PHENOMENON REGULATORY ASPECTS NUMERICAL METHODS APPLICATION EXAMPLES
000000000000 0000 000 000000000000000000000

Track=Structure Interaction

International course on High Speed Railway Bridges
Porto, 20-23 sept. 2005

José M. Goicolea

Grupo de Mecdnica Computacional, http://w3.mecanica.upn.es
E.T.S. Ingenieros de Caminos, Canales y Puertos
Universidad Politécnica de Madrid

22 september 2005

Track-Structure Interaction José M.? Goicolea


http://w3.mecanica.upm.es

PHENOMENON REGULATORY ASPECTS NUMERICAL METHODS APPLICATION EXAMPLES
000000000000 0000 000 000000000000000000000

Contents

@ DESCRIPTION OF THE PHENOMENON
@ Thermal and braking effects in long welded rail
o Effect of structure within platform
@ Limit states

© REGULATORY ASPECTS
@ Eurocode: EN1991-2
e UIC 774-3
@ Methods of analysis

e NUMERICAL METHODS FOR ANALYSIS
@ Finite Element Models

@ APPLICATION EXAMPLES
@ 475 m viaduct, continuous rail
@ 475 m viaduct, rail with expansion joint
@ Study of braking action

Track-Structure Interaction José M.? Goicolea



PHENOMENON REGULATORY ASPECTS NUMERICAL METHODS APPLICATION EXAMPLES
000000000000 0000 000 000000000000000000000

Contents

@ DESCRIPTION OF THE PHENOMENON
@ Thermal and braking effects in long welded rail
o Effect of structure within platform
@ Limit states

Track-Structure Interaction José M.? Goicolea



PHENOMENON REGULATORY ASPECTS NUMERICAL METHODS
000000000000 0000 000

Thermal and braking effects in long welded rail
Behaviour of track system

Nonlinear springs

XTrack

APPLICATION EXAMPLES
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& Actions:
@ horizontal loads from braking and acceleration
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Thermal and braking effects in long welded rail

& Actions:
@ horizontal loads from braking and acceleration

o thermal effects inducing rail stresses
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Thermal and braking effects in long welded rail

& Actions:
@ horizontal loads from braking and acceleration
o thermal effects inducing rail stresses

@ deck bending from vertical loads, inducing horizontal stresses
and displacements in rail
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Thermal and braking effects in long welded rail

& Actions:
@ horizontal loads from braking and acceleration
o thermal effects inducing rail stresses
@ deck bending from vertical loads, inducing horizontal stresses
and displacements in rail
@ up = 2 mm for ballasted

& parameters of rail: track (sleeper—ballast);

@ ug = 0.5 mm for slab track
or frozen ballast
(rail-sleeper);

@ k=20 kN/m for unloaded
track (well maintained)

o Displacoment " @ k=60 kN/m for loaded

track

loaded track

unloaded track

resistance of rai
to sliding
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Thermal and braking effects in long welded rail

Distribution of stress from a) temperature; b) braking

25 kN/ml
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Thermal and braking effects in long welded rail

Rail loads from braking in platform
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Thermal and braking effects in long welded rail

Rail displacements from braking in platform

'coiejaWdes;lal.txt' using 2:($4|*1000)
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Thermal and braking effects in long welded rail

Rail loads from temperature increment

’temp(}fc.tx{’l using 3:($6/1 (I)OO) —
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Thermal and braking effects in long welded rail

Rail displacements from temperature increment
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Thermal and braking effects in long welded rail

Relation between relative displacements and rail loads

APPLICATION EXAMPLES
000000000000000000000

Fuerzas Fuerzas

Desplazamientos

Via

e > >
Terraplén
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Thermal and braking effects in long welded rail

Relation between relative displacements and rail loads

Fuerzas Fuerzas
Desplazamientos

Via

e > >
Terraplén

Rail breathing length ~ 150 m
(necessary to build up rail compression through accumulated shear
loads)
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Effect of structure within platform

Schematic model for structure and track

Nonlinear springs Rail expansion device

\

Track

stiffness of abutment

\ﬁxed bearing  sliding bearings Dedk
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Effect of structure within platform

Effects at free end of deck with continuous rail

APPLICATION EXAMPLES
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Effect of structure within platform

Effects at fixed end of deck with continuous rail

APPLICATION EXAMPLES
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Limit states arise from either of:
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Limit states

Criteria for acceptance

Limit states arise from either of:

e Maximum stresses at rail (for HS of type UIC60,
ous = 900 Mpa):
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Limit states

Criteria for acceptance

Limit states arise from either of:

e Maximum stresses at rail (for HS of type UIC60,
ous = 900 Mpa):
e total stress including long welded rail thermal stress:
= orwr + Ao (track with expansion devices)
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Limit states

Criteria for acceptance

Limit states arise from either of:

e Maximum stresses at rail (for HS of type UIC60,
ous = 900 Mpa):
e total stress including long welded rail thermal stress:
= orwr + Ao (track with expansion devices)

o stress increment: Ao (continuous track, without expansion
devices)
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Limit states

Criteria for acceptance

Limit states arise from either of:
e Maximum stresses at rail (for HS of type UIC60,
ous = 900 Mpa):
e total stress including long welded rail thermal stress:
= orwr + Ao (track with expansion devices)

o stress increment: Ao (continuous track, without expansion
devices)

e Maximum relative displacements between rail-deck
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Limit states

Criteria for acceptance

Limit states arise from either of:

e Maximum stresses at rail (for HS of type UIC60,
ous = 900 Mpa):
e total stress including long welded rail thermal stress:
o = orwr £ Ao (track with expansion devices)

o stress increment: Ao (continuous track, without expansion
devices)

e Maximum relative displacements between rail-deck

e Maximum displacements of deck with respect to abutment
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@ DESCRIPTION OF THE PHENOMENON

@ Thermal and braking effects in long welded rail

o Effect of structure within platform
@ Limit states
© REGULATORY ASPECTS

@ Eurocode: EN1991-2
e UIC 774-3

@ Methods of analysis

Q NUMERICAL METHODS FOR ANALYSIS
@ Finite Element Models

@ APPLICATION EXAMPLES

@ 475 m viaduct, continuous rail

@ 475 m viaduct, rail with expansion joint
@ Study of braking action
«0O)>» «F>r « =>» =] =
. Track-Structure Interaction ot M? Goicolea




PHENOMENON REGULATORY ASPECTS NUMERICAL METHODS APPLICATION EXAMPLES
000000000000 000 000 000000000000000000000
Eurocode: EN1991-2

Eurocode: EN1991-2

section 6.5.4: Combined response of structure and track due
to variable actions.

define expansion length L+ and other parameters

Actions: braking and traction, thermal loads, vertical traffic
loads, creep and shrinkage.

@ Nonlinear models of structure-+ttrack, but allows linear

superposition
@ Section 6.5.4.6: simplified calculation for L+ <40 m
@ Annex G: simplified calculation for L+ <90 m
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Eurocode: EN1991-2

Eurocode: EN1991-2

APPLICATION EXAMPLES
000000000000000000000

@ Limit rail stress increments:
Ao comp < 72 MPa,
A0tens < 92 MPa.
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Eurocode: EN1991-2

Eurocode: EN1991-2

@ Limit rail stress increments:
Ao comp < 72 MPa,
A0tens < 92 MPa.

@ Limit horizontal deck displacement from braking:
0g < 5mm for continuous LWR,
05 < 30 mm for rail with expansion device and ballast without
movement gap,
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Eurocode: EN1991-2

Eurocode: EN1991-2

@ Limit rail stress increments:
Ao comp < 72 MPa,
A0tens < 92 MPa.

@ Limit horizontal deck displacement from braking:
0g < 5mm for continuous LWR,
05 < 30 mm for rail with expansion device and ballast without
movement gap,

@ Limit horizontal deck displacement from bending:
op < 8 mm,
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Eurocode: EN1991-2

Eurocode: EN1991-2

@ Limit rail stress increments:
Aocomp < 72MPa,
A0tens < 92 MPa.

@ Limit horizontal deck displacement from braking:
0g < 5mm for continuous LWR,
05 < 30 mm for rail with expansion device and ballast without
movement gap,

@ Limit horizontal deck displacement from bending:
op < 8 mm,

@ Limit vertical deck displacement from bending:
oy <2 mm.
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Orp <4 mm

@ Additional limit for relative rail-deck displacement for braking:

&
%
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UIC 774-3

UIC 774-3

@ Additional limit for relative rail-deck displacement for braking:
Orp <4 mm

@ Results for 16 test cases single span + 6 test cases multiple

span, to be checked for validation of computer models
(minimum 2)
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Methods of analysis

Methods of analysis

o EN 1991-2:
e Simplified calculation formulae and charts, section 6.5.4.6 or
annex G
o Full nonlinear structural models (allow linear superposition)
o UIC 774-3:

o Pre-dimensioning method for horizontal loads (A.6.1)

o Simplified methods with diagrams: sections B (single deck,
L+ <110 m), or section C for series of decks.

o Full nonlinear structural models (allow linear superposition)
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@ Beam and truss elements
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Finite Element Models

Requirements for FEM

APPLICATION EXAMPLES
000000000000000000000

@ Beam and truss elements

@ Nonlinear springs (node-ground and node-node)
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Finite Element Models

Requirements for FEM

@ Beam and truss elements
@ Nonlinear springs (node-ground and node-node)

e Capability for solving nonlinear problems (iterations for
convergence)
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Finite Element Models

Requirements for FEM

@ Beam and truss elements
@ Nonlinear springs (node-ground and node-node)

e Capability for solving nonlinear problems (iterations for
convergence)

o Validate with test cases from UIC 774-3
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Finite Element Models

Requirements for FEM

@ Beam and truss elements

@ Nonlinear springs (node-ground and node-node)

e Capability for solving nonlinear problems (iterations for
convergence)

o Validate with test cases from UIC 774-3

@ Our experience: FEAP, ABAQUS adequate
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Finite Element Models

APPLICATION EXAMPLES
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Model with infinitely stiff abutment

410m , PUENTE | 410m |
2 v wm om0 ommme 0 s & w o @
\ \ \ \ \ \ \
\ \ \ \ \ \ \ \ \
(U (UL (UL
\ \ \ \ \ \ \ \ \

\ \\ \\ \ \\ \\ \\ \\ \

mr R e W

Modelo de un puente de 20m de longitud para el estudio de la interaccién carril-tablero.
Estribo E1 fijo (rigidez infinita).
Carril continuo en el estribo fijo y junta de carril en estribo mévil.
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Finite Element Models

Model with flexible abutment

| 410 m ] PUENTE ] 410 m

|

41201 202 203 42 43

= e

Modelo de un puente de 20m de longitud para el estudio de la interaccion carril-tablero.
Estribo E1 con rigidez finita.
Carril continuo en el estribo fijo y presencia de junta de carril en el estribo libre.
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Contents

@ APPLICATION EXAMPLES
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@ 475 m viaduct, rail with expansion joint
@ Study of braking action
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475 m viaduct, continuous rail

Prestressed concrete box girder; pushed

[F. Ruano, Rio Moros, Student project 2005]

14,00

APPLICATION EXAMPLES
©00000000000000000000

892

L - T«J/fi“ 1

T

=

=

Length 475 m,
depth 1

span 12.7

FASE 5
(cotas en metros) ESCALA 1:1500

P
dov01 dov02 dov.03 dov.04 dovs
31.10m 24:40m 28,00m 28,

05 douos o
00m 28,00m 28,00m 28,00m 28,00m 28,00m 25,

08 40 10 doul) douid i3 deusd doutd doudd deus?
[Gom 28,00m 28.00m 28,00m 28,00m 24.40m 31.10m

FASE 17 f i x
(cotas en metros) ESCALA 1:1500 |
i (] [l [} ]
I I
= n - o et H s " n  m
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475 m viaduct, continuous rail

Rail loads for braking

(direction: left to right —)

400 T T

T L T
carril.txt’ using 3:($6/1000) —

300 | B

Zona A ZonaB ZonaC, ZonaD

Fuerza en el carril (kN)
=
I
o
T
L

100 | —
Puente]
50 -
Tren
. i
5o Punto ﬁjo/ .
100 1 1 1 1 1 1
0 200 400 600 800 1000 1200 1400

coordenada horizontal (m)
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475 m viaduct, continuous rail

Rail displacements for braking

'ensay(;Sdesplcaml.txtl' using 2:($4*1|000)

Desplazamientos (mm)
w
T
L

0 I 1 1 1 L L
0 200 400 600 800 1000 1200 1400

coordenada horizontal (m)
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475 m viaduct, continuous rail

Rail loads for thermal action

0 T T T T T T
templfuerzascarril.txt’ using 3:($6/1000) ——
-500 E
-1000 | -
__ -1500 |
] Zona A' ona I Zona C I Zona D
0
g -2000 | o
&
Q
2
-2500 | =
-3000 | -
eoo b Puente |
Punto fijo—"
~4000 1 1 1 1 1 1
200 400 600 800 1000 1200 1400

coordenada horizontal (m)
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475 m viaduct, continuous rail

Rail displacements for thermal action

20 T T T

’temp‘lI desplcarri I.b(t'I using 2:($4*1 (I)OO)

-60

-80

Desplazamientos (mm)

-100

-120

-140

-160 I 1 I I 1 I
0 200 400 600 800 1000 1200 1400

coordenada horizontal (m)
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475 m viaduct, rail with expansion joint

Rail loads for braking

500 T T T T T
txt 18ing ($6/1000) =——

: i
g
5 Aparato de dilatacion
§ Puente

-100 | Punt ﬁ_]o i

Tren
~200 | | | | | |
0 100 200 300 400 500 600 700

coordenada horizontal (m)
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475 m viaduct, rail with expansion joint

Rail displacements for braking

T T
txt’ using 2:($4*1000) ——

Tren

Desplazamientos (mm)

Junta de dilatacion

il Punto fijo Puente / |

0 ! 1 1 1
0 100 200 300 400 500 600 700

coordenada horizontal (m)
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475 m viaduct, rail with expansion joint

REGULATORY ASPECTS

NUMERICAL METHODS
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Rail loads for thermal action

APPLICATION EXAMPLES
000000080000000000000

0 T T T T T
'temp5fc.txt’ using ’\// 00) ——
Junta de
dilatacion
-500 g

=
=
—
g -1000 | -
8 Zong A Zona B ZonaC| ZonaD
°
5

~1500 o
o
5
N
Q
=
=)

-2000 | 5

Puente
Punto fijo
~2500 1 1 1 1 1 1
] 100 200 300 400 500 600

Track-Structure Interaction

coordenada horizontal (m)

700
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475 m viaduct, rail with expansion joint

Rail displacements for thermal action

10 T T T

5 =
. Puente

sk ]
E

E 10t 4
0

o)

o o-15 F / B
2 - iz

£ Junta de dilatacién

z -20 |

B Punto fijo

@ -25 B
a

-30

-35

_45 I I I I I I
0 100 200 300 400 500 600 700

coordenada horizontal (m)
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Study of braking action

Braking, L = 40 m, K = 10° kN/m, continuous rail

APPLICATION EXAMPLES
000000000e00000000000

FEFREEEEREEREEEEREEEIREREEREEIERLE

T EEEEEEEEEEREREREEECEREREFECEEEEEREREELOE

T AT e R T A

= orl0-40  SIEP 1 INCREMENT 1

IS SIgE 1,00 4GTAL ACCOMULAYED TIME  1.00
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Study of braking action

Braking, L = 300 m, K = 10° kN/m, continuous rail

\HIHIHIHIH (T R EEeERTITTITITTITE
: m%m!mﬁﬂmm!%mﬁﬂ RREEFRFEEEEEETEERUTEERCTERREERROEECEE

, RESTART FILE = 0rl0-300 STEP L IICREMENT L
TIUE COMPLETER TV THES STEP, TQTAL ACCUMJIATED TTME  1.00
BBAQUS VERSION: 5. BRre: 1a2us-2008" kB HE R3S

FFIHFFIHHFHHHFHHFFIHFF

IHHHHI[HII[[HHHI[IH/ {1

mlmnmm H\IHII\IHIHHHH IHHIH mn HlHHlIHFIlHFF[HFHHHFFFHHFFIH
WECCTEEEIEEEEEECEEEEELEECETEECLOLEIERRED

ALALLLRLLALLRRCRRLURELALURR LR UL L & LU L A A AL

i EELEEEEEELEAELRAEEEEELLEEELREEELE

LILLLLLLLLLL AL L LLLLLLLLLEL

lttilltttllttttltlttttllltttll tEtt

1 RESTART FILE = orl0-300 STEP 1 IlCREMENT 1 ‘

ABHBUSOVERETER . ™Y §HE° STBRre. 1e%0uL-2088™ k RESURIBRER,TIME  1.00
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Study of braking action

Braking, L = 600 m, K = 10° kN/m, continuous rail

APPLICATION EXAMPLES
00000000000 e000000000

(VTR \HH L LU
mHﬁﬁﬁﬁﬁmﬁﬁﬁ% T , TOHEEREEERTCERFTREERRRCEIECE

M

RESTART FILE = orl0-600 STEP 1 IICREMENT 1

TIME COMPLETED I| THIS STEP, TQTAL ACCUMUIATED TTME  1.00
BBAQUS VERSION: 5.8- BRre: 1e25ur-2008"kAESUTRIRTER

ALLLLLLLLLRLLLLLLULLLLLLLLULULLLL UL LU A R A AL |

A O

LULLLLLLLLELLLLLALLLLALLLLLERLELLL

T

RESTART FILE = orl0-600 STEP 1 IUCREMENT 1

ABYBUSOVERETER. ™Y §HE° STBRre. 1e%0uL-2008™ k RESUIRIRTERTIME  1-00
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Study of braking action

Braking, L =40 m, K = 5-10° kN/m, continuous rail

IHIHHHIHHIHHHHIHHHIHHFHHHIH

TEECETEREATCRECETCERErEEEErrEErErEI LI EECErCErLILIL FICELLEEILTELT

Littitititiifiit A A A A A A A A

T Eiittiiiittmntiiii

| RESTART FILE = orso-40  STEP L INCREMENT 1
TIUE COMPLETER TV THES STEP, TQTAL ACCUMJIATED TTME  1.00
BBAQUS VERSION: 5. BRre: 1623un-2008"kfiEUYSIEEER

[ ,_lFlHFIFFIHHHIHFHHR{WIHHIHHHIHHIHHHHIHHHIHFHH

FOOTCERCCOICCEEILILE EOOCCCOTOCOTOO O CE L rIrIre

A A T

FEFEEFEFEEEEE

LLiLLiLiLl tifiittiiiitiiiiiititititiiiitiieiiiet

nmmmmmnhmtmniiiimEitﬂ ettt b tmmtmttmttiii

| RESTART FILE = 0r0-40  STEP 1 INCREMENT 1
1

ABHBUSOVERETER. Ty BHE° STBRre. 1ePBun-2088™PHRESUTSIARER,TIME
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Study of braking action

Braking, L =300 m, K = 5-10° kN/m, continuous rail
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Study of braking action

Braking, L = 600 m, K =5 -10° kN/m, continuous rail
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Study of braking action

Braking, L = 40 m, K = 10° kN/m, expansion device
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Study of braking action

Braking, L = 300 m, K = 10° kN/m, expansion device
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Study of braking action

Braking, L = 800 m, K = 10° kN/m, expansion device
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Study of braking action

Braking, L = 40 m, K = 5-10° kN/m, expansion device
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Study of braking action

Braking, L =300 m, K = 5-10° kN/m, expansion device
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Braking, L =800 m, K = 5-10° kN/m, expansion device
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