: ; = UM N r SIMSG [ ISSMGE
i M 3rd ICTG 2016 45
§i y.l.ﬂ.‘ﬂ.“nl.'lo L - \&

8 04-07 September 2016, Guimaraes, Portugal Universit

Understanding Critical Velocity Effects On High-Speed
Railways

Alice Duley?!, William Powriet, David Thompson?,
Louis Le Pen?

1. University of Southampton, UK

UNIVERSITY OF
hSEengine forgrowth SOUthampton

EPSRC

Pioneering research
and skills




. E S < Y SSG ] isswe i — Twmamne  RUIGERS
| 3rd ICTG 2016 EXE -
i 04-07 September 2016, Guimaraes, Portugal University o Miho A
What are critical velocity effects...
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Why are they a problem...

e Cause track and substructure damage
* Increased maintenance required

* Train running speeds may have to be
lowered

e Bad press

©Uni.Southampton
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What causes critical velocity effects....
Rafefacﬁon\ Particle Motion

Compree 2 e Effects occur where train speed approaches
| \‘i : H&@ or exceeds the grounds Rayleigh wave speed

- =1 -
" . 3rd I c G 20 1 6 f E = @GE"""ST'T“TE L mwmmame RUTGERS
e I “1~ o e e
| h 5 \i j_.é?m 8=.. @

e Rayleigh wave = combination of Pand S

Compressional or P Wave
Pamcﬁ/ Motion waves
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Shear or S Wave clay, can have shear wave speeds as low as 30
ms?1, much lower than train speeds.
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% e Areas of soft material, e.g. peat or organic
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Rayleigh Wave
Rayleigh = 90 to 95% of Shear
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oject Aims:

e Improved understanding of the influence of various geotechnical
parameters on critical velocity effects

e Aid in the improvement of :
e the identification of potentially problematic locations,

e simulation of track performance in pre and post-remediated
states.
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Project Areas: + Ground vibration

. Star\da rd density, e MASW — estimates of wavespeeds
moisture content etc and stiffness profiles
measurements Lab .

Testing: Fleld
' SR Instrumentation

and vibration
prediction and
mitigation
design

e RC, BE & CT - stiffness,
damping and wavespeeds,
inc. variation with
stress/strain and frequency

e Sleeper movement

e WANDS: 2.5D FE/BE e More complex 3D models and
non-linear models under

e MOTIV: 2.5D semi-analytic Models
development
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Ipact of parameter knowledge:
_ —

Very stiff Intermediate Very soft

stiffness e obvious problem

borderli "  non-linear modelling
Oraeriing probiem likely (difficult, time-

* no problem

. I!:(nTar modelling consuming)
|:I{ ely - ; e Remediation
emediation scope guaranteed

in or out

Potential for improvement / savings through
improved parameter knowledge
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Case Study Sites:
Very stiff Intermediate Very soft
stiffness
Site B Site A
- Ground - Excessive ground
movement ok movement at high
at standard speed (200 kmh-1)
speeds - Peat
- Soft clays



. 3rd Ic G 20 1 6 - (\i SIMSG ] ISSMGE @Gso-msmum — _—
| s . 8.
y of Minho A = \\_ i

= &4 04-07 September 2016, Guimaraes, Portugal Universit

~ Case Study Sites:

Site A Site B HS2

* Train movement e Train movement e Boreholes
measurements measurements

e Very limited seismic * Future sampling
measurements e MASW type — unknown —

measurements soft clays?
e Boreholes
« Dynamic heavy probe e Boreholes e Possible seismic
measurements

e Window sampling (2- * Window sampling (
3 bores, 6m depth). 2-3 bores, 6m
Peat depth). Soft clay



3

I . P gy ceaeT o e RUTGERS
i jés B @
:A_T”g 04-07 September 2016, Guimaraes, Portugal s o o>
Site Momtormg A

©Uni.Southampton

Measured vertical displacement
(mm)
O L, N W H U1 O N 00 L
\ \
o
—@——
—@——

° 20 40 60
Train Speed (ms™ )



@Gzo.msmum i L RUTGERS
j& ﬁ seoo ﬁ st

; . ' 4 SIMSG [] ISSMGE
| 3rd ICTG 2016

8 04-07 September 2016, Guimaraes, Portugal Universit

~ Previous Site Modelling —A:

WANDS:
e 2.5DFE/BE e 12
e Wavenumber domain 10 .
e Track: FE ; Ground: BE § 1
o 8 -
A
Tg°
MOTIV: % ‘o e Site Averages and Range
e 2.5D semi-analytical o 2
e Wavenumber domain E 0 | S —Improved Parameters

e Ground: Layered halfspace
0 20 40 60 80 100

Example MOTIV result | 5ad Speed (ms?)
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La b Te5ti ng: Wavespeeds Sample sizes:

B 38,50 0r 70 mm
- Damping diameter, up to 140

- Stiffness mm in height
- Non-linearity effects

! Resonant Bender Elements Triaxial
Column
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Excitation

Resonant Column:

R gE

Provides key model inputs:

e Shear wave, Magnet “B .
e compressional wave, CZI{E
e damping.
e (Shear modulus, Young’s

modulus ) Securing

Plate

Tests at varied strains - —— Membrane
e Shear modulus

degradation curves — Siﬁﬁﬁi

‘0’ -— Porous

Strain dependant stiffness

"~ Disc

o

Pedestal
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Bender Elements:

R R R

Counterweight

‘—————-—
Membrane

Cylinder o Porous
~ Disc

Shear wave (and shear Comparison to RC values
modulus) measurements (at similar frequencies)
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Triaxial:

Testing outputs:

e (ritical state framework
parameters - relatively
untested materials

e Shear modulus degradation
with strain — complex model
inputs, also shows if non-
linearity expected at site strains
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onclusions:

ot

e Ground stiffness and shear wave speeds are essential parameters
when modelling critical velocity effects.

e Accurate estimation of these parameters is essential when
considering possible mitigation measures for marginal sites.

e Laboratory testing on a range of site samples will be carried out, and
the resulting impact on model accuracy assessed.

A combination of case studies, laboratory testing and modelling will
provide recommendations for how best measure/predict key
parameters for use in relatively ‘simple’ linear elastic models used as
scoping tools.
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Thankyou for listening!
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