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Numeric simulation of the
vehicle-structure lateral
dynamics of the railway

viaduct “Arroyo de las piedras”

C I D I CAMINOS DE HIERRO



~/INGECIBER ClVll

Table of contents

* Introduction
* Viaduct's Dynamic calculation
— Viaduct model

— Vertical loads
» Traffic
* Speed
» Virtual layout
* Vehicle’s Dynamic calculation
— Effects of the virtual layout over vehicle’s dynamics
* Vehicle’s dynamic model

* Results of the vehicle’s dynamic model
» Safety and comfort on the way

 Conclusions



~INGECIBER ClVll

Introduction

— European codes’ restrictions over lateral vibrations. Particularly,
there’s a limitation on the minimum value for the first natural
frequency, to avoid lateral resonance in railway vehicles running
across a structure whose lateral bending rigidity is low:

fho=>1,2 Hz
— Long railway viaducts having high piers, lateral strains caused by
trains can be significant, the lowest frequencies being really
small
— Currently there’s no analysis methodology allowing the

evaluation of that situation and validating viaducts design
concerning those comfort and safety requirements.
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Aims

N

« Dynamic analysis for the viaduct under railway loads
— Lateral strains calculation
— “Virtual layout”
— Resonance Effects

« Vehicle’s dynamic analysis
— Load: “Virtual layout”
— Inscription forces (running safety)
— Lateral accelerations inside the car

« Applicable to
— Long span continuous viaducts
— High piers
— Low Natural vibration frequencies
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— Continuous composﬂe steel and concrete deck

— 20 stretches: central stretches being 63.5 m long; total length: 1209 m
— Two piers measuring more than 90 m tall

— First composite high-speed-train viaduct in Spain
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Cross Section

— The deck’s cross section consist of two lateral beams
measuring 3.85 m (tall) and an upper slab being 14 m wide

— The overall resulting section is 4.25 m tall
— Double-track
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Viaduct model

— Dynamic analysis using FEM over a model having the real
dimensions of the viaduct

— Using 3d beam elements
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Modal analysis

 1st lateral vibration mode « 2nd Jateral vibration mode
« f1=0,31 Hz « f,=0,42 Hz
More than 10 vibration modes having frequencies lower than 1,2 Hz
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L ateral movements

— When we have a double-track railway bridges, eccentric vertical
loads due to traffic are responsible for torsion effects in the
deck, which cause lateral movements in the upper end of the
piers, causing then a lateral movement of the deck

— 0, Is the lateral movement in the deck due to the bending of the
piers

— 0, Is the lateral movement in the deck due to torsion in the deck

P -

Support Midspan
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Vertical loads. Speeds

— Three train combinations have been taken into account:
« High speed trains: ICE2 and AVE
» Freight train: 120 km/h wagons, characteristic of the UIC-71 (R1) load model
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« Speed values taken into account:

« ICE2 and AVE: 50, 100, 150, 200, 250, 300, 350 y 400 km/h
* R1:10, 54, 75, 100, 125 y 150 km/h
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Freight train: dynamic analysis design

Tren R1. Desplazamiento horizontal de tablero en centro de vano 10
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ICEZ2 train: dynamic analysis design

Tren ICE2. Desplazamiento horizontal de tablero en centro de vano 10
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AVE train: dynamic analysis design

Tren AVE. Desplazamiento horizontal de tablero en centro de vano 10
0.025
— —Uz50 — Uz_100
£ 0.020
g Uz_150 — UZ_200
S Lo015 — Uz 250 — Uz 300
N
S — Uz_350 — Uz_400
=
2 0.010
[
2
£ =
E 0.005 =
4
A 0.000 - = : : : ;
200 400 600 800 1000 1200 1400 1600
-0.005
Posicién eje 1 (m)
Tren AVE. Torsién de tablero en centro vano 10
0.003
= 0002 — Rotx_50 —— Rotx_100
g Rotx_150 —— Rotx_200
:§ — Rotx 250 —— Rotx_300
2 0.001
[
he)
(=)
E
2
<< 0.000 : :
200 400
-0.001
Posicion eje 1 (m)




~INGECIBER ClVll

Results analysis

— Torsion 15t mode frequency in the 63.5 m stretches is about 6 Hz

— Since the distance between bogies in AVE trains is 18.7 m, the
resonance speed is

V=A-f =187m-6Hz =112m/s =403km/h

DO 18,7r OO

« Then, effects of resonance can be appreciated for a speed about
400 km/h
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Dynamic calculation, step by step
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Virtual layout

— It has been calculated in each case for a virtual route of a group
of bogies

— Itis obtained as follows:

« Taking into account the deformed shape of the viaduct in each step of time

« Calculating movements in space or in time experienced by an axle running
over the bridge at a specific speed
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Viaduct deformation in Virtual Iayout
time



Lateral displacement(m)
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Results: R1 freight train

Virtual paths. R1 Train
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Results: ICE2 freight train

Virtual paths. ICE2 Train
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Lateral displacement (m)
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Virtual paths. AVE train
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Results: AVE freight train
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Results analysis

— As shown in the figure, there are not significant dynamic oscillations
concerning the lateral movement of the deck. Solely, just a variation
half wave, nearly quasistatic (corresponding to the train running

over the bridge), whose wave half-length is equal to the viaduct’s
one. - -

—d1: lateral displacement of the deck
— d2: lateral displacement of the rail due to torsion
—Total lateral displacement of the rail
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Results analysis

— Due to the torsion of the deck, we can observe different
wavelength oscillations:

1. A clear oscillation having maximum values corresponding to the passing

of the axle/bogie across the center of each stretch; this may be regarded
as a quasistatic oscillation

2. Smaller wavelength oscillations, due to resonance effects. This effect is

nearly non-significant in R1 and ICE2 trains, but can be easily seen in the
AVE for critical speed values.

—d1: lateral displacement of the deck
— d2: lateral displacement of the rail due to torsion
— Total lateral displacement of the rail
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Vehicle's dynamic calculation

— Lateral dynamic interaction between the viaduct and the
vehicle

— Effects on the vehicle’s dynamics for the virtual layout
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Viaduct deformation in Virtual layout
time
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Vehicle's dynamic model

— Simplified dynamic models for train vehicles
— 2D FEM model:

« Masses: mass elements with torsion inertia

« Lateral suspension: linear mass strings with viscous damping

* Yo transverse deformed layout or virtual deformed shape of the deck
* jo: railway rotation related to the virtual layout

Masa suspendida

Simplified vehicle’s model
h

Suspensién secundaria
m2

Masa semisuspendida

Suspensioén primaria

Masa no suspendida
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Dyn. Results: frequency domain

— Resonance frequencies:
 |ICE2: lower than 0.7 Hz, with a maximum of 0.4 Hz
 AVE: lower than 0.55 Hz, with a maximum of 0.3 Hz

o F re I g ht tral n R 1 : 1 . 2 H Z Transfer function of the lateral displacement of the suspended mass (Module)
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Dyn. Res.: time domain & Movements

r et

Yl

Y 1 M

|y,
KTAL n/'\,l\,/m\ ",

0\/“ uvvw v

4

Lateral movements of the AVE train at 400 km/h
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Dyn. Res.: Time domain — Accelerations

— AVE and ICE2 show a behavior characterized by moderate acceleration values and
slowly increasing with speed

— A peak of 0.13 m/s? can be observed in AVE’s case, corresponding to the critical
speed of 400 km/h

— Due to the lack of secondary suspension in freight trains, acceleration grows faster
with speed —even at low speeds- than those corresponding to passenger coaches.
The maximum value is up to 0.17 m/s?, for a speed of 150 km/h.

— Obtained values remain far away from limits based on codes.
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Veh. Dyn.-Virt. Lay.: Safety on the way

— Inscription forces have been calculated in order to analyze safety

on the way
— Codes’ limits remain much higher than observed values in this

simulation (< 8 kN)
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Conclusions

— A simplified method has shown good results

— Vertical loads will not cause resonance effects significantly
Increasing lateral movements of the deck

— Taking into account just the lateral movements of the deck -by
using the virtual layout method- safety and comfort goals are
widely accomplished

— This calculation method could be applied as well to other kinds
of viaducts

— Future research topics:
« More complex vehicles’ models
» Vehicle’s-Structure interaction analysis
» Analysis of other kinds of vehicles
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