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Ballasted Railway Tracks

HEAVY HAUL SEMINAR ¢®* OCTOBER 20 - 21, 2021 //A‘RTS WRI 2021



Outline

Load Transfer

Elastic Behavior

Ballast

Subgrade

Elastic Elements

UTP (under tie pads)=USP

HEAVY HAUL SEMINAR ¢®* OCTOBER 20 - 21, 2021 //AR'S WRI 2021
Advanced Rail Track Solutions
2



Ballasted Track
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Vertical Deflection Measurement (1968)

L

=]

H u.l._-' 1 tﬁ || - Sleeper#8

Bending curve of Sleeper#7
the rail S49 Sleepert6
kg/m=32.9 Ib/ft) Sleepertd
with timber
sleteptersbe Sleeper#3

4
measurement ’ Sleepert2
points at 65 cm S L alEEEs Sleeper#l
intervals (sleeper| _SESEEEE
spacing) ' © Fastenrath 1981

N : - =4 1001

Q HEAVY HAUL SEMINAR ®* OCTOBER 20 - 21, 2021 //AGBTS WRI 2021



Load Transfer

Elastic behavior of the components
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\ + // Track with
Y 3 wood sleepers concrete sleepers
slesper = =" -
j[ x=0 * force 0,2 :1_ A . 1 0,2
ra
i} [
41 ™,
b P T 15 4 1
:Iu‘ :‘- J: \“‘.O SIeeper T 0‘8
il ..\ Q:lq ’,: \‘\‘
2 P ) ¥ ‘§ i 22
S % 0.7p Y 4 2l 20 . 4— bpaliast bed
LR \ (‘)Q ’ i = o i
:l |' % S a : ‘\ B -
{ S P L
5 1 0.5p b o
rl , ’ § 13
TN s : e N bstructure
i s ! = 40 NN @
Y 0?’9/', : 2 N
' g 0'3p e i E
\ Rt ; : H
R © Lichtberger 2011
_____ .. ,/ARTS WRI 2021
g Advanced Rail Track Solutions
s 5



Rail settlement, rail foot tension and relative
supporting force versus ballast bed modulus and
elasticitv under a axle Ioad of 200 kN = 22.5 ton (US)
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Load Transfer

RIGID TRACK BALLASTED TRACK
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Discontinuities accelerate ballast fouling for axle °
loads 225 kN = 25.3 ton (US)

Constraints like subgrade
(bridges...), formation,
drainage and

dynamically effective
discontinuities
superimpose the impact
of the ballast quality

Discontinuities in track and
poe . on subgrade surface are
——————— massive damage

al parameters, even ballast
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Site Measurements (2011)
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Pressure on formation

Railjet 250 kph (155.3 mph)

10

Sleeper 1 _ a Sleeper 75
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Elastic Elements

Elastic Elements — Rail Pads

Elastic Elements — USP (UTP)

Elastic Elements — Under Ballast
Mat (UBM)
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iSi Model (Breitsamter)

Contents all effects on elastic elements

RST model Support model

rail
pad
sleeper
g T T T T USP
.... | I __
Z o ballast
kortinuierich  diskrete Lagerung (21 Schwellen)  kontiftiagich UBM
e
Aus dem Stitzpunkt modell zusammen mit den
Schieneneigenschaften wird (ausgehend venden su bgrade

unendlich entfernten Enden b zum Kontaktpunkt) das
volisténdige Gleismodell zusammengesetzt
random frequency dependence of

all parameters
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Freight Traffic

35t (38,5 ton),100 kph (62 mph), UTP, Rail Pad 400 kN/mm (27409 kips/ft)

Deflection of Rail Energy Absorption within Ballast
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Reduction of max. Force

Freight Traffic
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35t (38,5 ton), 100 kph (62 mph), UTP, Rail Pad 400 kN/mm (27409 kips/ft)
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USP Lateral Track Resistance
UIC LTR Project, Site Measurements

NEWS OF THE PROJECT
AResults of the 3 Tests:

without without

) with USP with USP
Mittelwert [kN] USP (for USP (for
(for 2mm) (for 4mm)
2mm) 4mm)
DB 2013] 10,56 12,89 10,57 13,20
SBB 2013 16,22 19,36 23,90 29,35
TU Miinchen) B91 2013] 10,90 13,60 10,90 13,60
SBB 2015 14,17 18,22 21,77 28,77 2 mm = 2/254”
TU Miinchen 2015 9,90 13,60 10,00 13,80 )
DB - 2016] 9,71 12,24 9,13 12,51 4 mm=0.1575in
SBB 2016] 20,89 19,06 25,54 26,16}
Nota: USP of B91: SLB3007G (GETZNER)

USP of BO7: SLB2210G (GETZNER)

e B> WRI 2021
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USP — Frankenmarkt "
Load 28 Million Gross Tons/Year (560 MGT)

Test track
274,900 V =110 km/h : 277,800 )
N L= 1.8 mi > Conversion:
8 S % 2 a USP 110 kph=68 mrih
g £ £ § g ¢ =152 mm 420.7 m=4.15
o
P r ’L 770.4 m= 2.27
= T E=7703 — 10,10 188,94 210,63 160,15 110,0 87713 _, . 152 mm= 6 in.
126771 80,34 184,11 80,34 13535 R=420. 70524307 1= 1007 80 mm=3.14.in
%_ % ‘:? § % § § 1000 m=1093.6 yd=
S 5K SR S K 0.62 mi=3281 ft
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Frankenmarkt, 4014 Track 1
Longitudinal Level, Record 14-04-2021
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Frankenmarkt, 4014 Track 1 19
Standard Deviation Longitudinal Level
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Frankenmarkt, 4014 Track 1

Standard Deviation Longitudinal Level ( 1 mm=0.04 in.)

—@-— Straighttrack 1 —@— Station Péndorf —@— USP —@— Straight track 2
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2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

2011

2012 2013 2014 2015 2016 2017 2018 2019 2020 2021

Deterioration Rate (2011-2016)

Straight track 1 0,16 mm/year
Station Péndorf 0,16 mm/year
USP 0,04 mm/year

Q P Straight track 2 0,16 mm/year

Deterioration Rate (2016-2021)

Straight track 1 0,18 mm/year
Station Pondorf 0,18 mm/year
USP 0,05 mm/year
Straight track 2 0,13 mm/year
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ARTC 13 pts USP 2016 — 2018

axle load 32 t, 240 MGT/y

Turnout Maintenance Frequency To Date

o o * 410 pts tamped less

o | frequent than other
- 150 R - turnouts
5 10 =
* 8 1. * Note: 410 Pts. some time
5.0 = | | Y ek |
IM il ol tamped because of close
f Coawo ae mm s proximity to other turnouts
B Ave tamping frequency = 5 < 5 . . .
__fmonth il e I [l — not included in calculation
ooty | @ | ¥ | B | ® | @
Moy | @ | @ | | » | us
Turnout No.
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longitudinal rail level in mm

HEAVY

Da-Quin Coal Line (China)
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Breathing in tight curves
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Das Kompetenzzentrum Fahrbahn ist eine unabhangige Besohlte Betonschwellenin engenRadien  Schwarzenberg, 07.11.2019
Tochtergeselzchaftder BLS AG und S0B AG Erfahrungen aus der Schweiz
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Das Kompetenzzentrum Fahrbahn ist eine unabhéngige Besohlte Betonschwellenin engenRadien  Schwarzenberg, 07,11.2019
Tochtergeselizchaftder BLS AG und S0B AG Erfahrungen aus der Schweiz
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UTP (USP)

Standards
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Railway applications - Track - Concrete sleepers and
bearers with under slesper pads
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