stiffness losses
in the lateral direction only occur at excitation frequen-
cies above 15 Hz, which means that the limiting accel-
erations shown in Fig. 8 do not apply to the entire test
range, but only to excitation frequencies above 15 Hz and
loads above 4 kN per half-sleeper. In addition, the relative
displacements for the loaded state, which occur with an
identified loss of stiffness (defined as disproportionate in-
crease of lateral displacement), are at a considerably low-
er level (<2 mm) than in the unloaded state (3-13 mm,
Fig. 6). The limit values given in Fig. 8 are therefore in-
terpreted as being considerably on the safe side.

10A

I © unloaded track
% 9 . Q @ loaded track
~ \‘ -
E 8 \ 8
3 \ 4 linear regression
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\ ©
< \ o /
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© 8 " T
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o 5 AN | N T
3 [O) N o 8
T 4 N T 3% .
E S s ¢
=3 ® ) g S
[ \ - L] o
S 9 . o S
£ e - °

~. ©
> 1 k<]
0

0 1 2 3 4 5 6 7 8 9 10
Lateral force P,_, per half sleeper [kN]

lat

Fig. 8. Test principle 1 — load-dependent acceleration limits
for lateral track resistance: comparison between loaded and
unloaded track

To describe the limit states for the loaded track, linear re-
gression is formulated (blue line in Fig. 8):
0 =-0.038 P, + 6.0, [m/s?]. 2)

rail,lim
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Fig. 8 thus illustrates that the vertical vibration state (un-
loaded vs loaded track) clearly influences lateral track re-
sistance as a function of the lateral load (neglecting the
excitation frequency). A significant loss of lateral track
resistance — in this case defined by a disproportionate in-
crease in lateral displacement — can already occur at ac-
celerations below the limit value of 3.5 m/s? according to
EN 1990/A1 [1]. Lastly, it should be noted that the identi-
fied limit accelerations apply to a half-track section. This
circumstance is further discussed in the final section 4.

3.2. ACCELERATION-DEPENDENT
LATERAL TRACK RESISTANCE

Following the results of experiments according to prin-
ciple 1, the results for principle 2 are presented in this
subsection. In experiments according to principle 2, a sta-
tionary vibration state (constant vertical acceleration am-
plitude at a defined excitation frequency) is set, and then
the lateral load P, , is increased. As a result, Fig. 9 shows
the measured force-displacement curves for different vi-
bration states — defined by the vertical acceleration am-
plitude of the trough w,, —and two different vertical load
states (loaded vs. unloaded track). The lateral force P,
is related to the entire installed track (four half-sleepers).
Fig. 9 shows both tests in the dynamic state (blue lines)
and the static state (without dynamic vertical excitation —
grey lines) for the loaded condition. Results for the loaded
track show that lateral track resistance decreases signif-
icantly due to the vertical vibrations of the supporting
structure (compare grey vs. blue lines), but the results
agree well for accelerations between 3 m/s* and 6.7 m/s?.
Vertical excitation of the superstructure thus reduces lat-
eral track resistance, but there is no abrupt loss of stiffness
in the analysed range.

Concerning the unloaded track condition (black dashed
lines in Fig. 9), lateral track resistance is significantly
lower compared to the vertically loaded condition. Fur-
thermore, there is an evident influence of the vertical
acceleration level. Generally speaking, lateral track resist-
ance decreases with increasing acceleration.

As mentioned, the lateral load P, specified in Fig. 9 ap-
plies to the installed track section with four half-sleep-
ers. To determine the lateral track resistance for a single
whole sleeper, an approach has to be developed to divide
the lateral resistance into individual components (distri-
bution to individual mechanisms). Furthermore, as shown

in Fig. 2, the value of lateral load associated with relative
displacement of 2 mm is used at this point as a reference
for determining the values of lateral track resistance (red
dashed line in Fig. 9). For an approach to distribute the
lateral resistance to individual sub-mechanisms, the fol-
lowing percentage distribution is selected based on [9]:

» component 1 — bottom friction: 50%,
» component 2 — threshold flank resistance: 10%,
» component 3 — head resistance: 40%.

48 H
45 A : —— loaded track — static
P,.(2) = 43 kN d) loaded track — dynamic (11 & 15 Hz)
42 : ------ unloaded track — dynamic (11 Hz)
% i/ loaded track
/ loaded track:
36 b ﬁF P,,(2) = 31-43 kN
= 33 & -
= .&/\ N 4
é 30 ’
a 27 /
S 24
S _a3ms
i e /e e e Wor—
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1
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1
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Lateral relative displacement u,, [mm]

Fig. 9. Test principle 2 — lateral force-displacement curves
depending on different acceleration levels: comparison
between loaded and unloaded track
The experiments were carried out on half-track, each cov-
ering half of components 1 and 2 (friction between bal-
last and sleepers). In contrast, the experiments fully cover
component 3 (shoulder contribution), as the shoulder re-
sistance only occurs on one side of the track. Based on the
selected percentage distribution, the lateral track resist-
ances per sleeper in relation to a full track are calculated
from the tests as follows:

P =104+2-06)P_ (2).[kN]. 3)

lat,full 4

Equation (3) yields the following values for lateral track
resistance of the vertically vibrating superstructure, relat-
ed to a full section of ballast superstructure, independent
of the excitation frequency:

* unloaded track: 4.0 <P, . <5.6 kN/sleeper,

lat, full =

* loaded track: 124 <P < 14.4 kN/sleeper.

lat, full =
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These values can be used as an initial reference for assess-
ing the track stability of railway bridges subjected to dy-
namic vibrations. Lateral stiffness for the unloaded track
is used primarily to assess track stability in the event of
combined loading from longitudinal stresses (e.g. due to
temperature) and vertical vibrations (after train passage
and without simultaneous vertical loading).

The results relate exclusively to the ballasted track; the
properties of the bridge — such as the horizontal natural
frequency — remain unaffected. The results are also in-
dependent of the bridge type and apply to all types of
construction (steel, concrete, composite and filler beam
bridges). Concerning possible long-term effects, the ex-
periments presented here did not explicitly investigate
such effects. However, studies in [24] have shown that
the stiffness behaviour of ballast at the beginning and end
of its lifecycle differs only to a marginal extent, which is
therefore negligible.

4. CONCLUSIONS AND OUTLOOK

The experimental investigations of lateral track resistance
under the influence of vertical vibrations presented in this
contribution as an isolated analysis of a section of ballast
superstructure provide essential findings on the dynamic
behaviour of ballast superstructures on railway bridges.
Through its specialised design and functional principle,
the large-scale test facility enables an isolated and target-
ed investigation of a representative section of ballast su-
perstructure at the scale of 1:1, whereby two different test
principles are used for the qualitative and quantitative as-
sessment of lateral track resistance influenced by vertical
vibrations. The summarised conclusions are as follows:

1. The limit values for vertical acceleration identified
based on principle 1 (constant lateral force and suc-
cessive increase in vertical acceleration), above which
a noticeable decrease in lateral track resistance occurs,
are important indicators for the condition assessment
of railway bridges, enabling assessment of track stabil-
ity under dynamic excitation. In particular, the identi-
fied load-dependent acceleration limits shown in Fig. 8
should be perceived in the context of the currently
valid limit values according to EN 1990/A1 [1] and
are regarded as qualitative reference values due to the
half-section investigated. Nevertheless, the investiga-
tions show that changes in ballast superstructure be-
haviour can already occur at vertical acceleration levels
below 3.5 m/s? for unloaded track.

2. The excitation frequency does not noticeably influence
the identified acceleration limits. This frequency-inde-
pendent stiffness behaviour has already been observed
based on experiments for horizontal and vertical track-
bridge interaction [19-21] and, therefore, also applies
to the lateral track-bridge interaction discussed in this
contribution.

3. Based on the tests according to principle 2 (increas-
ing lateral load at constant vertical acceleration), it was
possible to determine values of track resistance for both
the unloaded and loaded condition using an approach
for distributing the lateral track resistance to individual
sub-mechanisms.

4. Regarding lateral stiffness, the vertical acceleration
level influences lateral track resistance, especially in
the case of unloaded track (Fig. 9).

The findings presented in this contribution on lateral track
resistance and its behaviour under dynamic excitation in
the form of vertical vibrations can subsequently be in-
cluded in dynamic analyses for condition assessment of
railway bridges and assessing track stability.

Further investigations will involve statistical validation of
the findings and their comparison with computer simula-
tions. These analyses will be based on data created as part
of the experiments presented in this contribution. Fur-
thermore, the conclusions of the experiments on lateral
track-bridge interaction suggest that the currently defined
vertical limit accelerations according to EN 1990/A1 [1]
and B 4008-2 [2] may need to be reconsidered. However,
further investigations and experiments are required in this
context to create a more comprehensive database.
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